With erosion reduced,
the fish community
responded positively
to restoration

of a degraded

stream reach.
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Many researchers have written that
the integrity of stream ecosystems is
governed by watershed-level landscape
variables, such as geology and land use
(Hynes 1975, Roth and others 1996,
Allan and others 1997, Schlosser 2002),
while others have coined the term “river-
scape” to emphasize the role of landscape-
scale variables in stream ecosystems
(Fausch and others 2002). Accordingly,
some researchers and practitioners prefer
a “passive approach” to stream restora-
tion. This method consists of halting
anthropogenic practices and process dis-
turbances that prevent recovery, while
suggesting that reach-scale manipulations
are typically ineffective (Beschta and oth-
ers 1994). Others admit the dual impor-
tance of reach- and watershed-scale
influences, but emphasize the importance
of processes acting at larger spatial scales
(Roth and others 1996, Wissmar and
Beschta 1998). They favor the restoration
of functional processes rather than forms
(for example, restoring conditions leading
to island formation as opposed to con-
structing islands with equipment) (Ward
and others 2002).

Clearly, efforts toward ecosystem
restoration should be informed by an
understanding of the main drivers
involved in degradation and attendant
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ecological responses. In warmwater
streams, physical habitat degradation
assoctated w ¢« -nel erosion triggers
many of the s, . r:oms of ecosystem dis-
tress syndrome (Rapport and others 1985)
including reductions in the st liry and
diversity of aquatic ecosyst....s; elimina-
tion of the longer-lived. larger species;
and a tendency to favor small, short-lived
opportunistic species (Menzel and others
1984, Berkman and Rabeni 1987, Ebert
and Filipek 1988, * ‘fe and Sheldon
1988, Paller 1994, 5! _¢s  nd others
1994 and 1995h, Lamberti ar... g 1995,
Rabeni and Stiie 1995).

A conceptual framework for fish com-
munities in small warmwater stre~ms pro-
posed by Isaac Schlosser (¢ 87) « s
insight into the effects of such erosion on

fish. Schlosser argued that fish -~ munity
structure In warmwater stre . I8 0
expression of a complex interp . betv. ...
abiotic and biotic factors, gen...k; trend-

ing from hi»ly variable co. unities in
shallow he~ivarers ro wore st ™ "o commu-

nities i 1 - downstream reac - 5. S cles
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volume and temporal stability. Pools offer
larger fishes, including top predators, refu-
gia from terrestrial predators, high veloci-
ties, and high temperatures. Accordingly,
reaches with uniform conditions and shal-
low depths support populations dominated
by juvenile minnows and are devoid of
larger fishes. Unstable physical conditions
(for example, wide fluctuations in stream-
flow) result in considerable variation in fish
species richness, population density, and
age structure. As pool volume, temporal
stability and habitat heterogeneity increase,
species richness and population density
increase due to the addition of older min-
nows and younger sunfish (Alecus ciliaris)
and suckers (Catostomus spp.). Finally, as
pool depth and volume increase further,
major shifts occur in fish age and size struc-
ture, species composition, and trophic
structure. Communities feature fewer,
targer predatory fish, like bass (Microprerus
spp.), more pool-dwelling suckers, and
fewer small, insect and invertebrate-eating
fish (invertivores) and omnivores due to
increased predation and competition for
refugia. Schlosser (1987) termed this type
of community as “stable.”

Temporal stability, both in physical
and biological attributes, is higher in
reaches with large, well-developed pools
relative to shallow, uniform areas. The
importance of physical factors in govern-
ing fish community structure has been
further established by studies across bio-
geographically distinct regions (Lamou-
roux and others 2C02). Shields and his
colleagues (1998a) have adapted Schlos-
ser’s framework to identify possible path-
ways for rehabilitation.

These concepts, along with the results
of studies in degraded streams in the south-
eastern United States, suggest that simply
increasing the availability of stable pool
habitats might trigger limited ecological
recovery (Cooper and Knight 1987,
Knight and Cooper 1991, Shields and
Hoover 1991, Shields and others 1997).
Accordingly, we developed and imple-
mented two stream habitar rehabilitation
projects in 1992 and 1993 that consisted
of modifying existing stone erosion control
structures and planting willow cuttings
(Shields and others 1995b and 1995c¢).
The conceptual foundation for both pro-

jects was linked to prevailing geomorphic
processes that were actively rransforming
channel morphology during the course of
the study (Shields and others 1992 and
1998a). Treated and untreated streams
were monitored before and after restora-
tion. Effects on fish and their habitats gen-
erally were positive during the first three
to four years following the restoration
effort (Shields and others 1998a).

Many researchers have called for
emphasis on post-project monitoring for
rehabilitation (for
example, Kondolf 1995), but reports of

stream ecosystem

long-term effects on warmwater, sand-bed
streams are rare. Evaluations of passive
(Hill and Platrs 1998) and

(Schmetterling and Pierce 1999) stream

active

restorations in salmonid streams in the
western United States are more common.
Bryant (19935) proposed a “pulsed moni-
roring strategy” consisting of a series of
short-term (3-5 vyears), high-intensity
studies separated by longer periods (10-15
years) of low-density data collection. In
this article, we describe the results of sam-
pling one of the two previously men-
tioned rehabilitated streams 10 and 11
years after restoration.

Sites and Methods

Hotophia and Peters Creeks are located in
northwestern Mississippi within the hilly
region of the upper Yazoo River watershed.

Due to their i - in - Lo o funa d
erosion control programs (Hudson 1997),
both creeks and their watersheds have
been described in several publications
(Whitten and Partrick 1981, Little and oth-
ers 1982, Knight and Cooper 1990, Simon
and Darby 2002). The sparial centers of the
watersheds are separated by only about 9
miles (15 km), and thus experience nearly
identical weather. Topography, soils, and
land use are also sunilar (Table 1), produc-
ing similar hydrologic regimes.

All perennial channels within both
watersheds were channelized at least once
between about 1830 and 1965, and the
tluvial response from roughly 1965 to the
pre ~~t is consistent with conceptual
mo s of incised channel eve ution
{(Schumm and others 1984, Simon 1989).
Extensive er ‘on control works were
installed throu L.sut both watersheds
between 1986 an. 1996.

Habitat rehauilitation activities were
performed on a 0.6-mile (1-km) reach near
the mouth of Hotophia Creek (Reach 1)
from January throug . Feb—-iry 1992
{Shields and others 1¢ 33h). Prior to the
project, aquatic habitat was typical of
many incised channels in the region
(Shields and others 1994): 1) base flow
conditions were extremely shallow, 2) pool
habitats were rare and temporally unstable,
3) substrate was dominated by shifting
1

sands, and 4) we- ¢ cbris was scarce

(Figure 1a). Erodin  banks were common

Table 1. Description of 1-km long study reaches.

Hotophia Creek
Reach 1 (restored)

Hotophia Creek
Reach 2 (untreated)

Peters Creek
. ~treated)

Drainage area, km2 91

205

Land use 8% row crop, 40% idle or pasture, 52% forest 1 7 rowcrop, 33% ide
- - ~3sture, 36% forest

Slone 0.001 0.0o1 C.o9

Sinuosity 1.4 1.3 1.1

Bed material Sand Se~ S~ = and grave:

Bank height, m 3-7 3-7 2-5

Charnel width, m 40-60 40-6C £5-85

Structures Low-drop grade
control structure
immediately
downstream,
stone toe,

stone spurs

Stone toe protection
along one bank

Store toe protection
along one pank
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and riparian vegetation was sparse {Shields
and others 1998a). Although stone struc-
tures had been placed for bank protection,
they provided very little habitat and, as a
result, fish populations were rtypical of
those found in many incised streams
(Shields and others 1994).

Habitat restoration consisted of
extending existing stone spur dikes river-
ward to provide stony substrate and trigger
formation of stable pool habitats. Workers
planted willow posts in the sandbar oppo-
site the stone spurs, and placed a low
windrow of stone along the planted bars
{Figure 1b). The primary objective of the
project was to increase the availability of
stable pool habitat at base flow. Dike exten-
sions required addition of only 10 percent
more stone than was previously placed in
the same reach for bank stabilization.

Three 0.6-mile-long reaches near the
mouths of Hotophia and Peters Creek
watersheds were sampled for this study
(Table 1). Reach 2 of Hotophia Creek was
located
Reach | and thus experienced virtually

immediately upstream from
identical hvdrology and water quality.
Reach I of Hotophia Creek represented a
restoration strategy that included warter-
shed-scale erosion controls plus instream
habitat treatments, while Reach 2 and
Peters Creek represented a “watershed-
scale treatment only” strategy. In this arti-
cle, we refer to Reach 1 of Hotophia
Creek as “treated,” while Reach 2 and
Peters Creek are termed “untreated.”

We sampled the physical habitat con-
ditions in Reach [ of Hotophia Creek and
Peters Creek at baseflow during May-June
and September-October in 1991-1995
and 2002, and in Reach 2 during the same
months as Reach 1 in 2C02. We used sim-
ilar procedures to sample the study
reaches in all years. Since pool-riftle
sequences were absent or poorly devel-
oped, we could not locate sampling
reaches in relation to habitat units.
Therefore, we sampled four 100-m-long
zones distributed along each of the 1-km-
long study reaches. We measured water
depth with a wading rod at five, regularly
spaced grid points along five transects
placed at uniform interve!s within each
zone. We classified bed material type visu-
ally ar each point where depth was mea-

EcoroGical RESTORATION 23:2 m T

|
; Y * = '
-—_— - J
2
.
-
-
]
) -
- 1 -
’ i
b - i,
1
-
bl =
TN
B .
e B

Figures 1a and 1b. View of the Reach 1 section of Hotophia Creek in northwestern Mississippi

immediately after construction (1a) and in 2002 (1b). This reach included watershed-scale erosion

controls and instream habitat treatments. Note toe and willow post plantings on ._'t and the spur

dike extension on right side of top photograph. Photos cc ..

sured. We measured flow width at each

transect, and made visual estimates
regarding the number and size of woody
debris formarions, dominant type and size
of bank vegetation, and percent canopy.
[nstantaneous discharge was measured at
one transect within cach reach using a
wading rod and velocity meter.

While collecting physical habitat data
in 1991-1995 and 2C02, three members of

our team used dip nets and a Coffelt BP-1

sy of F. Douglas & w5, Jr.
bac ack-mounted electre - - ~cker 1o col-
lect fish within each reach. W2 ““shed” l -
same four 100-m-long zc.. - ... . ten
minutes cach. However, ' _rause woaoor
depth in Reach | had i, « . signifi-
cantly by 2002, and : 1we icctrofishin

efficiency is inverselv r= ted to warr

depth (Shields and oti s 20 '), we =
the 2002 results were 70 oL
[n 2003, we resam _'2%m _ .
- . . .
of cach reach using expl. .ive " onation
105




Table 2. Average of mean-daily water and sediment discharge before (water years

1988-1991) and after (water years 1993-2001) habitat rehabilitation.

Hotophia Creek

Peters Creek

Before After Change (%) Before After Change (%)
Mean annual precipitation, mm 1591 1283 -19 1591 1283 -19
Mean-daily water discharge, m3/second 2.1 1.2 -71 4.6 2.8 -65
Mean-daily sediment load, tons 304 44 -593 823 235 -251

cord. Detonation cord is a rope-like, linear
explosive that is commonly used to trigger |
groups of blasting charges. It has been used
successfully for concussion sampling of fish
populations where other methods fail
because of water depth or strong current
(Metzger and Shafland 1986). Explosive
charges were composed of commercially
available explosive detonation cord of
10.63 PETN/m and Number 8§ electric
blasting caps. Preparation for collecting
was simple. A sampling reach (25 m) was
measured and flagged 24 to 36 hours before
sampling. Prior to sampling, we placed
block nets sitnuttanecusly above and below
the sampling reach. Detonation cord was
secured by appropriately placed weights in
a longitudinal fashion so that no length of
detonartion cord was more than 20 ft (6 m)
from another length of cord or the stream-
bank. The actual length of cord varied
from 410 ft (125 m) to more than 820 ft
(250 m) per site. We positioned the cord so
that irregular stream areas were adequately
sampled. Since depth was almost entirely 3
ft (1 m) or less and the concussive distance
was 10 ft (3 m) laterally, the kill was virtu-
ally complete.

After sampling, we made visual
observations to determine if there were

any fish not swept by current into the
These observations
S——— . .

revealed no live fish. Both nets were then
pulled and the fish collected. Following
collection, we identified fish that were
more than 6 inches (15 ¢cm) long, mea-
sured them for toral length, and then dis-

downstream net.

posed of the fish on-site. Smaller fish and
fish that we could not identify were pre-
served in [Q-percent formalin solution
and transported to the laboratory for iden-
tification and measurement.

During water years 1987-2C01, the
U.S. Geological Survey recorded stage
and discharge dara within Reach 1 (sta-
tion 072731C0) and within the sampled
reach of Peters Creek (station 07275530).
[Editor’s note: The term “water year” is
used in USGS reports that discuss surface-
water supply, and is defined as the 12-
month period from October 1, for any
given year through September 30, of the
following year. The water vear is desig-
nated by the calendar year in which it
ends and which includes nine of the 12
months. Thus, the vear ending September
30, 1999 is called the “1999” water vear.]
Daily mean suspended-sediment concen-
tration and load were also recorded by the
USGS during water vears 1988 through

1997, In addition, biw .1, ...
ples (samples dipped from the surface at
the channel centerline) from both sites

SArmn-

were obtained and analyzed for sus-
pended sediment concentration (total
suspended solids, Clesceri and others
1998) by the National Sedimentation
Laboratory (NSL) during the periods
April 1985 to October 2001 and
December 1991 to October 2001 for
Peters and Hotophia Creeks, respectively.
The record of daily mean suspended sedi-
ment concentration was extended
through water year 2CC1 using suspended
sediment ratings that were developed
using these grab sample concentrations,
da’l. mean water discharge records, and a
regression formula relating mean-daily
susmended sediment load reported by the
" 7SGS o the grab sample suspended sed-
iment concentration reported by the NSL

(Shields and Knight 2003).

Results

Suspended-sediment discharge fell sharply
following restoration in both streams, due
at least in part to drier conditions (Table
2). Hotophia Creek suspended sediment
load dropped by a factor of six. Significant
morphologic changes occurred within
Reach 1 {7 ''e 3). During the four years
immediatel, Sllowing restoration, mean
water depth increased _..ly slightly.
although the depth and size of scour he " s
associated with the stone spurs mer. than
doubled (Shields and others 1995a).
However, by 2002, the mean water depth

in Reach 1 was 2.5 ?ti- ~5gre - 'rthan

Table 3. Effects of restoration on physical aquatic habitat at comparable discharges.

Hotophia.Creek Hotophia Creek
(Reach 1—restored) {Reach 2—untreated) Peters Creek (untreated)
Before Short-term Long-term Long-term Short-term Long-term
Mean + standard deviation (Fall 1991) (Spring 1992)2 (Spring 2002) (Spring 2002) (Spring 1994)  (Spring 2002)
Instantanecus water discharge (m3/s) 0.80 0.66 0.63 Not measured, but C.64 0.65
similar to reach 1
Mean water width (m) 18+4 16 +3 16+ 6 134 + 3.1 22+ 8 1+ 6
Mean water depth (cm) 16+ 8 19 +17 54 + 34 17+ 12 13+ 4 22 +13
Fraction of bed covered with sand (%) 100 N 76 70 86 60
Average woody debris density, m2/km? — 1,520 14,600 8,820 1,120 9.95C
Bank line covered with trees or brush, % — 19 55 56 15 36
sTreatments were ¢ ice”™ '~ Winter 1992. The bed responded o iy to the stone st~ucures, so w'dths and depths represent ~~~* -~=~b *~+~- However,v~~uy ~msard -~ soraten

respenced more ¢ owly, so Spring 1992 values of these variab . represent pre-reha’ tation conc |
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Table 4. Effects of restoration on electrofishing collections. Means followed by different subscripts indicate significantly differ-
ent distributions for the same reach but different time periods (p < 0.05, One-way ANOVA using log-transformed data or
Kruksal-Wallis ANOVA on ranks). Before = 1991, Short term = 1992-1995, Long term = 2002.

Hotophia Creek
(Reach 1—restored)

Hotophia Creek
(Reach 2—untreated)

Peters Creek (untreated)

Before Short-term Ltong-term tong-term Short-term tong-term

Mean + standard deviation (Fall 1991) (Spring 1992)2 (Spring 2002) (Spring 2002) (Spring 1994)  (Spring 2002)

Number of species per 100 m b+ 22 12 + 3b b +22 9+2 11+ 32 8 + 25
sampling zone

Number of individuals per 100 m 40 + 422 123 + 82b 21+ 72 44 +15 136 + 100 82 + 39«

Number of individuals captured per 9+ 1057 =154 122 2+ 10 4+ 1 19 + 132 9+ 60"
min of electrical field application

Fish biomass (kg/100m) 0.2 +0.2:° 2.7 + 2568 0.8 +0.82% 08+08 20+ 27 11+0.92

Percentage of numerical catch 56 + 202 44 + 21a 12 +16b 31+12 39 + 30e° 37 + 33
comprised of minnows

Percentage of numerical catch 36+ 172 35+ 153 60 + 170 44 + 16 45 + 272" 48 + 29
comprised of sunfishes

Percentage of numerical catch 1+ 3 6+ 127" 2+ 3 2+6 1+ 3 0+ "=
comprised of suckers _

Length of fish, cm 5+ 3a8 7+ 603 9+ 10¢ g+6 8 +5e 8 + bed

‘< 0.80

$Even log-transfc 1a ta were non-"ormally d- - uted, so a Kr Wailis ANOVA on ranks was used.

aTreatments were p.ced WL r 1992, 72" direl L T guickly 1o the stone structures, 5o widths and depths rep: [ s 4 wever, - and 1 xarian vegetation

responded more slowly, so S~7ng 1592 values of these variabl~s regras ~* mresrehabilitation conditicns.

the same reach before restoration, the
untreated reach located upstream, and
Peters Creek (Table 3). Both streams
became narrower (referring to water
width, not channel width), and bed mate-
rial became more heterogencous.

About 70 percent of the willow posts
planted in Reach | died during the first
two years after planting (Shields and oth-
ers 1995b), likely due to poor soil condi-
tions (Shields and others 1998b) or
competition from exotic species (Shields
and others 1995c). Other vegertation,
however, invaded stone reverments and
sandy berms, consistent with the concep-
tual incised channel evolution model
{Simon 1989), roughly doubling woody
cover on banks in hoth treated and
untreated reaches. Woody debris density
increased by an order of magnitude in
both streams by 2002 (Table 3).

Fish communities in Hotophia Creek
responded dramatically to habitat restora-
tion over the short term (1992-1995,
Table 4) with species richness, numbers,
and biomass increasing by factors of 1.7,
3.0, and 14.0, respecrively (Shields and
others 1998a). Fish species composition
shifted away from small minnows typical
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of shallow, incised streams toward larger-
bodied, longer-lived sunfishes and suckers
typical of less degraded streams in this
region (Shields and others 1994, 1997,
1998a). Dara collected in 1991 and prior
to restoration in 1992 revealed that rela-
tively large-bodied, pool-dwelling sun-
fishes comprised an average of 36 percent
of the fish collected and smaller, highly
tolerant minnows 67 percent of fish col-
lections. In 2002, sunfishes comprised an
average of 60 percent of the individuals
captured from the treated reach, while the
highly tolerant minnows comprised only
31 percent. The remaining catch was
comprised of cattish (Ictalurus spp.), gar
{Lepisosteus osseus or Atractosteus spatula),
and suckers. Moreover, fish captured from
Reach 1 in 2002 were larger than fish col-
lecred trom the untreated sites.
Electrofishing in 2002 was hampered
by an equipment-based bias that produced
lower species richness and overall fish
numbens in the deeper warters of Reach 1
when compared to the shallower depths of
the untreated reaches. The data from the
2003 detonation cord fish collections
revealed patterns similar to the short-term

(1992-1995) trends.

The restored Reach | supported
larger individuals, about 60 percent more
species, and an order of magnitude more
fish biomass than the untreated reaches.
We also found fewer, but larger, fish in the
restored reach, and the relative abun-
dance of sunfishes was 43 percent—a
fevel more closely emulating collections
from a non-incised re o, ace stream about
40 miles (25 km) aw y, which were 60-70
percent sunfish (Suic'us and others
1998a). By 2003, tv - -zributions of fish
biomass among family ¢
particularly stark contrast among the

“1ps presented a
three reaches: biomass . collections from
untreated reaches of H' ~rhia and Peters
creeks were 63 percent wad 95 percent
minnows, respectively. St . e lections
from the treared reach i I~ ,~1ia were
comprised of 75 percenrt suckers, 13 per-
cent sunfishes and only 2 percent min-
nows as hiomass.

Discussion and Conclusions
The expenditure of more than $3,900 per
square mile (S130,0C0 per km?) for ero-
sion control st=-crures ~~ ~ period of

drier weather -~ ' ced - - " nded sedi-




ment yield from .. orhia Creek warer-
shed by a factor of about six during the
last decade. Determination of the relative
importance of erosion controls in this
decline is, however, beyond the scope of
this paper. Nevertheless, we did observe
that baseflow channels of all three stream
reaches became narrower and deeper,
consistent with changes expected for sys-
tems with declining sediment load
(Werrity 1997) and increasing bank veg-
etation (Hey and Thorne 1986).

The 2002 electrofishing data from
Peters Creek and Reach 2 of Hotophia
Creek is strikingly similar to the 1991 data
from Hotophia Creek and to the 1991-
1995 data from Peters Creek (Table 4),
which strongly suggests that baseflow
channel narrowing and deepening and
the significant improvements in water
quality outlined above were insufficient to
produce the recovery of fish populations
in these two reaches. Conversely, habitat
restoration structures (stone spurs) and
vegetation placed along Reach 1 of Hoto-
phia Creek in 1992 were followed by
strong and progressive responses in fish
populations consistent with the concep-
tual framework proposed by Shields and
others (1998a). We suggest that these
responses were triggered by providing
deep pool habitats and vegetated bank-
lines that were not produced by water-
shed-level treatments.

Clearly, shoreline vegetation and
pool habirats alone do not remedy all
types of stream corridor ecological degra-
dation, and too much pool habitat can ke
worse than too little. Stream fish commu-
nities depend on multiple habitat types in
natural spatial and temporal arrangements
that allow fish to complete various life
cycle stages and survive extreme events
(Schlosser 1993, 2C02). Thus, while river-
ine restoration projects need to be planned
with all aspects of system integrity in
mind, attacking the “critical elements” or
limiting physical habitat factors may be
efficient first steps in an incremental
FEStoration process.

As previously stated, opinions differ on
the relative importance of watershed-scale
compared to local, instream measures for
restoring stream ecosystemns and reducing
elevated sediment loads (Kuhnle and oth-
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ers 1996, Simon and Darby 2002). While
we concede that restoring watershed
hydrology or halting anthropogenic influ-
ences may be a preferred approach to
stream restoration, we like to point out that
time, cost, and legal constraints often pre-
vent such comprehensive methodologies.
Moreover, the research reported here fur-
ther supports our contention that restora-
tionists can trigger ecological recovery by
simply increasing the availability of certain
limif® stream habitat features. A system-
atic examination of links among channel
form, instream habitat, and aquatic com-
munities within another southeastern
watershed revealed that modification of
instream habitat and channel form are nec-
essary for biological recovery (Smiley
2002). In Hotophia Creek, we found that
exploiting the prevailing geomorphic
processes in order to assist reach-based
restoration techniques was cost-effective in
accelerating ecological recovery. However,
the difficulty of anticipating future changes
in watershed water and sediment yield and
the response of physical habitat factors to
these changes should not be minimized.
Stream ecosystem restoration may be
produced by a combination of active and
passive approaches that consider physical

habitat as well as water quality if habitat

factors are limiting. Major gains in ecolog-
ical recovery are available for relatively
minimal incremental costs by the inclusion
of habirtat features in erosion control pro-
jects placed in severely degraded, incised,
warmwater streams. Failure to include
these features represents poor stewardship
and loss of important opportunities.
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