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ABSTRACT 

Ecological disrupting events can drastically alter biotic communities. Riparian 
assemblages are subject to significant amounts of such disturbance, resulting in 
succession. In a river system prone to annual and catastrophic disruptive events, 
we examined the ecological effects of the successional return of alder overstory 
on aquatic communities. To test for overstory effects, we measured aquatic 
invertebrate populations, fish populations, and river structure (speed and depth) 
between alder and control sites. Both mayflies (Ephemeroptera) and stoneflies 
(Plecoptera) were found in higher abundance in alder sites, while no difference 
in caddisflies (Trichoptera) were seen. Mayflies were found in higher abundance 
on both maple and alder leaf bags in control sites compared to alder grove sites 
while stoneflies were higher on alder leaf litter bags than on maple leaf litter 
bags, regardless of site type. River speed through the alder grove sites was faster 
than in the non-alder control sites, corresponding to fish abundance which 
decreased as river speed increased. Clear differences were found between the 
biological communities and physical characteristics of the two treatment types. 

 
 
INTRODUCTION 

Periods of relative environmental 
stability punctuated by ecological 
disrupting events can, in extreme cases, 
lead to a whole new community in place 
of the old (Walker and Del Moral 2003). 
These disturbances can be natural or 
anthropogenic, encompassing many 
processes such as fire, volcanic 
eruptions, floods, deforestation, and 
habitat encroachment. As disturbances 
perturb the area they oftentimes cause 

a severe alteration of the biotic 
community (Mack and D’Antonio 1998). 
While some disturbances occur 
periodically, larger and more severe 
events occur less often, resulting in a 
higher degree of ecological change. 

Riparian communities are subject to 
significant amounts of disturbance. 
Rivers located in seasonal climates and 
downslope from mountain ranges 
experience extreme fluctuations of 
habitat submersion throughout the year 
(Gasith et al 1999). In regions defined by 



	

 

CEC Research |https://doi.org/10.21973/N3565T    Spring 2018 2/10 

a heavy winter of precipitation, bed 
scouring floods drastically alter the 
benthic food web on an annual basis 
(Power et al 2015). In addition, rivers 
that are constrained by dams for 
hydroelectric energy, agricultural or 
municipal diversions suffer from 
unexpected and inconsistent 
disturbances. These water management 
regimes create either increased drought 
or flood stress (Kondolf and Batalla 
2005). Varying sized disturbances on 
river systems generated from natural 
and anthropogenic forces not only have 
repercussions on the biodiversity and 
aquatic food webs of the river, but also 
on the health of the surrounding 
watersheds (Nakamura et al. 2000). 
Additionally, extreme weather events 
cause a greater amount of destruction 
to river ecosystems (Wootton et al. 
1996). Rare occasions of catastrophic 
events can potentially cause drastic and 
persisting effects on riparian 
communities, such as restructuring river 
channels or redefining a foundation for 
ecological succession of riparian 
vegetation (Noble and Slatyer 1980). 

The highly successional activity of 
river banks results in the growth of 
different adjacent community patches. 
These diverse assemblages affect the 
aquatic community in different ways by 
providing unique nutrients through leaf 
litter, varying shade, bank structure, and 
biotic activity (Broadmeadow and 
Nisbet 2004; Stone and Wallace 1998). 
In a river system prone to annual and 
catastrophic disruptive events, we 
examined the biotic and abiotic effects 
of the successional return of alder 
overstory on aquatic communities. In 
order to test for overstory effects we 

measured aquatic invertebrate 
populations, fish populations, and river 
structure (speed and depth) between 
alder and control sites. We expected to 
see a difference between aquatic 
invertebrate species composition, fish 
abundance, and water speed between 
the two sites. These differences will 
provide a window into the impacts of 
habitat altering disturbances and what 
this could mean for future communities.  

METHODS 

2.1 Natural History of Study System 

Research was conducted at the 
Angelo Coast Range Reserve located in 
Mendocino County, California in the 
upper basin of the South Fork of the Eel 
River. The 30 km2 reserve includes four 
tributary watersheds, coniferous and 
broadleaf mixed forests, meadows, and 
patches of chaparral at higher 
elevations. The flow regime of the Eel 
River is strongly influenced by the 
Mediterranean climate of the region, 
resulting in high winter flows followed 
by low summer flows. The high winter 
flows allow for three anadromous 
salmonid species to spawn: the fall-run 
chinook salmon (Oncorhynchus 
tshawytscha), the winter-run coho 
salmon (Oncorhynchus kisutch), and 
winter-run steelhead trout (Oncorhynchus 
mykiss) (Power et al 2015). In addition, 
high winter flows can lead to scouring 
floods that contribute to the destruction 
of tree communities along the river 
banks, leading to varying levels of 
riparian succession, including alder 
groves. The Eel River provides 
numerous benefits to the ecological 
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communities surrounding it, overall 
enhancing the productivity of the entire 
region.  

When settling the region in the mid 
20th century, numerous river crossings 
were needed by settlers to navigate the 
area. In place of traditional bridges, 
native redwoods were felled to provide 
overpasses. The consequences of this 
crossing method were not seen until the 
1964 and 1995 floods which washed out 
the redwood bridges, sending them 
barreling down the river. This 
destruction wiped out much of the 
riparian vegetation, including the alder 
groves that lined the majority of the 
river’s banks (Johnson 1979). In the 
decades since this massive disturbance, 
alder groves have returned in 
conspicuous stands throughout the Eel 
River. 

As successional changes continue to 
occur we suspect these alder grove 
areas will increase, possibly having 
major effects on the riparian community 
throughout the river. Alder roots 
provide habitat for aquatic 
macroinvertebrates and act as substrate 
nets, leading to sediment and debris 
build up, narrowing the river channel 
and ultimately resulting in faster flows 
(Wipfli et al 2007; Lisle 1992). Further, 
the broadleaf characteristic of alders 
increases river shading when lining the 
embankments. Additionally, their 
deciduous nature and nitrogen fixing 
qualities lead to the contribution of 
large amounts of easily decomposable 
organic matter for the understory 
community in the form of leaf litter 
(Clein 1994). 

2.2 Experimental Design 

Our study was conducted from May 
5—9, 2018. Research focused on the 
successional return of alder overstory 
on riparian communities using alder 
grove and non-alder control areas along 
the Eel River. Since the vegetative 
community may alter the structure of 
the banks, we measured depth and river 
speed to compare the two site types. As 
a proxy for biotic community variation, 
our other measurements focused on 
invertebrate and fish abundance. We 
sampled a total of twelve sites along the 
Eel River, six alder and six control sites 
(Figure 1). The alder sites consisted of 
alder groves and the control sites were 
a mixture of both coniferous and 
deciduous trees including redwood, 
Douglas fir, maple, and oak trees. We 
measured fish abundance, invertebrate 
biodiversity, water speed and water 
depth at each site along a 10 meter 
transect.  

 
Figure 1: Schematic of study sites along the 
South Fork Eel River. The red star on California 
shows the location of Angelo Coast Range 
Reserve. Black dots depict the sampled alder 
sites and white dots depict sampled non alder 
sites. 
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Fish were measured using a visual 
count over a 30 second time span. 
Surveys were taken at two meter 
intervals along the transect to count fish 
in the water column directly in front, 
resulting in a total of five counts per 
transect. Each count was then summed 
to give a total fish abundance along the 
transect. This technique was used twice 
per site, on different days, and then 
averaged for the total fish count per site. 

Invertebrate biodiversity was 
quantified using three methods in order 
to comprehensively sample the present 
community. Methods included kicknetting, 
presence count on rocks, and leaf litter 
bags. Kicknet samples were obtained at 
the five meter mark within the transect, 
and taken one meter from the 
shoreline. Upstream from net 
placement, disturbance of the riverbed 
was generated for 30 seconds to 
dislodge invertebrates. Both order 
richness and abundance were recorded. 
This technique was performed twice at 
each site and then averaged.  

To obtain counts of invertebrate 
presence on rocks, we classified rocks 
into three different size classes that 
were predetermined among group 
members for standardization. 
Invertebrate abundance and richness 
was recorded from one rock of each 
class size in three locations along the 
transect for a total of nine rocks. This 
technique was performed twice at each 
site and averaged.  

As a final measurement of 
invertebrate population, two plastic 
mesh bags were filled with either maple 
or alder leaves and submerged for two 
days. Bags were placed one meter 
apart, one meter from shore, at the 10 

meter mark of each transect at every 
site. Fresh leaves were used to test the 
influx of nutrients provided by the alder 
groves compared to other deciduous 
trees lining the Eel river. The plastic 
mesh was broad enough to allow for all 
sized invertebrates to enter while 
keeping the leaves contained 
throughout the entire experiment. After 
the two days of submersion, the leaves 
were flushed out and invertebrate 
abundance and richness were recorded 
for each bag.  

Water speed was measured in the 
middle of the river at each site using a 
floating object and the time it took to 
move one meter. To obtain accurate 
water speed this method was used 
three times and averaged. Water depth 
was measured every two meters along 
each transect, one meter from the 
shore line, then averaged for each site. 

 
2.3 Statistical Analysis 

We tested for differences in mayfly 
and caddisfly in alder and control sites 
using separate Wilcoxon tests. To 
examine the relationship between 
stonefly abundance and site type a two-
way t-test was performed. In regards to 
water speed, a Wilcoxon test was used 
to examine the relationship between 
river speed and site type. To explore the 
effects of river speed on fish 
abundance, we used a linear regression 
on the cube root transformed data. 
Lastly, a Wilcoxon test was used to 
examine the effects of site type on fish 
abundance.  
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RESULTS 

We identified aquatic macroinvertebrates 
from eight different orders across six 
alder grove and six non-alder control 
sites (Table 1). In the alder grove sites 
both mayflies (Ephemeroptera) and 
stoneflies (Plecoptera) were found in 
higher abundance (mayflies: n = 12, z = 
 -2.01, p < 0.05, Figure 2; stoneflies: n = 
12, t = -3.09, p< 0.05, Figure 2). No 
significant relationship was observed in 
the abundance of caddisflies 
(Trichoptera) and alder groves (n = 12, z 
= 0.72, p > 0.1; Figure 2). This translated 
to a change in proportional 
representation in which mayflies and 
stoneflies declined in the control sites 
and caddisflies increased (Figure 3). In 
leaf bag colonization, mayflies were 
found in higher abundance on both 
maple and alder leaf bags in control 
sites compared to alder grove sites (n = 
12, f = 3.16, p < 0.05; Figure 4). 
Colonization of stoneflies was higher on 
alder leaf litter bags than on maple leaf 
litter bags, regardless of site type (n = 
12, f = 2.22, p < 0.05; Figure 5). 

River speed through the alder grove 
sites was faster than in the non-alder 
control sites (n = 12, z = -2.00, p < 0.05; 
Figure 6). In addition, fish abundance 
decreased as river speed increased (n = 
12, r2 = 0.488, p < 0.05; Figure 7), which 
may have contributed to a trend of 
lower fish abundance in the alder sites 
(n = 12, z = 1.46, p > 0.1; Figure 8). 

 

 

Table 1: Aquatic invertebrates examined. 

 
Figure 2: Invertebrate abundance by site 
type. Bars represent mean invertebrate 
abundance in alder groves and non-alder 
control sites +/- SE. Mayflies and stoneflies 
were found in higher abundance in the 
alder grove sites. No significant relationship 
was observed between caddisfly abundance 
and site type. 
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Figure 3: Proportional composition of 
invertebrates found in alder grove and non-
alder control sites. 

 
Figure 4: Mayfly colonization of leaf litter bags 
in riparian alder groves and non-alder control 
sites. Litter bags contained either alder leaves 
(cross-hatched bars) or maple leaves (solid 
bars). Mayfly colonization was lower in alder 
grove sites than control sites, regardless of leaf 
litter type. We found no difference in mayfly 
abundance per maple and alder leaf bags (n = 
12, p = 0.46). 

 

Figure 5: Stonefly colonization of leaf litter bags. 
Litter bags contained either alder leaves (cross-
hatched bars) or maple leaves (solid bars). 
Stonefly colonization was higher in alder leaf 
bags than maple bags, regardless of site. 

 
Figure 6: River speed by alder presence. Bars 
represent mean river speed as measured in 
center of river in alder grove and non-alder 
control sites +/- SE. River speed is increased in 
areas with alder grove river embankments. 

 



	

 

CEC Research |https://doi.org/10.21973/N3565T    Spring 2018 7/10 

 
Figure 7: Fish abundance in response to river 
speed. A linear regression of the cube root of 
fish abundance and the cube root of river speed. 
As river speed increases, the amount of fish 
present decreases. Triangles represent alder 
grove sites and circles represent non-alder 
control sites. 

 
Figure 8: Fish abundance by site type. Bars 
represent mean fish abundance in alder grove 
and non-alder control sites +/- SE. Fish 
abundance trended lower in alder grove sites 
possibly due to increased water speed. 

DISCUSSION 

Our study investigated the effects of 
overstory tree composition on aquatic 
invertebrate populations, fish 
abundance, and river structure between 
alder and control sites 50 years after a 

mass disturbance. Main findings 
included a higher abundance of mayflies 
and stoneflies in alder sites and no 
difference in the abundance of 
caddisflies between alder and control 
sites. Species colonization of leaf bags 
revealed a higher abundance of mayflies 
in control sites, contradicting our 
previous findings. A negative trend was 
seen in the relationship between fish 
abundance and alder sites. In addition, a 
correlation was seen between water 
speed and site type, with alder sites 
having a faster flow. Overall, clear 
differences were found between the 
biological communities and physical 
characteristics of the two treatment 
types. 

Higher abundance of mayflies and 
stoneflies in alder sites may be 
explained by the presence of nitrogen 
heavy leaves of the alder detritus. 
Mayflies and early life stage stoneflies 
are known to be detritivores, heavily 
relying on terrestrial overstory input of 
organic matter (Shapas and Hilsenhoff 
2017). Later stage stoneflies stalk and 
prey on mayflies, possibly accounting 
for higher abundance of stoneflies in 
alder sites (Allan 1982). Unlike mayflies 
and stoneflies, caddisflies are 
overwinter grazers that are affected by 
winter scouring floods. With the 
absence of a scouring flood within the 
past year, caddisflies may have 
persisted into the spring, allowing them 
to be abundant throughout the river 
(Power et al 2015). Contrary to our 
finding of higher mayfly abundance in 
alder sites through kicknetting and rock 
sampling, leaf bag colonization showed 
higher mayfly abundance in control 
sites, independant of leaf type. A 
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potential explanation for this may be 
that detritus is a limiting resource for 
invertebrates, therefore, in the 
presence of the novel, nutritious litter 
provided by the leaf bags, mayflies 
colonized at a higher rate in response to 
the food source. 

Due to the seasonal timing of our 
study, we only captured juvenile fish in 
our counts. Observed fish included 
steelhead trout (Oncorhynchus mykiss) 
and California roach (Hesperoleucus 
symmetricus). Juvenile steelhead trout 
prefer rubble with water speeds topping 
out around 0.15 m/s (Everest 2011). 
California roach are most often found in 
shaded, rock-bottomed slow moving 
waters (Moyle 1973). This preference 
was observed in our study, as fish 
abundance decreased with increasing 
water speed. When comparing fish 
abundance by site type we did not find 
a correlation, but we did observe a 
trend of more fish in control sites. This 
could be explained by the different 
water speeds as control sites were 
found to have a slower river speed than 
the alder groves. As alder trees grow, 
their roots extend into the river. During 
large floods or heavy sediment loads the 
roots accumulate debris, slowly 
increasing the banks width and creating 
new rock islands where trees can 
establish (Lisle 1992). The resulting land 
additions break up the river leading to a 
more braided structure that establishes 
multiple narrow channels rather than 
one continuous river bed. This 
narrowing leads to an increase in water 
speed, consistent with our findings 
between the alder groves and control 
sites.  

The differences observed between 
alder and control sites may indicate that 
the river does not act as a continuous 
community but rather a series of sinks 
and sources (Mouquet and Loreau 
2003). The nutritional inputs from the 
alder trees lead to an overall more 
productive community with a higher 
abundance of invertebrates, implying 
that the groves act as a source. These 
sources provide nutrients for the 
downstream river communities, which 
act as sinks. Overall, the growth of alder 
groves post extensive disturbance may 
allow for a more stable riparian 
community.  

The succession of ephemeral 
communities such as alder groves are 
stepping stones to future overstory 
assemblages (Nanson and Beach 1977). 
Communities that follow extreme 
disturbances help shed light on the 
dynamic characteristics of ecosystems 
such as the Eel River. The aquatic and 
terrestrial communities are linked; 
disturbances that create shifts in one 
can have cascading effects on the other 
(Soininen et al. 2015). Terrestrial 
species, such as birds, bats and lizards, 
rely on aquatic invertebrates as a food 
source. A change in aquatic invertebrate 
composition may contribute to a 
bottom up control on the terrestrial 
system. Thus, as aquatic invertebrate 
populations fluctuate, this potentially 
drives a reaction in the population 
dynamics of terrestrial species. Fish also 
act as an important terrestrial nutrient 
source. Species with unique life histories 
such as salmon, that spawn and die 
annually, contribute massive amounts 
of aquatic organic matter to the 
terrestrial community in the form of 
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carcasses (Gende et al. 2002). The 
intimate link between terrestrial and 
aquatic ecosystems amplifies the 
repercussions that disturbances may 
have on either community. While 
natural disturbances are part of a 
balanced ecosystem, these fluctuations 
may be exacerbated by human activity. 
The fragility of these ecosystems create 
diverse, changing communities, altering 
the landscapes and the life they support 
throughout time.  
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