mfngéAﬂ N Western Michigan University

UNIVERSITY ScholarWorks at WMU

Masters Theses Graduate College

42014

Salmonid Habitat Restoration on the Chocolay River, Michigan

Ross J. Crawford
Western Michigan University

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses

b‘ Part of the Aquaculture and Fisheries Commons, Nature and Society Relations Commons, and the
Physical and Environmental Geography Commons

Recommended Citation

Crawford, Ross J., "Salmonid Habitat Restoration on the Chocolay River, Michigan" (2014). Masters
Theses. 488.
https://scholarworks.wmich.edu/masters_theses/488

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Masters Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

WESTERN
MICHIGAN

UNIVERSITY



http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F488&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/78?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F488&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/357?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F488&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/355?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F488&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/488?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F488&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/

SALMONID HABITAT RESTORATION ON THE
CHOCOLAY RIVER, MICHIGAN

by

Ross J. Crawford

A thesis submitted to the Graduate College
in partial fulfillment of the requirements
for the degree of Master of Arts
Geography
Western Michigan University
April 2014

Thesis Committee:

David Lemberg, Ph.D., Chair
Kathleen M. Baker, Ph.D.
Chansheng He, Ph.D.



SALMONID HABITAT RESTORATION ON THE CHOCOLAY RIVER, MICHIGAN

Ross J. Crawford, M.A.

Western Michigan University

This project seeks to improve salmonid habitat quality by improving riparian vegetation
on the adjacent banks (from toe to terrace) on the Chocolay River in Michigan's Upper
Peninsula. Quantities of large woody debris (LWD) were also analyzed to determine the
heterogeneity of stream habitats, or channel roughness. Percentages of rock, gravel, sand, and silt
were analyzed to determine spawning habitat quality. As the proportions of fines (<2mm)
increases, in this case sand and silt, the survivability of salmonid embryos greatly decreases.
ANOVA tests identified a significant relationship between proximity to major erosion sites,
which were also inventoried, and percentages of fines in spawning sites. Implications are that for
those erosion sites located close to salmonid spawning sites, restoration strategies should be
initiated. Recommendations for twelve different biotechnical designs and LWD structures were
made at each erosion site based on geotechnical properties of the site. This allows for priorities

in restoration to be established.
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CHAPTER 1
INTRODUCTION

To start, the following research will operate under the hypothesis that varied stream
habitat restoration techniques will have a substantial impact on salmonid spawning habitat
quality, specifically situated along a high gradient, gravel-bed stream that transitions to a low
gradient, alluvial stream in Michigan’s Upper Peninsula. Restoration techniques will involve
both erosion site restoration and salmonid spawning habitat restoration. Not only can habitat
heterogeneity be achieved by planting a high variety of herbaceous, shrub, and tree species in the
riparian area, but also by using various biotechnical erosion control structures, and by proper
placement of large woody debris (LWD). As salmonids increase in abundance, they become
highly beneficial for several reasons: they increase recreation and sport fishing, they enrich
riparian areas through salmon derived nutrients, they increase terrestrial and aquatic biodiversity,
and they maintain their status as an integral.part of the food web, and in some cases, can be
considered a keystone species. Salmonids often serve as a proxy for healthy ecosystems (Harper
& Ferguson 1995). When a project site is surveyed 5, 10, or 25 years post-project and an upward
trend in salmonid stock quantity and quality is observed, the result is highly appealing. When the
salmonids have benefited, typically the whole stream and riparian area have too.

Riparian areas are unique environments that, despite covering a relatively small
percentage of the Earth’s total landmass, represent some of the richest biodiversity, and must be
managed carefully (Goebel et al. 2003). The vegetation located within riparian zones has a direct
effect on many fluvial processes, including but not limited to: bankside erosion, meander
migration rates, channel width, channel roughness, substrate composition, and deposition during

inundation occurrences (Merritt & Cooper 2000). The distribution of riparian vegetation is



affected by two main fluvial processes, namely flood processes and the characteristics of
landforms that are shaped by floods (Bendix & Hupp 2000). To effectively study fluvial
geomorphology and adjacent riparian areas, it is essential to isolate these key factors that have
greater influence on the processes within these complex, interconnected systems.

To fully understand riparian areas, it is first important to provide a clear definition. Verry
et al. (2004) joins many pervious definitions by explaining the intricacies of the
multidimensional phenomena of riparian environments. Riparian areas are three-dimensional
spaces of interaction that include terrestrial and aquatic ecosystems that extend down into the
groundwater, up above the canopy, outward across the floodplain, up the near-slopes that drain
to the water, laterally into the terrestrial ecosystem, and along the water course at a variable
length (Verry et al. 2004). Riparian areas could also be thought of as four-dimensional because
of course they vary temporally as well. For example, the geotechnical properties of a particular
riverbank and biophysical properties of a particular species of vegetation will be able to more
greatly resist erosion rates during fluvial processes that are predominant during a particular time
period.

A healthy stream is typically accompanied by a healthy riparian corridor. Proper
management of these areas is crucial in the preservation and conservation of the adjacent
terrestrial and aquatic ecosystems (Rhode et al. 2006). Salmonid fish species, in particular, prefer
a healthy cold-water stream as habitat (Battin et al. 2007). In-stream and riverbank vegetation are
therefore critical components of Salmonid habitat. Pools, runs, and riffles are all important
habitats for Salmonid species, which are all influenced by riparian vegetation with particular

importance during different life-stages (Harper & Ferguson 1995). The spatial distribution of



these habitats, with the addition of large woody debris (LWD), alters flow velocities throughout
the channel (Gurnell et al. 2002).

Substrate composition is directly correlated to flow velocity because substrate is
dependent on the stream’s ability to move sediment of a certain size (Eaton et al. 2012). This
results in a pattern of finer sediments being deposited around LWD and riverbank vegetation
where flow velocities are slow, and coarser sediments being deposited in runs and riffles where
velocities are fast. Salmonid species are found mainly in cold-water streams. Riparian vegetation
keeps water temperatures cool by shading, increasing flow velocities, and narrowing the channel.
Shading is a major determinant of cool water temperatures, especially in headwater locations and
smaller streams, where a majority of the stream channel is not under the direct heating of the
sun’s rays (Chen et al. 1998). Narrow channels, with a relatively small volume of water,
experience greater temperature fluctuations throughout the day when compared with wide
channels, with a relatively large volume of water (Oglesby et al. 1972). Increased flow velocities
occur because riverbank vegetation confines flows to a narrow channel. The amount of heating is
decreased because there is less travel time that the flow has to go to get to base level, and there is
less surface area to be heated by the sun’s rays (Chen et al. 1998). When considering these
influences, riparian vegetation is important in order to maintain habitat heterogeneity, and
meeting the habitat demands of a biodiverse collection of cold-water fish species.

The intermediate disturbance hypothesis states that highest species richness occurs where
an intermediate amount of disturbances occur, such as flooding and scouring, when compared to
areas without disturbance (Hagan et al. 2006). Disturbance and physiological stress are the
underlying mechanisms by which plants adapt to their environment by constantly imposing

selection pressures (Lambert et al. 2010). For example, floods often occur during periods when



the vegetation is without leaves, further reducing friction resistance, and hence, reducing
potential damage (Naiman & Decamps 1997). The various plants that have this adaptation, or
similar adaptations to disturbance, may be able to more effectively persist in a given riparian
plant community until reproductive age. Reproductive strategies of some plants are contingent
with fluvial disturbance, such as Populus and Salix, which time seed dispersal during the
seasonal retreat of floodwaters to ensure moist seedbeds for successful germination and plant
colonization (Naiman & Decamps 1997). Primary succession resulting from seed dispersal is one
way that plants colonize riparian areas. As an alternative, many successional patterns in riparian
areas begin with plant fragments, propagules, or biomass remaining from previous communities.
In addition to direct hydrological disturbances shaping riparian plant communities, small-scale
variations in topography, soils, and groundwater as a result of lateral migration of river channels
increase habitat heterogeneity and species richness (Nilsson & Svedmark 2002).

Unfortunately, these biodiversity hotspots can be more susceptible to the invasion of
exotic species. Vegetation removal, caused by human or natural disturbance, may facilitate
invasion by eliminating a barrier to seedling establishment (Rachich & Reader 1999). Invasive
plants are also prolific seed dispersers in many cases, and considering that these plants are often
avoided by native animals, they have a distinct competitive advantage when compared to native
plants (Lambert et al. 2010). Rivers and streams guide animal movement, and sufficiently wide
riparian corridors can encompass a gradient of communities that will facilitate movement of
many species, some of them exotic (Hilty et al. 2006).

The research objectives of this study can be broken down into three main categories: (i)
to study the spatial relationship between erosion sites and the habitat quality of salmonid

spawning sites, (ii) to explain the intricacies between riparian vegetation and river channel



morphology of a Northern Michigan stream, and (iii) to produce a habitat restoration plan by
providing detailed remediation techniques at each salmonid spawning habitat and erosion site.
To accomplish these objectives, three main inventory forms were used to record data, which can
be referred to in Appendix B: (i) spawning inventory, (ii) erosion inventory, and (iii) BEHI (bank
erosion hazard index).

The following sections will provide more in-depth insight into how restoration of
salmonid habitat to increase spawning habitat quality can be achieved, using the Chocolay River
as a case study. Background information of the proposed research, including the study locations
and history and context will follow. Next, the literature review will provide information on how
this study fits into and contributes to the existing literature. The methods of analysis section will
explain the methodological approaches that were employed in this study. The results and
discussion section will state explicitly the hypothesis and will describe the implications that the
results can have on watershed management objects, using the Chocolay River, Marquette
County, Michigan as a case study. Finally, the conclusion is a habitat restoration plan that can be

used to initiate restoration activities on the study reach of the Chocolay River.



CHAPTER 2
BACKGROUND
Study Area

The mainstream Chocolay River traverses 21.7 miles in Marquette County, Michigan 5
miles southeast of the city of Marquette (Figure 1) (Premo 1999). It drains a surface area of
approximately 160 square miles beginning at the confluence of the East and West branches
(46.377° N, 87.270° W) and flows toward Lake Superior (46.501° N, 87.353° W) (Premo 1999).
The main tributaries include Silver Creek, Big Creek, Cherry Creek, and Cedar Creek; all of
which have a steep profile and are influenced by cool, consistent ground water flows (Premo
1999). There are 16 lakes connected to the Chocolay River system.

The Chocolay River watershed has a high diversity of soils. Wallace, Alcona, and
Ocqueoc soils are associated with the sandy to loamy soils that are most commonly found in the
watershed. Skanee, Munising, and Gay soils are fine sandy loam in texture and are the next most
common. Vegetation in the watershed is comprised primarily of northern hardwood and conifer
species. Common species include sugar maple (Acer saccharum), yellow birch (Betula
alleghaniensis), white cedar (Thuja occidentalis), balsam fir (4bies balsamea), red pine (Pinus
resinosa), white pine (Pinus strobus), and quaking aspen (Populus tremuloides). Animal species
that have been known to use the Chocolay River’s fluvial corridor include bald eagle (Haliaeetus
leucocephalus), American woodcock (Scolopax minor), wood duck (A4ix sponsa), fox squirrel
(Sciurus niger), black bear (Ursus americanus), North American river otter (Lontra canadensis),
American mink (Neovison vison), and ruffed grouse (Bonasa umbellus) amongst many others.

Sediment, chemical pollution, beaver dams, and non-native invasive species are the most



common threats to the terrestrial and aquatic ecosystems of the Chocolay River watershed

(Premo 1999).

15 20
s ilometers

Figure 1: Chocolay River Watershed. Data acquired from the USDA/NRCS Geospatial Data
Gateway



In the middle reach of the Chocolay River, there is a large problem with erosion of fine
sediments, an issue that requires attention if salmonid populations are to be effectively managed.
Despite this, it is sometimes difficult to analyze the bed material for fine particulate matter, such
as clays, which are in no short supply within the Chocolay River watershed (Premo 1999). When
the bed material is analyzed for sizes, it is usually found that all sizes down to a certain limit,
such as clay or silt, are well represented, and that sizes smaller than that limit are found only in
very insignificant amounts (Oglesby et al. 1972). This only reinforces findings that in most
streams these fine sediments sizes constitute a large, often predominant part of the sediment load
(Oglesby et al. 1972). In the case of the Chocolay River, riverbanks exhibit a relatively high
amount of clay erosion. This occurs often because clays are highly susceptible to being
periodically washed out of the gravel bed by medium to high flows (Oglesby et al. 1972). As
high proportions of clays are transported in a stream’s suspended load, an issue of decreasing
light availability negatively affects both primary production (Mineau et al. 2011) and salmonid
foraging (Oglesby et al. 1972).

Riverbank Erosion

The difficulty of including vegetation in any analysis of riverbank erosion lies in the
modifications to bank hydrology, flow hydraulics, and bank geotechnical properties that the
plants themselves introduce. Difficulty of quantifying riverbank erosion also lies in the
assumption that the above factors are likely to change drastically over a small area. As catchment
area increases, new bank-erosion mechanisms come into play as the channel becomes larger
(Abernethy & Rutherfurd 1998).

This study employs an approach to studying the site-specific effect that vegetation and

LWD has on erosion in a specific reach of the Chocolay River in Michigan, southeast of the city



of Marquette. Along this river, there are distinctive sections where public access to state and
federal land is possible, increasing the potential for the implementation of habitat restoration
strategies. Plentiful public access can also pose many problems because, for example, alterations
of hydrodynamics and sediment deposition imposed from bridges and roads located at a close
proximity to the bank can result in changes in channel morphology many miles away
(Trombulak & Frissell 1999). Road crossing can also act as physical barriers to the movement of
fish, possibly because confined flows increase flow velocities to a speed that is too fast, or
because barriers such as culverts may invoke a behavioral response in fish that prevent
movement (Trombulak & Frissell 1999). Social factors may be of a concern if land-owners do
not want to participate in restoration activities (Shields et al. 2003).
River Restoration

In the United States, restoration projects cost a billion dollars or more each year (Katz et
al. 2007). These projects vary greatly in purpose and include: barrier removal, sediment
reduction, restore stream complexity, diversion screens, nujrient enrichment, restore instream
flow, restore riparian function, water quality improvement, and upland management (Katz et al.
2007). It is important to note that of these project types, the cheapest (sediment reduction,
riparian improvements, and upland management) were found to be the most common (Katz et al.
2007). Specifically, improvement of vegetative cover is one of the most easily manipulated
components of a drainage basin or river channel (Harper & Ferguson 1995). The proposed
restoration of the Chocolay River i§ therefore highly practical when dealing with a limited
budget because it offers planning solutions that are relatively easy to initiate.

In this study, the restoration objective will be to obtain an ecosystem, in this case both

aquatic and terrestrial, with the same level of heterogeneity inherent in an undisturbed system.



This means that we cannot manage erosion in its entirety, but must strive for an equilibrium of
erosion and deposition that would have been present prior to human impacts (Kondolf & Micheli
1995). In human disturbed riverscapes, effectively controlling invasive species has a positive
influence on managing erosion and ecosystem heterogeneity, because they are all part of an
interconnected system (Allan 2004). Sometimes planners have to concentrate all of their
restoration efforts in certain areas to overcompensate because of the degradation occurring in
sections of the watershed that are under private ownership where restoration is not achievable
(Kondolf & Micheli 1995). Furthermore, much of the degradation that is seen in a given body of
water 1s not from current poor land-use practices (Allan 2004). This degradation stems from what
is termed “legacy effects” and are the consequence of disturbances that continue to influence
environmental conditions long after their initial appearance (Allan 2004). This would seem to
have a substantial influence on a watershed in Michigan’s Upper Peninsula, for instance, because
of the devastating logging operations that occurred there during the late 19th/early 20™ centuries.
Today, the Chocolay River would appear to be substantially more natural than it did when
its banks were logged. Because of these legacy effects, we can only imagine the state of the
river’s original condition. Emphasis always should be placed on the conservation of rivers prior
to their degradation because of the time and costs associated with full-scale ecosystem recovery
(Palmer et al. 2005). There may be only a select number of vegetation species that are available
to be planted at a particular site, but in flooded areas, each individual influences seed and fruit
recruitment in its own way (Corenblit et al. 2009). It is generally acknowledged that natural
systems have greater species diversity, structural features, and spatial heterogeneity than planted
stands (Harrington 1999). Once restoration establishes vegetation along the stream channel,

species diversity will increase through time, especially if species rare along the fluvial corridor
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are encouraged. All in all, the more riparian species present along a fluvial corridor, the more

species could potentially benefit from restoration efforts (Rohde et al. 2006).
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CHAPTER 3
REVIEW OF LITERATURE

Introduction

The presence or absence of riparian vegetation greatly determines the rate of streamside
erosion. Migration rates and bank erodibility rates for a wet meadow, where vegetation is
concentrated, versus a dry meadow reach, where vegetation is sparse, of the South Fork of the
Kern River at Monache Meadow, California indicated the presence of increased migration rates
along the dry meadow reach (Martin & Church 2000). Within vegetated areas, characteristics of
vegetation that influence erosion rates include vegetation density, species assemblage, root depth,
root strength, and soil matic suction'. The addition of roots to riverbanks improves stability even
under the worst-case hydrological conditions and the benefit is apparent over a range of bank
geometries, varying with tree position (Abernethy & Rutherfurd 2000). Vegetation alters bank
hydrology and flow hydraulics, but these factors also vary with tree position (Abernethy &
Rutherfurd 2000).

There is empirical evidence that suggests that the complex interrelationships that occur
between riparian vegetation and fluvial processes cannot be generalized across catchments
(Abernethy & Rutherfurd 1998). Instead, catchment-specific analysis must be considered, where
vegetation assemblages are unique. Even more, where rivers vary greatly in their geomorphology
or vegetation assemblage, site-specific analysis must be considered. For example, a fourth-order
alluvial stream in British Columbia went from a width of 30 m to 150 m after logging bankside

vegetation, and it braided (Schumm 2005). Therefore, where riparian vegetation produces stark

! Soil matic suction is a sedimentological bank cohesion condition that states that with increasing pore water
pressures that occur in moist or wet soil, the cohesion of sub-surface materials (i.e. roots) is dramatically increased
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differences in a stream’s morphology along its transverse, generalizing vegetation’s impact on
stream geomorphological change across an entire catchment is not recommended.

The distribution of riparian vegetation is directly correlated with specific fluvial
landforms and processes which vary greatly across catchments. Generally, although this is not
always the case, vegetation patterns suggest that species distributions in the humid east are
largely controlled by frequency, duration, and intensity of floods (Hupp & Osterkamp 1996).
Most riparian plants germinate in alluvium that is deposited during floods, floods may destroy
pre-existing vegetation, and the occurrence of floods subsequent to germination may determine
whether seedlings survive to maturity (Bendix & Hupp 2000). It is these disturbance regimes that
influence the actual distribution of riparian vegetation. Using GIS analysis of historical
photographs, hydrologic and sediment records, and stream channel measurements comparing two
similar alluvial rivers in northwestern Colorado, Merrit & Cooper (2000) argue that channel
geometry, meander rates and patterns, and the creation of fluvial landforms affect the distribution
of riparian vegetation in both natural and human-modified systems.

When implementing a habitat restoration plan for a fluvial corridor and riverbank
vegetation, it is important to balance the need to effectively manage erosion with a biodiverse
collection of tree species that readily adapt to riverine environments. Several studies have
indicated that flooded areas to be in a constant state of succession. In their article on riparian
vegetation succession dynamics during floods along the river Tech, France, Corenblit et al.
(2009) found seeds and fruits from 219 species to be distributed in deposited sediment across the
floodplain. Seed recruitment was found to be higher in sites dominated by herbaceous vegetation
than areas dominated by shrub or woody vegetation. This is an interesting finding, because

geodesign of fluvial landscapes should incorporate both the biostabilization offered by roots
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from woody vegetation and the bioconstruction offered by herbaceous land-cover. This is an
important aspect of all fluvial corridors, because spatial and temporal considerations of both
types need to be considered before any watershed specific planning design can be implemented.
Even with these considerations, landscape planners must consider the influences that upstream
vegetation’s seed dispersal mechanisms in a frequently flooded riparian area have on the current
and future distributions of vegetation at a particular location.

Riparian area width varies greatly along a river’s transverse, with no clear relationship to
stream order. It has been suggested that small streams may actually need wider buffers than
larger streams because small streams have less water and are consequently more sensitive to
environmental change. In these headwater sections, annual disturbance resulting from peak
spring flows can have a relatively higher impact on the stream channel and surrounding
communities due to a higher ratio of flood water when compared to downstream sections (Hagan
et al. 2006). Earlier management practices associated with riparian vegetation used a fixed-width
buffer analysis based on stream order and/or channel width in the delineation of riparian areas
(Holmes & Goebel 2011). Unfortunately, this time and cost saving technique has largely proven
to be ineffective in the management of these ecologically sensitive areas. Instead, more recent
emphasis has concentrated on the delineation of the functional extent of the riparian area to
satisfy management objectives (Holmes & Goebel 2011). Holmes & Goebel (2011) compare a
functionally delineated riparian area to a 50 foot and 300 foot buffer along streams of the
Cuyahoga Valley National Park and the Cuyahoga River, Ohio, with results that indicate that
fixed-width buffers inadequately delineate functional riparian areas. It is important to note that
areas closer to the stream have highest riparian function, whereas areas farther from the stream

are less likely to be within the functional riparian area.
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Large woody debris (LWD) needs to be effectively managed as Salmonid habitat for
several reasons. LWD alters flows below, around, or above (if it is submerged) the structure to
add to channel complexity, or channel roughness. These flows will increase or decrease flow
velocities, which consequently determine the bottom substrate characteristics. The structure itself
is used as important habitat for several species either as cover to more successfully prey upon
passing fish or invertebrates, or as cover to hide from predator species. Fish also like to position
themselves downstream from a structure to minimize their physical exertion to stay in place.
LWD is also an important natural erosion control because it shields the riverbank from the
destructive forces of high velocity flows. An additional effect of LWD, particularly in smaller
rivers, is that by increasing water retention and flow complexity, small to medium flood peaks

are attenuated, and flood peak travel time is ultimately increased (Gurnell et al. 2002).

Distributions of Vegetation as Modified by Fluvial Processes

Riparian vegetation is affected by both floods and the characteristics of landforms that are
shaped by floods (Bendix & Hupp 2000). It is therefore possible to predict occurrences of
riparian vegetation by understanding the processes that affect their distributions over time.
Analysis of the relationships between species distributions and fluvial landforms suggest that
stream geometry, meander rates and patterns, and the creation of fluvial landforms must be
considered in efforts to model riparian vegetation (Merritt & Cooper 2000).
Distributions Affected by Floods

Many studies have focused on distributions of riparian vegetation that has been affected
by floods. Bendix & Hupp (2000) found that the distribution of riparian vegetation in bottomland

floodplains is ultimately correlated to floods, namely via the differential destruction of
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vegetation, changes in substrate characteristics, and the transport of propagules®. Floods
influence both the distribution of present vegetation and plant diversity as unevenly dispersed
across the floodplain (Bendix & Hupp 2000). Goebel et al. (2003) studied the influence of
frequent and infrequent flooding, as well as landform properties, on riparian plant community
organization. Through the use of GIS and field sampling techniques, Goebel et al. (2003) found
that in slightly entrenched stream valleys, such as the Little Carp River in Michigan’s Upper
Peninsula, changes in plant community composition are more likely associated with infrequent
rather than frequent floods. Thus, plant community distributions can be correlated to the type and
duration of flood events that are prominent in a particular catchment, or even within a specific
reach within the catchment. A fourteen year study on the Platte River of Nebraska showed that
migration of seedlings due to flooding and the erosion of the seed bank, are direct results of
fluvial processes, where seedling mortality and distributions of specific riparian vegetation age-
classes can be researched (Johnson 2000). Floods are therefore expected to give both an increase
and/or a decrease in specific riparian vegetation populations. This is an excellent example of the
intermediate disturbance hypothesis, which suggests that species diversity should be greatest
where there are intermediate levels of disturbance (Bendix & Hupp 2000).
How Some Vegetation Assemblages Occur

The structure and composition of ground-flora and overstory vegetation are related to
specific valley floor landforms, as well as the distance from and elevation above the bankfull
stream channel (Goebel et al. 2003). Vegetation has different dispersal mechanisms depending on
species, so fluvial processes that favor the quick establishment of ground-flora, might be

disadvantageous for overstory species. In the Little Carp River of Michigan’s Upper Peninsula,

2 propagules refers to seeds, fruits, or segments through which vegetation can reproduce from with type of
dispersal mechanism dependent on the species
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Goebel et al. (2003) found that patterns of ground-flora appear to be ordered along a complex
environmental gradient running from the stream channel to the adjacent uplands. Shade-tolerate
conifer species were found in high enough concentrations making establishment of conifers in
second-growth settings without management intervention difficult (Goebel et al. 2003).
Camporeale & Ridolfi (2006) developed a model that calculates the probability density function
of the overall vegetation biomass, the associative effects of river hydrology, and the influence of
the type of riparian vegetation, compared to field observations. This stochastic model can also
produce output data of spatial and temporal distributions of riparian vegetation when compared
with data collected from transect sampling methods.
Control of Vegetation on Fluvial Processes

Riverside sediments eroding into the stream channel are among the most significant
pollutants that degrade water quality of rivers across the world (Pollen 2007). It is a natural
process, but the rate of erosion, when not in equilibrium with deposition rates, can have
devastating effects on a river and adjacent land (Mac Nally et al. 2008). When the processes of
erosion and deposition are in disequilibrium, such as often occurs in conjunction with human
impacts, both aquatic and riverside ecosystems suffer. Aquatic ecosystems in higher elevation
watersheds, for example, are dependent on riparian zones to shade streams and moderate
temperature, provide allocthonous detritus’, and large woody debris (LWD) to streams, stabilize
banks, and mediate water, sediment, and nutrient inputs into streams (Mac Nally et al. 2008).
When erosion is not kept in equilibrium by vegetation, such as would happen with activities such
as streamside logging, these moderating characteristics of higher elevation watersheds are lost,
and biodiversity suffers (Mac Nally et al. 2008). Cascading effects become apparent across the

riparian zone; fish that have evolved for a particular ecosystem can become excluded because of

* Allocthonous detritus is particulate matter with terrestrial origin, which enters a water body
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sediment pollution, invasive species fill the niche left by the void of cleared vegetation, and
increased meandering endangers human infrastructure. When considering the above factors, the
importance of implementing best management practices and riparian management objectives,
which can be incorporated into a larger watershed-scale management, is readily apparent.

Various studies have focused on the role vegetation plays in altering riverbank erosion
rates (Abernethy & Rutherfurd 1998; Abernethy & Rutherfurd 2000; Corenblit et al. 2009; Eaton
2006; Mickovski et al. 2009; Pizzuto et al. 2010; Pollen 2007; Van De Weil & Darby 2007).
Many of these have dealt specifically with quantifying the influence plant root properties of
various species have on streambank erosion by using models that incorporate a multiplicity of
factors associated with specific vegetation types. Alon