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Executive Summary
The Serpentine Prairie Restoration Project was initiated in 2008 to restore native
serpentine flora and monitor the population of Presidio clarkia (Clarkia
franciscana), a federal- and state-endangered annual forb. The Redwood
Regional Park – Serpentine Prairie study area is a located on land owned and
managed by the East Bay Regional Park District (EBRPD). The following
document fulfills the annual reporting requirement for this project.
Presidio clarkia numbers have steadily increased from 2008 to 2011. With 80%
confidence, the number of clarkia individuals in the macroplot in 2008 was
15,569 ± 1,888. By 2011 the number was 105,918 ± 25,532. The longer, cooler
growing seasons with late rain in 2009, 2010, and 2011 likely provided conditions
that favored clarkia.
Spring mowing is an effective treatment for 1) reducing non-native annual grass
cover, 2) increasing annual forb cover, and 3) decreasing thatch cover. The
results from previous years indicate that the effect of spring mowing was even
more pronounced after two successive years of treatment, but benefits were not
significantly improved with a third year. In 2011, spring mow plots were not
treated. In 2012, we will begin observing how long it takes the plots to revert to
undesirable baseline conditions.
Based on this data, Creekside, EBRPD, and Civicorps scaled up mowing
treatments this spring, mowing about 5.5 acres throughout Serpentine Prairie.
After the first phase of tree removal occurred in December 2009, spring 2010
clarkia counts in the tree removal plots increased 8-fold. Clarkia in tree plots
declined slightly in 2011, indicating that the tree cutting may cause an immediate
flush of clarkia followed by a quick invasion of non-native annual grasses the
following year. For the second year in a row, (passively recruited) clarkia
colonies were observed in areas where trees were removed the prior year.
Clarkia was readily translocated from the existing population to new areas.
Seeds were collected on site September 2010 and sown into the soil October
2010. Soils in relocation areas were moderately scarified with hand tools and
seeds were sprinkled directly into three trial areas. Clarkia germinated and
flowered in each of the relocation plots. On average, 25% of the relocated
clarkia seeds survived. Translocation was repeated in November 2011.
At this point, we have polished monitoring and mapping protocols, scaled up a
successful spring mowing regime, increased clarkia seed collection and
dispersal, and educated dozens of visitors about endangered clarkia, the native
grassland community, and the management project. The clarkia population in the
macroplot has increased sevenfold since baseline monitoring in 2008.
Serpentine Prairie Restoration Report 2011 (Year 3)
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Introduction
The Redwood Park Serpentine Prairie is the largest undeveloped outcrop of a
much larger expanse of exposed serpentine soils that once existed in the
Oakland Hills, between Skyline Boulevard and the Warren Freeway and north
east to Joaquin Miller Park. In the 1960s, hundreds of pines and acacias were
planted. More recently, shrub-dominated vegetation has expanded around the
margins of the prairie, and an increasing number of park users have also added
to the impacts on the landscape. The purpose of this restoration plan is to restore
the vitality and botanical diversity of the Serpentine Prairie, manage the site to
ensure survival of special status species associated with the prairie, and provide
for the enjoyment and appreciation of the park users. [Excerpted from EBRPD,
2008] Particular emphasis is placed on managing the federally and state-listed
endangered Presidio clarkia (Clarkia franciscana)1.

Methods
The experimental design requires a total of 32 permanent plots measuring four
treatments: fall rake, spring mow, tree removal, and control (Maps 1-3). Eight
10x10 meter plots were established for each treatment. Four plots from each
treatment were located inside of the fencing enclosure, and four outside the
enclosure.
Permanent plot locations were rejected if they were within two meters or
overlapping with another plot or the proposed fence enclosure. Plots were
randomly selected within appropriate habitat, which was defined by the following
criteria:

Fall Rake
Eight fall rake plots were located in areas where clarkia and thatch was present,
with raking occurring only after seed set. We did not anticipate the population to
be negatively impacted by raking the thatch from these plots. Raking was
expected to reduce thatch, which has been shown to inhibit germination of forbs
such as clarkia.
The fall rake treatment occurred in September for both years, before the first
rains but after the majority of the clarkia capsules had opened, allowing seeds to
1 Presidio clarkia will hereby be referred to as “clarkia” since no other clarkia taxa are found in the study
area.
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Map 1: Plot locations
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Map 2: Eastern plot locations
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Map 3: Western plot locations
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naturally fall to the ground. Raking was completed with a metal rake until bare
ground was visible (Plate 1). The fall rake treatment was discontinued this winter
(no raking occurred in September 2011) because clarkia numbers decreased
after the second year of this treatment. We explain more in the results section.

Plate 1: Fall rake treatment, plot F8
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Spring Mow
To avoid take, the eight spring mow plots were located in areas where clarkia
had not been observed in previous years. Spring mowing was anticipated to
reduce cover of annual grass, which has been shown to outcompete annual forbs
such as clarkia.
Italian ryegrass (Lolium multiflorum) and foxtail barley (Hordeum murinum ssp.
leporinum) are the two non-native annual grasses that have the highest cover
throughout the Serpentine Prairie. The mowing is timed to occur after the bulk of
these grasses are flowering, but before seed maturation. This stage is often
called the “soft-dough stage” referencing the texture of the developing seed. The
spring mow treatment was carried out in April (2010 & 2011) and May (2009)
prior to peak phenology for non-native annual grasses. S2 treatment area is
directly downhill, or below, the tape measure (Plate 2). The precise date of this
treatment will vary from year to year.
After achieving significant declines in non-native grass cover from mowing the
previous years, the spring mow treatment plots were not mowed in 2011. The
goal of resting these treatment plots is to see how long the mow effect will persist
after treatment has stopped.

Plate 2: Plot S2, spring mow plot in April, 2011. Treatment area located below
tape has more wildflower cover. Untreated area above tape has more nonnative
annual grass cover.
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Tree Removal
The eight tree removal plots were located in areas of dense pine (Pinus spp.)
stands where shade from the trees and leaf litter affected the understory. These
areas were not expected to have clarkia, or very low cover of clarkia, due to
shading and a thick duff layer of needles.
Phase one of tree removal occurred in August/September of 2009. This phase
removed trees that were formerly impacting plots T1, T2, and T3. 2010
represents the first year the vegetation data collected in T1 – T3 reflect tree
removal.
In 2010, trees located in and near plots T4, T7, and T8 were removed. Plots T7
and T8 were still partially shaded from trees in the late afternoon.
In fall of 2011, the final phase of the tree removal was completed. This final
phase removed trees from the vicinity of plots T5 and T6, and completely opened
the canopy above T7 and T8. Since the removal occurred after the vegetative
season, the effect of tree removal from plots T5 and T6 will not be evident until
Year 4 of this study.

Control
The eight control plots were placed in areas occupied by clarkia, to monitor the
natural variation in the clarkia population. Controls help determine whether
changes in experimentally treated plots are actually due to the treatment, or to
weather or other variables.
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Monitoring Plots
Clarkia counts took place in the entire 10x10 meter plot. Vegetation composition
data were collected at peak phenology in five 0.5x0.5 meter quadrats located
systematically in each of the 10x10 meter plots (Figure 1, Plate 3).

Q1

Q2

Q3

Q4

Q5

Figure 1: Location of 0.5x0.5m quadrats in each treatment plot, facing uphill.

Plate 3: Data collection at one of the 32 permanent plots
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Fenced Enclosure
A fence circumscribing a significant portion of the serpentine prairie was planned
for completion in 2008, but was completed in December 2009. Starting with the
Year 2 report, plots numbered 1, 2, 3 and 4 are located inside of the fence
enclosure, while plots 5, 6, 7, and 8 are outside of the enclosure, where dog and
pedestrian traffic still regularly occurs. This is the first report wherein we are
reporting data from plots inside versus outside of the fence.

Completed Tasks
Tasks completed by Creekside Center for Earth Observation from 2008 to 2011
include:
- Establishing a 100 x 300 meter macroplot inside the core Presidio clarkia
population. Macroplot corners were established with 6 foot T-bar posts
hammered approximately 24 inches deep.
- Establishing 32 permanent plots (Maps 1-3) with wooden stakes. All locations
were mapped with a sub-meter accurate Garmin GPS.
- Annually collecting vegetation composition data and clarkia censuses for 32
permanent plots.
- Spring mowing eight treatment plots in April 2008, May 2009, and May 2010
with handheld string cutter.
- Fall raking and removing thatch in September 2008, October 2009, and
September 2010 with metal-tined rake.
- Annually providing meter-by-meter distribution and density data for clarkia
located within the macroplot. These data were used by EBRPD staff to create a
density grid within the surveyed area.
- In 2010 and 2011, collection of clarkia seed on site by methods specified by
CDFG and USFWS. Seed was redistributed on site each year in what we
determine to be potential, unoccupied habitat.
- Help investigate the logistics and cost of a seasonal grazing program for the
Serpentine Prairie.
- Delineate work area and help lead a large work crew of Civicorps students on
mowing in Hunt Field May 2011.
Serpentine Prairie Restoration Report 2011 (Year 3)
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- Providing informal outreach and education to dozens of visitors during field
work. Creekside staff educates the public about the goals of this EBRPD project
with the public in language similar to that found on interpretive signs. Nearly all
current visitors have expressed appreciation of the project and the information
we share with them.

Additional Hunt Field Mowing – Civicorps Collaboration
In 2011, Civicorps was hired to mow a portion of Hunt Field (Plate 4). Creekside
mapped areas where clarkia was not observed in past or the present year, but
that appeared be appropriate unoccupied habitat. The mow project was
designed to cut wild rye (Lolium multiflorum) and barley (Hordeum spp.) and
other non-native annual grasses before they had developed mature seeds (Map
4). The mow occurred in May 2011. Both Creekside and Civicorps mowed
about 3.5 acres in Hunt Field, plus other areas in the prairie for a total of about
5.5 acres.

Plate 4: Civicorps mowing portions of Hunt Field, Spring 2011.
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Map 4: Mowing completed at Serpentine Prairie, Spring 2011
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Seed Collection and Dispersal
In September 2010 and November 2011, seeds from mature Presidio clarkia
plants were collected in paper envelopes (Plate 5). No more than 5% of seeds
from any given plant were collected to ensure that the existing seed bank was
not impacted.

Plate 5: Seed collection at the "South" slope, November 2011
In 2010, seeds were collected from five different sites throughout the Serpentine
Prairie. In 2011 seed collection was streamlined to three locations where we
observed high clarkia densities in 2011.
Our collection and dispersal procedure was slightly different in 2011 than in
2010. In 2010, seeds were stored in a cool dry place until late October, when
they were seeded into three areas where clarkia was not previously surveyed:
two areas in the former Hunt Field, where the slope was nearly 0 and bedrock
was visible, and near the T7 and T8 plots where a portion of the existing dense
pine stand was removed in 2010. For reference purposes, dispersal sites are
named Keyhole 2010, Hunt 2010, and T7-T8 2010. All areas where seeds were
introduced are free of overstory trees. Collected seeds were evenly divided
between the three relocation sites (200 seeds per site), ensuring that seeds from
each of the five collection areas were disseminated in each relocation area.
Relocation areas where seeds were spread were limited to 4 meter diameter
Serpentine Prairie Restoration Report 2011 (Year 3)
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circles so that any new germinating plants could be easily found the following
year.
In 2011, collected seeds were immediately dispersed on site. Two new sites
were selected for dispersal this year. One site is found in the keyhole area near
a previous dispersal site. This site was selected for both its interpretative value
(close to a user trail that is slated to have a new interpretative sign) and also
because we will be able to compare Year 3 and Year 4 seeding results on similar
soils and aspects in Hunt Field. The second dispersal site selected was in the
newly logged area, between plots T5 and T7 (Map 5). For reference purposes
we have named the 2011 dispersal sites Keyhole 2011 and Pine Removal 2011.
Approximately 2100 seeds were dispersed at the Keyhole 2011 and 2900 seeds
at the Pine Removal 2011 site. Each dispersal site contains an equal proportion
of seeds from each of the three collection sites. This transfer of 5,000 seeds is
almost a ten-fold increase from the seed relocation project we completed last
year.
Soil preparation was similar both years. Soils were scarified with a hand tool, and
then seeds were sprinkled onto the soil and lightly worked in.
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Map 5: Location of clarkia seed collection and dispersal
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Data Analysis
Data were entered into a Microsoft Access database for analysis. All data were
checked for quality control. All data in figures are displayed as means with 90%
confidence intervals. Entries with error bars that overlap the means of other
entries are considered similar.

Results
Clarkia Macroplot
The clarkia population of the macroplot was measured at its highest level in four
years. (Table 1) The population within the macroplot was 105,918 ± 25,532
individuals. A total of 11.5% of the macroplot was sampled in order to achieve
this estimate with 80% confidence.

Table 1: Clarkia population within the macroplot
Year
2008
2009
2010
2011

Population
15,569
63,210
85,830
105,918

80% Confidence Interval
1,888
8,627
17,607
25,532

Annual weather variation affects the distribution and frequency of annual plants.
The total precipitation in 2011 slightly increased from 2010. Spring rainfall was
also abundant in 2011 as it has been for the past several years, but it was almost
1.5 inches less than 2010 (Westmap 2011) (Figure 2). Clarkia flowers late in the
spring (May-June), after many non-native grasses and forbs are already
developing fruits. Above average spring rains and overall higher than average
precipitation seems to benefit clarkia.

Serpentine Prairie Restoration Report 2011 (Year 3)

18

7

45
40

Annual

6

Spring

35

Annual Rainfall (inches)

5
30
25

4

20

3

15

2
10

1

5

0

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

April 1- June 30 Spring Precipitation (inches)

Annual and Spring Precipiation at the Serpentine
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Figure 2: Precipitation at the Serpentine Prairie (37.8129, -122.187675): annual
data (Oct-Sept) and spring (Mar-June).
Increased clarkia census numbers correspond to increases in spring
precipitation. Similar interannual variability in clarkia is seen in populations at the
Presidio, San Francisco, where large swings in population size can occur from
year to year (Figure 3). Their macroplot is one third the size, at 100 x 100m.
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Figure 3: Results of clarkia macroplot sampling at Inspiration Point, San
Francisco. Data from L. Stringer, The Presidio Trust.
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Clarkia Cover
No notable change in clarkia cover was observed in any of the treatments during
the first four years of data collection (Figure 4).2 Since clarkia is a diminutive
annual forb, a one percent increase in cover would indicate a logarithmic
increase in plants at the survey site. Cover is not the best tool for recording
changes in the population of clarkia. Instead, census data and population
estimates provide better information on the extent of the population. Results from
both of those methods are presented in this report.
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0.400
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0.200
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0.100
0.000
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Figure 4: Percent Cover of Clarkia

2

All data in figures 4-15 are displayed as the mean with error bars representing the 90%
confidence interval.
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Clarkia Census
Total clarkia per treatment is reported in Table 2.
Table 2: Total clarkia individuals per treatment
2008 2009 2010 2011
Control
1,229 3,030 5,728 11,130
Fall rake
1,238 3,254 935
2,317
Spring mow
0
24
2
41
Tree removal
15
184
810
621

Clarkia in control plots increased each year over baseline. Control plots and fall
rake plots exhibited a proportionally similar increase in 2009. Fall rake dropped
sharply in 2010, but recovered in 2011. Spring mow plots showed an increase in
clarkia from 2010. Tree removal plots maintained a steady population of clarkia,
but those numbers are still 15-fold lower than the control plots and 4-fold lower
than fall rake plots. Clarkia in tree removal plots did not increase in 2011, in
contrast to other treatments.

Experimental Plot Data
Bare Ground and Thatch
Bare ground has increased significantly from baseline conditions in treated plots,
remaining steady in control plots (Figure 5).
Thatch stayed constant from 2010 in all the experimental plots, but increased in
the control (Figure 6). Percent thatch is notably reduced from pre-experimental
conditions in all three treatments.
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Figure 5: Percent Cover of Bare Ground
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Figure 6: Percent Cover of Thatch
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Treatment by Guilds
Grassland flora is categorized into annual grasses, perennial grasses, annual
forbs and perennial forbs, further divided between native and non-native species.
Each of these guilds represents different ecological strategies for survival in
grasslands. Presidio clarkia represents a small portion of the (native) annual forb
data presented.
ANNUAL FORBS
A fourfold increase from baseline in annual forbs followed initial treatment in
spring mow plots, and was maintained (Figure 7). Control, fall rake, and tree
removal treatments have not affected annual forbs from baseline conditions.
Nearly all annual forbs in the plots are native.
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Figure 7: Percent Cover of Annual Forbs
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NON-NATIVE ANNUAL GRASSES
Spring mow plots continue to exhibit a decrease in annual grass cover from
baseline conditions (Figure 8). Meanwhile, annual grass cover increased almost
two-fold in tree removal plots in 2011. Control and fall rake plots show no
notable change in annual grass cover over the course of the study.
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Figure 8: Percent Cover of Non-Native Annual Grass
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NATIVE PERENNIAL GRASSES
We observed a large decrease in native perennial grass cover in tree removal
plots from 2010 to 2011. This decreased cover is not notably different from
baseline conditions. Otherwise, no difference was observed in the cover of native
perennial grasses from 2008 to 2011 (Figure 9). No non-native perennial
grasses are found in the plots at Serpentine Prairie.
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Figure 9: Percent Cover of Native Perennial Grass
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NATIVE PERENNIAL FORBS

Cover (%)

No appreciable effect on native perennial forb cover was observed from 2008 to
2010. The three experimental treatments showed decreases from 2010 to 2011,
although all are similar to baseline conditions (Figure 10). All perennial forbs in
the plots are native.
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Figure 10: Percent Cover of Native Perennial Forbs
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NATIVE AND NON-NATIVE PLANTS
Spring mowing was the only treatment to increase native cover and decrease
non-native plant cover after one year of treatment (Figures 11 and 12). This
effect is still apparent in year 3.
Tree removal increased native cover in years 2009 and 2010 only. In 2011, nonnative cover in tree removal plots doubled. This effect was driven by the increase
in non-native annual grass.
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Figure 11: Percent Cover of Native Plants
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Figure 12: Percent Cover of Non-Native Plants
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Table 3 summarizes the effects of treatment for all three treatments through the
third year of results. It is important to remember that this table draws early
conclusions for effects from tree removal since trees were not removed from all
plots until 2011.
Table 3. Summary of Effect of Three Experimental Treatments thru Year 3.
Improvement (+)
Degradation (-)
Neutral/Marginal Change (0)
Species or guild
Clarkia individuals
Clarkia cover (%)
Bare cover
Thatch cover
Annual forbs cover
Non-native annual grass cover
Native perennial forbs cover
Native perennial grass cover
Native cover
Non-native cover
Total negative effects(-)
Total neutral effects (0)
Total positive effects (+)

Control
0
0
0
0
0
0
0
0
0
0

Fall rake
0
+
+
0
0
0
0
0
0

0 1
10 7
0 2

Serpentine Prairie Restoration Report 2011 (Year 3)

Spring
mow
+
0
+
+
+
+
0
0
+
+

Tree
removal
+
0
+
+
0
0
0
0
-

0
3
7

2
5
3

30

Enclosure Comparison
Our experimental design allows for vegetation comparison inside and outside the
enclosure, to determine the effect of excluding foot traffic and dog use in portions
of the serpentine prairie habitat.
The enclosure fence was built in December 2009. This year 3 report presents a
comparison of vegetative cover inside and outside of the enclosure for 3 sets of
plots (Figures 13-15). We omit tree removal plots since the experimental
treatment was not finished in time for a full growing season.
When comparing percent cover of bare ground, thatch and non-native annual
grasses, little to no difference is observed in plots inside the fence in comparison
to plots outside of the enclosure (Table 4). Non-native annual grasses in the
spring mow plots outside the enclosure are twice the percent cover as inside.
Data from tree removal plots are incomplete since tree removal did not occur
until late 2011. Complete tree removal data will be collected in spring of 2012.
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Figure 13: Percent Cover of Bare, Thatch, and Non-Native Annual Grass in
Spring Mow Plots Inside and Outside of the Enclosure
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Figure 14: Percent Cover of Bare, Thatch, and Non-Native Annual Grass in Fall
Rake Plots Inside and Outside of the Enclosure
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Figure 15: Percent Cover of Bare, Thatch, and Non-Native Annual Grass in
Control Plots Inside and Outside of the Enclosure
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Table 4: Summary of Effects of Enclosure
Improvement (+)
Degradation (-)
Neutral/Marginal Change (0)
Incomplete Data (INC)
Species or guild
Bare cover
Thatch cover
Non-native annual grass cover

Control

Total negative effects(-)
Total neutral effects (0)
Total positive effects (+)

Fall rake
0 0
- 0
0 0

Spring
mow
0
0
+

Tree
removal
INC
INC
INC

1
2
0

0
2
1

INC
INC
INC

0
3
0

Seed Dispersal and Survivorship
Of the 600 seeds that were dispersed on three sites in 2010, 147 (24.5%)
survived by May 2011. Seed survivorship in each of the three sites varied greatly
(Table 5). The survivorship survey was completed at the same time as the
macroplot data collection. We observed individuals flowering and early fruit
development at each plot. The most vigorous growth was observed at the site
between T7 and T8 where trees were recently removed. The two sites on Hunt
Field had comparatively smaller and less hardy plants than those found in the
tree removal area (Map 5).
Survivorship results for the two new areas will be available in the year 4 report.
Table 5: Seed Dispersal and Survivorship Pilot Study
Site

# Clarkia survived

% Clarkia
survivorship

Approx. %
flowering

Keyhole 2010

26

13

10

Hunt 2010

43

21.5

20

T7-T8 2010

78

39

40
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Discussion
Weather variability affects the local population and distribution of Presidio clarkia.
In years when spring precipitation was higher, the clarkia population increased.
The magnitude of increase is similar to observations at the Presidio in San
Francisco.
Fall rake plots showed a decline in clarkia individuals from 2009 to 2010, then
increased in 2011. The mechanism for this is unknown. It is possible that the
raking treatment removed seeds from the plot to adjacent areas. However, no
substantial increase in clarkia was observed adjacent to the 10x10 meter plots,
although no quantitative measurements were made. The increase in spring 2011,
after another raking treatment in fall 2010, is also unexplained, although short
term anomalous behavior is typical of annual forbs. No raking treatments
occurred in fall 2011.
We also found that two successive years of spring mowing provided benefits of
increased bare ground, decreased thatch, decreased annual grass, and
increased annual forbs. The third successive year of treatment did not
appreciably improve habitat conditions. The presence of clarkia in the spring
mow plots, which were specifically chosen based on clarkia absence, indicates
that spring mowing is compatible with clarkia management. Clarkia may survive
or recruit into mowed areas, perhaps due to their low stature in early spring.
Spring mow plots were not treated in 2011, which will allow us to track reversion
time to undesirable baseline conditions. These data will help us determine the
optimal mowing regime at this site. Experiences at other sites (i.e., Edgewood,
see Weiss 2002) indicate that mowing may not be needed every year.
Clarkia continues to recruit and flower in tree removal plots. It possible that the
original disturbance helped a flush of seeds germinate in the first year, while the
second year shows some decrease in clarkia as the non-native annual grasses
increase in tree removal plots (see Figure 11). Initial duff reduction and ongoing
non-native annual grass management will be critical to expand and maintain
habitat in tree removal plots, as well throughout the entire prairie.
We continued to locate new, passively recruiting, colonies of clarkia in areas
where it had not been surveyed before. Often, new sub-populations were
located in areas where dense pines were removed. We observed an apparent
first year flush with heavy clarkia germination followed by a second year of
overgrowth by non-native grasses.
Tree removal plots started to show an appreciable increase in non-native annual
grasses this year. We have noted that the disturbance from tree and duff
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removal produces bare ground, which is amenable to passive clarkia recruitment
in the first year. Following that first year of disturbance, the experimental plots
became colonized with non-native annual grass, with a concurrent decrease of
clarkia in 2011. Tree removal is valuable in increasing the amount of habitat
available to clarkia. Spring mowing is critical in managing that habitat, to prevent
annual grass and thatch from dominating. Spring mowing treatments should be
expanded throughout the prairie, including targeted mowing in tree removal
areas.
No notable differences in vegetation composition were observed between the
enclosed plots and the non-enclosed plots. Although spring mow plots outside of
the enclosure show increased non-native annual grass cover, we believe that
these plots were more grass dominated to start. Notably, three of the four spring
mow plots outside of the enclosure are found at the toe of the main slope leading
up to Hunt Field. We expect soils to be deeper here allowing annual grasses to
thrive and bounce back from a single season mow.

Sheep Grazing
We discussed sheep grazing as a potential alternative to mowing with David
Amme of the EBRPD last winter. After being provided with an estimate for the
cost of bringing sheep on site, and the logistics involved with proper timing and
livestock supervision, it was decided that we would investigate other options for
meeting large scale management needs. In the end, EBRPD collaborated with
Civicorps and Creekside to mow a larger portion of the Serpentine Prairie. While
sheep grazing is not completely off the table, mowing is currently effective and
more logistically feasible.

Additional Hunt Field Mowing - Civicorps Collaboration
Creekside, Civicorps, and EBRPD partnered to mow about 5.5 acres of annual
grass on Serpentine Prairie. Creekside completed initial clarkia surveys, flagged
mow perimeters, and trained Civicorps on appropriate mowing techniques.
Civicorps students were given a 1/2 hour informal presentation on this project, its
goals and current successes. Creekside mowed in and near known sensitive
areas. We hope to continue this successful collaboration.
The distribution of clarkia changes annually. Upon inspecting the mow area two
months later, we observed 20 clarkia individuals that were mowed accidentally in
2011. All of these individuals were found within about 2 feet of the mow
perimeter. Two months later, more than 50% of the individuals developed lateral
shoots that eventually developed both flowers and fruit, which is strong evidence
of overcompensation. Some of the smaller plants did not complete their annual
cycle. It is common for some percentage of annual plants to not complete the
reproductive cycle under normal conditions. We do not believe there was a
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negative net impact on the clarkia, especially in light of the late spring
precipitation.

Seed Collection and Dispersal
Survivorship from seed dispersed on site is similar to that observed at the
Presidio (L. Stringer, pers. comm.). Although our seed dispersal study included
only 200 seeds, we are encouraged that all three areas showed acceptable rates
of survivorship considering the level of compaction at the Keyhole and Hunt sites.
We observed individuals flowering and fruiting in all three areas indicating that
clarkia seeds may be easy to transfer and relocate among sites on the
Serpentine Prairie. We expect the additional areas seeded in fall 2011 will also
be successful.

Year 4 Proposals
The Serpentine Prairie restoration project is well underway, with several results
that will guide effective management in the future.
The number of positive results created by spring mowing is encouraging. We
recommend continuing the collaboration with Civicorps, and mowing the areas
treated in 2011 again. The planning for this is currently underway with David
Amme and Di Rosario.
We also recommend targeting additional areas for mowing, especially in tree
removal areas. This follow up may ameliorate the spike in nonnative annual
grasses while maintaining bare ground preferred by clarkia. These areas will be
identified by Creekside in spring as grass growth accelerates.
We also recommend additional duff removal in tree removal areas. Many tree
removal sites still have debris and duff on site, and removal is needed to create
open clarkia habitat. Creekside and Civicorps should collaborate on that effort,
which should take place in fall or early winter in order to minimize impacts to
clarkia.
Experimental plots should be monitored again to determine effects on clarkia and
vegetation composition after tree removal, enclosure installation, fall raking, and
spring mowing. In 2012 we will begin to see how quickly the habitat reverts to
baseline conditions after treatments have ended. This information is critical in
determining long term management of the prairie, i.e., do treatments need to be
repeated every year or can we establish a longer rotational regime.
The clarkia macroplot and overall site distribution should be repeated as well.
The macroplot gives us a statistically robust estimate of the population, and the
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GPS-mapped site distributions show us how the population changes spatially
over time. This information allows us to quantitatively gauge progress and ensure
that the population at Serpentine Prairie is not underperforming compared to the
Presidio.
In year 4 we will also monitor survivorship of nearly 5,000 dispersed clarkia
seeds. If clarkia continues to establish in dispersal areas from year 2 and year 3,
then we recommend a large scale dispersal project wherein we repopulate the
thinner soils of Hunt Field and tree removal areas with 20,000 - 30,000 seeds.
Fire and grazing are known to provide benefits to grasslands, and could be
tested at a later date. They are not recommended for testing next season due to
budget concerns and the fact that pragmatic treatments have been identified.
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