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ABSTRACT 

Riparian forests contain biotic and abiotic variables that affect all community levels from 
the understory to the canopy. Due to the intricacy of community interactions within the 
forest, Oxalis oregana, or redwood sorrel, is a mutualist species of Sequoia 
sempervirens, or coast redwood. In this study conducted at the Angelo Coast Range 
Reserve, we measured the effect of total forest canopy cover and redwood presence, 
among other factors that have been known to influence the size and abundance of 
redwood sorrel. Our results showed that while the percent and composition of canopy 
cover did not affect the patch percent cover or size of sorrel, we did find that the 
presence of redwood trees had a slight positive correlation with the percent cover of 
sorrel patches. In addition, tree richness and proximity to a river had a marginal positive 
increase in patch area as well as proximity to the river having the strongest positive 
correlation with sorrel size. During data analysis, we observed a higher abundance of 
Redwood sorrel near river bends, with 5 distinct aggregations located along the South 
Fork Eel River. This pattern of sorrel suggests that further research is needed to 
understand how river bends and soil properties around those areas affect herbaceous 
understory communities. 
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INTRODUCTION  

Riparian forest ecosystems are areas that 
include interactions between the land and 
rivers or streams. In riparian habitats, the 
fundamental factors that influence the 
direction of most relationships are 
hydrology, topography and vegetation 
(Swanson et al. 1982). Vegetation 
distribution is strongly dependent on soil 
composition and proximity to water 
sources, as well as surrounding 

environmental interspecific interactions. 
Additionally, species associations can be 
seen between the herbaceous layer and the 
overstory composition, and vice versa. The 
herbaceous layer has the potential to shape 
the regenerating forest by outcompeting 
young members of overstory tree species 
(Gilliam 2007). Conversely, the overstory 
composition of canopy tree species can 
highly impact the development of the 
herbaceous understory by providing various 
levels of shade, moisture, and soil 
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properties (Hodgson et al. 2005). These 
complex interactions between dominant 
tree species and their understory 
vegetation can be observed amongst many 
terrestrial biomes.  

In a coastal redwood (Sequoia 
sempervirens; hereinafter referred to as 
“redwood”) forest the abundance of the 
understory species including redwood 
sorrel (Oxalis oregana; hereinafter referred 
to as “redwood sorrel”) can be affected by 
forest characteristics such as tree density, 
composition and percent coverage of 
canopy cover, and tree size (Russell 2020). 
These forest characteristics may impact 
understory species in a variety of ways, 
depending on the species’ vegetative needs 
(Ares et al. 2010). In this case, Redwood 
sorrel thrives in more densely shaded areas, 
therefore we expect to find it growing in 
areas with higher percent of canopy cover 
and/or tree density (Raven 1989). 
Furthermore, the distance to rivers and 
streams must be considered when 
evaluating effects on sorrel growth to take 
into account differences in moisture levels 
and soil composition (Francis 2006). 
Hydrologic influences on soil play a key role 
in the distribution and growth of riparian 
vegetation (Jacobson et al. 2012). Since 
redwood sorrel is associated with redwood 
trees, our research sought to evaluate 
whether or not sorrel is affected by the 
presence of redwood. We hypothesized 
that the presence of redwood distance from 
sorrel patches, high percent canopy cover, 
and proximity to a nearby water source 
would have the largest impact on sorrel 
productivity.  

METHODS 

2.1 Study System 

This study was conducted along the South 
Fork of the Eel River at the Angelo Coast 
Range Reserve in Branscomb, California 
during May 5–9, 2021. Angelo Reserve 
contains several terrestrial habitats 
including meadows, mixed-conifer forests, 
redwood groves, and riparian zones, many 
of which overlap with one another. For 
instance, coastal redwood forests are 
primarily found in riparian zones because 
these trees are moisture dependent and 
have adapted to resist and endure flooding 
events (Naiman et al. 1998). While Douglas 
fir (Pseudotsuga menziesii) trees dominate 
the coniferous forests at Angelo Coast 
Range Reserve, they coexist with redwood 
trees found relatively close to rivers and 
creeks. To understand the alliance between 
an understory herb like redwood sorrel and 
redwood trees (Mahony and Stuart 2007), 
we sampled redwood sorrel patches in and 
around redwood stands at this reserve. 

2.2 Study Design 

Overall we measured 70 redwood sorrel 
patches over a 3 km stretch along the South 
Fork Eel River (Fig. 1). Due to the irregular 
distribution of redwood sorrel clusters, we 
visually determined patch boundaries 
where individual sorrels no longer grew 
together in clusters. Our sites were not 
preselected; rather, we followed hiking 
trails and opportunistically selected sites 
where redwood sorrel grew. Wherever it 
was present, we chose patches at least 10 
m away from each other to ensure 
independent replicates.  
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Figure 1. Map of Sample Area. Redwood sorrel sites 
located along the South Fork Eel River, sorrel growth 
observed to have high populations along river bends 
(n = 70). 

At each site, our team collected data on 
several variables relating to overstory and 
sorrel composition. We measured the 
length and width of sorrel patches using a 
meter stick when patches were < 1 m and a 
transect tape when patches were > 1 m 
long or wide. Once we found patch area, we 
haphazardly placed a 0.5 m x 0.5 m quadrat 
within the patch and determined the visual 
percent cover of redwood sorrel. When 
patches exceeded 2 m in length or width, 2 
quadrats were haphazardly placed and we 
recorded the average of each percent cover 
estimate, and 3 quadrats were used when 
patches exceeded 3 m in length or width. 

We averaged the percent cover of all 
quadrats to account for any sampling bias 
when haphazardly placing quadrats in larger 
patches. 

We measured the width (greatest 
distance in cm across leaves) and height 
(length of stem in cm from root to leaves) 
of the largest sorrel in the patch using a 
digital caliper. We also used a spherical 
densiometer to visually approximate 
canopy cover as a percentage, which was 
measured directly above the approximate 
center of each patch. We measured a 5 m 
radius around the center of each patch and 
recorded the number of individual trees of 
the species coast redwood, Douglas fir (P. 
menziesii), interior live oak (Quercus 
wislizeni), tanoak (Notholithocarpus 
densiflorus), Pacific madrone (Arbutus 
menziesii), sugar maple (Acer saccharum), 
and California bay (Umbellularia 
californica), as well as the shrub species 
evergreen huckleberry (Vaccinium ovatum). 
We did not count fallen trees or trees 
without leaves since they provide little to 
no canopy cover. We used a transect tape 
to measure the distance from the center of 
the sorrel patch to the nearest redwood, 
even if the nearest redwood was outside 
the 5 m radius. A researcher then measured 
the circumference at breast height (~1.3 m 
from the ground) of that same redwood. If 
no redwood tree was visible within eyesight 
of the patch we did not record data for 
distance to nearest redwood nor 
circumference of nearest redwood. Any 
damage (i.e. fire, logging) to the nearest 
redwood was noted. We used GPS to record 
our location at each sorrel patch and then 
calculated distance to the South Fork Eel 
River, the nearest source of water. Patch 
size, sorrel width, sorrel height, sorrel 
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cover, canopy cover, distance to nearest 
redwood, and circumference of nearest 
redwood were consistently measured by 
the same researcher throughout the study 
to minimize sampling bias. 

We used linear regression models and 
ANOVAs to measure multiple predictor 
variables (tree richness, canopy 
composition, total canopy, proximity to 
water source) against the percent cover and 

size measurements of the sorrel patches as 
well as the size measurements of the 
largest individual sorrels found in every 
patch. The predictor variables included 
percent canopy cover, number of redwoods 
present, patch area, and distance from the 
river, among others (Table 1). Maximum 
sorrel size was calculated by creating a 
principal component from individual sorrel 
height and sorrel width measurements.

 

Table 1. Statistical Values Table. We used linear regression models and ANOVAs to test the effect of the x 
variables on the y variables. Values for the statistical tests are available in the table. The sample size for all 
variables is n = 70. 

 
 
 

RESULTS 

In total, we sampled 70 sorrel patches. 
Redwood trees were present, within sight, 
for 34 of those patches. There was no effect 
of canopy cover on the patch percent cover, 
patch area, or sorrel size (Table 1). The 
presence of redwoods also did not have an 
effect on patch area and sorrel size, but it 

 did have a marginal effect on the patch 
percent cover (Fig. 2). Tree richness also 
had a marginal effect on the sorrel patch 
area. This effect had a positive correlation 
(Fig. 3). Distance from the river had effects 
on both the sorrel patch area and the 
maximum sorrel size. These effects had 
negative correlations (Fig. 4; Fig. 5; Table 1).  
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Figure 2. Effect of redwood tree presence on sorrel 
patch person cover. Presence of redwood trees has 
a marginal effect on sorrel patch percent cover.  

 

Figure 3. effect of tree richness on sorrel patch area 
(m2). Area of the sorrel patch increases as tree 
richness increases. 

 

Figure 4. Effect of proximity to south fork eel river 
on patch area (m2). As proximity to the river 
increased, the patch area of sorrel also increased. 

 

Figure 5. Effect of proximity to south fork eel river 
on sorrel size. Maximum size PC of individual sorrel 
increases as distance to the Eel River decreases.  

DISCUSSION 

We hypothesized that greater canopy 
cover and the presence of more total trees 
would result in an overall greater percent 
cover of sorrel. Results showed that the 
percent canopy cover did not have an effect 
on the density or percent cover of sorrel. 
Percent canopy of the overstory may not 
have varied with density or percent cover of 
sorrel as a result of understory richness not 
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being influenced by canopy cover (Hedwall 
2019). Similarly, the total number of 
redwoods may not have had an effect on 
the percent cover of sorrel. This may be due 
to the increase in species richness of trees 
associated with a subsequent increase in 
the amount of overstory, which may 
impede the development of a diverse 
understory (Zhang et al. 2016, Halpern 
2013). A previous study proposed that 
forest density and basal area of tree stems 
may have an impact on understory 
dynamics (Greiser et al. 2018) through the 
regulation of the amount of light that 
reaches the sub-canopy layer (Tyler 1989, 
Van Couwenberghe et al. 2011, Neufeld and 
Young 2014). In contrast, the result of our 
study suggests that the canopy and forest 
composition had little to no effect on  
the sorrel. 

Our data analysis demonstrated that 
increasing presence of redwoods had a 
slight positive correlation with the percent 
cover of the sorrel patch, with a 60% 
increase in percent sorrel coverage in the 
presence of. The percent coverage of sorrel 
increased in the presence of redwoods 
decreased as the density increased, most 
likely due to the increased productivity of 
sorrel under optimal circumstances 
provided by the redwoods (Laughlin 2011; 
Fig. 2). The duff created by redwood leaf 
litter creates an acidic pH soil gradient and 
a great amount of shade that is generally 
preferred by sorrel (Van Couwenberghe et 
al. 2011). A subsequent positive pattern 
that emerged saw an increase in sorrel 
patch area in relation to tree richness (Fig. 
3). Understory abundance has been shown 
to increase with tree species richness 
(Gamfeldt et al. 2013, Zhang et al. 2017). 
Additionally, soil moisture is one of the 

supplemental influencers of plant 
productivity especially in riparian forests, 
where moisture levels are generally higher 
in the buffer zones (Mikkelson and Vesho 
2000). We observed that sorrel patches had 
a lower patch area when sites were farther 
away from the river, consistent with other 
studies that suggest plant productivity is 
best in well-draining soil with easy access to 
a water source (Ares et al. 2010; Fig. 5). The 
sorrel sites sampled by our study were 
generally located in the buffer zones of the 
South Fork Eel River, specifically along the 
bends of the river (Fig. 1). We observed a 
strong correlation between the distance 
from river and the size of sorrel, suggesting 
that sorrel growing farther away from a 
water source may be influenced to have a 
smaller size PC. The optimal niche for sorrel 
is in areas with high moisture and partial 
shade, characteristics observed in riparian 
zones where water is less of a limiting 
resource (Rashid 2020). 

Our study of the relationship between the 
riparian redwood herbaceous understory 
and canopy overstory are consistent with 
previous studies in that the sorrel patterns 
of correlation between redwood presence 
and percent sorrel cover, tree richness and 
area of patch, distance from river and area 
of patch, and distance from river and 
maximum size PC were similar (Hodgson et 
al. 2005, Rashid et al. 2020, Laughlin 2011, 
Hedwall 2019). Despite the correspondence 
of our experiment with other studies, 
further study is necessary to supplement 
the implications of our results with the 
boundless combinations of variables. As 
was seen in our results, sorrel density was 
increased at the river bends (Fig. 1). There is 
a scarcity of sufficient literature addressing 
the subject of plant richness and diversity of 
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river bends and its soil composition, 
specifically in relation to redwoods and 
sorrel. Russell (2020) suggests that 
understory composition may be an 
indicator of successful redwood recovery, 
we therefore believe it is essential for 
future studies to understand the intricate 
relationships between the herbaceous 
understory, canopy overstory, and how 
they are influenced by the soil composition 
of the riparian forest ecosystem. 

ACKNOWLEDGMENTS 

We are grateful to Krikor Andonian, 
Renske Kirchholtes, and Robert Blenk for 
their patience, support, and guidance. We 
especially thank Peter A. Steel of Angelo 
Coast Range Reserve for his assistance with 
the location of redwood groves. This study 
was conducted at the University of 
California’s Angelo Coast Range Reserve, 
doi:10.21973/N3R94R. 

REFERENCES 

Ares, A., Neill, A. R., and Puettmann, K. J. 2010. 
Understory abundance, species diversity and 
functional attribute response to thinning in 
coniferous stands. Forest Ecology and 
Management 260(7):1104–1113.  

De Cáceres, M., Legendre, P., and Moretti, M. 2010. 
Improving indicator species analysis by combining 
groups of sites. Oikos 42:679–698.  

Francis, R. A. 2006. Allogenic and autogenic 
influences upon riparian vegetation dynamics. 
Area 38:453–464. 

Gamfeldt, L., Snäll, T., Bagchi, R., and Jonsson, M. 
2013. Higher levels of multiple ecosystem services 
are found in forests with more tree species. 
Nature Communications 4:1340. 

Gilliam, F. S. 2007. The ecological significance of the 
herbaceous layer in temperate forest ecosystems. 
Bioscience 57(10):845–858. 

Greiser, C., Meineri, E., Luoto, M., Ehrlén, J., and 
Hylander, K. 2018. Monthly microclimate models 
in a managed boreal forest landscape. Agricultural 
and Forest Meteorology 250:147–158. 

Halpern, C. B. and Lutz, J.A. 2013. Canopy closure 
exerts weak controls on understory dynamics: A 
30-year study of overstory-understory 
interactions. Ecological Monographs 83(2):221–
237. 

Hedwall, P., Holmström, E., Lindbladh, M., and 
Felton, A. M. 2019. Concealed by darkness: How 
stand density can override the biodiversity 
benefits of mixed forests. Ecosphere 10(8):1–11. 

Hodgson, J. Y. S., Hodgson, J. R., Bunker, G., and 
Miller, J. 2005. Predictive relationships between 
canopy overstory and the herbaceous understory 
in a northeastern Wisconsin forest. The Michigan 
Botanist 44:139–148. 

Jacobson, P. and Jacobson, K. 2012. Hydrologic 
controls of physical and ecological processes in 
Namib Desert ephemeral rivers: Implications for 
conservation and management. Journal of Arid 
Environments 93(5): 1–14. 

Laughlin, D. C., Moore, M. M., and Fulé, P. 2011. A 
century of increasing pine density and associated 
shifts in understory plant strategies. Ecology 
92(3):556–561. 

Mahony, T. M. and Stuart, J. D. 2007. Status of 
vegetation classification in redwood ecosystems. 
In: Standiford, R. B., Giusti, G. A., Valachovic, Y., 
Zielinski, W. J., and Furniss, M. J., technical editors. 
2007. Proceedings of the redwood region forest 
science symposium: What does the future hold? 
Gen. Tech. Rep. PSW-GTR-194. Albany, CA: Pacific 
Southwest Research Station, Forest Service, U.S. 
Department of Agriculture, pp. 207–214. 



  
 

 

 

CEC Research | https://doi.org/10.21973/N3J089    Spring 2021 Vol. 5, Issue 3 8/8 

Naiman, R. J., Fetherston, K., Mckay, S. J., and Chen, 
J. 1998. Riparian Forests. In: Naiman, R. J., and 
Bilby, R.E., editors. River ecology and 
management: Lessons from the Pacific coastal 
ecoregion, Springer, pp. 289–323. 

Neufeld, H. S. and Young, D. R. 2003. Ecophysiology 
of the herbaceous layer in temperate deciduous 
forests. In: Gilliam, F. S. and Roberts, M. R., 
editors. 2003. The Herbaceous Layer in Forests of 
Eastern North America, Oxford University Press, 
Oxford, England, pp. 38–45. 

Rashid, A., Cheema, T. A., Khan, A. U., and Zahid, F. 
2020. Strategic exploration of potential growth for 
the selection of niches for Oxalis spp. Journal of 
Animal and Plant Sciences 30(6):1633. 

Raven, J. A. 1989. Fight or flight: the economics of 
repair and avoidance of photoinhibition of 
photosynthesis. Functional Ecology 3:5–19.  

Russell, W. 2020. Herbaceous understory indicators 
of post-harvest recovery in coast redwood 
(Sequoia sempervirens) forests. Open Journal of 
Forestry 10:204–216. 

Swanson, F. J., Gregory, S. V., Sedell, J. R., and 
Campbell, A. G. 1982. Land-water interactions: the 
riparian zone. In: Edmonds, R. L., ed. Analysis of 
coniferous forest ecosystems in the Western 
United States. Hutchinson Ross Publishing Co., 
Stroudsburg, PA, pp. 267–291. 

Tyler, G. 1989. Interacting effects of soil acidity and 
canopy cover on the species composition of field-
layer vegetation in oak/hornbeam forests. Forest 
Ecology and Management 28(2):101–114. 

Van Cauwenberghe, R. and Collet, C. 2011. Forest 
Ecology and Management 262(8):1483–1490. 

Zhang, Y., Chen, H. Y. H., and Taylor, A. R. 2015. 
Aboveground biomass of understory vegetation 
has a negligible or negative association with 
overstorey tree species diversity in natural forests. 
Global Ecology and Biogeography 25(2):141–150. 

 


