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ABSTRACT 

Shallow landslides provide us with a closer look at succession in response to disturbances 
and their long-term impact on a landscape. Shallow landslides are commonly found in low 
hills of coastal California, and while research has been conducted on the impacts to 
human infrastructure and habitation, effects on plant communities and subsequent 
succession has not been well researched. This study looked at the effect of shallow 
landslides on vegetation in the grasslands of UC Santa Barbara’s Sedgwick Reserve in the 
Santa Ynez Valley. We focused on biomass, percent thatch cover, and plant height, which 
are used as proxies for overall primary productivity. We compared these parameters at 
sites with and without shallow landslides at Sedgwick Reserve, Santa Barbara, California. 
Previously researched geologic maps were used to identify and age the landslides to 
establish study sites. All sites range from ages 7-26 years. Our research demonstrated that 
steepness of slope and landslide age influences primary productivity but site type, scar, 
deposit, or control, does not. These findings suggest that vegetative succession on 
shallow landslides occurs in a short time frame and is dependent on location and slope. 
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INTRODUCTION  

Landslides are a common natural 
disturbance in California (Morton et al. 
2003). Although large landslides include a 
higher volume of soil displacement and 
often incur more damage, shallow landslides 
are more common (Bellugi et al. 2021). 
Landslides are caused by a decrease in 
friction, which liquifies a substrate resulting 
in the top mass to move downslope and 
topsoil containing plant matter to be 
displaced. Shallow landslides are often 
formed when heavy rainfall saturates soils 
and underlying material and can be 

exacerbated if preceded by fires that remove 
vegetative cover (Ren et al. 2011). With the 
increasing prevalence of fires, in 
combination with rain, shallow landslide 
occurrences in California are abundant.  

Succession is an imperative ecological 
concept that can be studied to determine 
how landscapes respond to a disturbance 
and thereby motivate restoration 
techniques. Disturbances on landscapes 
occur at varying severities and time scales 
(Miles and Swanson 1986). One metric for 
studying succession is primary productivity. 
Ecosystem succession after landslide 
disturbance in California is understudied on 
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a long-term time frame, despite it altering 
primary productivity and species 
composition in the short term (Pang et al. 
2018). Shallow landslides provide the 
opportunity to look at how ecosystems 
recover from disturbance; when landslides 
occur vegetation is disrupted and often 
eliminated, however it is not clear how these 
events affect succession and primary 
productivity over decade-long timescales 
(Milner 1968). 

Shallow landslides occur in sandy soils, and 
usually displace land within a few meters 
(Gabet and Mudd 2006). They are composed 
of a scar and deposit site. Scars are steep 
depressions from which matter is displaced 
(Fig. 1). Deposits are not as steep and are 
characterized by the displaced mass that lies 
downslope of the scar (Fig. 1) (Gabet and 
Mudd 2006). Tracking the amount of 
biomass at different aged landslide events, 
and scar versus deposit sites, gives us the 
opportunity to analyze the recovery of a 
landscape (Walker 2009). Sedgwick Reserve, 
in Santa Barbara, California, contains an 
abundance of landslides due to the geology, 
vegetative cover, and rainfall patterns, 
making it a good study site for examining 
disturbance induced succession (Haston and 
Michaelsen 1994). Sedgwick Reserve was 
used as a study site in previous research that 
examined the implications of sediment 
porosity and composition on landslide 
activity within a one-year time frame (Gabet 
et al. 2005). Our study aimed to look at the 
effects shallow landslides have on 
succession over a period of 26 years, which 
is when the oldest landslides of our study 
occurred. 

Figure 1: Shallow landslide composition. In the 
occurrence of a shallow landslide, slope failure leads 
to a downslope movement of soil and/or rock. The 
disturbance of a shallow landslide leaves behind the 
scar, where the rock and soil debris once was, and a 
deposit, where debris is placed downslope. 

We explored the effect shallow landslides 
have on plant biomass, percent thatch cover, 
and average plant height which are metrics 
for approximating primary productivity. We 
predicted that landslides occurring more 
recently (2003-2014) would have less 
primary productivity relative to the older 
landslides (1995-2002) due to less recovery 
time (Gabet et al. 2005). In addition, we 
predicted that the scars would have less 
primary productivity relative to the deposits 
and undisturbed controls due to increased 
slope and less stable soil (Elias and Dias 
2009). 

METHODS 

2.1 Study Site 

This study was conducted on fourteen 
shallow landslides in Sedgwick Reserve in 
Santa Barbara County, California, United 
States of America. These shallow landslides 
were documented in 1997-1998 following a 
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series of El Niño storms, resulting in 
approximately 150 soil failures (Gabet and 
Mudd 2006). Additional landslide events, 
identified using Google Earth Pro 7.3.4, 
occurred between 2003-2005 and 2013-
2014. The bedrock underlying our study site 
is the Paso Robles Formation, a Pliocene 
fanglomerate. The Paso Robles Formation 
consists of terrestrial sediments ranging in 
grain size from mudstone to conglomerate 
(Dibblee, T. W. 1966). Sedgwick reserve 
contains approximately 6,000 acres of 
grassland, coastal sage scrub, oak woodland, 
and savannah. Sedgwick was heavily grazed 
by cattle following the Chumash people 
being removed from the land in 1822. Heavy 
grazing persisted through the 1980s and 
most of the property continues to be grazed 
to a lesser extent today (Pers. comm. K 
McCurdy, Resident Manager UCSB Sedgwick 
Reserve). We limited the sites for landslide 
selection to exclusively grassland habitat. 

2.2 Data Collection 

We collected data from October 30 to 
November 3, 2021. We identified locations 
of landslides older than 1998 using a map 
provided by UC Santa Barbara’s Geography 
and Geology Departments. This map was 
created between August 1998 and August 
2000 (Pers. comm. Dr. Oliver Chadwick; Fig. 
2). We identified newer landslides formed 
between 2003 and 2014 using Google Earth 
Pro 7.3.4 to find sites previously 
documented (Fig. 3). Each landslide site was 
divided into three site types: scar, deposit, 
and control. Control sites were chosen on 
the nearest adjacent hillside that had not 
been affected by landslides. At every site we 
recorded coordinates and elevation. 

 

Figure 2. Landform and surficial geologic map of the 
Sedgwick Natural Reserve (south of the Little Pine 
Fault), Santa Barbara County, California. This map 
was created between August 1998 and August 2000 
(Garcia and Chadwick 2000). Landslide activity is 
indicated in red on the map. 

 
Figure 3. Study site. Aerial Google Earth view of the 
study site at Sedgwick Reserve. All 14 sites included a 
shallow landslide (scar and deposit) and nearby 
control. Old landslides (1995–2002) are shown in red 
and new landslides (2003–2014) are shown in yellow. 
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We collected data from three 0.25 m2 
quadrats within each of our scar, deposit, 
and control sites. A quadrat was placed in 
the top, middle, and bottom of each site. We 
used a proportion of the total site size to 
estimate top, middle, and bottom areas 
before placing our quadrats. None of the 
quadrats were placed within 1 m of the edge 
of their site type to account for a transitional 
area between sites. Within each of the three 
quadrats we measured percent thatch 
cover, biomass (g), and average height of 
grass (cm) to evaluate primary productivity. 
Percent thatch cover was a visual estimation 
of ground covered by vegetation in the 
quadrats. Four measurements of plant 
height were taken per quadrat by measuring 
the height of whichever specimen lay in each 
corner of our quadrat. Biomass was 
calculated by harvesting all the plant 
material from within the quadrat and 
weighing the amount of vegetation collected 
in the quadrats with a hand scale. In addition 
to the metrics used for primary productivity, 
we also measured the slope at each quadrat 
by laying a meter stick downslope and 
placing an iPhone with iOS version 14.6 
software using the Measure App in the 
center which gave us a reading for the slope 
in degrees. 

2.2 Statistical Analysis 

All statistical analyses were performed 
with JMP Pro software version 16.0.0. We 
conducted a principal component analysis 
on percent thatch cover, average plant 
height, and biomass since those factors 
corresponded heavily. We referred to the 
principal component of these factors as 
primary productivity. We ran a linear 
regression to compare slope and primary 
productivity. One-way ANOVA and Tukey-

Kramer tests were run to examine if both site 
type (scar, deposit, or control), and age 
affected primary productivity. 

RESULTS 

As the slope increases there was 
decreasing primary productivity for the 
deposit site, (Ndeposit=42, R2=0.19, p=0.0041) 
but not for the scar (Nscar=42, R2=0.03, 
p=0.32) or control sites (Ncontrol=41, R2=0.00, 
p=0.66; Fig.4). Site type (scar, deposit, or 
control) had no effect on primary 
productivity (Nscar=42, Ndeposit=42, Ncontrol=41, 
p=0.36, F-stat=1.02). As there was no 
difference between the site types, they were 
combined when looking at the age of the 
landslide, which was also examined to see if 
it impacted primary productivity. While 
older landslides from 1995-2002 had 
decreased primary productivity compared to 
the more recent 2003-2014 slides, (Nold=49, 
Nnew=36, R2=0.22, p< 0.0001; Fig.5) when the 
control sites were included in the analysis, 
there was no difference in primary 
productivity between the landslide and 
corresponding control. 

DISCUSSION 

In this study we found that primary 
productivity varied inversely with slope in 
deposit sites but had no impact on scar or 
control sites. One possible cause for the 
primary productivity of deposit sites being 
more impacted by slope could be that they 
were the least steep out of the sites and 
there may be a threshold for impact of slope 
that they approached. This study 
demonstrates that on a longer time scale, 
over 26 years, shallow slides have no effect 
on primary productivity. In addition, neither 
the scar nor deposit has any effect on primary
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Figure 4. Slope and site type vs primary productivity. Primary productivity is proxied by % plant cover, plant 
biomass, and plant height in a principal component. Linear regression was used to analyze slope and site type against 
primary productivity. The slope in the deposit sites showed an effect on primary productivity (R2= 0.19, P=0.0041). 
The slope in control and scar sites do not show an effect on primary productivity. (R2= 0.03, P=0.32, R2= 0.00, P=0.66, 
respectively). 

 
Figure 5. Landslides and control vs primary productivity. Primary productivity is proxied by % plant cover, plant 
biomass, and plant height in a principal component. The older landslides have the lowest primary productivity, and 
the more recent landslides have higher primary productivity. However, there is no difference between the landslides 
and their respective controls. The difference between A and B has a p value < 0.0001 and an F-statistic of 19.59. 
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productivity. The older landslides (1994–
2002) and the adjoining control sites have 
the same primary productivity. Recent 
landslides (2003-2014) and corresponding 
control sites follow the same pattern, 
meaning shallow landslides have no long-
term effects on plant life and regeneration. 
This suggests that when plant regeneration 
occurs after a landslide event, primary 
productivity levels will mimic the 
surrounding area. In addition, succession 
happens in a shorter time frame than our 
study examined. 

The similarity between landslide sites and 
control sites may be due to hill orientation. 
Hills have extremely variable primary 
productivity depending on the direction of 
their face due to exposure to sunlight 
(Auslander et al. 1995). Since we chose 
control sites with similar facing hill slopes to 
that of the landslide, aspect may be a 
determining factor to primary productivity. 
Older landslides were in close proximity to 
each other and young slides to other young 
slides. Their proximity indicates that site 
location is contributing to the higher primary 
productivity in locations with newer 
landslides. If this study were to be repeated, 
aspect would need to be more heavily 
controlled for. 

While gathering data, we observed the 
majority of plants composing the grassland 
to be invasives, primarily Avena sp., 
Caulanthus lasiophyllus, and Cirsium 
occidentale. A future study could be 
conducted looking at composition of native 
plants in landslide sites versus the 
surrounding area. In studies looking at other 
types of disturbances, such as hurricanes 
and windstorms, it was found that invasives 
were able to more quickly regenerate and 
spread in disturbed areas (Daniels and 
Larson 2020, Paudel and Battaglia 2021). If 

plant composition in landslide sites mimics 
that of the surrounding area, it may 
demonstrate that these sites are more 
vulnerable to being overridden by invasive 
plants (Gurney et al. 2015). Dispersing native 
seeds that rapidly establish in fresh landslide 
scars could increase native plant abundance 
on the landscape. 

Animal activity is also known to impact soil 
composition and water content. All the sites 
we surveyed at Sedgwick were grazed by 
cattle, whose actions increased erosion due 
to vegetation reduction (Gabet and Dunne 
2003). Examining grazed versus ungrazed 
land and succession in eroded areas may 
contribute greatly to restoration initiatives. 
There was an abundance of pocket gopher 
(Thomomys bottae) and ground squirrel 
(Otospermophilus beecheyi) burrows 
observed at the sites. Bioturbation as a 
result of gopher and squirrel underground 
burrows creates more erosion and could 
simultaneously increase soil permeability 
and decrease vegetation (Gabet 2000). The 
concentration of gopher and squirrel 
habitats could provide insight into the extent 
of effects mammal activity has on regrowth 
of landslide areas. 

We found that over longer periods of time, 
such as 26 years, there is no significant 
impact on primary productivity due to 
shallow landslides. However, both slope and 
the location of the area surveyed also are 
contributing factors to primary productivity. 
More studies need to be done to see if there 
are other influences on primary productivity, 
such as soil nutrients, soil types, and grazers. 
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