
  
 

 

CEC Research | https://doi.org/10.21973/N3W372    Summer 2022 Vol. 6, Issue 2 1/9 

Post-fire changes to vegetation and herbivory  
patterns in shrub-grassland interface 

 
Kt Lynch1, Seth Tantuico2, Isabel Guitteau3, Rachel Brown3 

 
1University of California, Davis, 2University of California, Riverside, 

3University of California, San Diego 
 

ABSTRACT 

Ecological disturbances are fundamental drivers of ecosystem structure and function. 
However, habitat interfaces are especially sensitive to their impacts. Compounding 
disturbances can have profound effects on ecosystem specific interactions that often 
react in unpredictable ways. Fire and herbivory are commonly occurring disturbances that 
have substantial effects on ecosystem dynamics through their influence on vegetation. In 
the coastal prairie ecosystem along California’s Big Sur coastline, the shrub and grassland 
habitat interactions are heavily influenced by both fire and herbivory. The shrub-
grassland interface is disturbance dependent in regulating stability between the two 
habitats. The goal of our research was to investigate how fire influences vegetation 
dynamics and herbivory patterns in the shrub and grassland habitat interface. In our study 
we found that post-fire grass coverage increased while overall herbivory decreased, and 
granivory was highest within shrub shelter and lowest in the grasslands. These findings 
suggest that fire eliminates herbivore-induced bare zones due to a potential shift in 
herbivore communities. With general herbivory levels reduced post-fire, grass growth is 
increased, suggesting grass succession in shrub-grassland interfaces is accelerated by fire. 
While herbivory is directly affected by fire, granivory still occurs which suggests that some 
herbivores remain after an initial fire disturbance. Shifts in herbivory patterns post-fire in 
shrub-grassland interfaces allow for the encroachment of grass into otherwise bare zones 
where shrubs would previously have had room to establish. Multiple disturbances in the 
same ecosystem have direct and indirect effects on how severely the disturbance impacts 
the ecosystem. Investigating how co-occurring disturbances influence habitat 
interactions within ecosystems is crucial to understanding ecosystem dynamics and 
stability. 
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INTRODUCTION  

The ability of an ecosystem to absorb 
disturbances with limited consequences is 
heavily impacted by the variety and 

frequency of the disturbances it experiences 
(Turner et. al 2003; Keitt 2008; Johnson and 
Miyanishi 2010). A disturbance event 
disrupts the structure, community, or 
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population of an ecosystem in a relatively 
short time span and can be natural, such as 
fires or floods, or anthropogenic, such as 
grazing or logging (White and Pickett 1985). 
Disturbances often lead to major alterations 
in both ecosystem composition and function 
that are difficult or impossible to recover 
from (Catford et. al 2011; Seidl et. al 2014). 
Within ecosystems, even individual habitats 
respond to disturbances in unique and often 
unpredictable ways, especially when there 
are multiple disturbance interactions within 
the same ecosystem (Buma 2015; Burton et 
al. 2020). Investigating how multiple 
disturbances impact habitat interfaces is an 
important next step in continuing to 
understand ecosystem dynamics. 

Fire and herbivory are disturbances 
experienced by many habitats that have 
substantial effects on ecosystem 
interactions through their influence on plant 
biomass. In the semi-arid climate of 
California, where habitats are often fire 
adapted, fire serves as an important 
mechanism preventing fuel load build up 
and aiding in plant regeneration 
(Christensen and Muller 1975; Starns et al. 
2019). Likewise, herbivory is often the 
primary process in a wide variety of 
ecosystems reducing fire fuel loads (Child et 
al. 2010). While fires create sweeping 
changes across a landscape over larger time 
scales, herbivory is a slower and more 
constant pressure on the vegetation in an 
area (Archibald and Hempson 2016). There 
are many ways in which these two 
disturbances interact within the same 
ecosystem, which can be seen in the shrub 
and grassland habitat interface of California 
coastal prairies (Rollan and Real 2010). 

In the coastal prairies of California, the 
shrub and grassland habitats have unique 
characteristics and interactions. While less 

than one percent of the native grassland of 
California is still intact, it remains one of the 
most diverse types of grasslands in North 
America, hosting a wide variety of plant and 
animal species (Jefferey et al. 2020). These 
grasslands compete for space and resources 
within coastal prairies with shrubs (Alvarez 
et al. 2011). Shrub encroachment is a 
common interaction between these habitats 
that is often regulated by disturbances such 
as fire, burrowing, and drought while 
simultaneously being promoted by granivory 
patterns. Granivory, or seed predation, is a 
form of herbivory that plays a major role in 
the interaction between the two habitats of 
shrubs and grasses (Connolly et al. 2014). 
Small herbivores, such as rabbits, use the 
shrubs as shelter to forage on grass seeds 
along the shrub line; this foraging pattern 
creates an area of extreme herbivory 
colloquially referred to as the bare zone 
(Torre et al. 2022; Bartholomew 1970; Fig. 
1). Not only is this herbivory interaction 
important in the competition between 
shrubs and grasses, but it also changes the 
dynamics of fire within these areas (Marko 
et al. 2011). 

Fire and herbivory are crucial to ecosystem 
regulation between shrub and grass habitats 
through the inhibition or promotion of 
vegetative growth (Wright 1980). Research 
has shown that grasslands are disturbance-
dependent habitats, where the disturbances 
are necessary in the prevention of shrubland  
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Figure 1. Diagram of shrub-grassland habitats. 
Diagram depicting habitats measured between 2007 
and 2018 Landels-Hill Big Creek Reserve (336° 4’ 0” N, 
121° 35’ 0” W), California, USA. The bare zone is the 
area of extreme herbivory that left bare ground 
exposed in between the shrubland-grassland 
interface. 

conversion (Jefferey et al. 2020). For 
example, immediately following the 
disturbance of a fire, grass cover increases 
while shrub cover is reduced (D’Antonio and 
Vitousek 1992). Additionally, while fire has 
been shown to have little to no lasting 
effects on perennial grasses, which generally 
recover within 1 to 2 years, shrub spread and 
establishment is restricted by fire and can 
take upwards of ten years to recover (Wright 
1980). Pre-fire, when shrubs still have the 
vegetation to provide herbivores with 
shelter, the herbivory-induced bare zone 
leads to a localized decrease in biomass. This 
bare zone can then serve as a natural 
firebreak (Marko et al. 2011). Post-fire, with 
shrub shelter removed, some herbivores 
may leave the area, which may then disrupt 
the shrub and grassland interaction 
(Wagtendonk 2018). 

For our research, our goal was to 
investigate the interaction between fire and 
herbivory on the vegetation position and 
herbivory behavior in the shrub-grass 
habitat interface. We began by gathering 

pre-fire data from 2007 to 2018, then 
collected post-fire data in the original plots 
after the occurrence of the 2020 Dolan Fire 
to the site. First, we hypothesized that due 
to the disturbance of fire there would be an 
increase in grass cover. Second, we 
hypothesized that overall herbivory would 
be lower in the grasslands because of the 
recent disturbance of fire. Lastly, we 
expected that granivory under the shelter of 
the shrubs to be higher than granivory within 
the previously established bare zone and the 
grasslands. 

METHODS 

2.1 Study System 

This study was conducted within the 
Landels-Hill Big Creek Reserve (36° 4’ 0” N, 
121° 35’ 0” W) which lies along California, 
USA’s Big Sur coastline and is part of the 
University of California’s Natural Reserve 
System. The reserve is surrounded by the 
Santa Lucia Mountain Range on one side and 
the Pacific Ocean on the other and contains 
redwood forests, grasslands, coastal scrub, 
and oak woodlands. Big Sur contains 
exposed coastal ridgetops that are 
dominated by grass and shrublands. This 
study was conducted on a California coastal 
prairie ridgetop ecosystem in Landels-Hill Big 
Creek Reserve, where the daily 
temperatures reach a maximum of 29.4°C 
and a minimum of 18.4°C at night. The 
reserve’s coastal ridgetop is at an 
approximate elevation of 300 meters 
(UCNRS Landels-Hill Big Creek Reserve 2015). 

The unique positioning of Big Sur serves as 
a junction point for plant species with 
differing ranges, with many northern and 
southern species reaching the end of their 
respective ranges there (Bickford and Rich 
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1979). Within the reserve can be found 
many different species of grasses, dense 
coyote brush (Baccharis pilularis) and 
California lilac (Ceanothus thyrsiflorus) 
thickets (UCSC Landels-Hill Big Creek Reserve 
Plant List 2013). Brush rabbits (Sylvilagus 
bachmani), deer mice (Peromyscus 
maniculatus), and pocket gophers 
(Thomomys bottae) in this area serve as 
primary herbivores in the shrub and 
grassland habitats. The gray fox (Urocyon 
cinereoargenteus) can also be found in the 
ridgetop habitat and is an essential predator 
of the reserve’s animal wildlife (UCSC 
Landels-Hill Big Creek Reserve Mammal List 
2020). 

Landels-Hill Big Creek Reserve served as an 
ideal post-disturbance study location due to 
the recent 2020 Dolan Fire and the pre-
existing data on the ridgetop shrub-
grassland interface (Lasnier 2020). Ingrid 
Parker, a professor from the University of 
California, Santa Cruz, gave access to her 
unpublished data on vegetation position, 
herbivory exclusion, and granivory patterns, 
which was collected in spring between 2007 
and 2018. Parker’s research centered on the 
impact of herbivory on the bare zone 
between the shrub and grassland (I. Parker, 
personal correspondence, July 29, 2022). In 
2020, the Dolan Fire left the shrub-grassland 
along with all research plots burned, and the 
post-fire data collection was conducted in 
summer 2022. (A. Zemenick, personal 
correspondence, July 14, 2022) 

2.2 Vegetation Survey 

A series of rebar markers were placed 
along the original shrub line observed in 
2007, separating shrubland from the bare 
zone. We conducted our vegetation survey 
on July 31, 2022. At each rebar marker, we 

laid out a 12 m transect perpendicular to the 
shrub line, with 6 m extending into the 
shrubs and 6 m extending in the opposite 
direction into the grasses. With each rebar 
marker used as a 0 point, the 6 m of transect 
in the shrubland was considered 0 to -6 while 
the 6 m of transect in the grassland was 
considered 0 to positive 6. Every two meters 
along the entire 12 m transect a 0.5 by 0.5 m 
quadrat was used to measure the percent 
cover of grasses (Fig. 2). 

 

Figure 2. Diagram of shrub line vegetation survey 
collection methods. Diagram depicting the process of 
vegetation surveying next to the shrub line in the 
shrubland-grassland interface in Landels-Hill Big 
Creek Reserve (36° 4’ 0” N, 121° 35’ 0” W), California, 
USA. The white circles outlined in red represent each 
rebar post that was used to outline the shrub line in 
2007. Distances between rebar posts varied 
depending on definitive shrub line characteristics 
when they were first placed in 2007. The red dotted 
lines represent the two 6 m transects that were on 
each side of the rebar, with one moving into the 
shrubland (shown in green) and the other moving into 
the grassland (shown in yellow). The previously noted 
bare zone is shown in black and separates the shrub 
and grasslands. 

An ANCOVA was used to analyze the effect 
of year and transect position on the location 
and abundance of grasses along the 6 meter 
transects. We analyzed data from two years 
before the Dolan Fire (2018) and two years 
after the fire (2022). When comparing 2018 
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pre-fire and 2022 post-fire composition, we 
used the position of the shrub line in relation 
to the rebar to explain grass percent cover. 
This was in order to analyze any effect that 
the 2020 Dolan Fire had on encroachment 
into the bare zone and overall percent 
coverage of grasses. 

We conducted all statistical analyses using 
JMP®, Version 16.0. SAS Institute Inc., Cary, 
NC, 1989–2021. 

2.3 Herbivory Exclusions 

In 2007, 8 paired herbivory exclusion cages 
were set up within the shrubland-grassland 
interface where one side was fully enclosed 
and therefore excluded from herbivory, 
while the other was left open to herbivory as 
a control. The paired enclosures were placed 
adjacent to each other and were 
approximately 60 cm x 30 cm x 30 cm total, 
with each treatment being approximately 30 
cm x 30 cm x 30 cm. Herbivory excluded 
enclosures were encased in wire mesh 
screens shaped around rebar posts. We 
collected and weighed the biomass of plants 
in each treatment August 1–2, 2022 to 
measure the amount of herbivory. To test 
the impact of fire as a disturbance, we also 
compared plant biomass data from the most 
recent pre-fire data set in 2018, to the post-
fire data in 2022. Analysis of pre- and post-
fire plant biomass data is necessary to 
convey the impact of the 2020 Dolan Fire on 
herbivory patterns at the shrub-grassland 
interface. 

A paired t-test was used to isolate the 
effects of controlled and enclosed plots on 
biomass consumed in 2018 and 2022. A t-
test was used to compare total biomass 
eaten in 2018 versus 2022. 

We conducted all statistical analyses using 
JMP®, Version 16.0. SAS Institute Inc., Cary, 
NC, 1989–2021. 

2.4 Granivory 

In our granivory tests, we wanted to 
compare granivory patterns between three 
separate locations: beneath the shelter of 
shrubs, in the previously established bare 
zone, and in the grasslands. A 4 m transect 
was extended from the base of the shrubs 
into the former bare zone and ending in the 
grassland. Three plates of a 150 seed and 
grain mixture (50 sunflower seeds, 50 oats, 
and 50 grains of rice) were placed at 0 m, 2 
m, and 4 m along the transect. Camera traps 
were placed at the three plate locations to 
characterize granivore species. We 
compared the location of our seed and grain 
mixtures with the percentage of the mixture 
consumed at each plate. 

A non-parametric Kruskal-Wallis Test was 
used to analyze the effect of the location 
(shrub, bare zone, or grass) on the 
percentage of seed and grain mixture 
consumed. 

We conducted all statistical analyses using 
JMP®, Version 16.0. SAS Institute Inc., Cary, 
NC, 1989–2021. 

RESULTS 

3.1 Vegetation Survey 

The percentage of grass cover in the 2018 
pre-fire shrub-grassland interface was 
dependent on the location from the original 
shrub line, with the most grasses being 
observed in the grassland and significantly 
less grass in the bare zone and shrubland (N 
= 69, t = 6.56, p < 0.0001). The percentage of 
grass cover in 2022 was dependent on the 
distance from the original shrub line. There 
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was a higher percent coverage of grass found 
in grassland and bare zone areas without 
shrubs than in areas within the shrubland 
(N₂₀₁₈= 69, N₂₀₂₂= 63, t = 2.23, p = 0.027). 
Grass position along the transect depended 
on the year that data were collected, with 
the 2022 post-fire data showing that grasses 
had encroached into the previous bare zone 
that was still evident in 2018, moving 
towards the originally defined shrub line 
between the points of 0 and -2 (N₂₀₁₈ = 69, 
N₂₀₂₂ = 63, t = 7.48, p = 0.0001; Fig. 3). 
Between 2007 and 2018, data on the 
percent coverage of rabbit scat was included 
in the vegetation survey but not included in 
2022 due to its complete absence from any 
plot. 

 

Figure 3. Percent cover of grasses vs the distance 
from the original shrub line. The relationship 
between the percent cover of grasses and the 
distance from the original shrub line in meters 
between 2018 and 2022 in Landels-Hill Big Creek 
Reserve (36° 4’ 0” N, 121° 35’ 0” W), California, USA. 
The data from 2018 was collected in spring, and the 
2022 data in summer. The original shrub line was 
denoted as 0 and the transects were taken 6 m out 
from this point towards the shrubland (-6 m) and 
grassland (6 m). An ANCOVA was used to analyze 
position in relation to the percent cover of grass (N₂₀₁₈ 
= 69, N₂₀₂₂ = 63, t = 2.23, p = 0.027) and to compare 
between 2018 and 2022 (N₂₀₁₈ = 69, N₂₀₂₂ = 63, t = 
7.48, p = 0.0001). Solid bars represent percent of grass 
cover from 2018 pre-fire data. Striped bars represent 
percent of grass cover from 2022 post-fire data. 

3.2 Herbivory Exclusions 

Enclosures protected from herbivory pre-
fire in 2018 had greater biomass than control 
plots that were open to herbivory in 2022 
(N₂₀₁₈= 6, test statistic = 2.56, p = 0.05). 
However, there was no difference in 
biomass between the enclosures protected 
from herbivory and control sites open to 
herbivory in the 2022 post-fire data (N₂₀₂₂= 
8, test statistic = 1.35, p = 0.22). We found a 
significantly higher biomass in both enclosed 
and control plots from 2022 compared with 
2018 data (N₂₀₁₈= 6, N₂₀₂₂= 8, test statistic = 
4.01, p = 0.0005; Fig. 4).  

 

Figure 4. Biomass of paired herbivore exclosure plots 
in 2018 and 2022. Biomass between paired plots 
containing plant enclosures for herbivore exclusion 
and controls in 2018 and 2022 at Landels-Hill Big 
Creek Reserve (36°N, 121°W), California, USA. Data 
was collected in Spring 2018 and August 1-2, 2022, 10 
AM to 2 PM Pacific Coast Standard Time. A paired T-
test between enclosures and control sites in 2018 was 
conducted (N₂₀₁₈ = 6, test statistic = 2.56, p = 0.05), 
along with a paired T-test between enclosures and 
control sites in 2022 (N₂₀₂₂ = 8, test statistic = 1.35, p 
= 0.22). Additionally, a t-test for overall biomass in 
both control and enclosed plots between 2022 and 
2018 was conducted (N₂₀₁₈ = 6, N₂₀₂₂= 8, test statistic 
= 4.01, p = 0.0005). The error bars represent the 
variation of one standard deviation within the 
collected biomass data. 
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3.3 Granivory 

Abundance and location of granivory was 
highly variable throughout the 11 years of 
pre-fire data (2007–2018) and are therefore 
not compared to 2022. Data taken post-fire 
in 2022 show a significantly higher 
percentage of seed and grain mixture eaten 
under the shrub than in grassland locations 
(N = 17, chi-square = 16.1, p < 0.0001; Fig. 5). 
Camera traps set up at each shrub, former 
bare zone, and grass location show only deer 
mice responsible for granivory at shrub 
locations and only gray foxes responsible for 
granivory at grass locations. In the former 
bare zone both deer mice and gray foxes are 
responsible for granivory. No brush rabbits 
were observed on the camera traps. 

 

Figure 5. The percentage of seed/grain mixture 
eaten and location. The relationship between the 
percentage of seed and grain mixture consumed on 
granivory experiments to the location where the 
mixture was placed: in the shrub, in the bare zone, or 
in the grass. Data was collected from July 31- August 
3, 2022. Each bar represents the average percentage 
of seed and grain mixture eaten from three 24-hour 
periods where the herbivores were allowed time to 
engage in the granivory experiment. A Nonparametric 
Wilcoxon/ Kruskal-Wallis test was conducted (N = 17, 
Chi Square = 16.1, p < 0.0001). The error bars 
represent one standard deviation of variation 
between the percentage of grain mixture consumed 
in the data collected. 

DISCUSSION 

We hypothesized that we would observe 
an increase of grass percent coverage after 
the fire compared to data before the fire. 
Our data showed an encroachment of 
grasses into the previously defined bare 
zone. Biomass of vegetation in enclosed and 
controlled treatments were predicted to 
show no significant difference. We found 
that vegetation biomass in enclosures were 
roughly equal to the vegetation biomass in 
plots open to herbivores, indicating an 
overall decrease in herbivory post-fire. This 
finding of post-fire vegetation biomass is 
directly in contrast to data taken prior to the 
fire which reported significantly higher 
biomass in enclosed plots than controlled 
plots. Given the extremely high variation in 
previous years’ granivory datasets, it was not 
statistically relevant to compare pre-fire and 
post-fire foraging patterns. Instead, we 
focused on the differences in granivory 
within the 2022 post-fire plots. We predicted 
a higher amount of granivory within the 
shrub but a lower amount within the former 
bare zone and grassland. We confirmed that 
more granivory took place within the shelter 
of the shrubs and less granivory took place in 
the grassland. As for the granivory in the 
former bare zone, there was no difference in 
comparison to either the grass or shrub area. 
Overall, our data supports previous studies 
on rapid succession of grasses, decreases in 
herbivory, and concentrated granivory 
under shrub shelter after fire disturbances 
(Davis and Mooney 1985; Wagtendonk 
2018; D’Antonio and Vitousek 1992). 

Observations from years prior to the fire 
show a high amount of brush rabbit scat 
throughout the shrub-grassland interface. 
We expected to see high brush rabbit 
presence in 2022, however, no brush rabbits 
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were captured in the camera traps and no 
rabbit scat was seen in or around the site. 
During granivory data collection, our camera 
traps allowed us to identify gray foxes and 
deer mice as the primary granivores present. 
Based on the lack of both rabbit scat and 
sightings, as well as the ample documentation 
of deer mice on the camera traps, we 
speculated fire had caused a shift in the 
herbivore community from brush rabbits to 
deer mice. However, this shift does not 
explain why the bare zone was no longer 
maintained post-fire. Previous studies have 
shown that mice also create bare zone 
patterns due to the similarity in foraging 
patterns to rabbits (Boyd 1988; Davis and 
Mooney 1985). However, in the Big Creek 
coastal shrub-grassland habitat we have 
seen no evidence of the deer mice filling the 
niche that the brush rabbits once filled in 
maintaining the bare zone. Rabbits are 
crucial to areas that have a high fire-risk, such 
as the shrub-grassland interface. Creating a 
bare zone between shrublands and grasslands 
builds a natural firebreak which can slow the 
spread of fire by reducing overall biomass 
and by acting as a separation barrier between 
grasses and shrubs (Marko et al. 2011). 

Observing the absence of rabbits in the 
shrubland grassland interface has identified 
the need to better understand post-fire 
rabbit population dynamics. Whether or not 
there is a return of rabbits to these habitats 
is important to the future of grass 
encroachment in this interface. In order to 
understand how these interacting habitats 
will change in future years, rabbit population 
movement and abundance in the area 
should be monitored. In their absence, we 
know that herbivore populations have 
shifted from rabbits to deer mice. As deer 
mice have become prevalent herbivores in 
the interface, future research must be 

conducted to determine if deer mice will 
eventually take over the role of rabbits in 
slowing or stopping grass encroachment into 
the shrubland. Monitoring the vegetative 
structure of the coastal prairie ridgetop 
post-fire and in the absence of rabbits could 
show the extent of fire and herbivory 
disturbances on these habitats. 
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