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ABSTRACT 

Ecological communities are thought to be homogenous throughout their discrete 
habitats however “edge effects” and the factors that influence them have been known 
to change species richness and composition on these border regions. In this study, we 
analyzed the effect of a possible driver of this variation-orientation-on species richness 
and composition while moving away from habitat edges. To do so, we measured 
richness and composition along transects in each of the four cardinal directions in eight 
forest-bordered meadows across the University of California’s Angelo Coast Range 
reserve. Cardinal orientation significantly explained variation in plant richness (N = 160; 
F = 6.76; P < 0.001), with richness being significantly lower on north-facing edges. Edge 
proximity and orientation together significantly explained variation in plant species 
richness across meadows (N = 160; F = 5.26; P < 0.001). We also found that meadow 
edge proximity had a strong effect on exotic plant species, with percent cover increasing 
from meadow edge to meadow interior (N = 160, F = 10.66, P < 0.0001). Overall, 
meadow centers contained a similar diversity of species, because the effects of 
orientation were lessened and environmental conditions were similar between the four 
cardinal directions. This not only re-affirms the presence of an edge effect on this 
community, but also highlights how factors such as orientation may influence this effect. 

 
INTRODUCTION 

Ecological communities are collections of 
species that we tend to group by discrete 
habitats. However, communities do not 
have strict borders and are not 
homogeneous throughout their 
environment. The tendency of communities 
to change between the habitat interior and 
edge is so widespread that it even has its 
own terminology. Aldo Leopold coined the 
phrase “edge effect” to describe the change 

in populations and communities at habitat 
boundaries, and it is a phenomenon that 
has been observed in habitats all over the 
world (Leopold 1933). It has been shown 
that species composition changes 
drastically moving from a habitat’s interior 
toward its edge, impacting ecological 
processes as varied as bird nesting rates 
(Flaspohler et al. 2001), vole abundances 
(Tanaka 1972), and pine forest health 
(Delgado et al. 2007). Understanding edge 
communities is increasingly important as 
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human development continues to encroach 
on natural habitats. Deforestation 
(Broadbent et al. 2008), housing 
developments (Kluza et al. 1999), and even 
the construction of roads (Seiler 2001) 
fragment habitats and create edges on a 
vast scale. Thus, examining the variation in 
communities at habitat edges is critical in 
further understanding how humans are 
modifying their environments. 

Edge effects alone may be too blunt to 
adequately explain the changes in 
communities at habitat borders. One of the 
key factors in determining edge community 
composition is the identity of surrounding 
habitat types. In certain cases, biodiversity 
is highest in edge areas compared to 
neighboring habitats (Murcia 1995), while 
in other cases biodiversity is lowest in these 
transition zones (Saunders 2001).  Another 
source of variation in edge communities is 
the cardinal orientation of the edge face 
(Hylander 2005). Orientation affects water 
availability, temperature, and sun exposure, 
directly impacting habitat biodiversity, and 
creating microclimates on different areas of 
the landscape (Burton 2002). Better 
understanding variation in an edge 
community within a single habitat may 
point to the importance of different biotic 
and abiotic factors that lead edge 
communities to differ in the first place. 

In this study, we analyzed the effect of 
orientation on species richness and 
composition moving away from habitat 
edges. To do so, we examined plant 
communities in forest-bounded meadows. 
We expected species richness and 
composition to change from the meadows’ 
edges to their interiors, with variation 
dependent on edge orientation. 
Understanding changes in habitat edges is 

valuable in evaluating the consequences of 
anthropogenic habitat fragmentation. 

METHODS 

2.1 Natural History of the System 

We conducted our study at the University 
of California’s Angelo Coast Range Reserve 
in Mendocino County, California, from May 
6th to May 9th, 2018. The reserve 
encompasses 31 square kilometers along 
the South Fork of the Eel River. The main 
habitat in the reserve is mixed conifer 
forest, dominated by redwoods and 
Douglas firs. There are also several 
meadows present, which served as the 
focus of our study. 

The Angelo Reserve’s meadows were 
formed as the Eel River altered the 
landscape of California’s Coastal Ranges. 
The California coast, where the mouth of 
the Eel is located, is subject to tectonic 
uplift, due to the subduction of the Pacific 
Plate underneath the North American Plate. 
As the coast was lifted upward, the mouth 
of the Eel became steeper, causing the river 
to cut deeper into the earth. As it cut down, 
the river created a small canyon and 
abandoned former floodplains. These 
floodplains became terraces on the canyon 
rim. The terraces were maintained by the 
native Cahto people, who periodically 
burned them to keep them clear of 
understory. This kept trees from taking hold 
on the terraces and allowed meadows to 
eventually form. These meadows were 
utilized as farms and ranchland by 
homesteaders that later moved into the 
region. All of the meadows are interspersed 
amid mixed conifer forest, although some 
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are bordered on one or more sides by roads 
or the Eel River.  

The meadows consist of a well-mixed 
assemblage of grasses and forbs of both 
native and exotic origin. Like other 
grasslands in California, they are heavily 
invaded by exotic annual grasses from the 
Mediterranean. Particularly abundant in the 
study site are the exotic grasses Bromus 
hordeaceus and Bromus diandrus. Unlike 
many other grassland systems across the 
state, Angelo’s meadows host sizable 
populations of native perennial 
bunchgrasses due to the region’s less 
intensive land use history, as well as the 
longer rainy season of northern-coastal 
California. The meadows host populations 
of California poppies (Eschscholzia 
californica) and several other native 
wildflowers, as well as mule deer 
(Odocoileus hemionus), Pacific coast 
rattlesnakes (Crotalus oreganus), and wild 
turkeys (Meleagris gallopavo). 

2.2 Research Design 

We sought to document changes in 
species richness and composition of 
meadow plant communities moving from 
the meadow’s northern, southern, eastern, 
and western edges to the meadow interior. 
We measured richness and composition 
along transects in each of the four cardinal 
directions in eight meadows across Angelo 
Reserve (Figure 1). 

The meadows were defined by lack of 
canopy cover and domination by grasses, 
sedges, and forbs. They ranged in size from 
2,300 m2 to 50,600 m2. Upon arrival at the 
meadow, we walked to a central location 
based on distance from the forest edge. We 
orientated ourselves using a compass, to 

determine where the cardinal directions 
were. After identifying the orientation of 
the edges, we laid four transects, one in 
each cardinal direction (Figure 2). When the 
meadow was irregularly shaped, the 
transect was laid at the location farthest in 
the direction of interest. For example, if 
there was a leg of the meadow that 
protruded on the northern side, we laid the 
transect in that leg of the meadow in order 
to take our measurements on the 
northernmost edge. The transect was 50 
meters long, beginning at the meadow’s 
edge. The edge was defined as the point 
where grasses were no longer present and 
the forest became the dominant habitat, 
through the presence of substantial leaf 
litter or saplings. 

  
Figure 1. Map of the Study Sites at Angelo Reserve. 
All meadows surveyed were located along the South 
Fork of the Eel River. The eight meadows are marked 
and numbered. 
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Figure 2. Schematic of transect positioning within the meadow. Cardinal directions were determined with a 
compass and then transects were laid. Transects started at the farthest edge of the meadow in each direction and 
ran inward toward the meadow’s center. To account for irregularly-shaped sites, transects were placed at the 
location farthest in the direction of interest. 

 

 
Figure 3. Schematic of quadrat positioning along the transect. 0.5 m x 0.5 m quadrats were placed at 0 m, 5 m, 10 
m, 25 m, and 50 m, and extended 0.5 m down the transect, such that the last quadrat ended at 50.5 m. The 
quadrat was used to take detailed measurements of the meadow, such as richness. 
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Along the transect, we laid 5 quadrats, 
one each at the 0, 5, 10, 25, and 50-meter 
marks (Figure 3). In the smallest meadow, 
the 50-meter transect was longer than the 
dimensions of the meadow allowed, so we 
modified the process for that meadow such 
that the transect was only 30 meters long 
and the quadrats were laid at the 0, 5, 10, 
20, and 30-meter marks. The quadrats were 
0.5-meter by 0.5-meter, and they were all 
laid on the same side of the transect. We 
identified the plant species within the 
quadrat and summed the different species 
for a measure of plant richness. We also 
measured percent cover of exotic grasses, 
using the same quadrats in the same 
locations, to give us an estimate of exotic 
grass abundance as we moved inward from 
the edge in each direction. 

For the purposes of relating orientation to 
sun exposure in our analysis, we referred to 
the northern edge as “south-facing”, the 
eastern edge as “west-facing”, the southern 
edge as “north-facing”, and the western 
edge as “east-facing”. This phrasing more 
strongly related to the edge’s incident 
sunlight, which was the main factor leading 
us to study different edge orientations. 

2.3 Statistical Analysis 

We examined the variation in plant 
species richness due to edge-proximity and 
edge-orientation using two way ANOVA. 
We categorized distance from edge with 
the following metric: 0 meters = Edge, 5 and 
10 meters = Near-Edge, and 25 and 50 
meters = Meadow Interior. We examined 
meadow edge proximity effect on exotic 
plant species percent cover using ANOVA. 
All statistical analysis was done on JMP 
version 13.1.  

RESULTS 

We identified a total of 134 plant species 
in our samples across all meadows and 
transects, with two to nineteen species per 
0.25 m2 quadrat among our 160 quadrats. 
The total number of plant species found in 
each meadow ranged from 31 to 61 species. 
Species richness was highest in meadow 
interiors (N =160; F = 9.50; P < 0.01). 
Orientation significantly explained variation 
in plant richness (N = 160; F = 6.76; P < 
0.001), with richness being significantly 
lower on north-facing edges.  

Edge proximity and orientation together 
significantly explained variation in plant 
species richness across meadows (N = 160; 
F = 5.26; P < 0.001). Accounting for 
variation due to orientation, distance from 
meadow edge had a marginally significant 
effect on plant richness (N = 160; F = 3.00; P 
= 0.053). Accounting for variation due to 
edge proximity, orientation had a highly 
significant relationship with plant richness 
(N = 160; F = 7.77; P < 0.0001). There was a 
significant interaction between edge 
proximity and orientation, with effects of 
orientation being strongest at meadow 
edges (N = 160; F = 3.03; P < 0.01) (Figure 4).  

We found that meadow edge proximity 
had a strong effect on exotic plant species, 
with percent cover increasing from meadow 
edge to meadow interior (N = 160, F = 
10.66, P < 0.0001)(Figure 5). 
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Figure 4. Effect of edge proximity and orientation 
on plant species richness. The x-axis represents 
edge proximity, and is categorized as follows: 0 m = 
Edge, 5 m and 10 m = Near-Edge, 25 m and 50 m = 
Meadow Interior. The y-axis shows species richness, 
while colors represent cardinal orientation. Data 
represent the mean +SE plant species richness of 
one orientation with a given edge proximity. Edge 
effects on plant richness varied strongly by 
orientation. The sunny south-facing edge had much 
higher richness than the shaded north-facing edge 
and these differences disappeared as we moved out 
from the edges into the meadow. 

 
Figure 5. Effect of edge proximity on percent cover 
of exotic species. The x-axis represents edge 
proximity, and is categorized as follows: 0 m = Edge, 
5 m and 10 m = Near-Edge, 25 m and 50 m = 
Meadow Interior. The y-axis represents the percent 
cover of exotic species. Bars represent the mean +SE 
percent cover at a given edge proximity. We found 
that the percent cover of exotic species increased 
from the edge into the meadow. 

DISCUSSION  

Our results showed that edge proximity 
and orientation explained variation in plant 
species richness in the meadows at the 
Angelo Reserve. Richness changed from 
meadow edge to meadow interior, but the 
direction and magnitude of these changes 
varied by orientation. On north-facing 
edges, plant richness increased from 
meadow edge to meadow interior, while on 
south-facing edges plant richness decreased 
with distance from meadow edge. It is likely 
that the factor driving this pattern is the 
difference in amounts of solar radiation 
each edge receives. In the northern 
hemisphere, south-facing areas receive 
more sunlight than areas facing north 
(Hyander 2005). In addition, the meadows 
were surrounded by tall trees which cast 
shadows on the north-facing edge of the 
meadow for the entire day and shaded the 
west and east sides for several hours each 
day. It is possible that the plants present in 
the south-facing regions require more 
sunlight and are therefore less abundant in 
the north-facing regions. Additionally, 
increased availability of sunlight results in 
higher photosynthetic rates, which have 
been shown to generate and maintain a 
greater species diversity (Hawkins et al. 
2003). This could provide another 
framework for examining trends in plant 
richness in edge communities.  

Overall, meadow centers contained a 
similar diversity of species, because the 
effects of orientation were lessened and 
environmental conditions were similar 
between the four cardinal directions. This 
not only reaffirms the presence of an edge 
effect in this community, but also highlights 



        
 

 

 

CEC Research | https://doi.org/10.21973/N3FQ0K    Spring 2018 7/8 

how factors such as orientation may 
influence this effect. 

In addition to displaying significant trends 
in overall plant richness based on distance 
from edge and orientation, our results 
showed strong effects of these factors in 
specific functional groups. Exotic grass 
cover increased significantly toward the 
meadow interiors. This could be due to 
environmental disturbances, which can 
create advantageous conditions for exotic 
species that are able to establish 
themselves better than native plants 
(Bradley et al. 2010). Exotic species have 
been successful in establishing themselves 
as a dominant species in California’s 
landscapes (Mack et al. 2000) as observed 
in the meadows of the Angelo Reserve. 

These findings are not merely relevant to 
understanding the meadows at the Angelo 
Reserve, but also have important 
conservation implications. As the human 
population increases, encroachment on 
habitats becomes more prevalent and 
habitats become more fragmented (Fahrig, 
L., 2003). With more fragmented habitats 
come more habitat edges, exposing an 
increased number of species to these 
transition areas. The consequences of 
habitat destruction on plant communities 
may include shifts in predation and 
microclimates, as well as susceptibility to 
plant invasions (Hylander 2005). Thus, 
shedding light on community-level 
dynamics at habitat edges can assist in the 
understanding how to minimize the effects 
of the human-made edges in the natural 
systems in which we coexist.  
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