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JOHN JEHU HUTCHENS, JR.
Effects of geomorphology and disturbance on stream ecosystems in the southern

Appalachians
(Under the direction of Dr. J. BRUCE WALLACE)

The first half of this dissertation explores the relationship between reach-level
geomorphology and the structure and function of stream ecosystems. Coarse particulate
organic matter dynamics (inputs, retention, standing crops, and movement between stream
and bank), substrate stability, and benthic macroinvertebrates were compared between
single- and braided-channel reaches of two streams. Leaf litter breakdown was also
compared among stream, bank, and upland habitats in the braided reaches. The studies
were part of the Wine Spring Creek Ecosystem Management Demonstration Project
conducted by the USDA Forest Service in southwestern North Carolina. Higher retention
of organic matter in the braided reach led to more benthic organic matter and more
detritivorous invertebrates than in the single-channel reach. Conversely, decreased
substrate stability in the single-channel reach was accompanied by higher numbers of
scraper invertebrates. Leaf breakdown differed among habitats (stream>bank>upland).
During winter and spring when stream discharge increased, the braided reach contributed
organic matter to the riparian zone, and stream invertebrates colonized bank litter. These
results show that even in steep, forested mountains there are riparian ecosystems with
stream channel-floodplain interactions analogous to ones in larger or lower gradient
systems.

The second half of this dissertation examined the impact and recovery of stream
macroinvertebrates from disturbance. One study examined the effects of a prescribed
forest burn on macroinvertebrate community structure and production in Wine Spring.
There were no significant burn effects in either abundance or biomass of total
macroinvertebrates or any functional feeding group (FFG). Also, FFG abundance,

biomass. and production varied more by habitat than by the burn. This study showed that



prescribed burns have minimal effects on stream benthos when riparian vegetation is
unburned and the proportion of the watershed burned is relatively small (i.e.. 10%).

The final study determined the extent of macroinvertebrate recovery in a former
pesticide-treated stream relative to a reference stream by examining macroinvertebrates
colonizing litter bags between 5 to 10 y following pesticide treatment. Mean total
abundance and biomass of macroinvertebrates. and that of most FFGs did not significantly
differ between streams, nor did within-year variability of these means, indicating

macroinvertebrates had recovered in the treatment stream.

INDEX WORDS: Stream; Appalachian Mountains; Macroinvertebrates; Organic
matter; Litter breakdown; Riparian zone: Geomorphology:
Disturbance; Channel pattern; Pesticide; Retention; Ecosystem;
Ecosystem management; Prescribed burn; Recovery; Secondary

production; Coweeta Hydrologic Laboratory



CHAPTER |
GENERAL INTRODUCTION AND LITERATURE REVIEW
Sustainable use and management of our national forests is a central mission of
many Federal agencies (GAO, 1994). However, sustainability is difficult in the face of
human population growth, diverse and often conflicting user interests, conflicting political.
jurisdictional, and ecological boundary lines, inadequate consideration of spatial and
temporal scales. and a sometimes inadequate knowledge base to make informed decisions
regarding public land management (Lubchenco et al., 1991). A recent move to ecosystem
management (EM) policies has been instituted to meet these diverse challenges facing our
public lands. While numerous ideas about EM exist. sustainability of ecosystem structures
and processes necessary to deliver desired goods and services is considered to be the
central goal of EM (Christensen et al.. 1996). Using this goal, Christensen et al. (1996)
defined EM as “management driven by explicit goals. executed by policies, protocols, and
practices, and made adaptable by monitoring and research based on our best
understanding of the ecological interactions and processes necessary to sustain ecosystem
composition. structure, and function”.
Scientific understanding of how ecosystems function is crucial to the success of
EM. and especially so for freshwater systems (Frissell and Bavles. 1996). Aquatic biota
almost always live downstream of human activity and are therefore inherently vulnerable
to management actions in catchments. This connection between catchments and streams
has been central to our understanding of how streams work for 25 yr (Hynes, 1975).
Accordingly. understanding the complex linkages between streams and their catchments as
well as using streams as sentinels of the condition of entire catchments has been the focus
of much attention (e.g.. Likens et al., 1977, Swank and Crossley. 1988; Hombeck and

Swank. 1992; Hormung and Reynolds, 1995).
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Macroinvertebrates and organic matter dynamics have been very successfully used
in the study of how stream ecosystems are influenced by catchment land-use (e.g.,
Webster et al., 1992), geomorphology (e.g., Vannote et al., 1980), and indicators of
stream health (Meyer, 1997). Benthic macroinvertebrates have a number of characteristics
that make them suitable for the study of disturbance assessment: 1) they are ubiquitous in
aquatic habitats: 2) the large number of species show a range of responses to disturbance;
3) they are relatively sedentary as immatures; 4) their life cycles are long enough to allow
changes in population characteristics such as abundance and age structure to be assessed
(Rosenberg and Resh, 1993). In addition, macroinvertebrates are intimately tied to stream
substrate or geomorphology (e.g., Hynes, 1970; Minshall, 1984), such that differences in
substrate can have large effects on their productivity (e.g., Gurtz and Wallace, 1984;
Huryn and Wallace, 1987). Organic matter dynamics includes a wide array of processes
involved in the flux of energy through an ecosystem such as inputs, outputs,
transformations, storage, and changes in particle size. Each of these processes have been
shown to be affected by catchment disturbance and vary by differences in habitat and
stream size in eastern U.S.A_ streams (Webster et al., 1995).

Numerous implementations of EM are currently underway in 18 Federal agencies
(Congressional Research Service, 1994). An EM Demonstration Project is being
conducted by the U.S.D.A. U.S. Forest Service in the Wine Spring Creek Basin in the
southern Appalachian Mountains of North Carolina (Swank et al., 1994). Explicit.
testable goals were developed for the entire catchment in the form of desired future
conditions that multiple user groups targeted for this public land. Management actions
were then prescribed to reach these goals. EM projects such as this present a challenging
opportunity for ecologists to participate in the management process (Meyer and Swank,
1996). Most of the studies in this dissertation were conducted within the context of this
EM project. An additional study was conducted at Coweeta Hydrologic Laboratory, a

Long-Term Ecological Research site near the Wine Spring Creek basin. This latter study



was part of a long-term examination of the recovery of macroinvertebrate fauna and
ecosystem processes after an experimental pesticide treatment.

The first half of this dissertation explores the relationship between reach-level
geomorphology and the structure and function of riparian ecosystems. Riparian
ecosystems integrate the linkages among the geomorphic processes that create valley floor
landforms, patterns of plant succession, and structural and functional attributes of stream
ecosystems (Gregory et al., 1991). Geomorphology can control the level of interaction
between stream and terrestrial habitats within riparian ecosystems (Swanson, 1980).
Although these studies focus on streams, I also compare detritus processing in terrestrial
and aquatic ecosystems. Forest floors and forested headwater streams are both dependent
on allochthonous energy sources; hence studying both habitats simultaneously provides an
opportunity to improve our understanding of this shared process (Wagener et al., 1998).

Chapter 2 examines how reach-level geomorphology (single- vs braided-channel
stream reaches) influences coarse particulate organic matter (CPOM) dynamics, substrate
stability, and benthic macroinvertebrates. [ hypothesized that the dominant food resources
and consumers would differ between reaches because of modified physical conditions (i.e.,
flow and habitat). Inputs and movement of CPOM between the stream and the forest. and
substrate stability were studied in two 2nd-order streams differing in channel pattern.
Rates of CPOM retention, CPOM standing crops, and macroinvertebrate abundance and
biomass were also studied in one stream.

Chapter 3 expands upon the first chapter by examining patterns of leaf litter
breakdown in the braided reaches of the two study streams. Instead of limiting the study
to the stream channel, I also studied terrestrial habitats within the riparian zone. The
objective was to explore how differences in litter moisture in the riparian ecosystem
influenced leaf breakdown rates and colonizing macroinvertebrates. Litter bags containing
either red maple (4cer rubrum) or rhododendron (Rhododendron maximum) were placed

in three habitats differing in litter layer moisture: stream>bank>upland. Invertebrates



colonizing red maple litter bags in one stream site were also examined to determine how
abundance. biomass, and community structure varied among habitats and with time.

The second half of this dissertation examines the impact and recovery of stream
macroinvertebrates from disturbance. Chapter 4 examines the effects of a prescribed
forest burn on stream benthic macroinvertebrate community structure and production in
the southern Appalachian Mountains. The burm was conducted as part of the Wine Spring
EM project in order to restore a declining pine-hardwood ecosystem (Vose et al., 1999).
Macroinvertebrates collected in a previous study (Wohl et al., 1995) were compared to
those collected after the fire using a before-after control-impact study design.

Chapter 5 determines the extent of macroinvertebrate recovery in a former
pesticide-treated stream relative to a reference stream by examining macroinvertebrates
colonizing red maple litter bags between 5 to 10 yr after pesticide treatment. Although
this study was not conducted as part of the EM project, it provides a long-term
perspective to how stream ecosystems recover from disturbance. EM policies must
include an appropriate consideration of ecological change over multiple time scales in
order to be successful because of the dynamic nature of ecosystems (Christensen et al.,
1996). Mean abundance and biomass, variability in abundance and biomass. and
assemblage structure were compared both within and among years in the two streams to
assess recovery. The 5 yr of study included three drought years followed by two wet
vears. The arrangement provided a unique opportunity to assess recovery in the context
of relatively large natural fluctuations in climate.
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