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Introduction

Historically, over 4,000 acres of the Orange County Central & Coastal Sub region
NCCP/HCP Reserve System have been invaded by a number of exotic plant species
including several annual grasses, artichoke thistle (Cynara cardunculus, CYCA), mustards
and other exotic forbs. Invasion has resulted in displacement of many desirable plant
species and overall degradation of the reserve’s target plant community, coastal sage scrub.
To control the spread of CYCA, the Nature Reserve of Orange County (NROC) established
a management program involving spot application of herbicide (Fusillade and Round-up) to
individual plants. Since 1994, thousands of acres have been treated annually. Additionally,
NROC has chemically and

mechanically managed other exotic,

invasive species such as Ricinus

communis (castor bean) and

Nicotiana glauca (tree tobacco).

While these weed control efforts

reduce target invasive species,

whether the native plant community

is recovering is not necessarily clear,

nor is the long-term sustainability of

control efforts.

Following degradation, recovery of a

native system rarely follows the

reverse path of degradation (Fig. 1). Fig. 1 Recovery from degradation may follow multiple
Instead alternative paths that may or trajectories towards the goal state or an alternative and stuck
may not have a trajectory towards the state. Modified from Bradshaw; Cramer et al. 2008.

original or goal state can occur

(Bradshaw; Cramer et al 2008). In highly degraded areas, sites may become stuck in an
alternative or novel state. These novel or alternative trajectories and states play a key role in
recovery and restoration and may be dependent on management action. A common
example of this is the replacement of a targeted exotic species by a new exotic following
control of the original target exotic (Denslow & D’Anonio 2005; Flory & Clay 2009). Within
the NROC community, there has been concern that such a replacement occurred following
the long-term CYCA removal program such that Brassica nigra (black mustard, BRNI)
replaced CYCA. Assessing recovery after control measures is a powerful tool to aid in
restoration decision-making and ultimately guiding future management actions for the
reserve system.

Goals and Objectives:
Our objectives were to address a number of critical issues relevant to restoration planning at
NROC, including:

e Task 1: Provide an updated description of the vegetation community at 109 sites within
the Reserve System previously sampled in 1998, 2007 and 2008.

e Task 2: Teasing apart trends due to management efforts from other trends due to
environment or land use change (e.g., grazing cessation in the early 1990s).



o Task 3: Determining thresholds in both native and weed species abundance that will
allow for further unassisted recovery.

o Task 4: Identifying areas where sites are “stuck” (i.e., not recovering) and need
additional intervention (e.g., seeding, mowing, soil amendments).

By capitalizing on past vegetation monitoring and additional analysis of monitoring data, we
hoped to reveal the mechanisms underlying the complex dynamics of vegetation recovery over
time and inform restoration decision-making within the NCCP/HCP Reserve System.

Methods

Field Methods

Between February 19" and June 3™ of 2013, we resurveyed 110 sites that had previously been
surveyed in 1998, 2007 and 2008. We used a
rapid, releve technique, which is a technique
equivalent to that used in previous sampling
years to allow for seamless comparisons over
time. Sites were walked by two observers in
straight lines approximately 5 feet apart
repeated until the full site was covered.
Presence of all species was recorded and
percent cover estimated. We developed a
ranking system for those species representing
less than one percent of the site to better

determine the contribution of less common, Figure 2. Study survey method using two observers
. g . . . to systematically survey each site and record species
individual species in 2013. The ranking was as cover and richness. Lines separated by 5 ft were

walked across each site until the entire site was

follows: 0.1% = a single individual, 0.2% = less surveyed

than ten individuals of small species or 2-3 shrub

and sub shrub individuals, 0.3% = 11-50 small

individuals or less than 4-10 shrub/sub-shrub, 0.4% = 51-100 small individuals or 11-15
shrub/sub-shrub individuals, 0.5% estimated cover of half a percent, 0.8% estimated cover is
greater than half a percent and not exceeding one percent. Each site required between 30
minutes to 6 hours depending on richness (need to key out new species)and size of site. On
average sites took 1.5 hours to complete surveys. Voucher specimens were collected and
unknowns identified at the UC Riverside herbarium.

Statistical Analysis
Task 1: Provide an updated description of the vegetation community at 109 sites within
the Reserve System previously sampled in 1998, 2007and 2008.

To ensure sampling efforts were adequate to capture the full diversity, we ran species area
curves for the coastal polygons as a group. Life form, phynological and genus functional group
summaries were compiled to describe the 2013 plant community composition. Total native and



exotic plant percent cover was calculated to determine whether the current plant communities
were native or exotic dominated. Additionally, we calculated the percent cover of a small
number of target exotic species to describe the current state of these particular, problem
species. Frequency distribution of cover classes for CYCA, BRNI, native cover and native
richness (total number of native species) were summarized for 1998, 2008 and 2013 and
presented in graphical form. The 2007 season data were not used in our analyses due to the
extreme drought conditions experienced that year. MANOVA were conducted to assess change
of CYCA, BRNI, native cover and richness over time. Several variables were not normally
distributed, so individual analyses where conducted for each functional group and time frame
separately using the non-parametric Kruskal Wallis to ensure accuracy of significance. Results
of the MANOVA were confirmed by the Kruskal Wallis analyses so we presented only the
MANOVA. For a more fine scale description of community composition, we divided and
summarized data by management area

Task 2: Teasing apart trends due to management efforts from other trends due to
environment or land use change (e.g., grazing cessation in the early 1990s).

ANOVA, simple regression and multivariate regression analyses were conducted independently
for each time period (1998-2008 and 2008-2013) to test how land use history and disturbances
impact cover classes and percent cover of CYCA, BRNI and natives. As mentioned above,
some data were non-normally distributed so non-parametric analyses were used again here to
confirm parametric analyses. Only parametric analyses are presented. Results of multiple
regression were similar to simple regressions and ANOVA so multivariate results are primarily
presented along with a few simple regressions and ANOVA that relate to questions specifically
asked by stakeholders and NROC itself. Path analysis was run using environmental and land
use/management history variables along with change in CYCA, BRNI cover and cover classes
for each time period (1998-2008 and 2008-2013). We also regressed or ran ANOVAs of exotic
grass and land management, environment, and use history and native cover because exotic
grasses have become a dominant functional group reserve wide.

Task 3 and 4: Determining thresholds in both native and weed species abundance that
will allow for further unassisted recovery; and, identifying areas where sites are “stuck”
(i.e., not recovering) and need additional intervention (e.g., seeding, mowing, soil
amendments).

Threshold analyses typically use long-term time series data sets. As this vegetation change
data set consists of 3 useable time periods and annual variation in plant community is a natural
characteristic of Southern California, we relied on analyses of gradients in management rather
than time specifically. To determine how CYCA, BRNI and native cover have changed with
increasing number of years a site was treated, we regressed these functional groups against the
total number of years a site was treated. Additionally, sites were classified into native recovery
rate categories based on their rates of change in cover class over time. To do this, we
regressed native cover classes by time (survey years) for each site and retained the slope value
as a measure of a recovery rate per site. We then used regression and ANOVA of these
categories to assess whether thresholds of recovery were due to environment, management or



land use history. Change in native cover class was calculated for 1998-2008, 2008-2013 and
1998-2013 and summarized for each polygon. Those polygons that have lost cover or have not
had a change in cover were summarized in maps.

Stakeholder outreach:

An outreach component of this project included enlisting stakeholders in guiding a portion of the
research questions and facilitating interagency communication and cooperation. In May of 2014,
fifteen NROC stakeholders attended a workshop in which preliminary data along with concerns
over limitations of the data set were presented and discussed by the group. The Focus was
directed toward stakeholder feedback, concerns and questions. Along with the goal of sharing
preliminary results, we aimed to facilitate conversation regarding monitoring protocol, a need for
standardization across the reserve, how best to share the responsibility for costs of trying new
and promising protocols and what the goals for NROC should be into the future.

Results and Discussion

Task 1: Provide an updated description of the vegetation community at 109 sites within
the Reserve System previously sampled in 1998, 2007 and 2008.

The NROC weed program that started in collaboration with the Nature Conservancy

(TNC) in 1998, has successfully reduced CYCA cover reserve wide and has aided in native
species recovery. Diversity across 109 sites was relatively high at
326 species in 2013 and species area curves estimated species
saturation around 60-80 sites indicating our study included an
adequate sample size to describe the reserve level plant
community richness (Fig. 3). Native diversity generally trended
higher than exotic diversity; however, exotic plant species percent
cover remained higher than native species percent cover in most
management areas in 2013 (Fig.4). Twelve plant growth forms
were identified with the majority of species being either forb or
grass (Table 1) and either strictly perennial or annual (Table 2).
Cover class analysis over time indicated that native cover and

richness (richness measured as the number of native species per site) are steadily increasing

(Fig. 5). Native richness doubled since 1998, however, these

results should be interpreted with some caution as there may

have been some differences in sampling (time spent per

plot, length of the growing season, time of sampling within

the growing season) between the sampling years that may

indicate higher levels of increase than is actually present.

Native richness was not estimated in 14 polygons in the TNC

survey. This means that the 1998 richness data may not be

completely accurate, adding further justification for cautious

interpretation of richness data. Richness classes were

defined as: 0 = not present, 1 = 1-3, 2 =4-10, 3 = 11-20, 4 = 21-30, 5= 31-40 and 6 > 41. We



have no doubt that native richness has increased, but feel the magnitude of increase may be
suspect.

Table 2. Total richness and the percent of richness
represented by plant life form categories in 2013.
Richness Percent
Total 369 100
Native 244 66
Exotic 123 33
Unknown 2 0.1
Biennial 3 0.1
Biennial/Perennial 3 1
Annual/Biennial 10 3
Annual/Perennial 15 4
Annual 144 39
Perennial 194 53

Changes in cover class, however, were reliable and indicate that not only is the average
cover class of natives increasing, but CYCA has decreased. Cover classes were defined as 0 =
not present, 1 = 0.1-10%, 2 = 11-30%, 3 = 31-50% and 4 > 50% of cover. The reduction of
CYCA primarily occurred between 1998 and 2008, and has been maintained at that reduced
cover since. Cover class of BRNI has not changed between 1998 and 2013, but there was a
pulse in BRNI cover and cover class in 2008 (Fig. 5). This pulse did not persist into 2013 even
though CYCA cover remained low (Fig. 5 & 6). This suggests that CYCA removal alone did not
promote a release in BRNI and that additional factor that were favorable to BRNI in 2008, where
not present in 2013. The frequency distribution of CYCA, BRNI and native species and richness
also shows the successful shift from higher target exotic dominance to increased frequency of
native species cover and richness (Fig. 7). To assess changes in community composition at a
finer scale, we looked at percent cover of natives in general and a handful of common species
of management interest in 2013. Percent cover data supports the results of cover class data;
and also shows unexpected changes in a few natives. Two of the most common shrub species
used to indicate whether CSS is healthy, Artemisia californica (California sagebrush, ARCA)
and Eriogenum fasciculatum (California buckwheat, ERFE), have had stable percent cover
from 2008 to 2013 and the native purple needle grass, Stipa pulchra (STPU) actually declined
between 2008 and 2013. Percent cover data were not available for individual species in 1998 so
we are unsure how this pattern held prior to 2008. These results indicate that increases in
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natives are the result of increased subordinate natives reserve wide, specifically native forb
species (Fig. 7). Regardless of this increase in native cover, the plant community continues to
be dominated by exotics at many sites, specifically exotic grasses which doubled in percent
cover between 2008 and 2013 (Fig. 7). The most common exotic grasses in 2013 were Bromus
diandrus (ripgut brome), Brachypodium distachyon (false brome), and Avena fatua (wild oats).

An unexpected result was that native cover class losses between 1998 and 2008 occurred at
the sites with the highest initial native cover classes (1998). We had expected that areas with
higher native cover would remain high due to the greater potential for dispersal, an intact seed



bank and the presence of perennial species, shrub species
in particular. Instead, we found that those sites with greater
initial native cover reduced most because they had more
potential for larger losses. The greatest increases in native
cover class 1998-2008 occurred at sites with the lowest
initial native cover classes (Fig. 8), but native cover class of
2013 was not related to initial native cover class.

Changes in cover were
not equal across
management units,
but, exotic cover was
far greater than native cover in all management areas on
average (Fig. 9). There are, however, sites where native
cover is higher than exotic but these are rare. Percent cover
of most targeted exotics, CYCA and BRNI and Nicotiana
glauca (tree tabaco) were low at all sites in 2013 and none
reached percent cover levels greater than one percent
across any single management areas in 2013 (Table 3).
Three species that have recently caused concern include
Brachypodium distachyon (BRDIS), which ranged in cover
from less than one to thirty one percent cover, and Ehrharta
erecta and E. calycina (annual and perennial veldt grass)
which remained below one percent cover across all sites
(Table 3). While the low cover of E. calycina might suggest
that it has not reached population sizes of concern, it can
rapidly establish and become a dominant. Once it is well
established, it can be nearly impossible to eradicate and
management methods for this species are in the
experimental phases (Bossard et al 2000; www.cal-ipc.org). E. calycina has a variable flowering
time such that it can flower later in the season and have a short flowering stage making it
difficult to identify before seeds are dispersed (Magness et al 1971). Due to the well-known risks
this species poses, early identification and eradication efforts are essential regardless of
population numbers and size. NROC’s primary target

Table 3. Average percent cover of five of the most concerning exotic species including those that
have been specifically targeted by weed control divided by management area.

Artichoke Thistle Black Mustard False Brome Short Podded Mustard Tree Tabaco Veld Grass

Mar Area (Cynara cardunculus) (Brassica nigra) (Brachypodium distachyon) (Hirshfeldia incana) (Nicotiana glauca) (Ehrharta calycina)
Aliso and Wood 03 2.0 1.6 1.1 0.1 <0.01
Bommer 0.4 5.0 28.9 0.5 0.1 <0.01
Butterfly 0.1 1.0 6.2 0.8 0.1 0.0

Crystal Cove 0.4 12.0 13.8 0.3 0.2 <0.01
Laguna 0.3 1.0 0.2 0.7 0.1 0.1

Mule Deer/West 0.3 4.0 311 1.0 0.1 <0.01

Quail Hill 0.4 2.0 8.2 0.4 0.1 0.0




exotic, CYCA, on the other hand, appears to be stable at the reduced percent cover obtained by
2008 and therefor may not need to be treated on an annual basis at all sites.

Table 4. Average environmental conditions and range of conditions for each management area.

Management Area Site Size Slope Elevation AWC DRST
Average Range Average  Range Average  Range Average  Range Average  Range
Aliso Canyon 5.4 0.1-37.0 23 0-59 139 80-244 53.9 6-90 59.9 38-201
Bommer Canyon 13.0 19-29.1 21 8-35 661 310-835 63.2 9-168 79.9 8-201
Butterfly Valley 4.7 2.0-9.9 6 0-15 405 360-452 15.1 3-61 136.2 18-201
Crystal Cove 11.7 3.5-40.2 31 19-45 527 210-863 69.2 6-69 76.9 38-201
Laguna Coast 14.2 1.6-33.8 14 0-33 658 440-912 50.4 6-145 164.0 66-201
Mule Deer/Serrano Ridge 7.6 0.2-21.9 15 0-46 477 320-659 56.1 3-140 71.8 12-151
Quail Hill 16.2 7.7-34.6 23 12-45 327 259-412 89.9 7-263 76.4 38-151
Wood Canyon 5.0 1.5-10.2 11 0-29 225 120-364 112.0 11-226 105.1 12-201

Task 2: Teasing apart trends due to management efforts from other trends due to
environment or land use change (e.g., grazing cessation in the early 1990s).

The environmental context within which the NROC weed management program is implemented
varies greatly in slope, elevation, availability of soil water content (AWC = a measure of soll
water that can be available to plants), and distance to restrictive layer (DRST = the depth to an
impenetrable soil layer) (Table 4). The steepest slopes generally occurred at Crystal Cove State
Park, the highest elevations at Bommer Canyon and Laguna Canyon Wilderness, greatest AWC
at Wood Canyon and the deepest DRST at Bommer Canyon. There is large variation both
across and within management areas. The largest weed polygons were found at Quail Hill,
Laguna Canyon Wilderness, Bommer Canyon and Crystal Cove. Soils within the surveyed

Tabld 2 RlGiRar s l@é{r@&%ﬁﬁaﬂ%gﬁ%?t?ibﬂ NAPIR A Gehel B, 304 BRSNS PRISGEREQNEs RiRsH shange in
by enl PSHeAel) ha ByGBYHOBI@RIa, Jans MABReemenRdJRRF iNiebisteRsdugthin the
retaifdodeds: Varmb{emsolumn indicates the variables retained for the best fit models.
1998 to 2008 2008-2013
Model Estimate t-value p-value Model Estimate t-value p-value
Variables Variables
CYCA Whole Model: 1998-2008: Adj R” = 0.106; 2008-2013:Adj R” = 0.082
Erosion in 1998 X -0.3423 -3.032 0.0031
Grazing in 1998 X -0.4139 -1.933 0.0559
Soil type X 0.127 1.871 0.0642
Slope (m) X 0.004 1.617 0.1089
Fall current year precipitation (mm) X 0.0614 2.993 0.0035
BRNI Whole Model ; 1998-2008: Adj R> = 0.131; 2008-2013:Adj R” = 0.048
Erosion in 1998 X 0.272 2.173 0.0321 X -0.137 -2.014 0.0466
Grazing in 1998 X 0.339 1.258 0.2112
Last Year of Fire X -0.0001 -1.037 0.3022
Elevation X -0.00007 -0.135 0.8929
Soil Type X -0.282 -1.328 0.1870 X -0.35 2.077 0.0403
Previous year mean temperature ( C) X 1.454 1.205 0.2311
Previous year precipitation (mm) X -0.008 -0.835 0.4056
Native Cover  whole Model: 1998-2008: Adj R = 0.141; 2008-2013: Adj R = 0.122
Last Year of Fire X -0.0002 -1.431 0.1553
Elevation X 0.0011 2.297 0.0237
Soil type X 0.4356 1.969 0.0516
Current year mean temperature(C) X 1.563 1.07 0.2872
Number of years treated X 0.2097 2.593 0.0109
Winter current year precipitation (mm) X 0.0365 2.39 0.0187
Current year precipitation (mm) X -0.1408 -3.588 0.0005
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polygons were either clay or loam; which represents only a fraction of the soil types found
throughout NROC lands.

Multivariate regression of CYCA, BRNI and native plant percent cover class change by
environmental conditions, management and land use history were conducted separately for the
two time frames of 1998-2008 and 2008-2013 (Table 5). During the first time period, CYCA was
most strongly related to erosion and grazing and by fall precipitation 2008-2013 (Table 5; Fig.

10).
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Figure 10. Disturbance history influenced CYCA 1998-2008 in that the greatest
decreases in CYCA cover class were at sites with a history of grazing (left) and

The greatest reductions in CYCA cover class occurred at sites with a history of grazing and
higher levels of erosion in 1998 following the EI Nino event. Initial cover was also greatest at
these sites (R? = 0.875, P <.0001) suggesting that disturbance allowed for greater levels of
invasion. Additionally, weed control was equally effective regardless of whether disturbance had
occurred or not, resulting in maintenance of low CYCA cover across all environmental contexts.
Similarly, BRNI was associated with grazing and erosion 1998-2008, and also in 2008-2013
(Table 5; Fig. 11). BRNI was not directly controlled as a part of the NROC weed program and no
individual managing agency/organization has targeted BRNI outside of active restorations (no
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Figure 11. Disturbance history influenced BRNI in that the greatest increases in
cover class occurred at sites with a history of grazing (left) or erosion (right) in
1998-2008.
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control of BRNI in the weed polygons except one that was removed from our analysis for that
reason).

Our study did not test the effectiveness of BRNI

control, but such an assessment is advised to aid 1000

in future management planning. BRNI was more g 800 |

common in loamy soils than clays and was ‘8’

associated with lower precipitation and higher g 6007

mean temperatures of the year prior to the survey § 400 |

year, indicating that a lag effect of climate is at % s00 | =

play. Most likely BRNI is not as good a competitor |

as another species that flourishes under higher 0 ‘ ‘

precipitation and milder temperatures leading to 1998 2008 2013

reduced BRNI seed rain. Climate and disturbance Figure 12. Total annual precipitation for
. . - . the survey years of 1998,2008 and

along with site availability provided by CYCA 2013.

removal in disturbed sites facilitated the 1998-
2008 BRNI pulse. Given this association with climate, we summarized annual precipitation for
each survey year and found 2008 had greater rainfall than did 2013 (Fig. 12) and 2007 was a
drought year with the low precipitation and higher temperatures that promote BRNI the following
year. Again, indicating that increases in BRNI in 2008 were not an alternative state resulting
from CYCA control, but a combination of factors providing a suitable site and climate for BRNI
growth.

Change in native cover class, however was not related to erosion and grazing. Instead,
increases in native cover class were greater at higher elevations and in clay soils 1998-2008.
Lower levels of precipitation also facilitated increased native cover class change during the full
duration of the study. Natives have previously been found to persist under harsher moisture
regimes and the natives of CSS are adapted to the unreliable precipitation of a semi-arid
environment (Kirkpatrick & Hutchinson 1977; DeSimone & Zedler 1999). In 2008-2013, sites
that had experienced

more years for herbicide

treatment for CYCA were

those that experienced

greater increases in

native cover class

regardless of soil texture

or elevation (Table 5). It

appears that natives

were limited to higher

elevations and clay soils

initially due to

competition with CYCA

and the weed program

has helped to reduce this

limitation.
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Path anaysis was used to determine whether CYCA removal directly affected natives and BRNI
and was responsible for the 1998-2008 pulse of BRNI within the environmental context
(environment, management history and land use history). We ran path analysis that
incorporated all the previous variables used in the multivariate analysis and added the effects of
CYCA on BRNI (direct and indirect) and the effects of CYCA and BRNI on native species cover
(direct and indirect) using cover class in 1998-2008 and actual cover 2008-2013. The use of
actual percent cover in 2008-2013 analysis allowed for more accurate analysis that was not

possible in 1998-2008 due to
a lack of percent cover data
of individual species in 1998.
BRNI was indirectly released
by the removal of CYCA
1998-2008, but only where
there was a history of
disturbance (grazing and
erosion). At sites where
erosion and grazing were not
present, change in CYCA
cover class was not related
to change in BRNI cover
class (fig. 13). The previously

mentioned land manager concern that control of CYCA led to increased BRNI, therefor, was
only supported for sites with an erosion and grazing history. BRNI increases were, therefor,
driven by the presence of open disturbed sites and less favorable climatic conditions for plant
growth the previous year. Erosion itself provided an added direct facilitation of BRNI (P = 0.418,
Bollen P = 0.404, CFl =1 RMEAS =0, p = 0.478; Fig. 13). By the time frame of 2008-2013,
effects of CYCA removal were no longer present on BRNI cover. Instead, clay soils were
associated with greater losses of BRNI cover (Bollen P = 0.129, RMEAS = 0, p = 1.0; Fig. 14)

Path analysis of 1998-2008 native cover class data showed that increases in both CYCA and
BRNI were associated with reduction of native cover class; but, the positive association of

natives with higher elevation
and lower precipitation had a
stronger influence on native
cover class (P =0, Bollen p =
0.294, CFI =1 RMEAS =0, p
=1.0; Fig. 15) than did
changes in CYCA or BRNI
alone. Analysis of 2008-2013
data indicated that changes in
CYCA and BRNI cover no
longer influenced changes in
native cover; and, the
increasing number of years a

13



given site had been treated
for CYCA along with lower
precipitation facilitated
increases in native cover (P
= 1.0, Bollen p = 0.180, CFI
=1 RMEAS =0, p = 1.0; Fig
16) just as the previous
multiple regression without
exotic plant influences
indicated. Percent cover of
CYCA was maintained at a
reduced level and BRNI
percent cover had been
substantially reduced

between 2008 and 2013 resulting in a level of competition natives could tolerate. By 2013 other
factors such as precipitation drove native species percent cover changes.

Stakeholders of NROC were interested in how particular native species and exotic species other
than the targeted exotic species of this project were doing and where across the landscape they
were either flourishing or in decline. The five most common natives in 2013 were ARCA,
Baccharis pilularis (coyote bush), Rhus integrifolia (lemonade berry ), Malosma laurina (laurel
sumac) and ERFA. Shrubs were by far more common than any other native species, and, in
general, were associated with higher elevation and temperature of current and previous
seasons, grazing, as well as, less recent fires. Exotic forbs, native grasses and exotic grasses
tended to be less prone to a particular climate, though native grasses were generally associated
with steeper slopes and clay soils (Fig. 17). The focal species, S. pulchra, showed no significant
associations with any environmental conditions. Subordinate native species within NROC CSS
lands are mainly native forb species, the most common of which were Ambrosia psilostachya
(western ragweed), Gnaphalium californicum (ladies' tobacco), Phacelia ramosissoma

(branching phacelia),
Amsinckia menziesii
(menzie's fiddleneck )
and Deinandra
fasciculata (clustered
tarweed). There was no
one environmental
context associated with
these subordinate,
native forbs, but there
was a trend towards
less precipitation in
both current and
previous season. Most
CSS natives are known

DCA 2
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Figure 17. Individual
species responses to
environment,
management and
land use history
variables from 2013.
DCA 1 explained
16% and DCA2 11%
of variance in native
species percent

.
4 cover.
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to respond positively to increases in water availability (Clark et al 2005). This opposite response
within the context of the plant community suggests these species are commonly limited by
competition under high rainfall years supporting the

idea that harsher environmental conditions are acting

as refugia for natives (Desimone & Zedler 1999;

Dickens et al In Review).

Given that environmental, land management and land

use history and CYCA and BRNI cover class could only

explain a limited amount of variation in native cover

class change and that exotic grasses doubled between

2008-2013, we regressed 2008 and 2013 native

percent cover by exotic grass cover of the same years.

Exotic grass cover was negatively related to native

cover in both years explaining 39 percent variation in

2008 and 56 percent 2013 (Fig. 18). Exotic grasses

can negatively impact natives through preemptive

water use, particularly in upper soil layers and by

reducing water infiltration into deeper rooting zones

where many native perennials obtain a larger

proportion of their water later into the season

(Seabloom et al 2003; Wood et al. 2006). Exotic grasses also reduce the availability of
extractable soil nitrogen, a commonly limiting nutrient for plants (Dickens et al. 2013; Dickens &
Allen 2014). Exotic grasses had a substantial impact on native species recovery in this study

and, while difficult to control, will need to be addressed
in some manor to allow for further native recovery.

Task 3 and 4: Determining thresholds in both native
and weed species abundance that will allow for
further unassisted recovery; and, identifying areas
where sites are “stuck” (i.e., not recovering) and
need additional intervention (e.g., seeding, mowing,
soil amendments)

Clear thresholds were not present in this study,
however, we were able to identify rates of recovery that
were associated with particular environmental variables.
The greatest native recovery rates occurred under
environmental conditions already found to support CSS
and CSS recovery (Kirkpatrick & Hutchinson 1977;
DeSimone & Zedler 1999). Higher percent slope was
associated with native recovery at all three positive
recovery rates (Fig. 19); whereas, high elevation was
associated with the most rapid native recovery rate and
an inconsistent recovery rate (may increase one year
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and decrease another but overall cover class
increased; Fig. 19). Greater rates of native cover
class losses occurred where exotic grass percent
cover was greatest in both 2008 and 2013 (Fig. 20)
further supporting competition with exotic grasses as
a key limitation to native plant recovery.

Identification of stuck sites can be challenging in

systems of harsh or highly variable climates such as

Southern California. Due to high annual and inter-

annual variation in precipitation alone, the annual

plant community composition can vary greatly. Given

these constraints, identification of sites that have lost

native plant cover or have not had increases in cover

and cover classes during the period of the weed

control program were used as a measure of

whether a site was “stuck”. Eleven to fourteen

percent of sites lost native cover in each time frame

and across the duration of the study (Table 6). Thirty

two to thirty seven percent of sites were stuck (not

changing in native cover) during the two individual

time frames of 1998-2008 and 2008-2013, and 20

percent were stuck over the full duration of the study (1998-2013) (Table 6). Sites that either lost

native cover or were stuck, had four features in common. They were located at lower elevations,
had greater exotic grass cover, had experienced
fewer years of CYCA control and more recent fires.

Stakeholder outreach:

On May 13, 2014, a workshop was held with key

stakeholders to review preliminary results, discuss

constraints of the data, changes to and new analyses

to consider and facilitate conversation between

stakeholders regarding goals and future directions of
NROC. Fifteen stakeholders and NROC employees were in attendance (Milan Mitrovich, James
Sulentich ,-NROC; William Miller-USFWS; Christine Beck-CDFW; Lana Nguyen (Meade)-
Crystal Cove; Jutta Burger, Megan Lulow and Yi-Chin Fang-Irvine Ranch Conservancy; Travis
Huxman, Sarah Kimball, Mike Bell — UC Irvine; Carl Bell — UC Extension Southern California;
Zachary Principie — The Nature Conservancy; Margot Griswold and Travis Brooks Land 1Q)
were present. Topics discussed included: current analysis of the data set and potential
expansions, defining recovering, defining goals/success, how to define “stuck sites” and how to
measure progress.

During discussions of goals it was recognized that goals in restoration are vague and lack a
means of measuring progress towards a desired trajectory or end goal (Hobbs and Norton
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1996). Without this qualitative definition, it is thought restorations will not proceed as efficiently
as they could (Hobbs and Norton 1996; Palmer 2005). However, NROC stakeholders bring a
differing and important perspective towards goal definition. Too detailed a goal may confine
managers and inhibit the use of adaptive management practices. It was agreed upon by the
group that a goal of increased native cover and decreased exotic cover along with learning from
management efforts to increase restoration efficiency would be more appropriate for the needs
of NROC lands. A substantial barrier to adaptive management, in general, is often a lack of
institutional support and fear of failure. Institutions that view adaptive management as important
and embrace the inherit risks associated with trying new approaches in order to learn, provide a
greater opportunity for enhancement of management strategies over time (Halbert 1993;
Lassard 1998; Johnson 1999; Sabine et al 2004; Allen & Curtis 2005). NROC and its
stakeholders have a unique collaborative environment that can provide such institutional and
partner support.

We discussed concerns over limitations in the data such as too few weather stations to capture
variation across the landscape, unclear grazing histories, that the polygons within the study do
not represent all environmental conditions present on NROC lands (i.e. only clay and loam soils)
and the tradeoff associated with using percent cover versus cover class data. It was decided
that modeled climate data from PRISM would be a better indicator of precipitation and
temperature effects on plant community composition than use of the limited weather station
data. More detailed information regarding the grazing and erosion variables were obtained from
the original project lead, Trish Smith of TNC, and land managers. Sampling techniques are
consistently reviewed for effectiveness and cost efficiency/logistics and, at this workshop, the
validity of the releve method was discussed. The releve method used in this study was
conducted at two quantitative scales: cover class (1998, 2007, 2008, 2013) and actual percent
cover (2007, 2008, 2013). Given the variation in plant community composition relationships with
the environment and management histories, care must be used when interpreting results to
avoid basing management on a single, potentially not average year. A coarse grain method
such as releve using cover classes is less sensitive to annual variation and would identify real
patterns and changes useful to management planning. Given how labor intensive actual percent
cover is and potential differences in observer estimates, percent cover data, while informative,
may not be a cost effective approach for regular monitoring. The stakeholders of NROC agreed
that releve is a good method for mapping, identifying threats and prioritizing sites for future
management and experiments.

When considering effects of land use legacies, constraints of the current data set became clear.
Information regarding grazing stocking rates, species grazed, number of years grazed, number
of years under agriculture and crop types are not readily available. These human activities have
shown to impart long-term legacies on soils and vegetation that can inhibit restoration efforts
(Diaz et al 2007; Standish et al 2007; Cramer et al. 2008). It was proposed by stakeholders that
analysis using modeling of grazing and agriculture be conducted based on the distribution of
environmental conditions know to be a result of land use and the limited data available on
historic land use. Such models may aid in identifying which of the “stuck” sites may be resistant
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to restoration due to land use legacies that must be remediated for prior to restoration and
would be conducted by NROC in the future it the method proves sound.

Conclusion and Recommendations

Overall native cover and cover class increases were associated with both the environmental
context (environment, management and land use history) and changes in CYCA and BRNI
cover and cover class. Fifteen years of weed control reduced CYCA and moved many sites onto
a trajectory of restoration. Several sites remain stuck and thus will require active management in
order for native recovery to begin. The context within which natives recover is important to
predicting slow versus rapid recovery. Higher elevation sites with less recent disturbance and
lower levels of CYCA, BRNI and exotic grass competition are more likely to recover and at a
more rapid pace. No thresholds in management were found in this study; which, may be the
result of sampling years being too far apart during years of CYCA control. It is likely we missed
this point in time and the invasion of exotic grasses has led to an alternative and stable state in
many sites preventing reversal of previously crossed thresholds under current management
plans.

Disturbances such as grazing and erosion were associated with greater initial invasion of CYCA
and therefor also the greatest reduction of CYCA following weed control. Disturbance was also,
in part, responsible for the BRNI pulse event of 1998-2008. Removal of CYCA alone was not
the cause of the BRNI pulse, the combination of available disturbed sites and favorable
precipitation in 2008 was. Areas with a history of disturbance and new disturbance should be
monitored as they are more susceptible to both CYCA and BRNI invasions. Control of CYCA is
effective regardless of environment or land use history. Because CYCA and BRNI responds to
disturbance, minimizing soil disturbance in areas adjacent to CYCA and BRNI populations and
relatively intact CSS is advisable whenever possible (limiting walking and social trail creation
during treatments). Areas with a history of erosion and grazing should be monitored more
regularly as they are at higher risk of invasion. With CYCA successfully reduced to below 4% in
any one weed polygon, NROC may benefit from redefining its focus towards restoration and
weed control together. Instead of annual treatment of CYCA, consider biannual treatments or
less for sites with no new propagule inputs and more regular (annual) control at sites adjacent to
or having large CYCA populations and/or that experience regular disturbances to the soils.
Remaining annual funds then could be re-allocated to increased restoration acres to promote
long-term weed reduction. BRNI has persisted at percent cover similar to 1998 and is capable of
pulse events under favorable precipitation conditions in a season following low precipitation and
high temperature. In years following a season of low precipitation and high temperatures,
greater effort may be needed to control BRNI particularly in areas that have experienced
disturbance (erosion and grazing). Many exotic plant species are known to flourish in disturbed
conditions (Foster et al. 2003) and BRNI is no exception. NROC has not actively controlled
BRNI in any weed polygons that have not been converted to active restorations. At current
BRNI percent cover across the reserve, natives are not inhibited by BRNI. But at the site level,
there are sites with percent cover of BRNI capable of inhibiting native. Future experiments
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determining at what percent cover of BRNI natives are no longer influenced would aid in
management prioritization.

Clearly, CYCA and BRNI were not the only exotics inhibiting native plant species recovery.
Exotic annual grasses are increasing, especially BRDI and BRNIS and can prevent native plant
establishment (D’Antonio et al. 1998; Dickens et al 2013; Kimball et al 2013). Exotic grasses
had a strong negative relationship with natives, more so than other exotics. Restoration studies
in CSS and grasslands have found that many native species are not able to establish unless the
surrounding area is cleared of exotic grasses (DeSimone & Zedler 1980; Eliason & Allen 1997;
Cox & Allen 2008). Natives struggle in wetter years which is when many exotics flourishes
(exotic grasses), so weed control efforts, particularly around younger CSS stands/plants that are
more susceptible to competition, will need to be greater in wetter years (Daehler 2003; Clark et
al 2005). There currently is no reliable removal method for exotic annual grasses covering large
areas of land. For this reason, the control of exotic grasses has been given low priority status.
Logistically speaking, such large area controls may not be feasible, however, prioritizing smaller
areas of exotic grass control at CSS edges or between adjacent CSS patches may allow
establishment of CSS where seedbanks are most likely to persist and continued dispersal is
guaranteed. It would also be advised to include a lengthy site preparation period of 1-2 years to
deplete grass and other exotic seedbanks prior to seeding natives. The goal should be to
manage for resilience in areas of intact and fairly intact CSS and grasslands; and, to work
towards restoration in those that are heavily invaded. Managing towards resilience reduces the
potential for threshold crossing and development of novel states such as the exotic annual
grasslands managers now contend with (Perrings and Walker 1997; Muradian 2001).

Thresholds are difficult to identify due to the complexity of interactions that occur at the
ecosystem level. Multiple thresholds often act at once and at different temporal and spatial
scales and thresholds may not be unidirectional (Muradian 2001; Briske et al 2006, Goffman et
al 2006). Human actions are often the cause of a threshold crossing, grazing, agriculture and
altered fire regimes are just a few examples (Goffman et al 2006). Results of threshold analyses
have been variable with some studies finding clear thresholds and others finding none at all
(Drinnan 2005;

Lindenmayer et al

2005; Lindenmayer &

Luck 2005; Radford

et al 2005). We did

not find thresholds

beyond which

passive restoration

would progress

without further CYCA

control. CYCA has

been stable at a

reduced cover for five
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years and the majority of cover reduction occurred before 2008. If a threshold was present, it
was likely crossed within the 1998-2008 timeframe for which there is no data. That native
recovery is still limited, is a reflection that CYCA control alone cannot reverse the historic
threshold crossing. Exotic grasses and their plant-soil feedbacks along with land use history
such as agriculture, likely contribute to this current limitation. The thresholds that separate the
native state from the invaded state of these sites were crossed long ago and likely are not the
same for reversal of invasion. When both biotic and abiotic thresholds have been crossed,
recovery becomes more difficult. The environmental context on which native plants rely has
been modified and natives find themselves in competition with a new species (Cramer et al
2008; fig. 21). In the case of NROC lands, the threshold between the dominance of the native
plant community to the alternative invaded state is likely both a biotic and, due to a long history
of invasion, an abiotic threshold. The stable presence of exotic species represents the biotic
threshold and their feedbacks to the soils have likely altered soil conditions representing the
crossing of an abiotic threshold. The invasion of exotics such as CYCA, BRNI and exotic
grasses alter microbial communities, soil nutrients and moisture availability and hydrological
processes (D’ Antonio & Vitousek 1992; Seabloom et al 2003; Dickens et al 2013). Such
invaded induced changes to ecosystem structure and function can act as positive feedbacks
that promote persistence of the alternative state (Suding et al 2004), exotic annual grasslands in
the case of NROC lands. Greater changes to the biotic environment (plant community) and
maybe even abiotic conditions (soils) are needed to remove the exotic plant feedbacks and
move the system towards a recovery threshold. The native plant community is not as likely to
recover without substantial assistance if soil nutrients and water availability have been altered
(Cramer et al 2008).

Our study raises several questions with practical implications. Is there a threshold of exotic
grass cover that would allow for passive native recovery and if so what is it? What methods are
most effective in introducing CSS in areas highly invaded by exotic grasses? If exotic grasses
are a main limiting factor for recovery at the more degraded sites and we lack effective means
of controlling exotic grasses at larger scales, can some of these sites be accepted as they are?
Are such alternative states on NROC lands providing functions similar to CSS and native
grasslands (i.e. California gnatcatcher nesting, infrequent fires, lower erosion, habitat for herps,
insects and other wildlife, raptor foraging and self-sustaining post fire recovery)? Which states
are not? Assessment of the current functional values of these stuck sites may aid in
prioritization of sites for active restoration, weed management only or sites that will have to
remain as they are until new methods are developed. It would additionally be interesting to
compare the updated vegetation descriptions within this report with the new Reserve vegetation
map complied as part of another LAG.

Our models, except regression of exotic grass by native cover, had low explanatory power
indicating that there are other factors that influence native cover that we did not capture. One
thought is that an agricultural history reduced recovery capacity and rates. Many stuck sites
occur at lower elevations. The greatest intensities of grazing and agriculture occurred at lower
elevations which were susceptible to invasion and least likely to have native cover. Agricultural
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histories have been found to inhibit native recovery due to the high levels of disturbance and
resultant less favorable soil conditions of altered nutrients and mixed upper soil horizons
(Aronson et al 2003, Klimek et al. 2007). Agriculture data are not currently available in a single,
useable database, but such data would be valuable for testing whether agricultural legacies limit
restoration of NROC lands.
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Appendix

Table A1. Richness and percent or richness represented by each genus.

Family Richness Percent

Total 368 100.0
Adoxaceae 1 0.3
Agavaceae 1 0.3
Aizoaceae 3 0.8
Amaranthaceae 2 0.5
Anacardiaceae 6 1.6
Apiaceae 10 2.7
Apocynaceae 4 11
Arecaceae 2 0.5
Asteraceae 67 18.2
Betulaceae 1 0.3
Boraginaceae 15 4.1
Brassicaceae 15 4.1
Cactaceae 3 0.8
Caprifoliaceae 1 0.3
Caryophyllaceae 10 2.7
Chenopodiaceae 7 19
Cleomaceae 1 0.3
Convolvulaceae 5 14
Crassulaceae 4 1.1
Cucurbitaceae 2 0.5
Cyperaceae 5 1.4
Euphorbiaceae 8 2.2
Fabaceae 24 6.5
Fagaceae 2 0.5
Frankeniaceae 1 0.3
Geraniaceae 6 1.6
Grossulariaceae 1 0.3
Iridaceae 1 0.3
Juncaceae 5 1.4
Lamiaceae 7 1.9
Liliaceae 4 1.1

Family Richness Percent

Malvaceae 5 1.4
Montiaceae 2 0.5
Moraceae 1 0.3
Myrsinaceae 1 0.3
Myrtaceae 1 0.3
Nyctaginaceae 2 0.5
Onagraceae 7 1.9
Orobanchaceae 1 0.3
Oxalidaceae 2 0.5
Papaveraceae 2 0.5
Phrymaceae 2 0.5
Plantaginaceae 9 2.4
Platanaceae 1 0.3
Poaceae 46 12.5
Polemoniaceae 1 0.3
Polygonaceae 12 33
Polypodiaceae 1 0.3
Pteridaceae 5 14
Ranunculaceae 4 1.1
Rhamnaceae 3 0.8
Rosaceae 6 1.6
Rubiaceae 4 11
Salicaceae 5 1.4
Saururaceae 1 0.3
Scrophulariaceae 4 1.1
Solanaceae 6 1.6
Tamaricaceae 1 0.3
Themidaceae 1 0.3
Typhaceae 1 0.3
Urticaceae 4 1.1
Verbenaceae 1 0.3
Violaceae 1 0.3
Visaceae 1 0.3
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Table A2. Simple regressions of common natives by environmental and land use history variables for sample years 2008 and 2013 and the change
between 2008 and 2013 (change). L = Loam, C = Clay, Alpha levels are as follows: * = 0.05, ** = ** = (0.01, *** =0.001 and **** < .0001

Artemisia californica
Asclepias fascicularis
Ambrosia psilostachya
Amsinckia menziesii

Bloomeria crocea

Bromus carinatus
Crassula connata
Cucurbita foetidissima
Dichelostemma capitatum
Elymus condensatus
Eriogenum fasciculatum
Ericameria palmeri

Galium porrigens
Gnaphalium bicolor
Gnaphalium californicum
Heteromeles arbutifolia
Koeleria macrantha
Lassingia filaginafolia
Lotus scoparius

Marah macrocarpus

Melica imperfecta
Mimulus aurantiacus
Nassella pulchra

Opuntia ltteralis
Opuntia prolifera
Phacelia ramosissoma
Rhus integrifolia

Salvia mellifera
Sambucus mexicana
Sanicula crassica
Sisyrinchium bellum
Solanum dougla
Stachys rigida

AreaAcres SoilType Slope Elevation Erosion Grazing DrstcM NumberVrsBurned
2008 2013 Change 2008 2013 Change 2008 2013 Change 2008 2013 Change 2008 2013 Change 2008 2013 Change 2008 2013 Change 2008 2013 Change
(+) 0122+ 0.167 =+ 0.091 (+) 0112+
L 0035 - ) 0.193 see
L 0062 +* () 007 - (+) 0101+
0041 +
0047 « () 0107+
(+) 0045+ (+) 0093 -+
(+) 0.067+
(+) 0.040
(+) 0.116 =+ ) 0.088 *+ (+) 0.115 »+
(+) 0040+ (+) 0061+ (+) 0129 e 0.094 - (+) 0476w+
(+) 0124 o«
L 0057+ L 0078 (+) 0.064 * 0.092 + 0048 + () 0038 + (+) 0054+
(+) 0099 0123 (+) 0059
(+) 0.096 *++ (+) 0048+ (+) 0062+
(+) 0.067 ++ (+) 0070+ (+) 0.086 0057+
0074+ ) 0035+ 0170 ==+
0.181 oo+ 0.086 * 0.085 ==
0063 * (+) 0116 -+
(+) 0046 () 0.046 * 0.041
0131 ) 0.115 e
L 0048 + (+) 0.080 * 0172 ==
0.059 *+ (+) 0.103 0072+ 0096+
L 0039 - (+) 0.094 +++
) (+) 0.080
+) 003+ 0110 +++
(+) 0.056 +) 0.100 **+ () 0043 + 0.121 =+
(+) 0.079 * 0.123 0.058 **
(+) 0102+
0053 + (+) 0053+ (+) 0221 e () 0052 (+) 0135 weee
0.084 -
L 0065 0039 +
(+) 0125+ c 0124 - (+) 0046+ 0.098 =+
(+) 0.087 + (+) 0134 e 0.098 *+ 0171 ==
(+) 0.062 == 0.154 ===
C 0059 - (+) 0155 ===
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Table A3. Simple regressions of common exotics by environmental, management and land use history variables for sample
years 2008 and 2013 and the change between 2008 to 2013 (change). L = Loam, C = Clay, Alpha levels are as follows: * = 0.05, ** =
** =0.01, *** =0.001 and **** < .0001

“Area Acres SoilType Siope Erosion i AWC Drst
2008 Change 2008 013 Change 2008 2013 Change 2008 2013 Change 2008 Change 2008 013 2008 2013 Change 2008 2013 Change 2008 Change
0131
) 0037 + (#) 0105+ (#) 0053+ (¥ 0053+
¢ 00a3- (4 0056 () 0058+ () 0042 +
) 00s8 « 0077+
() 0050 + () 0051+ () 0279 ) 0233 e () 0136+
() 0044+ () 0046 - L0037 - 0001+ (#) 0080+ (+) 0057+
@
(+) 0042+ “
L 0060
)
)
L 003 -
L oot ) 0054 - (+) 0090
0076+
L0119 * () 0092 ==
) 0038 () 0.065 = (+) 0070+
() 0195+
¢ oo70" () 0039 - 0.169 ++ () 0124+
(+) 0.086
() 0.046 -

() 0.098

(+) 0036+

() 0.040 *

(+) 0108 (+) 0075
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Table #. Species list from the UC Berkeley 2013 survey. N = native plant species and E = exotic plant species.
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Appendix A: Cover Class Change Maps
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Cynara cardunculus

58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



Brassica nigra
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