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Streambank Restoration Effectiveness:
Lessons Learned from a Comparative Study

ABSTRACT: Post-treatment effectiveness monitoring should be an integral part of stream restoration
effors, but itis often neglecred due o lack of funds or insufhcient project planning, Fere we report tesults
of an effectiveness evaluation of a streambank restoration program for salmen streams in the southem
interior of British Columbin, Restoration involved treating eroding riverbanks with bank grading, ripar-
ian plantings, and installation of rock toes, rock-wood current deflectors, and lvestock exclusion fencing.
Absence of pre-treatment site characterization data necessitated comparing post meatment conditions
at treated sites to conditions at untreated eroding conteol sites. We meamrcd in-channel and riparian
conditions plus invertebrare abundance and hiomass at 16 sites treated between 1997 and 2002 and 11
nearby control sires. Trearment and control sites did not substantively differ in their habisar condition
or aquatic maczoinvertebrate abundances, although treated sires rended o have more shrubs along the
outside bank, higher nside banks, and narrower v wertted widths. Absence of statistical differences between
treatment and umtroi sites might be due to Jow statistical power, as >50 sites per group would need w
he sampled for power to teach 0.8 ar the effect sizes observed. Site specific channel gradient, a variable
anaffecred by restoration actions, was correlated with many of the variables we measured to chamcterize
habitar condition, thereby confounding our ability to determine the magnitude of change relating w0
treatment efforts. Our results demonstrate the weaknesses of relying on a pOst-treatment, bcrwr_m»wmtsp
comparison: experimental design for restoration effectiveness moniroring, We suggest collection of pre-
treatment data should be an essential part of the restoration process so mote appropriate “hefore-afrer”
experimental designs can be applied.
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INTRODUCTION

Habirat management, incliding habi-
mat restoration, entails applving one or
more treatments and should be viewed
experiment  which necessitazes
post-treatment  evaluation (Kondolf and
Micheli 1995; Kershner 1997; Michener
1997; Palmer et al. 2005; Stem et al. 2009,
Waolsey et al. 2007}, Michener {19973
suggested the theoretical oprimum for
restoration  effectiveness
“leng-term menitoring of salient patterns
and processes in adequately replicated
conirol and experimental units at ap-
propriate spatial and remporal scales us-
ing sound sampling design and statistical
" However, Michener concedes
this optimum is rarely achieved and of-
tenn unachievable.  Unfortunately, any
amount of systemaric moniroring of the
results of freshwater habitat management

a5 an

Monoring  as

analyses

efforts remains an L\LLptzon not the rule
(Kondolf 1998; Pretry et al, 2003; Quig-
ley and Harper 2006; Reeve et al. 2006).
Limiting factors precluding efficient
post-treatment evaluation often originate
from insufficient pre-project planning. For
example, many projects fail to incorporate
effectiveness monitoring into the initial
project budger and evaluation is therefore
abandened due 1o lack of funds (Reeve et
al. 2006). Similarly, restoration practitio-
ners ofeen fail to provide a clear statement
of project goals, and therefore effeciive-
ness monitoring has no criteria on which

to judge project suceess or failure {(Kondolf

1995; Palmer et al. 2005; Stem et al. 2005,

I other cases, projects fail to collect ap-
propriate pre-rreatment dara, which pre-
cludes a before-after experimental desien
its derivatives such as before-after-con-
roi-impact (BACYH Green 1979; Walters
et al. 1988; Roni et al. 20053) and eypically

forces reliance on less powerful post-treat-

Of

nent between-group comparisons {(Mel-
ina and Hinch 1995; Bryanr er al. 2004),
E ginning in the 1990, the Habirz
Mana =-,§_,i1‘ﬁ'tl'li' Unit for the Southern Inte.

Fisheries  voL 32 no & = ju

rior of British Columbia of Fisheries and
Oceans Canada and its local partners ini-
riated an eroding streambank restoration
program for wributaries of the Thompson
River systesn. The three explicicly stazed
goals were to stop bank erosion, incresse
salmeonid production, and foster
a stewardship mentality within the lo-
cal community. Between 1992 and 2005,
>700 erocding banks, spread across 5 valley
floor mainstem rivers, had been treated.
By 1997, largely via learning from past
srructural failures, trearment methods had
evolved o a standard remplate invelving
bank grading, riparian plantings with wil-
low (Salix spp.) cuttings, livestock exclu-
sion fencing, and installation of a rock roe

native

coupled with site specific mixtures of rree
andfor rock current deflectors, bank con-
touring, and occasional plantings of decid-
uous {primarily Papulus balsamifera and Ret-
ula papyrifere} andjor coniferous (primarily
Pseudotsuga menziesii} trees. Pre-treatment
data characterizing site conditions were
not collected ar any of the treated sites.

A visual survey of project structuzal
integricy conducted in 2005 found that
ali of the 81 streambank restoration proj-
ects constructed along the Salmon River
since 1997 had structural integrity ratings
of “adeguate” or betrer, equating to no
evidence of physical failure, and that all

were accomplishing their proximal goal of

Bennett, unpublished
data). Although not explicitly quantified,
structural and funcrional integricy of simi-
lar projects in nearby watersheds,

erosion control (S.

nciud-
ing the approximately 20 Besserte Creek
projects completed to date, also appeared
to be consistently good (M. Cooperman,
pers, observ.). None of the structural in-
tegrity assessments evahuated ecological
effects of the hank restoration eforts.

In rthis arricle, we report results of an
post-treatment  effectiv
evaluation of streambank resiovarion ef-

extensive

ICHS

forts in the Salmon River and Bessetre
Creek. We compare strearn channel and
riparian vegetation condizion and aquatic

rE 2007 * www, ssuepirs g

invertebrate abundance and biomass atr 16
“rreated” between 1997 to 2002 to
those at 11 actively eroding “control” sites.
We hypothesize thar relative to the con-
trod sites, treated sites would have greater
in-channel habitat diversity, higher depth-
to-width ratio, farger streambed mean par-
ticle size, preater riparian zone plant cover-
age on both banks of the channel, greater
amounts of natural vegetation recruitment
on point bars opposite treated hanks, and
greater aquatic macro-invertebrate abun-
dances, Because our assessment was based
on between-site comparisons, not before-
alter comparisons of individual treated
sites, we also evaluated the narure of sive-
to-site vartability and how this vartabilicy
related to, and potentially influenced, sive-
specific conditions and response ta restora-
tion. We discuss our results in the context
of the limitations of an extenstve post-

sites

treatment experiment design for effecrive-
ness monitoring and provide suggestions
for future restoration monitoring efforts.

STUDY SITES

The Salmon River and Bessetce Creek
oceupy the “interior Douglas
hot—dry” biogecclimatic sone of British
Columbia {Llovd et al, 1990}, and drain
the Pacific Ocean via the Thompson Riv-
er sub-basin of the Fraser River watershed
(Figure 1). Vailey floor elevarions range
between 350-300 m above sea level, an-
nual mean precipitation is 400-500 mm,
and soils consist of a blanker of poorly
sorted moraine deposits within & matrix
of sand-silt-clay with limired Huvial re-
working (Liovd et al. 19903,
vest and irrigated agriculture-ranching are
dominant land uses in both
and almost all valley floor Jand is
held in agriculture, In 2002, the
River experienced the third %mzb; S0 ok
discharge of the 31-year period :
{497 m%, Warer Survey of Cannda sa-
tion O8LEQ2 reck o
rienced the ninth highest peak discha

e

Ar—very

Timber har-

WaRLETS

Tival

almon

1} and Besserre ¢




Figure 1. Th

e
i

& 1op map shows the Fraser River watershed in the lower half of British Celumbia, Canada {scale T om = 125 kr
show the

and the location of the Salmon River and Bessette Creek in the headwaters of the Thompson River sub-basin. The low
he distribution of study sites along the two rivers. Scale for the Salmon River map is

1:100,000G and for Bessette
150,000, Treatment sites are triangles and conirol sites are open drcles. Study site nomenclature is described in the
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cord {32.3 m¥s;

rear period of re
3 ‘Jsuztm‘? all

F
wion O8LT042
included

i3

sives in our study

it

had «

xperienced a high discharge event
post-treatment and therefore had the po-
tential to display a geomorphic response
Mean discharge
our field effort was 2.09 m%s in Salmen
and 250 m’fs in Besserte

Miles (1993) estimated »40% of the
forestcoverof the S

f0 rreatment. during

River Creek.
salmon River warershed
has been harvested since the early 1900s,
that approximately 20% of the mainstem
was actively eroding, that the channel
ranged from 11-211% wider than it was
in the 19305, and that in the lower 60 km
af the river {the area where our study oc-
curred} 50% of the channel had either no
riparian vegetation or a riparian band less
channel width wide, in contrast to
abundant and well-dispersed tiparian-gal-
lery vegeration of the 1930s. Quantitative
land use and impact dara for the Bessette
Creek watershed
are assumed 1o be similar to those of the
Salmon River owing ro the close proxim-
1wy of the two watersheds and simtlarities
in general land use patterns. Sediment
supply and movement through these two
systems have not been studied, but are
assumed to be high owing to numerous
eroding banks and the rapidizy with which
constructed in-channel habirar strucrures
are buried (8. Bennett,

than |

are not available but

pers. observ.).
METHODS

Study site selection

Restoration activiries have been con-

ducted on about 100 eroding banks of

the Salmon River and on approximately
20 eroding banks along Bessette Creek
since the mid-19%0s. To qualify :
ment site in our study, the following was
needed: (1} restoration actvities occurred
herween 19972007 inclusive, (i1} restora-
rion activities involved the ourside bank
of a channel meander of the mainstem
channe] on the floor of an unbound al-
fuvial valley segment, {iii) <5% of the
length of the as-built project could dis-
plaved evidence of physical fatlure (failure
of riparian plantings was not included in
this physical failure criterion), {(iv) site-
specific actions must have successfully ac-
goal of haking

5 @ treat-

complished the rmxzma
bank erosion, and {v} fE 2 si;e must not
be directly influenced b |l engineering
1\3501'2(5, Eﬂbutaz"}»’ 11‘1;‘,—{;{51 [ ;'}CZ’ siten \Di’ “lL

restoration activities thar were

unrelated

{

restoration {e.g., artif

o hank
or charmel re-configurarion), or possess
unigque geological features such as local
clay lenses or other erosion resistant -
clusions. For inclusion as a control site, a
riverbank needed o sarisfy all applicable
criteria above plus be actvely eroding as
evidenced hy the face of the
unvegetated, near perpendicular to the
water surface, and displaying signs of re-
cent hank shumping. By limiring our study
scope 1o only sites satisfving the above
confident our con-

bank being

conditions, we are
trol sites are a fair representation of pre-
trearment conditions at the treared sites.

The coordinators  of the
Salmon River and Bessette Creek warer-
shed roundtables identihed 16 restored
sites meeting owr inclusion criterin. We lo-
cared 11 eroding bank sires in proximity to
the 10 treatment sites to serve as controls
{Figure 1), For identification purposes, we
assigned each site 2 unique alpha-numeric
identification based on the first letter of the
river segment it occurred within (L = [ower
Saimeon River, M = middle Salmon River,
B = Besserte Creek), 2 T or Cfor treatment
or cenerol, and & number. Although num-
bers were assigned sequentially upstreamn

technical

o downstream, sites were sampled in ran-
dom order. Because treatment sites were
located haphazardly along the river corri-
dots it was impossible for us to assure either
random or systematic random distribution
of sites. Similarly,

because each treatment
site received a unique treatment prescrip-
tion, it was impossible to have sufficient
replicates within each trearment type to

allow for evaluation based on groupings of

specific restoration techniques. However,
four treatment sites (L-T5, M-T2, B-T3,
B-T4) had received notably more com-
prehensive restoration than other treated
including seif-launching rock spurs
and trenched rock toes coupfeé with mui-
tiple outward facing >1.5
wad revetments embedded into a sloped
bank with rock groins ar the upstream
and downstream ends of the treatments,
allowing use to compare conditions at
these four “intensive”
conditions at the other 12 treatment sires.

sites,

5 m dizmeter root

reatment sites 1o
At each locarion, the study “bank” was
the portion of the curside meander hend
that had either received restoration or was
actively eroding, Each study bank aceurred
within a study “reach,” defined as the por-
tion of the channel Iving between the

1
upsiream i}ﬂi% dO'ﬁ’ﬂSTILr-Jﬁ f{l{l{‘»’ﬁig CEOSS-
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over points brac 2 study Fig-
; .
ure 2 depicts how we organized study sives.

Channel condition

We conducred & habitar unit survey
tor each study reach following Bisson and
Montgomery (1996}, Length of o habicar
unit was the longest axis, width was the
widest point perpendicular to length, and
depth was the deepest point. We pocled
riffles and rums nto
fied pools as lefe glides as
its own category, and derermined propor-
tion of a reach’s wtal surface area within

“fast water,” classi-

“slow warer,”

each habitar class. The proportion of
each reach classified as fast and slow wa-
ter was highly correlated {r = - 87, n = 27,
P <Q.001), so surface area
was eliminated from wsbsu;uem analyses.
We followed Harrelson et al. (1994} o
develop elevation profiles along each tran-
sect. Elevation survevs extended from 2 m
outside the top of bank on each side of the
channel and elevation was recorded at ev-
ery 0.5 m along each transect with supple-
mental readings taken ar top of bank, bot-
tow of bank, and warer’s edge. We assumed
depth equaled
for safe surveving. Mean depth of a reach

as fast water

2.0 m at any point too deep

was the mean of all individual warer depths.

We determined bankfull, active
nel, and wetted widths along each tran-
sect. Acrive channel width was from top
of the outside bank to the top of the first
distinee stope change along the poing bar
hank, Owing to the long
history of channel widening in these
tems, along with our observations of large
accumulations of living and dead plant
materisl above this slope break, we inter-

chan-

of the inside

preted the land between the slope break
and the top of inside bank o be “incipi-
ent floodplain,”
of the riparian portion of the fuvial sys-

which we considered part
ratio of a reach was
derived from mean reach depth and mean
wetted widrh, We
CAuse summer Hﬂ

tem. Depth-ro-width

used werted width be-
> WALET temperatures are
a primary management concern and there-
e it is the wetted portion of channel at
base flow condition thar is the v
of concern. Mean depth was significantly
>y =
depth

corre ‘;Etd with depth-ro-widch ratic

;P <0001, so mean

was eliminated from subsequent analyses.

Height of the inside bank 2t 1 m from s
water's edge was the mean of rran
cific differences in elevarion betw
high point within 1 m of the wares



g the inside hank and the elevation
f the water’s edee on the inside bank.
We visually estimated the proportion of
stream hed particles falling within particle
{1994,

organic matrer, silt, sand, gravel, small

size classes as in Harmrelson et al.

or large pebbles, small or large cobble,
boulder) within an approximarely [ m’
portion of the stream bed underlying the
thalwag and along the inside hank point
> 7} We pooled

e85 {,3 -axis <4

mm} into the category of hnL sediments”

bar of each reach (F%UL e
gravel and smaller part

and all small pebbles and larger particles
{B-axis >4 mm) mte “coarse sediments”
and determined the proportion of fine
and coarse sediments within the two
sites per reach. We limited subsequent
analyses o proportion of fine sediments
in point bars and proportion coarse sedi-
ments urclerlving the thalwag. Sediment
data were not collected at L-T6 or M-TH.

Channel  gradient was the Jdiffer
ence in elevation between the upstream
and downstream ends of a study reach,
measured ar the water’s edge, divided
by the distance between the two points
as measured along the curvature of the

water's edge along the inside bank.
Riparian assessment

We used a modihed line intercept rech-
nigue (McDonald 1980) along the same

fransect hﬂL‘& b EhL‘ CIQ‘.\'HHOFE survey o

coverage of riparian vegsn

-
side bank

Un the

. 1 1 RS
flon on both the INSKe and outs

of each study reach {Figure 21
outside hank of the channel, vegeration
survey started at the top of bank. On the
inside bend, the vegeration survey began
at the edee of the active channel, Ripar-
ian surveys extended 3 m from start points,
were 1 m wide (0.5 m on each side of the
iransect line), and assumed to reach in-
definitely upwards. For each wree or shrub
of which any part of the plant entered the
survey plane, we tecorded the species and
the lengrh of the portion of plant within
the survey plane. For the inside bank, we
also tallied the number of seedlings {trees
<0.5 m height} along the transect. We
pooled the vegetarion dara from all tran-
sects on one side of the channel and de-
termined proporrional coverage by trees
and shrubs, individually
For example, in a case of a reach with 3

and combined.

transects, the proportion outside bank
covered by trees equaled the sum of the
lengrhs of ress entering the survey planes
of the 3 rransects on the ousside bank di-
vided by 15 m {e.g, 3 mansects, each 5
m long). For simplicity, we
proportional coverage dam as “coverage.”

refer to our

Channel condition and riparian assess-
ments were conducted in July and August
2003, when discharge in the study
had stabilized to summer baseflow, thereby
limiring the influence of falling discharge
on flow dependant values such as amount

stems

o habirne as fast or slow water. Whenever

nathons were exs:?usn'e’i\,-' made by thesenior

author, thereby standardizing measurement
precision and eliminating among-crew es-
tfimation bias {Woodsmith er al. 2003).

Aquatic macroinvertebrates
During the frst two weeks of Seprember

2005, we revisited each study teach to col-
lect six benthic macroinvertebrate samples

using a Surber sampler {400 wm mesh, 4.3

m® quadrane size). We divided the down-

stream portion of the inside bank point bar
at | m from the water’s edge {e.g., same
area as the pomnt bar sediment surveys; Fig-
ure 2 inro ren L-m ong intervals and used
a random number table to select 6 of the 10
units for sampling. Samples were collscted
by agitating the surface substrate and all
larger rocks and wood wirhin the quadrans

for one minute and samples were feld pre-

butfered formaling We also
¢ kick net sample
moving the

served in 1Y
coliected | three-ming
per site (400 un i:z&;::«h?

Kick net across ?hc channel in a upstream

progressing parting  immediately
apstream of the *zui‘iz sample focations.

Because kick net and Sur

her samples sup-

port similur conchustons (Cooperman et al.

20063, we report ondy Surher sample results.

Figure 2. Schematic representation Flow
at a treatment site depicting
location of three transects used

for channel elevation and riparian
sunveys, upper and lower reach
boundarias, and sediment and
invertebrate sampii G locations.
Length of each study bank was

that portion of the bank which had
either recelved active restoration or
was actively eroding. We established
3 transects for study banks up

iz 100 micng and 5 for banks
=100 m. Transects extended across
the active channel persendicular

o the thalwag. Transect T was
always positioned at the point of
kMU curvature and ansects

2 and 3 were at 10% of the bank
length inside the downsiream and
upstream ends of the study bank
respectively. When applicable,
transects 4 and 5 were halway
Hetween transects 1and 2 and 1
and 3 respectively, One control bank
(B-C2} had the thalwag inflection
point at the downstrearn end of the
bank and therefare only
and 3 were established,
not to scale.

Bank restoration project

Upper houndary of
study reach

DO

Riparian survey

o1 samples a
B iz §

si sezditent
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inverie-

‘i‘ﬂlﬁ\ under 3x magnification, identi-
fed them to order, and used the mean
of the rwo samples per site to determine
site-specific total number of macroinver-
tebrates, number of cephemoptera-ple-
coptera-trichopters (EPT), roral mac-
roinvertebrate wer mass, and EPT wert
mass. Because all possible pairings of the
four response varinhles were significantly
correlared (all P values <0.0433

27}, only total macroinvertebrate abun-

dance was used in subsequent analyses.

DATA ANALYSIS

Preliminary results indicated thar ana-
1\ zing Hfiid\ sites of the three river SeE-
ments of Bessette Creek, lower Salmen
River, and middle Salmon River sepa-
rarely for differences between treatment
and control sites supported the same con-
clusions as analyses of all segments pooled

into a single population {Cooperman, un-
published data}. Therefors we only repors
resules stemming from the pooled data set.

Assessing effects of restoration activities

We used mulrivariate analysis of
variance (MANOVA) as a single test
for difterences between trearment and
contrel sites. The eight dependant
variah Eea entered inre the MANQOVA
were HabhUnits, P SA Slow, P SA
DN, Her 1B, P TH Coarse,

Gilide,

T of these variables
We did not inchide ourside ban
abundances  in multivariate  analy-
ses because the presence of plants on
aytsicde banks could he atrributable
to opposing mechanisms of successful
establishment from restoratton effores
or progression of an eroding bank into
matrure vegeration. We excluded P PB
Fine from MANOVA due o a signifi-
cant inverse relarionship with T TH
Couarse (v = 045, n = 27, P = 0.020},

We used one way analysis of vari-
ance (ANOVA) ro facilitate interpre-
tation of the MANOVA resulrs and
test specific predictions about differ-
ences herween trearment and control
sites {(Table 1), In addivion to treat-
ment vs. control comparisons, we re-
port the mean value of the four inten-
sive trearment sites for each variable,
but did not conducr staristical analyses
of differences berween inrensive ireat-
and trearment or contiol
sizes. We
followed ANOVA tests with a poste-
Tiorl power

ment sites
sites due ro small sample

analysis following Winer
{(1971) for each variable ro determine
the sample size needed to arrain sta-
tistical power of 8.8 hased on a one-
tailed test ar o = 0.1 and an effect
size cqual ro the observed difference
bet“’e@l‘l freatment i"il‘l\j C‘;Jﬂ[IOi :i.iTCS.

To test for differences in the ero-

sion-deposition environments between

rreatment and control sites as 3 func-

tion of local channel gradient, we

ing fredatm

I
coarse on gradisnt, a
treatment-control
recression of P PR Fines on oradien
CETeSsion O i Dorines on ogradient.

We tested the regression solutions for

unusually influential poines hased on
Cook's distance and DEFITS values and
climinated offending cases as needed,

We assessed differences in macro-
inverrebrate abundance {8 Inverts)
between treatment and control sites
using two-way ANCOVA Analysis of
Covariance with site (two levels—
treatment or control) and river seg-
ment (three levels) as main effects with
site specific channel gradient entered
as a co-variate. We did not rest for an
interaction between the two main ef-
fects. To allow for posteriori power
analysis for derermination of staristi-
cal power of the treatment to conirol
comparisons and to determine the de-
sired sample sizes needed for 2 power of
.8, we conducted & one-way ANOVA
for differences hetween treatment and
control sites and power analysis fol-
lowing the methods described shove.

All sratistical tests were evaluared
for significance at the Jevel of o = 0.1
owing to the higher P value criteria
reducing the probability of 4 type 11
error, which can be a costly mistake
in applied research given s influ-
ence on management decisions about
future restoration efforts thar may be
based on our results {Pererman 1990).

Table 1. Vanables used in data ana%ysus transfomations appied to attain univariate normality, and abbreviations used in text and subsequent tables and figures
Log transfarmations are 10 base 1. NA = not applicable. '

Group Variable Trensformation use  Abbreviation
In-channe! Number of at unis NA, Hablnits
Proportion of surface area as slow water Arc-sine P SA Slow
Proportion of surface area as glide NA, PSAGice
Wetted width of the active channel NA Wiclth
Depth to width ratio NA O
Height of the inside bank at ¥ m from the waters edge Log (X Hot !
Proportion of all sediments along the inside bark point bar in the “fine” size class  NA P 2B Fing
froportion of all sediments underlying the thahwag in the “coarse” size class PTH
Grachent Crackert
Riparizan Coverage of trees on putside bank 01 Cov TOB
Coverage of shrubs on cutside bank
Coverage trees on inside bank + 01y
Coverage shrubs on inside bank Log s)\ + 013
Coverage of trees and shrubs on inside bank login+ 1)
Number of seedling trees on inside bank Log e+ 1
Aguatic macrolnvertebrates  Total abundance in Surber Sampies Log &
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than did controd
means were langest

comtrel  compaisons

o oomly the four intensive
s, bt the small number of

intensive freatment sites preciuded test-

tivarinre dara in wh significance {Table 2).

L on dissimd arwerape of shrubs on the outside bank of

sty reaches was the only tiparian vari-
alle o staistically differ between treat-
e ¥

ment and control sites although treatment

>3 huac rer mean values than control

:in all riparisn caregories {Table 3}

sosteriort power analysis indicated

ousr staristical analyses of in-channel con-
dition and riparian coverage typically suf-

fered from low power { Tables 2 and 3). Bx-

volved two data matrices.

differences were found between treatment

included eight measure
tion: HabUnies, P S
I3, Flgr B, PTH Cosrse,

# Recruits, and gradient, For the ewo cases

aned control sites, the number of both treat-

I sites thar we would have
s find dignificant differenc-

1 1 I . e
. o T T the observed effect size
where sediment size datp were not avail the observed

Table 2. Means {+ 1 standard deviation} of trea
contrasts of treatment and control sites, and
and standard deviations shown are for untran

Yariable Treatment Control Desired n Intensive
Gradient 000186 (0C14) 0.080232 (06 105 0.00162 {0009
Habiniss 72013 13) 7.00 2 330 (2.40)

P SA Siow 0.11{C. 15} GI4(0.11 42 .08 (0.09)

P SA Glice 0.37{0.25; ¢.48 (0.30) 55 0.32(0.17)
Wetted width 11.8(2.69) 4.6 (2.07 0078 18 11,1 01,70}
mean DY .04 {0.0%} 0.03{0.02) 53 0.05(0.02)
Hot B 0.35(0.22) 0.22(0.19) e 0.3G1{0.15}

P PE Fine 0.44(0.39) 0.57 {0.35} 0,409 75 041 {0.37%

PTH Coarse 0.584{0.33) 0.59(0.39) 0.954 0.53{0.25;

: ‘desired 77 assumes the effsct
ent sites which received much more
ncludes the four infensive ireatment sites,

* Note: samples had unequal variances that couid not be corrected by data transformation. Power
size is equal 1o that observed In our present comparisons. “intensive” refers 1o 2 subset of 4 of :
comorehensive restoration freatments than the other freatment sites. Mean values of treatment sites
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2 H
%”:‘;E'ii_?é‘s was reialed

gradient bor thalwag sedi-
pring har sediments differed in
sponse 1o treatment {Figure 3). Within
both rreacment and control groups, the pro-
partion of coarse sediments underlying the
thalwag increased with increasing channel

1)

gradient and the rwo groups had very simi-
lar regression tine slopes {Figure 4a; model
v = 194, model P value = 0.057, P value
for differences in slopes of regresston lines
= 0,484 n eareaenr £ comeet = 197103 Con-
versely, point bar sediments at treatment
sites had decreasing abundances of fines

with increasing gradienr, but control sives
had increasing fines with increasing gradi-
ent (Figure 4b, model ¥ = 14.7, model P =
0.098, P for differences in slopes of regres-
sion lines = 0.049 n et foomand = 19/10).

Macroinvertebrate sbundance did not
differ berween trearment and control sires,
but was affected by channe! gradient and
river segment {two-way ANCOVA #in-
verts: co-variate Gradient w [ 1 df, F ratio

i Irearment or Conerol

Creek supported lower abundances than
either the lower or middle Salmon River
{mean [st error}: Besserre 296 {123], lower
Salmon 352 [104], middle Salmon 466
{121]3 Detecring differences in macroin-
vertebrate abundance between trearment
and control sites with statistical power of
0.8 for a one tailed test ar o = 0.1 would
require sampling at 9,003 treatment sites
and an equal number of control sices.

Chavacterizing site-to-site variability

NMS ordination required 47 itera-
tions to produce a stable 3-dimension-
al solution {i.e., a solution with 3 axes)
with final stress of 6.2 and instability
of 0.005 (Figure 4). Stress is a measure
of the suirabilicy of the solution, as
it indicates how well the solution re-
flects the strucrure of the original data
set following the reduction in dimen-
stonality. Instability is & measure of

the magnirude of flucty

»f the

aver the

4
final stress and

instahili
vilues of our solution are indicarive of

a stable solurion (McCone and Grace

2002} with low risk for drawing e
inference {Clarke 1993). The Monre
Carle test indicated our solution had

lower stress than expected by chance
{mean stress of Monte Carlo rest
15.0, rest of difference hetween Monrte
Carlo and acrual data P = 0.0476).

Cumulative variance explained in

the solution was 95.7%, wich axis I
contributing 52.9%, axis 2-29.9%, and

axis 3-12.9%. Axis 1 loaded with 3
patameters with correlations stronger
than = 0.5 along the axis: gradient,
#Recruits, HabUnits, P TH Coarse,
and Hgt IB. Axis 7 also had 5 variables
load with correlarions stronger than +
0.5: D:W, P SA Slow, #Recruits, Cov
T&S B, P TH Coarse. Only gradient
and P SA Slow loaded with correla-

tion values >+ 0.3 on Axis 3. Tren

N
ment and control sites are nor well

Table 3, Means (+ 1 standard deviation) of
treatment (n = 16) and control (n = 11) sites,
ANOVA F values for contrasts of freatment and
centrol sites, and number of sites neaded |
both treatment and contrai groups ta attain
power of 0.8 {desired n). Means and standard
deviations shown are for untransformed data,
but statistical tests were dong on transformed
values. Abbreviations explained in Table 1.

Variabie Treatment Control P value Desired n ¥
CovT&S 1B 0.604 {0.52) 0.582 (D.32} 0,926 4,504
#Recruits 5.69G {11.10} 5,550 (6.90) 0.826 302
Cov T OB 0.235(0.31) G150 (0.27) 0.341% -
Covs OB G.585(0.31) 0. 147 {0.21) <{(.001 -

" Note: Power analysis to attain desired r assumes effect size egual to that observed in our pras-
ent comparisons. Desired n was cnly determined for the two inside bank riparian caramater,

Figure 3. Predictec linear regression lines and associated data points for refationships between the proporiion of thabwag seciments in the coarse size
class and channel gradient (panel A) and the proportion of point bar sediments in the fine size class and channel gradient {panel BL A Modei 7 = 19.4,
model Pvalue = 0.057, P for differences in slope = G.4847. B: Made! 7 = 14.7, model P value = 0.098, £ for differencas in slopes = 0.049. The four cir-
tied data points had unusually large DFITS values but their exclusion did not affect tesis of significance or interpretation and thersfore they are included.

1.0 1a.

2T+ Coarse

P PB Fine

T Condeol

— Coniroi

0.604 0045 0.008 0000 2.00

e

8.002

0003 0004

Gradient {m mh
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Figure 4. Resuiisof
52.9% ofvanance, axis2 29.9% anda

rea dimensional non-metricmultidimensional scaling ordination rotated to maximize correlation of gradient onaxis 1. Axis Texp
i5312.9%. Axesarelabeledwithvariablesthathadzorelationscares £0.500andarrows pointindirectionofincreasin
vatues. Solid squares are treatment sites (n = 18), open dircles (n = 11} are control sites. The four intensive treatment sites are 175, M-T2, B-T4 and B-T2.
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=== Hgt 1B (-0.614)

& Axls 2
Mean D:W (0.540)
P SA slow (0.642)

# Recruits (-0.655)
CovT&S 1B [-0.571)
v PTH Coame (-0.525)

separated along any of the three axes,

indicating the NMS ordination did
not identify strong differences between
rreatment and control sites. Sires from
the three river segments are similarly
intermingled within the solution, in-
dicating the three river segmenrs had
comparable habitar conditions. The 27
study sites are well distribured across
all 3 axes, suggesting our solution is
not influenced by a small number of
unusually influential points (Figure 4).

DISCUSSION

We found limited evidence that
stream restoration actions taken o
stop riverbank erosion and improve
salmonid production has substantially
changed habitat condizion at the scale
of the river reach. Cur multivariate
rests are powerful tests of the hypoth-

28%

esis that bank restoration would vield
measurable changes in habitat condi-
tion, as they can detect the cumulative
effect of multiple small univariate dif-
ferences. However, neither MANOVA
nor NMS provided evidence that treat-
ment sites suhsrantively differed from
control sites. However, treated sites did
have narrower wetted widths, higher
inside banks, and relatively more shrubs
along outside hanks, compared to un-
restored controi sites and these differ-
ences may be taken as indicators of the
prefiminary success of the restoration

effores and of processes thar can lead

to greater systemn recovery over time.

The narrower wetted widrhs present
at freatment sites was a predicred out-
come of restoration efforts and a goal
of the restoration program in order to
limir thermal heating of the water col-
wnn., However, absence of pre-treat-

ment and/or as-huilt data makes it im-
possible ro determine if the ohserved
widrh differences were a result of geo-
morphic adjustment 10 a new condi-
rion, such as sediment deposition along
channel margins or channel downcut-
ting, or stmply a result of restoration
actions which included dumping a
large volume of material into the ac-
rive channel. If narrowing was a result
of bank accretion, then we can realisti-
cally expect the growth of the bank 1o
continue until an equilibrium width is
attained. I differences are a response
to downcutting then undercutting and
failure of treatmenss and a new wave of
bank erosion may result. If, however,
the width difference is simply equiva-
lent o the width of the rock and wood
added to the channel as part of the
restoration, then there should be no
expectarion of future channel widdch
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Figure 4 continued..
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adjustment. Because channel width is
one of the most reliable and indicarive
hydraulic variables for characrerizing
watershed condition (Andrews 1982
Woodsmith et al. 2005 and citations
therein), it would be beneficial to our
effectiveness evaluation to have bet-
ter insight inte the mechanisms re-
sponsible for stream width dynamics.

The inside bank at treatment sites
had a higher mean elevarion over the
water surface compared to conirol sites,
and this may be an indication that the
floodplain is re-huilding in these loca-

ELO Y

tions. Changes in inside bank heighs
was not a predicted response to treat-
ment and the mechanism linking sta-
bilization of the outside bank and
heighr of the inside bank is unclear but
may be related to bank treatment hale-
ing the prograding of the inside bend

point bar inro rhe acrive channel and

thereby promoting stabilization of the
point bar deposit and vertical accretion
during subsequent high water events.
Land surfaces with higher elevations
are less prone to inundation and there-
fore less susceptible to disturbance dur-
ing high discharge events, and reduced
disturhance may promote increased
survivorship of colonizing vegeration
{Hupp and Osterkamp 1985; Friedman
et al. 1995; Cooperman and Brewer
2005} and initiaze a positive feedback
between plant establishment, sediment
accretion, and floodplain building re-
sulting in a narrower channel {Cooper-
man and Brewer 2003}, Trearment
sites did not differ from control sites in
number of natural recruics or roral veg-
etative coverage on the inside hanks
but the former did have greater means
¢

positive correlation between height of

and variances and there was 2 stron

Fisheries » vouo 32 no § » june 2007 = wesy SlSHFRES.ORG

the inside bank and plant abundance
{Cooperman,  unpublished  doml

Establishment of vegeration along
outside banks of river bends is a well
documented technique for seabilizing
riverbanks and porentially enhancing
fish habirat. Given that :

done as part of the restoration progras

were at least four vears old ar the time

}
of our assessment, our results provid

i
PV

an indication of good s
plantings. However, the prima

used at these rest

ot oabl .



channel gcamafp'mc fearures  upon

to the active channel

581

The jtih:wm relationships berween
—;?mﬁnfsi gradient and proportion of
fine sediments in point bar deposics

1

tment and cumuz sites

d. especiatly since there
were 1o émi(_r cnces berween the groups
riving the

channe! thalwag, A likely explanation

in terms of particle sizes unde

is thar rrearment effectively diverred
gv away from the outside bank
- river bend and onto the inside

£y

wereby  winnowing away fine

s, andd the prearer the gradient
the more stream power diverted. This
raises the gquestion of wherher or not
bank stabilization exports an effecy,
either upstream via channel down-
cutting or downstream via increased
eroston, 2% has been documenrted for
n“mlpm& hanks {Schmerrerling er al.

01} We had hoped 1o evaluate this
pz'smmiaima but the large site-to-site

varianbiliry in the channel below srudy

sites proved oo large o disentangle
from trearment effecrs {Cooperman,
unpublished dara). There was no re-
lationship between sediment sizes in
nd wherher the I’lL‘}\.t up-

point hars a
stream meander bend was stable (with
or without restoration tmarmem) ar
eroding {Cooperman er al. 2006).

Our macroinvertebrare  resulss
should be viewed cauriously  ow-
ing to the samples being collecred
only from depositional environments
{point bar deposits) where sediment
particles are generally smalll How-
ever, our freatment site point bars
had relatively coarser sediments than
those ar conerol sites, and as coarser
sediments ofren support more diverse
and abundant invertebrate communi-
ries, it is reasonable to expect higher
invertebrate abundances at treatment
fact rhat we found no dif-

sites. The f

i’ﬂt’l‘ﬁ}_‘,'\ii’i hetween treatment and con-

rrol sires thus supports the conclu-
hr;l?fs biomass was

sion thar invertel

W orestoration activities.

rest our data for spatial
auto-correlation nor did we apply p-
value corrections for mulriple compar-

s (e, Bonferronni adiustment).

is

As such, our failure to find large geo-

i s . 3
mOrphic or L’Ci}fi)gl‘i;}i FESPONSE {0 res-

rorarion can be viewed as

LT
[ - 1. e pran E e e b e
bhecause  had  auro-correlation

pressiny Or pos
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Gur  statistic
indicared even less d
berween trestment and control sites
than reported here {Hinch eral 1993}

The NMS ordinarion illustrates the
importance of pre-treatment data 1o
effecriveness monitoring. Of the eight
hahitat measures used in the NMS
analysis, four were strongly associated

with ETmﬁi@nt the one pd rameter we
measured thar should be independent
from prcsa:nce»&bsence of hank resto-
rarinn treatments. These four variables

{FabUnits, P TH Coarse, Hgt [B, # Re-

cruirs) incorporate primary measures of

reach-scale habitar diversity, sediment
s, channel geomorphology,

narticle s
and rinarian condition, and as such
capture much of the ecologically rel-
evant dynamics of interest. The strong
correspondence within the NMS solu-
tion berween gradient and these four
varizbles suggests site-specific gradient
is ar least partly responsible for site-
specific “ecology.” Hence, site-to-site
variability in our response variables
associated with changes in local chan-
nel gradieni confound our ability 1w
derermine the magnitude of change
related to trearment efforts. Larson et
al. {2001}, in their discussion of the
four types of variation rhat need be
accounted for in monitoring programs
{within-vear at a site, independent
vear-to-year variation within a site,
synchronous  vear-to-year  variation
among sites, and fundamental sire-ro-
sire variation), describe how failure
T acceount f(_)f site-to-site variation.
such as the gradient affect described
here, can  hinder trend detection.
These authors suggest that multiple
samplings at a sire over time {ie, a
time-series approach comparable to
hefore-afrer assessments? is the means
site varizhility.

Although cersain sratistical tech-
nigues can attempi to account for

to eliminate site-ic

the influence of gradient on response

variables, such as the use of regres-
sion residuals in 4 t-test comparing

rreatment to contrel sires, t-tests of

residuals would still rely upon post-

treatiment hetween group comparisons
and would be expected to have compa-

reble statistical power to ANOVAs of

the same data set. Also, using residuals
may remove so much of the variabilicy
of interest as to overwhnelm the abil-

ity o detect real herween group differ-

ences. We tested regression residuals
for treatment-conirol differences in
lepth-to-widch raric or height o
En;\.ida hank, the variables we mea-
sured most likely to be affected by
iocal gradient. Resuirs had Povalues
similar to rhose of cur ANOVA tests
and the t-tests suffered from compara-
by low statistical power (Cooperman,
unpublished dara). Only by holding

gradient constant between treatment

and control sites would we be able
to fully disentangle the contribution
of restoration from that of gradient
The gradient effect exemplifies a
weakness of the extensive post-treat-
ment approach for effectiveness moni-
roring and it may be at least partly re-
sponsible for the low statistical power
of pur univariate comparisons. Gur g
posteriori power calculations indicate
that for 7 of our @ habirar variables,
we would have needed over 100 sam-
ple sites {30 of each rreatment and
cnntmi) to attain a statistical power
of 0.8, a standard value constdered
reas(maiﬁ?e for ccologécal data (Perer-
man 1990 Steid! et al. 1997}, Based
on logistics of project plannmg, site
selecrion, data collection within a
limited field season, and the available
budger, it was not possible for us 1o
sample more than 16 treatment and 1]
control sites. Even if time and money
were more availsble, there were not
many more sites that we could have
examined which fit our project crite-
riz. Thus, with “effect-size” changes
of hahirat variables on the orders we
ohserved, it is not possible for us to
definitively assess restorarion effec-
tiveness with the extensive post-treat-
ment siudy design that we used. Our
study would have greatly benefited
from foresight to collect relatively in-
expensive pre-restoration information
{e.g., elevarion cross sections, channel
dimensions, mpié habirat unit, and ri-
tal time

parian vegetation

two hours for two ammuf peoplel.
QOur resules illustrate an important

lesson that should be heeded by agen-

to conduct

cies and groups wishing
restotation activities and eventoally

assess their effectiveness. Only by us-

ing an experimental design capable
of disentangling change cauvsed by
yrearment from change caused by ex-
ternal factors and nasural variabiliny

virive assessments of the af-

can def
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fect of rres

‘ment result, Appropriarely replicared and con-

rolled before-after designs provide the suirable mechanism

for restoration nmmf:oréng. Using n before-afrer approach
{( reen 1979), or its derivatives such as BACL b

ACTH {Underwood 1991}, and staircase desien (¥
al. 1988) not 1 1

ences of site-to-site and year-to-year variabilisy on d(_’f(_(;‘e'_‘?—

evond

only eliminates the confounding in

ing response (o treatment, it can provide grmter stati
cal power with fewer replicates {Roni et al. 2003}, El.cren\;
saving time and money. Although selection of appropriate
control sites is alws ret

2
J‘
%

s important regardless of use of post-

trearment or BACT approaches {Roni er all 2005}, only dhe
il ! ;

post-treatment design is wholly dependant upon the nead

to assure “control” sites are suitable marches to the treas-
ment group. [he ultimate choice of which design to use
is a function of logistical and budger constraings, bur even
simple before-after comparisons offer greater potential 1o
detect relevant trends than do afrer-the-fact assessments.

One question reparding before-afrer approaches that is
untasolved is the number of times a site needs to be sam-
pled, both pre- and post-treatment. We suspect the answer

o

is study specific and depends vpon investigator knowledge
of the potential magnitude and rate of response to freat-
ment that can be reasonably expected. Knowledge of the
generation time of populations of interest andfor the return
frequency of key geomorphic andfor disturbance events
such as floods, drought, and fire scem reasonable starting
poings. In one case, a comprehensive BACI evaluation of
stream restoration in Finland found evidence of response
to restoration in habitar structure, benthic invertehrates,
trout abundance, and ecosystem process based on a single
pre-treatment and single po%bt‘rea{mem sampling {Muot-
ka and Syriinen 2007). Alrernatively, Wooolsey er al
(2007) determined sampling frequency for a'ﬁessms_ Tes-
toration effectiveness on the Thur River of Switzerland,
onr a varizble by variable basis. For ‘xample, they assessed
wetred width twice hefore restoration, three times after
the first flood, and once after the second flood. For sur-
face-hyporheic exchange, sampling cccurred twice before
treatment and once afrer the first flond; and, for lateral
connectivity, sampling was once each, before and after.

The absence of wide ranging large differences between the
treatment and control sites compared in this study does not
mean the restoration pmwram has not vielded benefits. The
treatments have heen highly effective at preventing further
bank crosion, the proximal pmgs ammatic gozl, and have
fully established riparian vegerarion. Furthermore,
although small sample size prwhzded statistical “mmpau‘i‘

SULCe

sons, the mean condition of the four “intensive rrs:}ﬁ?”;w
sites suggests rhat more expensive and derailed site-sp

actions may vield larger favorable changes in habi

{e.g., grearer habirar diversiry, 'keaer and narrower
nels, less fine qc(ﬁimems‘} The four intensive sites had a
fower mean channel gradient thn d > other treatment sites
or the control sites, suggesting intensive treatment att
the greater results despite hav%

ined

able.

Palmer et al. {2005} sugges dich o
judge if restoration is succ ?a?: {;3 did a ﬁwug?u-axi giid-

ing imay

of purpose and
i) has

Tort (e, stateme

goall, (i) has the rivers condition been improved, (4
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a more seif-sustaining

system emeiy
fiv) did construction cause lasting
harm, and {v) were horh pre- and post
treatment assessments done. Our big
gest limitation is the lack of pre-treat-
ment data and because of this we have
limited power to muke the definitive
conclusions we would tke. Based on
the remaining criteria, the bank sta-
bilization program  described

has heen o modest success.
criteriz of less rangible issues, such as
increased social awareness of the link-
age berween land-use and ecological
consequences and the evolution of a
stewardship menmality, need also be
considered. A companion study con-
ducted at the same trime as the effec
tiveness evaluation reported and cov-
ering several warersheds of the British
Columbia sovrhern interior found thar
as the amount of restoration work done

on a stream increased, so to did land-

owner awareness and appreciation of
habitat restoration. Further, the in-
creased awareness of habitat issues was
matched by a corresponding increase in
adoption of ecologically more benign
land-use behaviors such as more exten-
sive use of Hvestock exclusion fencing
to control riparian grazing (Branton
et al. unpublished data). As such, in a
sociological context, the stream resto-
ration effort described herein appears
to have heen highly successtul. €0
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