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ABSTRACT 

Sharp ecotone shifts are commonly seen at the edge of coastal sage scrub (CSS) habitats, 
especially between annual grassland and CSS. Increased human disturbance has resulted 
in a continuing shift from CSS to annual grassland. CSS occurs in the same microclimate 
with annual grasslands and Quercus agrifolia woodland, indicating that these ecotones 
are not determined by climatic factors. Ecotones can be defined by soil characteristics, 
including pH and soil moisture. The determining factors behind the drastic ecotone 
transitions in CSS habitats is still largely unknown. We hypothesized that the ecotone 
shifts in CSS habitats were primarily determined by soil characteristics. We took pH, soil 
moisture, and grain size measurements along transects through each ecotone shift. We 
found no difference in soil characteristics between the three ecotones: CSS, Q. agrifolia 
woodland, and annual exotic grassland, despite the drastic ecotone transitions between 
these habitat types. Our results suggest that other factors, such as nitrogen levels, 
mycorrhizal communities, or temporal fluctuation in soil properties, are driving ecotone 
shifts in CSS habitats. 
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INTRODUCTION  

Ecotone boundaries are the transition 
zones between two distinct habitats. 
Ecotones can give insights into how one 
habitat type may be encroaching on 
another, and may even be indicative of 
climate change by containing species on the 
edge of their own physical and competitive 
tolerances. The plant species that inhabit 
ecotone zones are susceptible to any 
climatic change that may favor the adjacent 
habitat, and the less tolerant community will 

shrink (Wasson et al. 2013). Transition zones 
between habitats can be gradual with plant 
species from both habitats being present 
next to one another, or these boundaries 
may be sharply defined with an immediate 
transition from one habitat type to another 
(Hobbs 1986). Theories explaining why 
boundaries may be gradual or discrete 
include abiotic factors such as shifts in 
environmental conditions, like frost lines, or 
rapid changes in soil properties. Biotic 
factors, such as herbivory, can also play a 
role in the formation of ecotone boundaries, 
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in addition to the presence of ecosystem 
engineers (Liautaud et al. 2020). 

Ecotone boundaries commonly shift and 
are important areas of study for the 
conservation of native plant and animal 
species (Sankey et al. 2006). These zones are 
often vital habitats, providing shelter and 
food resources for animal populations and 
are key to maintaining biodiversity. Climate 
change and invasive plant species threaten 
many ecotones around the world by shifting 
plant communities, which can cause 
cascading effects on the biodiversity of local 
habitats (Hofgaard et al. 2012). 
Understanding what causes ecotone 
boundaries is essential to conserving these 
areas. The effect of ecotones on flora and 
fauna, such as how fragmentation affects 
food web dynamics, is known; but the 
factors determining sharp ecotone 
boundaries remain largely understudied 
(Wimp et al. 2011, Liautaud et al. 2020). 

One of the places where we find distinct 
ecotone shifts between habitats is in coastal 
sage scrub (CSS). CSS is distributed along the 
coastal zones between San Francisco and 
Baja California, and is dominated by 
drought-deciduous shrubs, such as Artemisia 
californica and Salvia spp. CSS provides key 
habitat for many rare and endangered plant 
and animal species, such as endangered 
Centrostegia leptoceras (Slender-horned 
spineflower) and the federally threatened 
Polioptila californica (California gnatcatcher) 
(Davis et al. 1994, O’Leary et al. 1994). CSS 
grows at low elevations within the 
Mediterranean climatic zone, commonly 
positioned between grasslands and 
chaparral, or mixed in with chaparral or oak 
woodland. CSS is found on a variety of slopes 
and aspects, and in a wide range of soil 
types, though most commonly found on clay 
rich soils. The only soil type CSS does not 

grow in is salty or poorly drained soils 
(Kirkpatrick and Hutchinson 1980).  

Only 10% of CSS habitat remains 
(Schierenbeck 2014); it is one of the fastest 
disappearing habitats in California 
(Kirkpatrick and Hutchinson 1977). CSS is 
especially susceptible to habitat 
fragmentation, primarily caused by 
urbanization and agriculture. Habitat 
fragmentation increases exotic species 
invasions, making CSS one of the most 
invaded habitats in California (Dickens et al. 
2013). Once invaded, CSS is easily overtaken 
by annual exotic grasses (Keeley 2002). 
Though CSS species are not fire adapted, fire 
is a natural form of disturbance in this 
habitat; the frequency of fires in CSS is the 
lowest in North America. Humans have 
increased the frequency of fires in CSS, 
which has caused shifts from CSS to annual 
grassland (Keeley 2002, Fleming et al. 2009). 
Climate change models have predicted drier 
summer conditions in southern California, 
which is expected to continue to increase 
fire frequency, leading to the continuing 
shift of shrublands to annual grasslands 
(Lenihan et al. 2003, Lenihan et al. 2008).  

The transition zones, or ecotone shifts, 
between habitats are sharply defined in the 
CSS habitat type. CSS commonly grows 
alongside Quercus agrifolia woodland, and 
annual exotic grassland (Kirkpatrick and 
Hutchinson 1980). The ecotone shift 
between annual exotic grassland and CSS is 
abrupt, and the boundary between these 
habitat types is typically barren (Kirkpatrick 
& Hutchinson 1980). CSS, Quercus agrifolia 
woodland, and annual grassland all live 
together within the same microclimate. The 
coexistence of these species within a single 
microclimate means that the distinct 
ecotone boundaries observed in this system 
are likely not determined by climatic factors. 
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The origin of these sharp ecotone 
boundaries is still largely unknown.  

 The ecotone shift from oak to annual 
grassland is less visually discernible than the 
shift from CSS to annual grassland, but the 
difference is distinct. Generally, grasslands 
tend to grow in drier zones, and oaks tend to 
grow in wetter zones. (Kirkpatrick and 
Hutchinson 1980). The plant community 
composition underneath Quercus agrifolia 
differs from the plant community 
composition in the surrounding annual 
grassland (Parker and Muller 1982). Parker 
and Muller (1982) found that annual 
grasslands in Santa Barbara County, 
California were dominated by the exotic 
grass species, Avena fatua. The dominant 
species under Quercus agrifolia was the forb 
Pholistoma auritum and the exotic grass 
Bromus diandrus. Parker and Muller (1982) 
believed the differences in plant species 
between these habitat types was largely due 
to lower light levels, higher levels of soil 
nutrients, and higher soil moisture under 
Quercus agrifolia.  

Soil characteristics are often one of the 
primary factors in determining the 
distribution of plant species and 
communities (Blum et al. 2018). Soil 
characteristics, such as pH, are known to 
determine the distribution of many plant 
species in a variety of habitats (Buri et al. 
2020). The soil pH influences the biological 
and physical properties of the soil (Blum et 
al. 2018). The pH is an indicator of the type 
of nutrients that are available in the soil, 
which then influences plant growth. Water is 
a limiting resource in most systems; soil 
water content is another primary factor 
involved in the distribution of plants (Buri et 
al. 2020). In addition, the distribution of soil 
grain size can cause changes in soil water 
retention, which is another determinant of 

plant distributions (Blum et al. 2018). 
Ecotone transitions are likely determined by 
changes in soil characteristics.  

Ecotone transitions between CSS, Quercus 
agrifolia woodland, and annual grasslands 
allowed us to investigate if soil 
characteristics were the primary factors 
determining ecotone shifts in this system. 
We believed that soil characteristics, such as 
pH, grain size, and percent soil moisture, 
were the primary factors in determining 
ecotone shifts in CSS habitats. We expected 
drastic differences in the soil characteristics 
across the habitat types, due to the sharply 
defined ecotones. We hypothesized that we 
would find the highest pH in CSS soils due to 
increased nitrogen levels that have been 
found within CSS soil (Caspi et al. 2019). We 
also hypothesized that the percent soil 
moisture would be highest in the Quercus 
agrifolia soil because oaks often live in 
slightly wetter zones and their roots allow 
oaks to reach water from both the surface 
and deeper sources (Kirkpatrick and 
Hutchinson 1980, Kitajima et al. 2013). We 
expected to find the lowest percent soil 
moisture in grassland soils because grasses 
are often found in drier soils. We expected 
we would find the finest soils in CSS because 
CSS is most commonly found in fine, clay-rich 
soils (Kirkpatrick and Hutchinson 1980).  

METHODS 

2.1 Study System 

Our study sites were at Sedgwick Reserve 
in the Santa Ynez Valley in Santa Barbara 
County, CA (34°42ʹN 120°1ʹW). This study 
took place over four days from October 31 to 
November 3, 2021. The temperature 
throughout our study remained around 
19.7°C. During our study, there was no 
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precipitation. However, a week prior to our 
sampling, Sedgwick Reserve received 3.43 
cm of rainfall. We selected four study sites 
where the ecotone boundary between CSS, 
oak woodland, and annual grasslands was 
distinct and where we could control for 
slope and aspect. The first two sites were 
located in Windmill Canyon, on opposite 
facing slopes. The second two sites were 
located in Figueroa Canyon, on opposite 
facing slopes (Fig. 1). The primary species in 
our study sites were Artemisia californica, 
Salvia leucophylla, Yucca whipplei, Quercus 
agrifolia, and annual grass species, primarily 
European Bromus and Avena spp. 

 

Figure 1. General image of sample sites from 
Sedgwick Reserve. This image was created on Google 
Earth using GPS coordinates. It shows the general 
location within Sedgwick Reserve of the four sample 
sites we used for the ecotone transitions between 
annual grassland, oak woodland, and CSS. Slope and 
aspect were controlled in all four sample sites. The 
soil taken for each sample was from a depth of 30 cm. 

2.2 Soil Sample Collection 

We selected three different ecotone 
transitions within each site: CSS to annual 
grassland, CSS to oak woodland, and oak 
woodland to annual grassland. We laid out 
10m transects across each boundary; the 5-
meter mark was on the boundary, which we 
defined as the center point (Fig. 2). The 
ectone boundary for oak woodland to 
annual grassland was defined by the dripline 
of the oak. The ecotone boundary for CSS to 
oak woodland and CSS to annual grassland 
was defined by where there was at least 30% 
CSS cover. Using a dibbler and shovel, we 
dug 30 cm deep holes at the 0 m, 2 m, 4 m, 5 
m, 6 m, 8 m, and 10 m marks on the transect. 
We took approximately 300 to 400 g dirt 
samples from the bottom of each hole. Each 
sample was placed into a Ziploc bag, sealed, 
and stored in the shade. 

 

Figure 2. Image of sample site #4 from Sedgwick 
Reserve. This image was created on Google Earth 
using GPS coordinates. It shows the three different 
ecotone transitions that we observed: CSS to annual 
grassland (1), CSS to oak woodland (2), and oak 
woodland to annual grassland (3). The yellow lines 
depict the 10 m transects that go from each specific 
zone. The blue dot shows the center point at the 5-
meter mark. The soil taken for each sample was from 
a depth of 30 cm. 
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2.3 Soil Analysis 

Each dirt sample was weighed in the Ziploc 
bag, after 30 ml was removed for pH, to 
include the weight of any moisture that may 
have evaporated from the sample. The 
samples were then poured into a paper bag, 
placed in a metal tray, and set out to dry in 
the sun for three hours between the hours 
of 12 p.m. and 5 p.m. The samples were then 
weighed again which allowed us to calculate 
the percent soil moisture. We then used the 
30 ml sample that we removed prior to our 
initial weighing, and stirred in 60 ml of water 
to form a slurry. We let that sit for 20 
minutes, and then measured the pH. We 
then poured each sample into a sieve and 
sifted for thirty seconds. The sieve broke 
each sample into six sections of different 
grain size: 4000 μm, 2000 μm, 500 μm, 250 
μm, 125 μm, and <125 μm. We poured each 
section onto a paper plate and weighed 
them individually. 

2.4 Statistical Analysis 

The following statistical analyzes were 
conducted using JMP statistical software 
v16. We used ANOVAs to test differences in 
the pH, soil moisture, and grain size (4000 
and 125 μm) among the CSS, annual 
grassland, and oak woodland habitats. When 
running these ANOVAs we did not include 
the center point for all transects. We found 
no differences in the ANOVAs, and 
therefore, did not run a regression analysis 
along all three transects with averages of pH, 
soil moisture, and grain size (4000 and 125 
μm).

RESULTS 
There was no difference in soil pH between 

exotic annual grassland, CSS, and oak 
woodland habitats (N = 72, F = 1.27, p = 0.29, 
Fig. 3). There was no difference in percent 
soil moisture between exotic annual 
grassland, CSS, and oak woodland habitats 
(N = 72, F = 0.97, p = 0.38, Fig. 4). There was 
also no difference in soil grain size (4000 and 
125 μm) between exotic annual grassland, 
CSS, and oak woodland habitat (N = 72, F = 
0.41, p = 0.67 for 4000 μm sediments; N = 72, 
F = 0.68 p = 0.51 for 125 μm sediments, Fig. 
5). Overall, there were lower levels of finer 
sediments throughout the three habitat 
types, which could have affected the water 
retention levels.  

 

Figure 3. No difference in pH between the three 
habitats. This box and whisker graph depicts no 
difference in soil pH levels between the three 
different habitat types: annual grassland, oak 
woodland, and CSS. The pH ranged from 6.8 to 8.0, 
with the majority of pH values ranging from 7.1 to 7.7. 
The soil was taken at Sedgwick Reserve from a depth 
of 30 cm.  
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Figure 4. No difference in percent soil moisture 
between the three habitats. This bar graph shows no 
difference in soil percent moisture between the three 
different habitat types: annual grassland, oak 
woodland, and CSS and. The soil was taken at 
Sedgwick Reserve from a depth of 30 cm. Each error 
bar represents ± 1 standard error from the mean. 

 

Figure 5. No difference in grain size between the 
three habitats. This bar graph illustrates no 
difference in the percent 4000 micron (large grain 
size) and percent 125 microns (finer grain size) 
between the three habitat types: annual grassland, 
oak woodland, and CSS. The soil was taken at 
Sedgwick Reserve from a depth of 30 cm. Each error 
bar represents ± 1 standard error from the mean. 

DISCUSSION 

Our results indicate that there were no 
differences in soil pH, moisture, and grain 
size (4000 and 125 μm) between the habitat 
types. Our hypotheses that soil 
characteristics would differ between the 
habitats was not supported. We expected 
that with such drastic boundaries between 

ecotones, we would have found differences 
in soil properties. If soil moisture, pH and 
grain size do not play a role in determining 
these specific ecotones, then there are other 
factors contributing to this phenomenon. 

Other studies have looked extensively at 
soil properties pertaining to specific 
communities and geographic locations; 
these same soil properties have not been 
tested to determine the factors involved in 
these sharp ecotone shifts. Previous 
research has found differences in soil pH 
levels between CSS and annual grassland 
within Southern California. CSS had higher 
nitrogen levels compared to annual 
grasslands, and therefore higher pH (Caspi et 
al. 2019). In this study we did not find any 
differences in soil pH between habitat types. 
This difference may be due to the depth our 
samples were taken from. We collected our 
soil samples from 30 cm deep, whereas Caspi 
et al. (2019) collected soil from 10 cm. A 
future study could compare soil 
characteristics at different sampling depths 
to test if pH and other factors change as 
depth increases, and how that interacts with 
the plant communities on the surface.  

Oak woodland soils typically have high 
moisture levels, and grasslands tend to grow 
in drier areas (Kirkpatrick and Hutchinson 
1980). We found no differences in soil 
moisture between the three habitat types. 
These results could be due to the rain a week 
prior to our sampling; this was the first 
winter rain in Southern California. This rain 
could have resulted in a uniform soil 
moisture throughout the different habitat 
types.  

CSS is typically found in fine clay-rich soils, 
which has a small grain size (Kirkpatrick and 
Hutchinson 1980). Differences have been 
found in soil grain size in other study 
systems. Tree diversity patterns in Borneo, 
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Southeast Asia were found to be associated 
with soil grain size. This study found that 
floristic shifts were correlated with changes 
in soil grain size (Slik et al. 2009). We found 
no difference in soil grain size (4000 and 125 
μm) between the three habitats: CSS, oak 
woodland, and annual grassland. A similar 
study to ours found that of 21 California 
coastal sage scrub herbs and shrubs, 17 
showed significant preference for singular 
substrates, albeit different across species 
(Westman 1981). Our findings are 
contradictory to previous studies; soil grain 
size may not be as important in determining 
habitat shifts across CSS, oak woodland, and 
annual grasslands as in other systems. 

Other soil characteristics, including levels 
of nitrogen and carbon, could also account 
for the sharp ecotone shifts we observed. 
Evapotranspirative stress, heat-induced 
transpiration, and soil nitrate levels are also 
major factors contributing to plant species 
distributions and could also be involved in 
the drastic ecotone shifts in CSS habitats 
(Westman 1981). Furthermore, 
experimental additions of nitrogen into sage 
scrub and grassland communities resulted in 
slowed sage scrub growth and increased 
grass cover (Kimball et al. 2014). Shifting 
nitrogen levels in the soil could be involved 
in CSS ecotone transitions. 

Another consideration when determining 
the factors involved in these ecotone shifts 
is that soil properties could be fluctuating 
throughout the year and during specific 
weather conditions. The rainfall at Sedgwick 
Reserve a week before our sampling could 
have affected the pH and soil moisture. In 
addition, looking at soil factors during mild 
periods of change between seasons may not 
reflect what causes strict distribution in 
plant cover. Soil biochemical properties are 
subject to distinguishable change in 

different seasons. A study in the Shiwalik 
foothills of India, found that pH was highest 
in the summer months, making it important 
to sample throughout multiple seasons 
(Arora et al. 2021). Additionally, fungal and 
bacterial presence has been shown to affect 
ecosystem properties in coniferous forests; 
this is also seasonally variable, shifting from 
33% in the summer to 16% in the winter 
(Žifčáková et al. 2015). Mycorrhizal fungi 
provide many nutrients from the soil to the 
plant, and in return receive energy (Allen et 
al. 2005). Mycorrhizal communities are 
known to influence plant distributions and 
survival, and likely influence plant diversity, 
community compositions, and seedling 
survival (Simard and Durall 2004). 
Mycorrhizal community distribution is also 
pH dependent (Alguacil et al. 2016). A future 
study should examine soil changes during 
rainfall events and the warmest summer 
months to see how seasonally variable soil 
properties affect ecotone boundaries. 
Looking at changes during times of high 
stress and over extended temporal scales 
will allow temporary variances in soil 
properties to be observed.  

Understanding the primary factors 
determining ecotone shifts in CSS could be 
invaluable for the conservation of our 
remaining CSS habitats. Previous restoration 
attempts of CSS have been successful 
initially, the CSS was able to reestablish 
itself, but after a few years the annual exotic 
grasses invaded and overtook the CSS (Cox 
and Allen 2008). Understanding the factors 
involved in maintaining these ecotone 
boundaries is key to the recovery and 
persistence of CSS habitat, and the many 
threatened and endangered species that rely 
on it. 
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