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ABSTRACT 

Abiotic factors have caused changes in old-growth California forests. These changes may 
be indicators of environmental stressors such as decreases in precipitation, increases in 
temperature, and changes in historic fire regimes. We aim to examine these changes by 
doing a 40-year follow-up study on Ashley Boren’s 1981 undergraduate thesis, conducted 
at Angelo Coast Reserve in Mendocino County, California. The purpose of this study is to 
examine whether or not the predictions made in 1981 would be supported with data from 
the year 2021, and which factors may be attributed to changes in these old-growth forest 
dynamics. Overall we discovered that the forest composition at both sites had changed in 
the 40 years since the plots were established, with some species increasing at one plot 
while decreasing in the other.  
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INTRODUCTION  

There are many methods of measuring 
ecological change. Broad ecosystem shifts 
have been well documented in geological 
time with fossil and pollen records (Street-
Perrott 1994). More rapid environmental 
change can be observed through seasonal 
surveys (Weiskoph et al. 2020). Many 
ecological studies occur on a short-term 
scale and fail to capture more nuanced 
ecosystem changes over time while 
statistical models which predict the impacts 
of factors such as climate change are limited 
in their applicability to a variety of 
ecosystems (Battles 2008; Soja 2007).  

In California, forests provide many crucial 
ecosystem services such as water provision, 
air purification, and carbon sequestration. 
They encompass over a third of the state’s 
land area and comprise a large portion of the 
wildland-urban index (Milanes et al. 2018; 
Radeloff et al. 2018). Long-term monitoring 
studies can provide valuable insight into 
local ecosystem shifts, such as the Barro 
Colorado Island census in Panama, which has 
recorded the changes of every tree at two 
50-ha plots since 1982 (Condit et al. 2012). 
Another long-term example of forest study 
with the Forest Ecology Research Plot (FERP) 
at the University of California Santa Cruz has 
contributed to scientific knowledge 
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regarding the importance of forest dynamics 
(Smithsonian; Forest GEO). Additionally, 
long-term surveys of forest ecosystems can 
inform ecological management strategies. In 
a changing climate, this long-term data can 
serve as a baseline for interpreting 
ecosystem transformations related to 
anthropogenic stresses. This information 
can guide how forests are managed to 
mitigate the effects of climate change.  

Over the last century in California, as 
annual temperatures have increased and 
precipitation patterns have decreased, one 
predicted effect of these abiotic changes is 
that conifer forests are projected to decline, 
while broad-leaf forests will increase (IPCC 
2014). One survey conducted in Mendocino 
County in 1981 measured the forest 
composition of 11 different 2500 m2 plots to 
provide preliminary data for future long-
term study (Boren 1983). The aim of Boren’s 
subsequent 1983 Stanford honors thesis was 
to document the structure of various 
forested plots on the reserve and allow 
future follow-up studies to monitor shifts in 
species abundance and canopy dominance 
throughout time. One follow-up study was 
conducted 14 years later in 1995 by John C. 
Hunter at two of the plots established in 
1981: the Conger and Elkhorn plots. Hunter 
surveyed two of the original plots to 
determine how different environmental 
stressors, like the altered fire regime in 
California, may have led to changes in the 
area, specifically in old-growth mixed-
conifer forests (Hunter 1997). 

 Before the twentieth century, these 
forests were subject to low-intensity fires 
every 5–50 years (Greelee 1990; Finney 
1992). The existing old-growth trees at these 
two sites were sprouted under frequent 
disturbance regimes, which would thin the 

forest understory and occasionally open 
gaps in the upper canopy. The majority of 
today’s understory, however, has developed 
under a lack of fire disturbance. At the time 
of Hunter’s 1995 survey, neither site had 
experienced fire disturbance since 1940 and 
his study sought to examine the dynamics of 
the forest affected by minimal disturbance. 
In 2014, however, a slow-moving fire burned 
through the Angelo reserve, scorching 
Elkhorn Ridge. By analyzing seedling data, 
stem recruitment, and canopy density, our 
study hopes to document the changes at 
both sites and quantify the influence of fire 
disturbance by comparing that to Hunter’s 
original data and conclusions.  

In 2021, the goal of our study is to 
document the changes that may have 
occurred within each forest plot in the 40 
years since they were first surveyed by 
Boren and revisit the predictions she made 
about each plot (Table 1). Using similar 
techniques from both previous 1981 and 
1995 studies, we surveyed each tree within 
the two permanently marked plots. We had 
hoped that with this data we would be able 
to identify the specific and local changes that 
may have occurred within old-growth mixed 
conifer forests over the past 40 years, which 
could serve as a model of impacts of the 
effects of changing climate and fire regime 
on similar forests in northern California.  

METHODS 

2.1 Natural History 

Our study was conducted at the Angelo 
Coast Reserve in Mendocino County, within 
the Natural Reserve System of the University 
of California. The reserve is 7,660 acres in 
total and encompasses four undisturbed 
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Table 1. Ashley Boren’s predictions from 1981 and 
an overview of supporting evidence that may or may 
not support her predictions. Boren’s predictions 
were chosen based on what is answered with Figures 
1–5. We use these predictions as templates as to how 
forest dynamics have changed over time and what 
may be surprising given the data produced in 2021.  

 

tributary watersheds as well as a section of 
the South Fork of the Eel River. The majority 
of habitat on the reserve is mixed evergreen 
forests, with many old-growth groves of 
coast redwoods (Sequoia sempervirens), 
Douglas-firs (Pseudotsuga menziesii), 
tanoaks (Notholithocarpus densiflorus), and 
some bands of chaparral at high elevations. 
The region’s Mediterranean climate consists 
of cool, wet winters and hot, dry summers. 
The average annual precipitation here is 
among the highest in California at 215.6 
cm/84.9 inches with an average winter 
temperature of 0˚C and an average summer 
temperature of 29˚C. Although cool, coastal 
air moves up the river corridor, summer fog 
rarely surmounts the solid barrier of Elkhorn 
Ridge that separates the reserve from the 
Pacific Ocean, 15 km (9 miles) to the west.  

2.2 Plots 

To observe the change in tree species 
dynamics and succession in mixed conifer 
and broad-leaf forests, two previously 
studied 50 m by 50 m plots within the 
reserve were resurveyed after 40 years. Both 
sites were part of a series of 10 plots that 
were surveyed and/or permanently marked 
by Boren in the summer of 1981. The two 
sites, Conger and Elkhorn Ridge, are located 
on steep, northern-facing slopes at around 
480 m and 540 m elevation, respectively. 
Conger is located at (39.72906, 123.64179) 
while the location of Elkhorn Ridge is 
(39.74032, 123.64238). The sites were 
located using a combination of a map 
created by Boren, the presence of tree 
markers, and site elevation and aspect.  

2.3 Surveying Methods 

The plots were surveyed from May 4–9, 
2021. Both 50 m by 50 m plots were 
subdivided into 10 m by 10 m squares and 
each tree greater than 1.3 m was mapped. 
Our target tree species were based on the 
most common species identified. We 
measured tanoak (Notholithocarpus 
densiflorus), Douglas-fir (Pseudotsuga 
menziesii), live oak (Quercus spp.), Pacific 
madrone (Arbutus menziesii), California bay 
laurel (Umbellularia californica), and bigleaf 
maple (Acer macrophyllum). For every tree, 
we recorded diameter at breast height (DBH) 
at 1.3 m height and the number of stems 
resprouting from each root base. We 
estimated tree height class into four 
categories (1.3–3 m, 3–10 m, 10–30 m, >30 
m) and also estimated canopy loss. Canopy 
loss greater than 25% was considered “died-
back,” consistent with methods used by 
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Hunter (1997). Canopy position was 
characterized into one of five categories: 
suppressed (canopy completely over-topped 
and shaded), intermediate (canopy receives 
some direct light, but from above only), co-
dominant (receives light from above and 
some laterally), dominant (receives mostly 
lateral light) and emergent (entire crown 
illuminated). Total numbers of seedlings per 
species were tallied for each 10 m by 10 m 
subplot and were marked after being 
counted to ensure accuracy. Seedlings were 
classified as trees less than 1.3 m in height. A 
spherical densitometer was used to collect 
canopy cover per subplot. To standardize 
this estimate, we recorded the canopy cover 
in the same corner of each subplot.  

RESULTS 

3.1 Overall Results 

A total of 770 trees and 2,514 seedlings 
were surveyed between the two 50 m by 50 
m plots (see Table 2). At the Elkhorn Ridge 
and Conger Plots, 351 and 419 trees were 
surveyed, respectively. A total of 154 original 
markers from the 1981 survey were found 
and recorded. To document incremental 
changes in relative abundance over time, 
data from the 1981 Boren survey and the 
1997 Hunter resurvey were integrated into 
Figs. 1–5.  

Table 2. 2021 Species abundance at Elkhorn and 
Conger survey plots. Individual counts of target 
species at both site locations including sapling 
abundance data collected in 2021. 

 

 

 

Figure 1. Relative density of species over time at 
Conger Ridge. Vertical bars represent relative density 
of each tree species (>1 m) observed over 40 years. 
Surveys are from 1981, 1995, and 2021. Overall, 
tanoak was the most dominant species, although its 
relative density, as well as madrones, decreased over 
time. Conversely, the relative density of Douglas-fir 
and live oak increased.  



  
 

 

 

CEC Research | https://doi.org/10.21973/N39H4S    Spring 2021 Vol. 5, Issue 3 5/10 

 

Figure 2. Relative density of species over time at 
Elkhorn Ridge. Black and white parallelograms 
indicate breaks in the y-axis as well as vertical bars. 
Tanoak abundance is highly dominant in relation to 
other species. Tanoak is the dominant species listed 
within the plot. subtle decreases have occurred 
within the tan oak population. This decrease in 
tanoak population gives room for Douglas-fir to grow 
by 50% into the plot.  

 

Figure 3: Seedling abundance per plot. Vertical bars 
represent the number of individual seedlings (<1.3 m) 
that do not meet the requirement of standing trees. 
These seedlings were separated by the two plots 
Conger and Elkhorn. Bay laurel is rare (N=2), yet 
evident in the Conger plot whereas in the Elkhorn 
plot, it is absent. Madrone has a high level of sapling 
count (N=223).  

 

 

Figure 4. 1981 Height distribution histogram. Vertical 
bars represent each height rank per species per plot 
in 1981. Black and white striped parallelograms 
establish breaks within the y-axis and some of the 
bars (5 out of 31) were also broken down by breaks.  

 

Figure 5. 2021 Height distribution histogram: 
Vertical bars represent each height rank per species 
per plot in 2021. This graph served to be a 
comparison with Fig. 4 to see the changes in height 
distribution between each species per plot over the 
course of 40 years. For example, tanoaks in Elkhorn 
1981 had a bell-shaped U curve, whereas tanoaks in 
Elkhorn 2021 changed to a decreasing shaped curve.  

  



  
 

 

 

CEC Research | https://doi.org/10.21973/N39H4S    Spring 2021 Vol. 5, Issue 3 6/10 

3.2 Conger Site 

Overall, species richness for both the tree 
and understory community was more 
diverse at Conger Ridge. Since 1981, tanoak 
populations have fluctuated and in 2021 
their numbers were 18% lower than the 
1981 survey (Fig. 1). Douglas-fir abundance 
increased in 2021 after a 45% decrease in 
1995 (Fig. 1). Live oak abundance has 
marginally increased from 1981 to 2021 and 
the madrone population has seen a steady 
decrease in standing trees 1–30 m tall over 
the last 40 years (Fig. 1).  

Tanoak abundance by height class differed 
from 1981, with the majority of individuals in 
Boren’s study occupying the 3–10 m height 
class and few individuals growing to 10–30 m 
or >30 m (Fig. 4). In 2021 there was an 
overall higher abundance of individuals but 
the majority were found in the lower height 
class, 1-3 m, and in seedling abundance (Figs. 
5 and 3). Quercus spp. abundance and 
distribution were very similar between site 
years, except for the taller height class trees 
dying off (Fig. 5). Douglas-fir abundance 
increased in each height category over the 
40-year study period and madrone 
individuals appear to be disappearing as 
there are no trees height 1–3 m or 3–10 m, 
but only an old-growth stand of 10–30 m 
trees remaining (Fig. 5). Madrone seedling 
abundance was completely absent in the 
2021 survey (Fig. 3). 

3.3 Elkhorn Site 

Tanoak abundance at Elkhorn Ridge was 
dominant for each of the different study 
years, 1981, 1995, and 2021, dropping only 
marginally in 2021 from the original 1981 
data (Fig. 2). Douglas-fir saw a drop in 

abundance in 1995 but an increase in 2021 
(Fig. 2). Live oak abundance increased 
marginally between study years 1981 and 
2021 (<5%) and madrone individuals 
dropped in abundance >50% in 1995, to then 
increase to slightly above 1981 levels in 2021 
(Fig. 2). Categories “other” species (bay 
laurel and hazelnut) remained the same 
between survey years (Fig. 2). 

As in the 1981 study, tanoaks dominated 
as the most abundant species overall, 
however in 2021 their height class 
distribution and number of individual trees 
differed significantly (Figs. 4 and 5). In 1981 
the majority of individuals were in the 3-10 
m height class with a bell curve distribution 
pattern spanning the lower and higher 
height classes (Fig. 4). In 2021 this 
relationship can be viewed as an inverse j 
function with substantially high tanoak 
seedling abundance, followed by slightly 
fewer individuals in the 1-3 m class, and 
diminishing abundance levels across all taller 
height classes (Figs. 4 & 5). Quercus spp. also 
experienced a reduction across all height 
classes in 2021 when compared to 1981, 
reporting a high number of seedlings (N = 
282) but substantially fewer individuals 1–3 
m in height (N = 9) and no other individuals 
(Figs. 4&5). The 1981 data reports Quercus 
spp. abundance in the 1–3 m height class as 
>125, with lesser but still more individuals in 
height classes 3–10 m and 10–30 m (Fig. 4). 
In 2021, madrone individuals had 
disappeared in height classes 1–3 m and 3–
10 m with a remnant stand remaining in the 
10–30 m class (Fig. 4), but had increased in 
seedling abundance (N = 223) when 
compared to 1981 (Fig. 4). Douglas-fir height 
class distribution remained similar from 
1981 to 2021 except for zero individuals in 
the 3–10 m height class. Canopy cover was 84%. 
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DISCUSSION 

After comparing all measured data 
between 1981, 1995, and 2021 surveys of 
the Elkhorn Ridge and Conger sites, we 
concluded that community dynamics and 
relative abundance of our study’s four target 
species changed at both sites, but not 
uniformly.  

4.1 Conger Site 

One of Boren’s predictions for the Conger 
site was that Douglas-fir would continue to 
dominate the overstory (Table 1). Since the 
only species in the overstory (>30 m) was 
Douglas-fir in 2021, this prediction is 
supported. Boren also hypothesized that 
madrone and bay laurel would disappear 
gradually as they are less efficient 
competitors and less shade tolerant. Boren’s 
predictions were supported as there were 
no madrone seedlings evident in the Conger 
plot nor any trees 1–3 m or 3–10 m in height. 
Given that mature madrones can reach 25 m 
in max height, the remaining stand of old-
growth madrones 10–30 m tall will remain 
the last individuals at this site without the 
added disturbance of fire or an opening in 
the canopy in the future. 

Nevertheless, Boren predicted tanoak 
would become a more prominent member 
of the understory (Fig. 2). Although tanoaks 
within each plot might seem to be abundant, 
we found that tanoak die-off increased over 
the 40-year interval. 

4.2 Elkhorn Ridge Site 

 One of Boren's predictions for the Elkhorn 
site was that the madrone will disappear 
over time unless there are disturbances that 
may open canopy cover to allow a path for 

light to reach madrone seedlings (Table 1). 
Madrones are meticulous with the amount 
of light they need; this necessity may have 
made it difficult for madrone populations to 
survive in dense overstory growth. However, 
in Elkhorn Ridge, there seems to be potential 
for madrones because of the abundance of 
seedlings that may reach adult stages. This 
may be explained by a fire in 2014 which led 
to an opening in the canopy cover, thus 
allowing for sufficient levels of light to enter 
and replenish seedling growth within this 
plot. Boren’s predictions can be supported 
because of the recent disturbance of fire 
that led to madrone sapling growth, this is 
opposite to the story of madrones 
happening in the Conger ridge which lacks 
this recent fire disturbance (Table 1). Boren’s 
1981 paper also predicted that Live oak 
would form a larger part of the understory 
(<10 m) and is not supported when 
comparing species height distributions over 
the 40 years. The lack of Live oak sapling 
recruitment in all height categories of the 
understory, regardless of seedling 
germination success, diminished the 
prediction that the species will form a larger 
part of the understory community (Figs. 4 
and 5, Table 1).  

While it is true that none of the target 
species have surpassed each other in relative 
abundance, the site species composition has 
changed over the past 40 years. Douglas-fir 
has increased in relative abundance and has 
high seedling germination success, but has 
failed to establish in the 3–10 m height class 
and could potentially be shaded out by 
dominant tanoak (Table 2, Fig. 3). Tanoaks 
have experienced more dieback and 
secondary fungal infections than first 
documented in the 1981 survey or the 
follow-up 1995 survey. 
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4.3 Overall  

Tanoaks are still the dominant species at 
both sites, but their success rate at 
establishing beyond the understory appears 
lower than predicted by Boren (1983). 
Douglas-fir may be better suited for 
persisting through stressful water conditions 
that occur over the summer, while tanoak is 
less tolerant of these low water conditions 
(Kennedy and Sousa 2006). As temperatures 
increased regionally and groundwater levels 
decreased, recruitment of broad-leaf 
species, such as tanoak and live oak, may be 
negatively affected as they struggle to tap 
into the water table (McLaughlin and 
Zavaleta 2013). While tanoak may initially 
outcompete Douglas-fir due to shade 
tolerance, the ability of Douglas-fir to survive 
water stress in the future will allow it to 
persist and replace itself over time.  

During the 1981 survey, there was a 
reported absence of madrone seedlings at 
the Conger site. Boren (1983) predicted that 
there would be no signs of future 
reproduction without disturbance, as 
madrone have life histories adapted to fire 
(Shatford 2007). Our study identically found 
that no seedlings are present at the Conger 
site which is consistent with the prediction 
from Boren. Alternatively, our study reports 
nearly 20% of seedlings counted at the 
Elkhorn Ridge site are madrone (Fig. 3). 
While mature madrone trees are not fire-
tolerant, madrone seedlings rapidly arise 
after fire disturbance (Niemiec et al. 1995). 
This characteristic may contribute to the 
difference in madrone seedling count 
between Conger and Elkhorn, which have 
differing fire histories. Elkhorn Ridge 
experienced fire disturbance in 2014 which 
allowed for prolific madrone reproduction, 

whereas Conger was unaffected by the 2014 
fire and therefore lacked the disturbance 
necessary for madrone reproduction 
(Shatford 2007). Boren also predicted that 
bay laurel would disappear at the Conger 
site over time, and our findings support this 
prediction as only 1.7% of Conger seedlings 
were bay laurel. There were no bay laurel 
seedlings in the Conger site in the 2021 
survey (Fig. 1). 

Ecosystem trajectory is affected by 
multiple factors including variation in abiotic 
factors, climate variables, natural 
disturbance, and stochastic events. In a 
given ecosystem, the successional trajectory 
can vary widely among ecosystem types and 
even among individual sites of the same 
ecosystem (Holl 2020). Because all 
ecosystems have this window of natural 
variability (Palmer et al. 2006), the 
differences observed in our study between 
two similar sites may be due to natural 
variability associated with natural 
ecosystems (Gottesman and Keeton 2017). 
While changes observed in our two sites are 
just a snapshot in the longevity of old growth 
forests, the need to continue documenting 
these habitats is evident. Climate modeling 
offers an abundance of possible future 
outcomes to the effects of anthropogenic 
warming, but long-term studies on existing 
ecosystems, like the one done at Angelo 
Reserve, are the most accurate way to 
understand local shifts in slow-changing 
ecosystems. 
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