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ABSTRACT 

Around 90 percent of natural oak habitats have been cleared due to the development of 
agriculture, cattle ranching, and urbanization. This study focuses on the legacy of coast 
live oaks (Quercus agrifolia) and how they influence their surrounding environment 
through testing soil moisture, plant biomass, and plant percent cover. We located areas 
containing dead and living coast live oaks trees along two valleys at Sedgwick Reserve, 
examining trees that were living, recently dead (<15 years), and long dead (>15 years). 
We hypothesized that 1) dead and living coast live oaks will contain a higher soil moisture 
content under their canopy when compared to far away from their canopy; 2) dead and 
living coast live oaks will contain a higher plant biomass and percent coverage content 
under their canopy when compared to far away from their canopy; and 3) there will be a 
decrease in soil moisture, plant biomass, and plant percent coverage as oak trees 
transition from living to recently dead and old dead within their canopies. We found that 
coast live oaks role in their surrounding environment perseveres after their death. Our 
results revealed that plant percent cover and plant biomass did not differ as time passed 
after the tree’s death; however, there was an increase in soil moisture in the dead coast 
live oak trees compared to living ones. These findings serve to reveal the role that dead 
coast live oaks have on the environment as time passes after their death. 
 
Keywords: legacy effects, negative tree, degradation scale, foundational species, 
mycorrhizal relationship 
 

 
INTRODUCTION  

As of today, California oak populations 
exceed 8.5 million acres of woodland and 4.5 
acres of oak forest which encompasses more 
than one-eighth of the state's total area 
(Gaman and Firman 2006). Oak woodlands 
are some of the most plentiful habitats in 
California, providing habitat and resources 

to 300 species such as the gray squirrel, 
acorn woodpecker, and the white-tailed 
deer (Tietje et al. 2005). However, 90 
percent of natural oak habitats have been 
cleared due to the development of 
agriculture, cattle ranching, and urban 
infrastructure (US Department of 
Agriculture 2015). Thinning of woodlands, 
grazing, road building, and construction 
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have caused woodlands to become 
fragmented, giving rise to the invasion of 
non-native grasses, trees, and animals. 
(Tietje et al. 2005). Disturbance of remaining 
oak woodland has disrupted natural fire 
frequencies, which are important for the 
maintenance of oak woodland structure 
(Pulido, 2013).  

In oak woodlands, the proportions of 
water sources, rock outcrops, grasses, 
shrubs, and trees define the horizontal 
structure of the habitat (Tietje et al. 2005). 
The horizontal structure of oak woodlands in 
California is characterized by isolated and 
scattered oak populations, understory 
consisting of mostly European grasses and 
heat tolerant shrubs, reflecting the water-
stress conditions (Holland 2005). Oaks are 
often regarded as ecosystem engineers, 
directly and indirectly controlling material 
and resources used by other organisms 
(Jones et al 1997). A defining feature of their 
ability to engineer their surroundings is 
through their widely variable root systems 
(Jones 1946 and Callaway et al. 1991). Oaks 
can develop deep roots which can tap into 
deep water sources, allowing oaks to be 
drought-resilient even in consecutive years 
of dry weather (Allen 2015). Access to water 
reservoirs in conjunction with hydraulic lift 
and redistribution, when water is absorbed 
by deep roots and later released in 
shallowed roots, allow oaks to maintain 
important mycorrhizal relationships as well 
as provide water for plants surrounding 
them, creating a low water-stress 
environment (Richards and Caldwell 1987). 
In conditions where oaks are unable to 
access deep water reservoirs, oaks instead 
grow lateral, shallower and, finer roots 
closer to the surface, which inhibits the 
growth of nonnative grasses and 
substantially decreases water availability 

due to a lack of hydraulic lift, creating high 
water-stress conditions (Callaway et al. 
1991, Richards and Caldwell 1987).  
Understories of high-water stress fabricate 
soils in which invasive grasses are less 
suitable for growing, whereas in 
understories of low water-stress invasive 
grasses are more likely to grow, dominating 
native vegetation (Callaway et al. 1990). 

The concept of legacy effects can be 
described as the impact that a species has on 
biotic and abiotic properties within their 
ecosystems that continue to persist well 
after the species is no longer active 
(Cuddington 2011). The legacy effects of 
oaks in woodlands lies in the enduring 
alterations of surrounding soils and plants 
well after their time of death, directly and 
indirectly caused by their ecosystem 
engineering (Jones 1946). Woody plants, 
such as coast live oaks (Quercus agrifolia), 
continue to affect their ecosystem through 
the influence of their remaining biomass 
presence and soil alteration, making the 
areas where an oak once stood on more 
competitive for the germination of other 
vegetation (Bergelson 1990, Facelli 1994). 
Other factors attributing to the legacy of 
coast live oak include the effects of 
generational feedback loops, in which dying 
oaks leaf litter create favorable conditions 
for the same species to grow once again 
(Facelli 1994). Additionally, changes in the 
underlying nutrient makeup of soils under 
dead trees can create environments that can 
persist for at least 50 years (Facelli and Brock 
2000). 

Although past research gives a complete 
and complex story between oaks and their 
understory systems, few studies have 
explored how and to what degree soil and 
plant compositions change regarding how 
far they are from the trees canopy (Callaway 



  
 

 

CEC Research | https://doi.org/10.21973/N39953   Fall 2021 Vol. 5 Issue 6 3/8 

1990). Additionally, there is limited 
information regarding how stable these 
alterations of the landscape remain 
throughout different stages of a dead oaks' 
degradation (Stahlheber 2015). 
Understanding the duration of oak 
alteration may prove important when 
assessing and restoring regions facing 
sudden oak death, climate changes, 
urbanization, and development (Rottke 
2003). In this study, we predict that: 1) dead 
and living coast live oaks will contain a higher 
soil moisture content under their canopy 
when compared to far away from their 
canopy; 2) dead and living coast live oaks will 
contain a higher plant biomass and percent 
cover content under their canopy when 
compared to far away from their canopy; 
and 3) there will be a decrease in soil 
moisture, plant biomass, and plant percent 
cover as oak tree transition from living to 
recently dead and long dead within their 
canopies. 

METHODS 

2.1 Study Site 

This study was conducted from October 31 
to November 3, 2021, at Sedgwick Reserve, 
a 5,896-acre reserve located in the San 
Rafael Mountains in Santa Barbara County, 
California (34°42’N, 120°1’W). Sedgwick 
Reserve has a Mediterranean climate that is 
primarily dry for most of the year, but 
experienced 3.5 cm of rainfall on October 26, 
2021. This reserve consists of oak woodlands 
which are composed of blue oak (Quercus 
douglasii), valley oak (Quercus lobata) and 
coast live oak trees (Quercus agrifolia). Our 
study was focused on coast live oak trees 
located throughout the reserve. 

2.2 Sampling Methods 

We located areas containing dead coast 
live oak trees using Google Earth. We 
determined whether a living oak was a coast 
live by looking at its leaf morphology, and we 
determined whether a dead oak was a coast 
live by looking at the surrounding trees: if it 
was surrounded by other coast live oaks, we 
concluded it was a coast live oak. We 
determined whether the tree was living, 
dead for less than fifteen years (henceforth 
known as recently dead), dead for more than 
fifteen years (henceforth known as long 
dead). Trees missing foliage as well as 
deteriorating bark were indicators that the 
tree was dead, and we distinguished 
recently dead and long dead based on if the 
bark was rotting or not and whether the tree 
was still standing or had fallen. We 
proceeded to locate isolated dead and living 
trees in the field from 9:00–12:30, ensuring 
that the tree was more than 15 m away from 
the nearest tree and that the tree was 
located on flat ground.  

After the tree was selected, we started by 
measuring diameter-at-breast height (DBH), 
which is standardized at 1.35 m. Following 
the methods of Stahlheber for measuring 
the diameter of dead trees, we measured 
the diameter at the midway point between 
the bottom of the tree to the lowest 
branches (crown) (Stahlheber 2016). We 
then laid out a transect running 10 meters 
from the trunk of each tree. We consistently 
placed the transect due north to limit biases. 
We then placed the bottom right corner of a 
0.25 m2 quadrat on the 3 m and 10 m points 
on the transect to account for soil that is 
both within and outside of the canopy of the 
tree respectively. We also measured percent 
biomass by cutting all the dead plant matter 
that was above the ropes of the quadrat (3 
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cm above the soil) using scissors and placing 
it into a paper bag that we weighed in the 
field using a portable hand scale. After 
measuring percent biomass, we then moved 
the litter aside in the middle square of the 
quadrat and, using a trowel, we dug 5 cm 
into the soil in which we collected 175–250 g 
of soil that was placed in a plastic bag for 
moisture retention. 

We weighed the soil samples that were 
collected from the field. Then we placed the 
soil out in the sun on plates to dry from 13:00 
to 16:00. After the samples dried, we 
weighed all the dry samples to obtain 
percent moisture. 

2.3 Data Analysis 

All data analysis was completed using JMP 
version 16 Pro. Paired t-tests were 
performed to assess differences in soil 
moisture, plant percent cover, and plant 
biomass between the source of influence  
(3 m) and outside the source of influence  
(10 m) for living, recently dead and long dead 
coast live oak trees. ANOVAs were 
performed to assess differences between 
living, recently dead, and long dead coast 
live oak trees regarding soil moisture, plant 
percent cover, and plant biomass at 3 m. 

RESULTS 

A total of 47 coast live oak trees were 
surveyed across a total stretch of 7,291 
meters (Fig. 1). We surveyed 16 living trees, 
15 recently dead trees, and 16 long dead 
trees. There was no difference in the plant 
percent cover nor the plant biomass 
between living, recently dead, and long dead 
oak trees. Soil moisture was lower in the 
living trees than either dead tree category (N 
= 47, F = 5.9893, p = 0.0050; Fig. 2). There 

was no difference in plant percent cover or 
plant biomass between living, recently dead 
trees, and long dead trees. There was no 
difference in soil moisture, plant percent 
cover, nor plant biomass between the 3 m 
distance from the tree and the 10 m distance 
from the tree for living trees, recently dead 
trees, and long dead trees (Table 1, Table 2). 

 

Figure 1. Sampled coast live oak tree (Quercus 
agrifolia) locations. Orange markers represent living 
trees. Blue markers represent a tree that has been 
dead for < 15 years. Purple markers represent a tree 
that has been dead for > 15 years. The map scale, in 
meters, is located under the arrow indicating north. 

DISCUSSION 

Overall, we found that there was no 
change in soil moisture, plant percent cover, 
and plant biomass between the plots close 
to the tree and far from the tree. We also 
found that there was a difference in soil 
moisture as the tree decayed. Dead trees 
had an average greater soil moisture content 
than living trees. Finally, we found that 
despite this increase in moisture, there was 
no difference in plant biomass and plant 
percent cover as the tree decayed. 
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Figure 2. The median percent moisture content at 3 
meters of living, recently dead, and long dead trees. 
The percent moisture of the soil of dead coast live oak 
trees is higher than living coast live oak trees at 3 
meters from the trunk of the tree (5 cm below the 
ground). Box plot horizontal lines represent the 
median percent moisture of the different coast live 
oak trees. Vertical lines represent the range of how 
the percent moisture differs. 

Table 1. Living and dead coast live oak tree influences 
on soil moisture, percent cover, and plant biomass at 
3 m and 10 m from the tree.  

 

Table 2. Differences in mean moisture, percent cover, 
and plant biomass between living, recently dead and 
long dead coast live oaks at 3 meters. 

 

When looking for differences between the 
different stages of degradation, we found 
evidence to reject our hypothesis that soil 
percent moisture would decrease as time 
passed after the tree died. On average, the 
dead trees had a greater amount of percent 
moisture than the living trees (Fig. 3). 
Because we focused on 5–10 cm of soil 
depth to measure soil moisture, it does not 
answer the question of overall water 
absorption by roots on different depths of 
soil. When there is limited moisture 
available in upper soil layers, oak trees will 
grow their roots to deeper depths to access 
the water that is located deep down in the 
soil (Huebner et al. 1995). However, when 
soil moisture is more uniform or there is very 
little water located deep in the soil, coast live 
oaks tend to keep their roots at shallower 
depths and laterally extend their roots to 
have access to the moisture at the top of the 
soil (Mahall et al. 2009). In the case of our 
study at Sedgwick reserve, located in a dry 
climate, it would be expected for coast live 
oak to display plasticity towards roots at 
shallower depths. A study performed by 
Callaway demonstrated evidence that 
water-stressed trees extend their roots 
laterally (Callaway 1990), extending 
outwards spanning the area covered by the 
topsoil and absorbing the water that 
accumulates there from rain and fog. 
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However, after the roots lose their function 
and the tree dies, they no longer absorb the 
moisture from the soil, so water 
accumulates on the topsoil. A possible future 
direction is measuring soil moisture at 
different soil depths. According to an article 
measuring percent soil moisture across 
different soil depths in response to 
precipitation on Pisha sandstone, percent 
soil moisture is higher between 10 to 30 
centimeters (Zhang et al. 2020). A similar 
result could occur, as we might see how soil 
moisture might vary throughout different 
horizons of soil for both dead and living coast 
live oak trees. By looking at this perspective, 
we might see how soil moisture might vary 
throughout different horizons of soil for 
both dead and living coast live oak trees, as 
different depths of soil could answer if 
average greater soil moisture content is tied 
to the variation of root structure for living 
and dead coast live oak trees. 

 

Figure 3. The median percent moisture content at 3 
meters of recently dead and long dead coast live oak 
trees (Quercus agrifolia). Percent moisture of the soil 
(5 cm below the ground) showed no difference at 3 
meters between recently dead or long dead. Box plot 
horizontal lines represent the median percent 
moisture of the different coast live oak trees. Vertical 
lines represent the range of how the percent 
moisture differs. 

The literature surrounding the correlation 
between plant fitness and available moisture 
contradicts the results of our study. Plant 
biomass has been repeatedly found to be 
positively correlated with an increase in 
available moisture (Lozano-Parra et al. 2018; 
Deng et al. 2016). The specific plant that was 
most abundant in the oak woodlands we 
surveyed for plant biomass and plant 
percent cover was Avena barbata, an 
invasive annual grass that originated from 
Europe that has come to dominate the 
Mediterranean regions of Southwestern 
United States (Garcia et al. 1989). Avena 
barbata has also been shown to experience 
greater yields in wet environments than 
drought-stricken environments (Sherrard 
and Maherali 2006). Despite this, we found 
no change in plant percent cover and plant 
biomass with our overall increase in soil 
moisture. Our result appears misleading 
until placed in the context of our study. We 
collected our soil samples, weighed plant 
biomass, and measured plant percent cover 
from October 31 to November 2, the 
beginning of the rainy season in central 
California. The rain is just starting to return 
to Sedgwick and moisture is now able to 
accumulate in the soil surrounding the dead 
trees. There has not been a sufficient 
amount of time for the plants to respond to 
an increase in moisture, which is a potential 
reason that we have yet to see a change.  

When looking at the differences inside and 
outside the sphere of influence of both living 
and dead oaks, we found no evidence to 
support our hypothesis that plant biomass 
and plant percent cover differ when the soil 
is sampled 10 m from the tree versus when 
it was sampled 3 m from the base of the tree. 
We found no difference in either the plant 
biomass or the plant percent cover when we 
sampled inside and outside the estimated 
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drip for living trees, recently dead trees, and 
long dead trees. It is possible that oak’s 
influence extends farther than the 10 meters 
we used in our study and that is why there is 
no change between in plant biomass, plant 
percent cover, nor the soil moisture 
between the 3 m and 10 m distances. When 
designating the sphere of influence to be the 
distance from the trunk to the area under 
the canopy, we do not consider the effects 
that the root systems might have in the very 
same variable we are measuring (moisture, 
biomass, and percent cover). Extensive 
research has shown coast live oak root 
systems to have a variety of effects on 
shallow soils, including a decreased water 
content, decreased productivity, and 
increased lateral growth. (Callaway 1990, 
Huebner et al. 1995, Mahall et al. 2009). 
While there is extensive research on the 
distance between the stump of a tree and its 
taproot, there is very little research done on 
the relationship between the stump of the 
tree to its lateral roots (Di Iorio et al. 2005). 
Additionally, “negative trees,” such as coast 
live oaks, water-stressed trees that grow 
their roots laterally and consequently have 
been known to interfere with the biomass 
productivity of plants growing adjacent to 
them (Callaway et al. 1991). To fill this 
knowledge gap, exploring how far “negative 
trees” stretch their roots with the soil will 
explain their sphere of influence in relation 
to the size of the tree (Callaway et al. 1991). 
Future studies should focus on accounting 
for lateral root growth in coast live oaks, as 
understanding the magnitude of the range 
that roots have on the surface surrounding 
the trunk could become useful in studying 
the relationships between them and other 
biotic and abiotic conditions like the one 
focused in this study (Moisture %, biomass 
and % cover). 

We found that coast live oaks role in their 
surrounding environment perseveres after 
their death. Our results revealed that plant 
percent cover and plant biomass did not 
differ as time went by after the trees died, 
despite the increase in moisture the soil 
experienced in the dead trees. Moving 
forward, we can gain a better understanding 
of the long-lasting legacy effects of coast live 
oaks on their environment by analyzing soil 
moisture at deeper depths and measuring 
the lateral extent of the trees’ roots. Also, 
replicating this study just after the rainy 
season, allowing enough time for the plants 
to grow in response to the precipitation, 
would give us a more accurate idea of how 
plant biomass and plant percent cover 
change as soil moisture increases. These 
findings serve to inform the role that dead 
coast live oaks have on the environment as 
time passes after their death. 
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