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ABSTRACT OF THE THESIS 

 

“Dynamics of invasion and native species recovery following fire in coastal sage scrub” 

 

by 

 

Scott Charles Gressard 

Master of Science in Biology 

University of California, San Diego 2012 

Professor Elsa Cleland, Chair 

 

Coastal sage scrub (CSS) is an important vegetation type in Southern California, 

which is under threat from multiple environmental changes such as nitrogen deposition, 

invasion by exotic species, and accelerating fire regimes.  While previous studies have 

found that CSS can recover pre-fire cover through a successional process, there is 

concern that high exotic annual grass abundance after fire could prevent native shrub 

recovery, creating an alternate stable state which requires an active management for 

restoration of native shrub cover. This study evaluated the performance of focal native



	  

ix 

 and exotic species at early demographic stages (germination, first-year growth and 

survival) in one recently burned site, and then placed these short-term results in context 

by examining long-term vegetation dynamics across four CSS sites in San Diego County. 

Exotic species out-performed native species during all early demographic stages, 

especially following fire. In the long-term (20 years) cover by native CSS shrubs returned 

to pre-fire levels at three of the four sites monitored. These results indicate that invasion 

slows the rate of CSS successional recovery post-fire, and that native CSS vegetation can 

recover given a long-enough fire return interval. Accelerating fire frequencies, however, 

may be creating invaded “apparent stable states,” because full native shrub recovery does 

not effectively occur between closely spaced fires.
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Introduction 

  

The California floristic province harbors exceptional plant diversity and has been 

classified as one of 25 “biodiversity hotspots” worldwide (Brooks et al. 2002). Coastal 

sage scrub (CSS) is a shrub-dominated vegetation type within this province that is of 

particular concern to conservation biologists because it is critical habitat for numerous 

threatened plant and animal species, such as the California gnatcatcher and the coastal 

cactus wren  (Bowler 2000).  This plant community has also been greatly impacted by 

habitat loss; between 35 and 85 percent of the original CSS stands in Southern California 

have been lost, largely due to expanding human populations and associated development 

(Davis et al. 2004, Westman 1981, Minnich & Dezzani 1998).  The remaining CCS 

stands are threatened by multiple anthropogenic factors, including nitrogen (N) 

deposition (Cione et al. 2002), increased fire frequency (Wells 2004, Keeley et al. 

2005a), and invasion by exotic species (Rejmanek & Randall1994, Seabloom et al. 

2006). Given the conservation significance of CSS, it is essential to develop robust 

management strategies to preserve remaining intact CSS, and restoration strategies to re-

establish the native plant community in the face of multiple threats. 

Exotic annual grasses have proved to be a particular challenge for CSS restoration 

(Cox & Allen 2008).  Many of these species were introduced as pasture grasses of 

European origin (Baker 1989, Mooney et al. 1996), and their subsequent success has been 

thought to be associated with their tolerance for grazing, drought, and disturbance 
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(D’Antonio et al. 2007). Exotic annual species quickly colonize disturbed areas, 

especially roadsides (Gelbard & Belnap 2003) and once invaded there is often little 

natural re-colonization of native CSS shrubs (Zink et al. 1995, Stylinski & Allen 1999). 

Exotic annual grasses can competitively suppress regenerating juvenile CSS shrubs 

(Eliason & Allen 1997), which may in part be due to their high rates of germination and 

survival from large seed banks (Rice 1989). As they increase in abundance exotic annual 

grasses are also capable of altering environmental characteristics to further facilitate 

invasion and prevent shrub reestablishment, through mechanisms such as increasing litter 

quantities (Wolkovich et al. 2009), and subsequent acceleration of the fire regime 

(Brooks 2004, D’Antonio & Vitousek 1992). 

Increased fire frequency is one of the major threats to CSS (O’Leary 1995). This 

has been largely driven by anthropogenic factors. Fire frequency in Southern California is 

positively correlated with increasing human populations and negatively correlated with a 

distance from urban areas (Keeley et al. 2005b). Native CSS shrub species are adapted to 

a historic fire return frequency of about every 25 – 30 years (Stylinski & Allen 1999, 

Keeley 1986). While there are a number of native species that require fire for 

regeneration (Keeley & Fotheringham 2001), if the fire return interval drops below 25 

years native shrubs may not be able to achieve a closed canopy which can allow then to 

competitively suppress exotic herbaceous species (Keeley et al. 2005a; Cione et al. 

2002).  Fire frequencies in San Diego County have accelerated in recent decades, and 

CSS now burns more frequently than chaparral or forest vegetation (Wells et al. 2004). In 

part the acceleration of the fire regime may be due to increased abundances of exotic 

species, which can promote more frequent, low-intensity fires that allow exotic seeds to
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persist in the seedbank (Brooks et al. 2004, Talluto & Suding 2008).  In invaded areas of 

Riverside County fire return frequencies have fallen to only 8 years (Minnich & Dezzani 

1998).  These closely spaced fires can result in mortality of regenerating juvenile shrubs, 

resulting in a transition towards vegetation dominated by exotic grasses (Zedler et al. 

1983, Keeley & Keeley 1984). 

Traditionally researchers have considered grassland to be an initial stage of 

succession following fire, transitioning to CSS gradually over time (Callaway & Davis 

1993). The potential for positive feedbacks in the grass-fire cycle could prevent native 

recovery following fire and cause the community to enter a persistently invaded state, 

sometimes termed a “type conversion” or “alternate stable equillibria” (ASE, May 1977). 

There are numerous documented examples of grasslands versus woodlands existing as 

alternate stable states, often due to factors such as disturbance or herbivory (Van Auken 

2000).  As human activities alter environmental conditions, there is increasing evidence 

that ecosystems can reach critical thresholds that initiate shifts to potentially permanent 

ASE (Scheffer et al. 2001). The invasion of CSS may be one such situation. Three 

distinct subregions of CSS have been identified which vary in their dominant shrub 

species: Venturan, Riversidian, and Diegan (Westman 1981). In Venturan and 

Riversidian CSS, recent research suggests that the acceleration of the fire regime has 

prevented re-establishment of CSS shrubs, resulting in local type conversion to exotic 

dominated grasslands (Davis et al. 2004; Talluto & Suding 2008). Zedler et al. (1983) 

showed that two closely spaced fires (in 1979 and 1980) resulted in widespread shrub 

mortality in an area of San Diego County, but there has been little recent work to quantify 

the dynamics of Diegan CSS communities following fire. Quantifying whether vegetation 



  4 

 

dynamics are characterized by a successional trajectory or alternate stable states is 

important for post-fire restoration strategies. While a successional system would return to 

pre-fire levels of native shrub cover over time requiring relatively little management, 

recovery from an invaded alternate stable state would require intense active management, 

including invasive species removal, planting native species, and potential mitigation of 

altered environmental conditions (Suding et al. 2004). 

While the theory behind alternate stable equilibria has been extensively developed 

(e.g. Lewontin 1969, Holling 1973, May 1977, Law & Morton 1993), there are relatively 

few studies that have empirically documented the existence of ASE (reviewed in 

Schröder et al. 2005). A strict definition of ASE would require that species dominating 

one state cannot establish a sustainable population in the alternate state and vice versa, 

but shifting demographic or environmental parameter values have been inferred to 

demonstrate the existence of ASE in many instances (Beisner et al. 2005).  Here, 

experimental and observational studies were conducted at multiple sites throughout San 

Diego County in order to determine whether vegetation dynamics following fire in 

Diegan CSS are characterized by successional trajectories or ASE.  First, native and 

exotic species performances at early demographic stages were experimentally compared 

following fire at a single site. Second, these short-term experimental results were placed 

into a larger context using long-term observations to determine whether CSS appears to 

be recovering native cover following fire in recent decades in four sites across San Diego 

County. We hypothesized that: 1) exotic species gain a foothold following fire through 

higher rates of germination from the seedbank, especially near urban edges where there 

should be higher rates of dispersal.  2) Exotic species have higher initial rates of growth 
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and survivorship in burned areas, while native species have higher growth and 

survivorship in unburned areas, which sets up conditions to support native and exotic

dominated communities as ASE.  Finally, 3) we hypothesized that native shrub cover has 

increased following fire at CSS sites in San Diego County, but that the rate of recovery is 

slower than those documented previously, due to numerous environmental changes in 

recent decades.
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Methods 

 

Pre- and post-fire patterns of CSS native and exotic plant species abundances 

 

The focal CSS site for this study was located in the Sweetwater Reserve in South 

Eastern San Diego County, in an area managed by the San Diego National Wildlife 

Refuge (SDNWR).  In October 2010 the Jamacha Fire burned approximately 50 acres of 

CSS vegetation on the Sweetwater Reserve. In 2004, Douglas Bolger and his research 

team from Dartmouth College conducted line transect surveys at this site, and the 

Jamacha Fire burned approximately half of their transects (Fig. 1), providing an 

opportunity to compare the vegetation dynamics in burned versus remaining unburned 

CSS. There were originally three main transects extending eastward from the west edge 

of the reserve. They ran 50 meter transects perpendicular to their main transects centered 

at 25, 50, 100, 140 and 200 meters. They recorded species along the 50 meter transects at 

a 20cm resolution. In May 2011 (the peak of flowering in the first growing season 

following the fire) we repeated the surveys done by the Dartmouth team and followed 

their protocols for each GPS marked transect.  
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Statistical analyses were performed in R v. 2.12 (R Core Development Team 

2011). We then compared their results pre-fire to ours post-fire using a linear model with 

year, burn & year*burn as factors, where total exotic cover was calculated for each of 12 

transects (7 burned, 5 unburned), and significance was evaluated using a type 2 test. 

 

Exotic species abundance and distance from the urban edge 

 

To evaluate whether there was greater invasion following fire closer to the urban 

edge, we collected visual percent cover of all species in 1 x 1 m quadrats along the 

Jamacha fire burn line moving in from the western edge of the Sweetwater reserve. We 

took measurements along the burn line at 20, 40, 60, 80, 100, and 130 meters. At each 

Figure	  1:	  Aerial photo of San Diego National Wildlife Refuge in Spring Valley, CA. The photo 
was taken in 2004, before the Jamacha fire. The three main lines used by the Dartmouth group 
going into the reserve are shown in yellow. Transects were laid out perpendicular to these lines at 
the appropriate distances. The burn-line is shown here in red. The area on the bottom of the line 
burned, while the area above it was left undisturbed. Experimental plots are marked in the upper 
right corner with orange representing the burned plots and blue representing the unburned plots	  
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distance we took four species percent cover measurements in both the burned and 

unburned areas, at 10, 20, 30 and 40 m distance perpendicular to the transect line. 

 

Exotic vs native performance following fire at early demographic stages 

 

We evaluated germination, growth and survival of focal species in burned and 

unburned soils in order to test whether fire differentially influenced the performance of 

native versus exotic species at early demographic stages. The seeds of five native shrub 

species (Artemisia californica, Salvia apiana, Mimulus aurantiacus, Eriogonum 

fasciculatum, and Encelia frutescens) were collected from  SDNWR during the summer 

of 2011. Seeds of 3 exotic annual species (Avena fatua, Bromus hordeaceus, Vulpia 

myuros, and Erodium botrys) were then supplemented from a local commercial supplier 

(S&S Seeds, Carpinteria California). These seeds were planted in 20 oz soil cone-tainers 

in burned and unburned soils also collected from SDNWR (40 cone-tainers per species 

per soil type). The number of seeds planted per cone-tainer was adjusted depending on 

typical germination rates for the focal species to obtain a target of five individuals per 

cone-tainer. The plants were grown in a greenhouse at the UCSD Biology Field Station 

under a watering regime of 20 mm 2 x per week.  After 2 months germination rates were 

recorded for each species, individuals were weeded to one per cone-tainer, and initial 

height of the remaining individual was recorded. 

Next, to evaluate growth and survivorship these individuals were transplanted 

from the cone-tainers to the field in burned and unburned plots within the SDNWR. In 

total 16 plots were established, eight in the area burned in the 2010 Jamacha Fire and 
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eight in an adjacent unburned area. There were five individuals per species per plot 

(except for the M. aurantiacus which only was planted in 12 plots, six in each soil type, 

due to low germination rates in the greenhouse). A. californica had very low germination 

but because it is a keystone native coastal sage species, we wanted to include it in the 

study and supplemented comparable aged seedlings from a nearby local nursery. We then 

measured survivorship, growth, and herbivory intensity for each individual every 2-3 

weeks. Herbivory intensity was estimated on a scale from 0-5, where 0 was no herbivory, 

and 5 was complete herbivory (greater than 80%) of the plant (scores 1-4 represented 1-

20%, 21-40%, 41-60%, and 61-80% herbivory respectively). Temperature was monitored 

in each plot using an Onset HOBO datalogger shielded from sunlight by placing it inside 

of 2 inch diameter PVC, 4 inches in length.  Soil samples were taken to 10 cm in each 

plot in May 2012 and evaluated for gravimetric soil moisture, organic matter content (via 

combustion for 1 hour at 500 degrees C) and inorganic nitrogen availability (2M KCl 

extracts analyzed for ammonium and nitrate). 

For each demographic stage we compared performance for the factorial 

combination of Burn (burned or unburned) and species Origin (native or exotic) using a 

linear mixed model where species taxonomic identity was included as a random factor. 

For germination a comparable generalized linear model approach was utilized because 

the germination percentages best fit a binomial distribution.
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Temporal Patterns of Invasion and Shrub Recovery Following Fire 

 

Finally, in order to understand how time since fire influenced both invasion and 

native species recovery in Diegan sage communities, we collaborated with the United 

States Geological Survey (USGS) on an ongoing long-term vegetation survey on reserve 

lands in San Diego County. The USGS has an on going herpetological survey for which 

they have 7 sites and varying numbers of array traps at each site. These sites are used 

primarily to survey the reptile and small mammal communities using pit-fall traps. 

However, the scientists at the USGS have also monitored vegetation at each “herp-array” 

trap for more than 20 years. Fires have burned these survey areas at different times in the 

last 20 years, which gave us a unique opportunity for this analysis. 

We surveyed four arrays at each of the four sites which were classified as CSS 

communities: San Diego National Wildlife Refuge (Sweetwater), the Wild Animal Park, 

Elliot Chaparral Reserve, and the Rancho Jamul reserve. Each herp-array is centered on a 

bucket-trap. Following the USGS protocol, we extended a 50m tape going from North to 

South and centered it on the main bucket trap. We then recorded all species present every 

0.5 meters along the tape, resulting in 100 measurements per array. These were point 

counts and species were identified as either native or exotic and separated into three life-

form categories: tree, shrub, or herb. Up to three species were recorded per category per 

point.  The relative cover of exotic herbaceous species, and native woody (tree and shrub) 

species were calculated for each array
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The relative cover of exotic or native species was predicted using a linear mixed 

model where years since fire and Site were included as factorial fixed factors, and array 

nested within site was included as a random factor, using the routine nlme. 
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Results: 

 

Exotic Emergence in Post-fire Environment:	  	  
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Figure 2: Bar plot comparing the percent cover of exotic species in the 
Dartmouth team’s 2004 surveys and our 2011 surveys in the burned (red) 
and unburned (blue) areas at the Sweetwater reserve, respectively 

	  

Figure 3: The proportional cover of exotic species in burned and unburned 
conditions after the 2010 Jamacha fire at Sweetwater reserve at increasing distance 
from the urban edge moving into the reser 
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 When comparing exotic cover between 2004 and 2011 we found a significant 

Burn x Year interaction (Fig 2; F(1)= 9.613, p<0.01), whereby there was not a significant 

difference in exotic cover between the burned and unburned areas of the Sweetwater 

	  	  A	  	  	  

Figure 4: Native and exotic species performance in burned and unburned 
areas of the Sweetwater reserve at three demographic stages.: (A) 
germination proportion (B) growth in cm (C) survival proportion after the 
first growing season 
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reserve in 2004, but there was an increase in percent cover of exotic species in 2011 in 

the burned, but not unburned, areas.  In our more comprehensive spatial survey we also 

found significantly  higher cover of exotic species in burned areas (Fig 3; F(1) =18.98, 

p<0.001), but there was no difference in the cover of exotics between the urban edge and 

the interior of the reserve.  

 

Exotic vs Native Performance Following Fire at Different Demographic Stages 

 

When germinated in the greenhouse, we found that seeds of exotic species had 

significantly higher germination rates than native species (Fig 4(A); Z=2.58, p<0.01).   

 

Exotic species had slightly higher germination in unburned soils, while natives had nearly 

twice as much germination in burned versus unburned soils (7% vs 4 % respectively), 

resulting in a significant Burn x Origin interaction (Z-2.65, p<0.01).  

 When the individuals grown in the germination experiment were transplanted into 

the field, the exotic species had higher rates of growth overall  (Fig. 4B, Origin χ2=87.2, 

Figure	  5:	  The	  degree	  of	  herbivory	  on	  native	  versus	  exotic	  
species	  in	  burned	  and	  unburned	  areas.	  
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p<0.001).  Both native and exotic species had higher growth in burned areas (Burn, 

χ2=84.0, p<0.001), but growth of natives increased proportionally more than exotic 

species on burned sites, resulting in a significant Burn x Origin interaction  (χ2=10.6, 

p=0.001). 

 Results for survivorship mirrored those for growth, where exotic species had 

higher rates of survivorship overall (Fig 4C; Origin z=7.2 p<0.0001), and both native and 

exotic species had higher survivorship in the burned areas (Figure 4C; Burn z=5.1, 

p<0.0001).  There was also a significant Burn x Origin interaction (z=0.23, p=0.002), 

where the overall increase in survivorship in the burned areas was slightly greater for 

exotic than native species.  Survivorship is likely influenced by herbivory, but our 

observed rates of herbivory do not mirror the survivorship data. Rates of herbivory were 

significantly higher in the burned areas of the reserve (Fig 5; F(1)=8.36, p<0.01), and were 

similar between native and exotic species. We found no significant difference between 

burned and unburned areas in regards to our environmental variables: temperature, soil 

moisture, soil organic content, and inorganic nitrogen; such that the variation in species 

performance in the burned area was not predictable on the basis of these measures. 

 

 

 

Temporal Patterns of Invasion and Shrub Recovery Following Fire 
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Exotic herbaceous cover was initially high following fire but decreased 

significantly over time (Fig 6(A): years since fire, X2
(1)25=89.3, p<<0.001).  One site, 

Sweetwater, deviated from this pattern where relative cover by exotic herbaceous species 

has been increasing over time in the absence of fire (Site x yrs since fire interaction, 

X2
(3)25=14.5, p<<0.001). Reciprocally, because cover values were relativized, native 

Figure	  6:	  Scatterplot	  of	  Exotic	  herbaceous	  proportion	  (A)	  and	  
native	  shrub	  proportion	  (B)	  over	  time	  since	  last	  fire	  for	  each	  of	  our	  
4	  San	  Diego	  County	  survey	  sites	  

	  A	  

B	  
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woody cover increased over time at most sites (years since fire, Fig 6(B): X2
(1)(25)=101.4, 

p<<0.001).  At the Sweetwater site native woody cover declined while exotic cover 

increased, again resulting in a Site x years since fire interaction  (X2
(3)25=54.4, p<<0.001). 
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Discussion: 

At our focal site we saw a large increase in cover by exotic species following fire, as has 

often been observed elsewhere in Southern California (e.g. Minnich & Dezzani 1998, 

Keeley et al. 2005a, Talluto & Suding 2008).  The lack of a relationship between exotic 

cover and distance from the urban edge suggests, contrary to our first hypothesis, that 

these exotic species were present in the seedbank, rather than dispersed into the area 

following the fire. Cox & Allen (2008) found very little difference between seedbanks of 

CSS and adjacent invaded grassland, both having large numbers of annual grass seeds.  

The large seed banks established by exotic annual species are thought to be one of the 

mechanisms behind their successful invasion (Seabloom et al. 2003). Further, once exotic 

annual species are established they often increase litter and hence fuel loads, leading to 

more frequent but low intensity fires, allowing their seeds to survive in the seedbank 

(Keeley et al. 2005a).  This mechanism creates a strong positive feedback enabling 

further exotic domination of post-fire landscapes (D’Antonio & Vitousek 1992, Brooks et 

al. 2004).  This suggests that seed-bank screening should be performed before designing 

management strategies.  For instance, while fire is often used as a management tool with 

the aim of controlling invasion, prescribed burns frequently instead increase levels of 

invasion (Keeley 2006, Brooks et al. 2004) and seed survival in the seed-bank may be 

one of the main reasons behind this.  

 Following fire, the performance of native versus exotic species during early 

demographic stages are likely to significantly influence the trajectory of community 

dynamics, as variation in species interactions during regeneration has often been showed 
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to be an important influence over community assembly (Grubb 1977). At the focal 

SDNWR site exotic species had higher rates of germination, growth and survivorship 

than native species overall, but especially under burned conditions. This indicates that for 

these early stages, exotic species have an advantage over native shrub species in post-fire 

landscapes. Further, we did not find that native species performed better at any of these 

early demographic stages than exotic species under unburned conditions; thus, we did not 

find patterns that are strictly consistent with our hypothesis that native and exotic 

dominated communities were ASE.  While native species had a proportionally greater 

increase in growth in the burned areas as compared with the unburned areas, the absolute 

growth rate of the exotic species still far exceeded that of the native species. Similar to 

our findings, Eliason & Allen (1997) found that Mediterranean annual grasses suppressed 

native shrub growth by reducing recruitment and inhibiting post disturbance 

establishment, likely driven by a reduction in soil water by these grasses. However, we 

know from studies in Venturan and Riversidian CSS (Keeley et al. 2005a) that native 

shrub stands have the potential to recover to pre-fire levels of native cover over time. 

This indicates that native performance must increase during later demographic stages, in 

particular once native shrubs survive to be large enough to suppress exotic herbaceous 

species through shading (Keeley et al. 2005b). Promoting early growth of shrubs may be 

a key element in CSS post-fire restoration because exotic removal efforts alone are 

frequently not sufficient to return the community to a native dominated state (Suding et 

al. 2004). 

 Herbivory may be a key factor in determining the rate of recovery of native CSS 

shrub cover following fire, because herbivory reduces the rate at which native shrubs can
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 grow above the exotic grass canopy.  Fire and herbivory play a joint role in mediating 

ASE of woody versus herbaceous dominated vegetation types (Scheffer et al. 2001).  We 

found equal rates of herbivory on native and exotic species, and higher herbivory overall 

in burned as compared with unburned areas.  This could potentially drive ASE dynamics 

in this system if exotics are able to overwhelm generalist herbivores with higher 

population densities than natives following fire (Holt 1994), as was the case in our study. 

Thus generalist herbivores, by consuming relatively rare native seedlings, may further 

exacerbate the advantage of exotic species during early demographic states in the post-

fire environment, and slow native recovery to a point where the invaded state would 

functionally represent an ASE. 

While our short-term post-burn monitoring indicated that exotic species had a 

significant advantage, data from long-term vegetation monitoring at multiple CSS sites in 

San Diego County shows a different pattern. Data from the last 20 years show that 

following fires, native cover increases, and exotic species cover decreases, in a linear 

manner over time, at 3 of our 4 sites. This indicates that Diegan CSS is likely to recover 

given a sufficient native seed bank (Cione et al. 2002; Cox & Allen 2008) or dispersal 

from adjacent unburned CSS stands (Westman 1981). At the 3 sites where exotic cover 

decreased and native cover increased over time following fire, it took approximately 25 

years to reach 25% (Rancho Jamul) to 80% (Wild Animal Park) native shrub cover. The 

faster recovery at the Wild Animal Park may have been due to stricter isolation of the 

reserve, thus lower rates of N deposition and anthropogenic disturbance, both of which 

have been shown slow native recovery and promote exotic grass establishment (Cione et 

al. 2002; Zink et al. 1995) Additionally, public visitors are not allowed access to the site 
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without direct permission from the Park management (personal correspondence with Park 

director). However, the Rancho Jamul reserve is open to the public and as a result has 

many more visitors per year than more restricted reserves (personal correspondence with 

John Martin, San Diego National Wildlife Refuge Manager USFW). It is closer to the 

border and as a result is regularly patrolled by boarder control officials, resulting in 

higher traffic and potentially higher nitrogen deposition, which could, again, be a reason 

for the slower native recovery (Cione et al. 2002; Daehler 2003). 

Much of the research done on Venturan and Riversidean CSS has shown that 

average recovery time of these shrubs after fire is likely between 15 and 35 years (Cione 

et al. 2002; Zedler et al. 1983; Keeley et al. 2005b) and we saw a similar trend in our 

long-term study, with most substantial recovery occurring after approximately 25 years. 

However, Stylinski & Allen (1999) found that native cover and seedling proportions 

remained low on highly disturbed sites for up to 71 years after the disturbance. This 

length of recovery time is especially concerning when one considers the steady 

acceleration of the fire regime over the last 100 years in Southern California (Keeley et 

al. 2005b; Wells 2004; Brooks et al. 2004). As this fire regime continues to increase, 

there is evidence that native CSS stands will not have the time needed to allow for 

recovery to pre-fire cover (Brooks et al. 2004; Wells et al. 2004). When a site has burned 

multiple times without full recovery, the native seed bank can be significantly reduced 

(Cione et al. 2002; Zedler 1983). This is especially concerning for CSS because it exists 

in low elevations where population densities are higher and as a result, fire frequencies 

are increasing at a higher rate than in more rural habitat types (Keeley et al. 2005a). 
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Additionally, when compared to studies conducted on Venturan CSS stands in the past, 

we saw that our sites required 12 to 25 years more to recover to at least 25 percent cover 

following fire than did the stands in past studies, which experienced native recovery in an 

average of 13 years (Westman 1976). These slower recovery times are likely a result of 

reduced native resilience to disturbances such as burning and invasion as a result of  

interacting global changes. These changes could range from decreased precipitation and 

soil moisture to increased herbivore pressures in burned environments. As mentioned 

above, loss of native seedbank presence could also be affecting the slower recovery of 

these CSS stands, but site-specific assessments are required.  

 

From a restoration perspective it is critical to understand local community 

dynamics following fire and other disturbances because while very little effort might be 

Model Term Germination Growth Survival Herbivory 

Burn z=1.288, 

p=0.19757 

χ2=83.95, 

p<0.001 

z=5.1, 

p<0.0001 

F=8.3598, 

p<0.01 

Origin Z=2.577, 

p<0.01 

χ2=87.22, 

p<0.001 

z=7.2 , 

p<0.0001 

F=0.24, 

p=0.6244 

Burn*Origin z=2.65, 

p<0.01 

χ2=10.56, 

p=0.001 

z=0.23, 

p=0.002 

F=0.1393, 

z=0.7091 

Table	  1:	  Statistical	  results	  for	  the	  first-‐year	  demographic	  stages	  measured	  for	  exotics	  and	  natives	  
(origin)	  in	  burned	  and	  unburned	  areas	  (Burn)	  of	  the	  Sweetwater	  reserve	  
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required to allow a community to recover over time by a successional trajectory, a great 

deal of effort might be require to restore a community degraded to an exotic stable state 

(Carpenter et al. 1999; Beisner et al. 2003). At three of our focal CSS sites in San Diego 

County we saw post-fire recovery following a traditional successional trajectory with 

exotic species declining and native cover recovering over time. However, if fire regimes 

continue to accelerate full recovery of CSS may not be possible (Zedler et al. 1983; 

Brooks et al. 2004). If native cover is reduced repeatedly and exotic annuals are given 

continued opportunity for colonization, this could be a “dynamic regime” state dominated 

by exotic annuals (Scheffer et al. 2001). This results in an “apparent state” where the 

system is beginning to transition back to native dominated cover, but pre-fire cover is 

never reached as a result of quick returning fires that bring native cover proportions back 

to zero (Beisner et al. 2003). Over time one can imagine that this “apparent alternate 

stable state” could turn into a “true alternate stable state” dominated by exotics (Cione et 

al. 2002; Stylinski & Allen 1999) through depletion of the native seed bank. In designing 

restoration strategies for post-fire CSS it will be important to develop novel techniques to 

accelerate the successional trajectory to keep pace with accelerating fire regimes.  For 

example, our result suggests that restoration strategies should aim to favor early 

demographic stages of native shrubs, because these are severely outperformed by exotic 

annual species in the years immediately following fire. 
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