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ABSTRACT 

Human alteration of landscapes has occurred consistently through actions such as 
development, tilling, agriculture, and fire management. Human land use can result in a 
legacy of exotic species dominance and increased competition, with negative impacts on 
native species richness and soil structure. Meadows within California have been affected 
by settlement due to their accessibility to humans and soil conditions that are ideal for 
agriculture. Prior to European settlement, meadows in Angelo Coast Range Reserve 
(ACRR) were managed with fire by the indigenous Cahto tribe. With the lack of 
stewardship by the indigenous people and the introduction of European species into the 
ecosystem, native plant communities experienced invasion by exotic plants. We studied 
the meadows in ACRR to investigate the impacts of human settlement on plant 
communities. Our research demonstrated that previous European land use had a lasting 
effect on the meadows in ACRR. Meadows with no European settlement exhibited 
higher native and overall species richness. Plant communities are also influenced by soil 
conditions. In order to eliminate this confounding factor, we measured soil texture in 
each meadow and found that there was a stronger relationship between land use 
history and plant communities, than abiotic soil factors. These relationships between 
soils, plants, and human impacts are necessary to study as we continue to see drastic 
shifts in plant communities.  
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INTRODUCTION  

Humans have been altering the natural 
environment for millennia, whether 
through agriculture, fire management, or 
grazing livestock (Goudie 2019). These 
influences on environments often cause 
long term effects in which ecological shifts 
are observed for many decades after the 
influence has ceased. Historical ecology is 
concerned with past natural or 
anthropogenic disturbance and their effects 

on current ecological communities (Bürgi 
et. al 2017). A major component of 
historical ecology are “legacy effects,” 
which describe the memory of impacts that 
ecosystem retain over a millennial-scale 
time period (Moorhead et  al. 1999). 

The term “legacy effect” was first 
proposed in the 1990’s regarding plant-soil 
relationships. “Legacy” was used to 
describe a plant species entering a 
community of soil rhizosphere organisms 
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that had been developed by earlier plant 
communities (Molina et al. 1990). The 
incoming plant species then utilize the 
developed rhizosphere that has been 
induced by the earlier successional plants’ 
legacy. In a healthy system, legacy effects 
below ground can influence the outcome of 
competition and enhance diversity through 
restricting the growth of dominant plant 
species (De Deyn et al. 2004). The soil 
environment is a very strong influencer on 
plant establishment and can either hinder 
or promote productivity based on the system.  

Plant communities containing California 
native and European exotic species are the 
result of previous land use history, 
specifically historical plant communities and 
human influenced landscapes. 
Understanding the long-term impacts that 
anthropogenic and natural events have on 
plant communities of today can help guide 
future conservation and restoration 
practices. Legacy effects are predominantly 
studied in grassland ecosystems due to 
their high amounts of human land use, such 
as cattle grazing and agriculture (Brinkman 
2017). Conversely, legacy effects on 
meadow-grassland ecosystems have been 
overlooked. Meadow legacy effects are 
important to test due to their susceptibility 
of degradation, encroachment, and importance 
of provided ecosystem functions. 

Meadows are habitats that have been 
particularly impacted by anthropogenic land 
use and their legacy effects (Merrill 2012). 
These ecosystems support plants that 
utilize surface or shallow groundwater, and 
are dominated by grasses and forbs with 
only minimal woody vegetation. Meadows 
provide important ecosystem services as 
they filter and store water, provide 
breeding and foraging habitat for many 
invertebrates and animals, and contribute 

to increased carbon sequestration 
(Yosemite.gov 2018). 

This study focused on meadows in Angelo 
Coast Range Reserve (ACRR) in Mendocino 
County. The reserve has a history of fire 
management by the Cahto Indigenous 
nation, and each meadow contains a 
detailed historic record of European 
settlements and current land-use. The 
Cahto managed these terraced meadows 
with fire and intentional planting of desired 
native species to promote hunting and 
gathering (Johnson 1979). This meadow 
system became adapted to thousands of 
years of this management before becoming 
rapidly altered by settler homesteads in the 
last 130 years. European settlers brought 
seeds of exotic plant species for agriculture, 
livestock and conventional farming 
methods that altered the landscape 
substantially. Despite the relatively short 
period of homesteading from 1885 to 1928, 
the legacy left by settlers is still present in 
these meadows today. 

To further explore the legacy of European 
settlement impacts, we tested the effect of 
historical land use on meadow plant species 
richness in ACRR. Since soil texture is not 
easily altered (Molina 1990), we 
investigated the impact of soil texture on 
each meadow plant communities. We 
hypothesized that land use would have a 
greater impact on plant species than soil 
texture. We also predicted higher exotic 
species richness and lower native species 
richness in meadows with human impact in 
contrast to meadows that were managed 
by the Cahto and remained unsettled.  
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METHODS 

2.1 Study sites  

Angelo Coast Range Reserve in 
Mendocino county, California is composed 
of mixed-conifer forest, riparian, and 
terraced meadow habitats. Meadows were 
periodically burned by the Cahto to reduce 
encroachment of larger plant species and 
provide an open space. Over centuries of 
this fire management, the terraced 
meadows adapted to become the grass 
dominated meadows still present on the 
reserve today (Figure 1). After the Cahto 
and nearby indigenous populations were 
forcefully removed from their land by 
European settlers in the 1800’s, widespread 
fire management largely ceased, aside from 
occasional small patches burned by 
individual homesteads (Johnson 1979). The 
homesteading period of this area occurred 
between 1885 and 1928, when the last 
settlers departed the area. Many of the 
meadows observed in our study were used 
for homesteading purposes by settlers, 
including the White House, Lower Walker, 
Fox Creek, and Angelo. Homesteading land 
use varied between meadows, with 
vegetable and grain crops most prevalent 
overall. White House meadow was used to 
raise exotic grain crops in the center and 
west edge, with vegetable gardens and 
orchards on the north and east edges, with 
cattle, horses, and hogs pasturing in regions 
unoccupied by crops. Lower Walker 
meadow contained a pasture for horses and 
cows on the northwest quarter, an orchard 
and vegetable garden on the northeast 
quarter, and a corn field on the southern 
half. Fox Creek meadow is currently in use 
as a field station for visiting researchers, 
and historically had around 100 goats that 

grazed the brush and grain field on the 
northern meadow half, with the lower half 
utilized for vegetable gardens, orchards, 
and a grazing pasture for horses. The 
Angelo meadow is currently in use as a 
residence for the reserve manager, and was 
historically utilized only on the southern 
half, with a grain field on the southwest 
quarter, vegetable gardens on the 
southeast, and grazing in field for horses 
and cows. Sprague and Upper Walker 
meadows had only historical Cahto land use 
history and no records or observation of 
European settlement impacts or use. 
Meadows observed in this study had both 
native and introduced exotic plant 
community composition, including grasses, 
shrubs, and forbs.  

 

 

Figure 1. Map of Angelo Coast Range Reserve. 
Meadows are outlined in red. Study Sites: Upper 
Walker, Lower Walker, Angelo Meadow, Fox Creek 
Meadow, and Sprague Meadow.  

2.3 Study Design  

To best observe the legacy effects of 
settler land use on existing meadow plant 
communities, we sampled each meadow 
between May 6–11, 2019. Meadows 
observed ranged from 7,200 m2 to 52,500 
m2. To control for aspect, we ran a 30 m 
transect from the meadow center in each 
cardinal direction. We used 1 m2 quadrats 
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every 10 m along the left side of each 
transect. All plants within each quadrat 
were assigned species totals and identified 
as exotic or native. Soil samples from the 
top 10 cm were collected from the center of 
each quadrat after plant observation. Soil 
texture was determined using the “Guide to 
Texture by Feel” (Thien 1979).  

2.4 Statistical Analysis  

We analyzed all data using JMP Pro 
statistical software version 14.0. We used a 
one-way ANOVA to test for differences 
in both native and exotic species among 
meadows and post-hoc comparisons were 
made using the Tukey-Kramer analyses at 
𝛼=0.05. We conducted a one-way ANOVA 
to test the effects of European settled and 
unsettled meadows on clay and sand soil 
types and post-hoc comparisons were made 
using the Tukey-Kramer analyses at 𝛼=0.05. 
We ran a three-way ANOVA to test the 
effects of meadow, percent sand, and 
percent clay on total, native, and exotic 
species richness. 

RESULTS 

Native species were more prominent in 
meadows that had not experienced 
European settlement (N=72, F=25.1, P < 
0.0001) (Figure 2). The presence and 
abundance of native species, however, was 
dependent on the specific meadow being 
observed. Exotic species were not affected 
by site (meadow) and were prevalent 
throughout all meadows settled or 
unsettled (N=72, F=2.8, P < 0.05) (Figure 2). 
We found that soil texture varied among 
each meadow regardless of historical land 
use. The amount of clay and sand in every 
meadow differed, suggesting that more 

factors contribute to plant community 
composition than legacy effects. Unrelated 
to management, percent sand was similar in 
Lower Walker, Sprague, Angelo, and Fox 
Creek (Figure 3). Meadows were a predictor 
of native and total species richness. There 
was a higher observed species total in the 
two natural meadows, Lower Walker and 
Sprague (Figure 4). Percent clay and sand 
did not affect total, native, or exotic species 
richness (Table 1).  

 

Figure 2. Native to exotic species by meadow in the 
Angelo Coast Range Reserve, California. May 6, 
2019. Sprague and Lower Walker meadows being 
unsettled and remaining meadows possessing past 
homestead settlement history. Different letters 
represent significant differences after Tukey’s 
honestly significant difference (HSD)  post-hoc tests. 
Uppercase letters showcase differences between 
native species. Lowercase letters showcase 
differences between exotic species. Standard error  
± 0.5 native species richness. Standard error ± 0.4 
exotic species richness. P < 0.0001 native. P < 0.05 exotic.  
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Figure 3. Percent clay and percent sand by meadow 
(natural to settled respectively) in the Angelo Coast 
Range Reserve, California, May 6, 2019. Different 
letters represent significant differences after Tukey’s 
honestly significant difference (HSD)  post-hoc tests. 
Uppercase letters showcase differences between 
percent clay. Lowercase letters showcase differences 
between percent sand. Standard error of ± 0.5 clay 
richness. Standard error ± 0.4 exotic species 
richness. P < 0.001 percent clay. P < 0.001 percent sand.  

 

 
Figure 4. Species total pertaining to individual 
meadows of Angelo Coast Range Reserve, California 
in order of natural to settled, May 6 2019.  

 
Table 1. ANOVA Statistics for the effects of 
meadow, percent sand, and percent soil on total 
species richness, native species richness, and exotic 
species richness. Samples collected at Angelo Coast 
Range Reserve, California, May 6, 2019. Asterisks 
indicate significant differences (*P < 0.05; **P < 
0.01; ***P < 0.001).  

DISCUSSION 

Meadows with a history of Cahto land 
management and no record of European 
settlement had higher native and total 
species richness than the sites that were 
homesteaded. These results do not support 
our hypothesis that homesteaded meadows 
would have higher exotic species richness 
and lower native species richness. Though 
there was similarity in exotic species 
richness among the majority of meadows 
there were differences in exotic species 
richness in Fox Creek and Sprague meadows.  

Sprague meadow, unsettled, had the 
highest native and total plant species 
richness. Lower Walker, also unsettled, had 
the second highest measurements of native 
and total plant species richness. White 
House meadow had the third highest total 
plant species richness and native species 
richness. During the period it was 
homesteaded from 1892–1917, White 
House meadow was used to raise exotic 
grain in the center, with gardens on the 
outskirts and grazing by livestock. White 
House meadow was different from the 
other settled meadows in that it was the 
most recently managed by fire by its 
homesteaders. This fire management was 
consistent with the previous stewardship 
practices of the Cahto Nation and perhaps 
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influenced the plant biodiversity observed 
in this study.  

Upper Walker was homesteaded and 
used for agriculture and animal grazing, but 
no longer has standing structures or any 
visible signs of human settlement. The 
meadow had similar species total to 
Whitehouse, but a greater difference 
between native and exotic species. Fox 
Creek Meadow is currently used as a field 
station for visiting researchers and 
historically used for agriculture and grazing. 
It had the second lowest native species and 
the lowest plant species total. This pattern 
could be attributed to continual disturbance 
which may provide an advantage for exotic 
species establishment (D’Antonio 1992).  

Angelo meadow had a prominent 
difference in exotic and native species. The 
Angelo meadow is currently used as a 
residence and had a history of grain fields in 
the area surveyed. It had the second to 
lowest plant species total and lowest native 
species richness. This demonstrates that 
continued land use coupled with the lack of 
management results in the legacy of 
European exotic species persisting in 
dominance within plant communities 
(Moorhead et al. 1990). 

Soil texture affects conditions for plants 
through grain size, water holding capacity, 
and aggregate formation (Molina et al. 
1990). Soil texture is difficult to change 
through human land use, making it a 
confounding factor in our observation of 
plant communities. We measured this 
abiotic factor to see if there was an 
influence of soil on plant communities or if 
richness was directly tied to land use 
history. As expected soil texture was not 
related to land use history. Varying textures 
throughout the meadows suggests that 

there are other abiotic factors that are 
driving the composition of plant communities.  

In this study, we focused on soil texture 
as a proxy for soil conditions, however 
nutrient levels would be a better measure 
for soil and plant interactions. The impacts 
of land use such as tilling, agriculture and 
grazing influences nutrient levels and 
changes soil biotic interactions (Molina 
1990). Plant community composition is 
directly related to nutrient availability and 
rhizosphere interactions. Therefore, it is 
important to explore the influence of 
previous human use on nutrient availability. 
A further study could involve a manipulative 
experiment of exotic species removal in the 
natural and settled meadows to test the 
regeneration of native plant communities 
with diminished competition. It would be 
expected that the native seed bank in the 
natural meadows would stronger with 
appropriate management (Merril 2012). 

Currently, meadows are experiencing a 
shift in composition to exotic dominance 
and diminished biodiversity (Moorhead et al. 
1999). Without management, the meadows 
will be outcompeted by invasive species 
and encroached upon by the surrounding 
forest (Vitousek 1997). Through managing 
these systems and promoting native species 
success we can help to preserve the 
meadows that provide habitat, water 
storage, and carbon sequestration (Little 
2017). Without the management that 
maintained meadows prior to European 
settlement, these meadows and their 
ecosystem services may disappear. 

Strategies to maintain native grass and 
forb biodiversity include reintroducing 
burning regimes that the Cahto 
implemented, mowing, grazing and 
suppressing the growth of exotic species 
(Newton 2003). Legacy effects of human 
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settlement have proven to prevail in our 
meadow ecosystems. With this knowledge 
we can work towards sustainable 
management that incorporates traditional 
stewardship to restore damaged landscapes 
and regenerate the native plant 
communities that are the basis of the 
biodiversity of California.  
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APPENDIX  

Plant species found in the meadows of Angelo Coast Range Reserve. Symbols and their significance: 
* = exotic, ** = exotic+invasive,  E = endemic, R = rare  
 
 
 


