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Abstract The choice of spatial and temporal scale
used in environmental assessments may influence the
observed results. One method of assessing the impact
of stream habitat alterations involves the comparison
of response variables among treatment categories (i.e.,
impacted and unimpacted sites). The influence of
spatial resolution on patterns of response variables
among treatment categories in assessments of stream
channelization and other types of habitat alterations
has not been evaluated. We examined how patterns of
10 community response variables among channel types
and our interpretations of channelization impacts on
fish and macroinvertebrate communities differed
among three spatial resolutions in a warmwater stream
in Mississippi and Alabama. Four fish and three
macroinvertebrate community response variables
exhibited different patterns among channel types at dif-
ferent spatial resolutions. Our interpretations of the im-
pacts of channelization on fish and macroinvertebrate

communities differed among spatial resolutions. Chan-
nelization had a negative influence on fish communities
either with or without evidence of potential community
recovery in one channel type. Channelization impacts
on macroinvertebrate communities ranged from a
negative influence to no effect. Our results suggest that
spatial resolution can influence the observed results and
interpretations derived from assessments of stream
habitat alterations.
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Introduction

Scale refers to the spatial and temporal dimensions of
a study (O’Neill and King 1998). The choice of scale
is one of the most critical decisions an investigator
makes when designing environmental assessments
because the scale at which a study is conducted will
influence the observed results (Levin 1992). Much of
the methods and research related to the influence of
scale focuses on how the value of a response variable
or its variability differs among different scales
(Schneider 1994; Gardner 1998). For example, in-
creasing the size of the sampling unit (i.e., area
sampled) increases estimates of species richness until
a plateau is reached (Paller 1995; Li et al. 2001).
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Understanding how response variables are influenced
by scale is important for monitoring studies that use
multimetric indexes to assess habitat quality and/or
biological integrity of lotic ecosystems. However,
scientific evaluations of specific stream habitat
modifications (i.e., channelization, installation of
instream habitat structures, impoundments, etc.)
involve more than just calculating response varia-
bles. Specifically, these evaluations determine the
impact of habitat alterations by comparing response
variables among different treatment categories.
Space-for-time assessments (Pickett 1989) involve
comparisons of response variables between impacted
and unimpacted sites, while before-after-control-
impact designs (Green 1979) involve comparisons
of response variables between impacted and unim-
pacted sites before and after the impact has occurred.
One issue frequently overlooked in environmental
impact assessments in streams is how scale influ-
ences the comparison of response variables among
treatment categories.

Extent and resolution (or grain) are two compo-
nents of scale to be considered when designing
environmental assessments. Extent refers to the
spatial or temporal limits of a study, and resolution
is the smallest spatial or temporal interval within a
study (Schneider 1994). A study examining macro-
invertebrates in a stream may occur within one riffle
(extent) and sample macroinvertebrates from single
stones within the riffle (resolution). Additionally, the
influence of spatial and temporal resolution has
received less attention than spatial and temporal
extent because resolution is often determined by
convention (Mac Nally and Quinn 1998). The choice
of spatial resolution may influence the ability of the
investigator to detect differences among treatment
categories.

The design of a high spatial resolution study will
often consist of smaller sized sampling units and a
greater number of sampling units than a low resolu-
tion study. Classical statistics predicts that variation of
response variables will decrease with increasing
number of sampling units and make it easier to detect
changes among treatment categories (Bellehumeur
et al. 1997). Conversely, information from the scale
literature predicts the variability of response variables
will increase with the use of more smaller-sized
sampling units than fewer larger-sized sampling units
and a decrease in the ability to detect a difference

among treatment categories will occur at greater spatial
resolutions (Smith and Urban 1988; Wiens 1989;
Levin 1992; Bellehumeur et al. 1997; Cooper et al.
1997). The use of a greater number of smaller sized
sampling units also increases the sensitivity of statis-
tical tests to detect differences among treatments.
Therefore, we question whether the difference in
spatial resolution influences the results and assessment
of the impacts of stream channelization on fish and
macroinvertebrate communities. To address this ques-
tion, we conducted a space-for-time assessment
(Pickett 1989) of channelization impacts on fish
and macroinvertebrate communities by sampling
fishes and macroinvertebrates from three channel
types in a channelized warmwater stream in Alabama
and Mississippi. We held the spatial extent of our
study constant and used a hierarchically nested
sampling design to examine how patterns of ten
community response variables among channel types
differed among three spatial resolutions. We also
evaluated if spatial resolution influenced our inter-
pretations of the impacts of channelization on fish
and macroinvertebrate communities.

Study area

Luxapalila Creek is a tributary of the Tombigbee
River that originates in Alabama and flows through
northeast Mississippi (Fig. 1). Land use of this
Coastal Plain watershed consists mostly of forested
or agricultural land (Payne and Miller 1991). Recent
and historical channelization projects for flood control
have produced three channel types within Luxapalila
Creek: (1) recently-channelized reach; (2) unchannel-
ized reach; and (3) historically-channelized reach. The
recently-channelized and unchannelized reaches are
located in Mississippi, while the historically channel-
ized reach is located in Alabama (Fig. 1). Channeli-
zation of the recently-channelized reach encompassed
the lower 8 km of Luxapalila Creek and was
completed in 1996 (Raborn and Schramm 2003). The
historically channelized reach begins at the Missis-
sippi–Alabama state line extends to the headwaters and
was channelized in 1922 (Gray 1977). Modifications
within channelized reaches included deepening, wid-
ening, and straightening of the channel, removal of
riparian vegetation, bank armoring in selected loca-
tions, and levee construction on streambanks. The
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unchannelized reach has never been subjected to large-
scale alterations of channel form.

The different channel types within Luxapalila
Creek correspond to Stage I (unchannelized), Stage
II (recently-channelized), and Stage III (historically-
channelized) of Simon’s (1989) incised channel
evolution model. Habitat variables measured concur-
rently with fish and macroinvertebrate sampling
(Smiley and Dibble 2005) revealed differences in
geomorphology, riparian vegetation, hydrology, and
substrate characteristics among channel types (Table 1).
Channelized reaches exhibited greater streambank
heights (single factor ANOVA, F2, 3=66.25, P=
0.003), top bank width (single factor ANOVA, F2, 3=
70.32, P=0.003), and bottom bank width (single factor
ANOVA, F2, 3=13.73, P=0.031) than unchannelized
reaches (Table 1). Streambanks of the recently chan-
nelized reach contained the least amount of shrubs
(single factor ANOVA, F2, 3=352.20, P<0.001) and
the greatest amount of riprap (single factor ANOVA,
F2, 3=25.52, P=0.013)(Table 1). Water depth (single
factor ANOVA, F2, 15=20.28, P<0.001) in the
channelized reaches was less than the unchannelized
reaches, while wet width (single factor ANOVA,F2, 15=
12.36, P<0.001) was greater in the channelized
reaches than the unchannelized reach (Table 1). The
number of substrate types (single factor ANOVA,
F2, 15=5.06, P=0.021) was greater in the historically
channelized and unchannelized reaches than in the
recently channelized reach (Table 1). Additionally, sub-

strate composition (chi square 16=675.96, P<0.001)
differed among channel types even though all reaches
were composed mostly of gravel (Table 1).

Materials and methods

Fish and macroinvertebrate sampling

We sampled fishes and macroinvertebrates from the
three channel types as part of a space-for-time
assessment (Pickett 1989) to evaluate the influence
of channelization. We used a hierarchically nested
sampling design to sample fish and macroinverte-
brates at three spatial resolutions (site, section, patch)
(Fig. 2). Our chosen spatial resolutions correspond to
the reach (site), pool-riffle (section), and microhabitat
(patch) resolutions of Frissell et al. (1986). Prior to
sampling, two sites were chosen within each channel
type (Figs. 1 and 2) based on channel form character-
istics and accessibility. Three 30 m long sections
within each site were chosen to ensure that all habitat
types (i.e., pool, riffles, runs) within a site were
sampled (Fig. 2). Within each section, six randomly
selected patches (5×5 m) were sampled (Fig. 2) and
habitat features of the patches were unknown prior to
sampling. Specifically, one patch was randomly
chosen from six transects established perpendicular
to stream flow and 5 m apart in each section. Water
depths greater than 1.5 m were associated with strong

Fig. 1 Map of sampling
sites in Luxapalila Creek,
Mississippi (MS) and
Alabama (AL), USA, 2000.
Key to sampling sites:
squares – sites in recently
channelized reach, circles –
sites in unchannelized
reach, and pentagons – sites
in historically channelized
reach

Environ Monit Assess (2008) 138:17–29 19



currents and were not sampled due to the unsafe
sampling conditions. If a randomly selected patch
could not be sampled, then the patch nearest to it
along the transect was sampled. Despite this occa-
sional adjustment of patch selection, it was unlikely
observer bias was introduced because adjustment of
patches was dictated by water depths, not the
observer. Sampling was conducted in an upstream
direction as we began sampling at the downstream
section within a site and the downstream transect
within each section. Our sampling design controlled
observer bias by random selection of patches,
distributed sampling efforts throughout each section
and site, and ensured that all representative pool-riffle
units within a site were sampled. Fishes and macro-
invertebrates were collected in May, July, and
September 2000. The number of samples collected
in each channel type during each sampling period was
two at the site resolution, six at the section resolution,
and 36 at the patch resolution. Sampling effort was

equal for all gear types among all channel types and
sampling trips.

Within each patch, fishes and macroinvertebrates
were captured using a seine / backpack electroshocker
combination and dipnet sweeps. The seine (3×2 m,
6 mm mesh) was used as a downstream block net, and
a 3×3 m area immediately upstream of the seine was
electroshocked (600–700 V, 60 Hz) for 3 min with the
backpack electroshocker (Smith Root, Model #15-A).
Fishes that could be identified in the field were
identified, enumerated, and released. Unidentified
fishes and macroinvertebrates collected by electro-
shocking were preserved with a 10% formalin
solution and returned to the laboratory for identifica-
tion. Upon completion of electroshocking the same
area was sampled with a triangular frame dipnet
(25.4 cm diameter, 800×900 μm mesh). Three dipnet
sweeps approximately 1 m in length were taken at the
upstream, middle, and downstream portions of the
area sampled by electroshocking. Care was taken to

Table 1 Mean (SE) geomorphological, vegetative, hydrological, and substrate characteristics of the recently-channelized (RC),
historically-channelized (HC), and unchannelized (UC) reaches of Luxapalila Creek, Mississippi and Alabama, 2000

RC HC UC

Geomorphological characteristics
Bank height (m) 05.15 (0.01) 03.52 (0.32) 01.98 (0.10)
Top bank width (m) 57.54 (2.48) 36.59 (1.73) 28.31 (0.73)
Bottom channel width (m) 28.21 (0.54) 25.80 (1.97) 18.77 (1.04)
Vegetative characteristics
Percentage trees (woody vegetation>5 m tall) 00.03 (0.03) 05.35 (2.43) 06.25 (0.14)
Percentage shrub (woody vegetation>5 m tall) 11.81 (0.01) 34.38 (1.04) 22.50 (0.00)
Percentage herbaceous vegetation 38.59 (0.86) 49.72 (0.42) 23.82 (5.90)
Percentage riprap 28.86 (4.48) 02.99 (2.99) 00.42 (0.42)
Percentage bare soil 20.71 (3.59) 07.71 (1.32) 47.01 (6.18)
Hydrological characteristics
Depth (m) 00.34 (0.04) 00.36 (0.01) 00.55 (0.01)
Velocity (m/s) 00.28 (0.04) 00.19 (0.01) 00.23 (0.03)
Wet width (m) 25.68 (1.23) 21.01 (0.95) 17.13 (1.43)
Substrate characteristics
Number of substrate types 04.17 (0.17) 05.33 (0.42) 05.83 (0.48)
Percentage gravel 80.85 (4.18) 64.60 (3.68) 75.03 (3.24)
Percentage riprap 09.02 (2.44) 00.18 (0.18) 00.37 (0.37)
Percentage clay 07.85 (1.84) 01.34 (0.42) 03.40 (1.55)
Percentage sand 02.20 (0.37) 27.41 (3.75) 09.40 (1.43)
Percentage leaf litter 00.08 (0.08) 02.37 (0.53) 01.78 (0.44)
Percentage woody debris 00.00 (0.00) 02.02 (0.42) 07.19 (0.83)
Percentage root mass 00.00 (0.00) 00.32 (0.32) 00.61 (0.31)
Percentage mud 00.00 (0.00) 01.74 (0.99) 01.60 (0.86)
Percentage rock 00.00 (0.00) 00.00 (0.00) 00.62 (0.62)

See Smiley and Dibble (2005) for description of sampling methods for all parameters
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sample the water column and bottom substrate during
dipnet sampling. All dipnet samples were preserved
with a 10% formalin solution and returned to the
laboratory for identification.

Fishes were identified to species using Ross
(2001), and macroinvertebrates were identified to
class, order, or family using Thorp and Covich
(1991) or Merritt and Cummins (1996). Animals from
the following taxa were identified to family level:
water beetles (Coleoptera), mayflies (Ephemeroptera),
aquatic/semi-aquatic bugs (Hemiptera), dragonflies/
damselflies (Odonata), stoneflies (Plecoptera), and
caddisflies (Trichoptera). All other taxa were identi-
fied to class or order. Specimens that could not be
identified to taxonomic resolution specified above
were excluded from analyses (<2% of all specimens).

Data analyses

Response variables were calculated for each combi-
nation of sampling unit and sampling period. Specif-
ically, we calculated response variables at the patch
resolution with composited data from each gear type.

Response variables for each section were calculated
using data composited from six patches, and response
variables at the site resolution were calculated from
composited data from 18 patches.

We selected response variables that describe
richness, evenness, abundance, richness of sensitive
taxa, and proportion of tolerant taxa of fish and
macroinvertebrate communities. Specifically, we cal-
culated the species richness, evenness, abundance,
darter (Family Percidae) species richness, proportion
of tolerant species of fish communities, and taxa
richness, evenness, abundance, EPT (Ephemeroptera
Plecoptera Trichoptera) taxa richness, and proportion
of tolerant taxa of macroinvertebrate communities.
Species richness and taxa richness is the number of
species or taxa. We used E1/D, which is an evenness
index to assess the pattern of species (taxa) relative
abundances within a community. E1/D is a common
variation of the Simpson’s index and is not influenced
by species richness (Smith and Wilson 1996).
Abundance was the number of organisms. Darters,
Ephemeroptera, Plecoptera, and Trichoptera are con-
sidered indicators of habitat quality in streams (Lenat
1984; Karr 1991). We calculated darter species
richness as the number of darter species, and EPT
taxa richness as the number of EPT families.
Proportion of tolerant fish species was calculated
based on the percent of captures of fish species
considered to be tolerant of habitat degradation
(Shields et al. 1995), while proportion of tolerant
macroinvertebrate taxa was calculated based on the
percent of captures of macroinvertebrate taxa with
tolerance values greater than 7.0 (Barbour et al. 1999;
Tetra Tech 2003).

We did not use a hierarchically nested ANOVA
because we were not interested in identifying differ-
ences in response variables among nested sampling
units within channel types (Zar 1984). Instead, we
assessed how patterns of response variables among
channel types differed with changing spatial resolu-
tion. First, a two factor analysis of variance (ANOVA)
coupled with Student–Newman–Keuls (SNK) post
hoc test was performed for each combination of
spatial resolution and response variable (total 30
analyses) to determine if response variables differed
among channel types at each spatial resolution. We
only present results from the single factor effect of
channel type because we are not interested in the
effect of sampling period. The two factor ANOVA

Fig. 2 Diagram depicting differences in spatial resolution used
in this study. The site resolution results from the composite of
18 patches distributed throughout three sections and forms a
90 m long sampling unit. The section resolution consists of a
composite of six patches within a section and forms a 30 m
long sampling unit. The patch resolution consists of 5×5 m
sampling units
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allowed us to determine the effect of channel type
independently of sampling period and ensured use of
the correct degrees of freedom for the F tests and
SNK tests (Zar 1984). Each statistical test resulted in
a pattern of a response variable among channel types
for each spatial resolution. We then assessed the in-
fluence of spatial resolution by noting if the pattern of
a response variable among channel types was the
same at all spatial resolutions or if a different pattern
occurred at different spatial resolutions. This second
step in our analysis of the influence of spatial resolu-
tion is analogous to a simple method of pattern anal-
ysis where the variance among samples is plotted as a
function of spatial resolution and the spatial resolution
containing the greatest variance is noted (Cooper et al.
1997; Gardner 1998). Additionally, we calculated the
coefficient of variation (Zar 1984) for all response
variables at each spatial resolution to identify the
spatial resolution(s) exhibiting the greatest variability.

Proportions of tolerant fish species and tolerant
macroinvertebrate taxa were arcsine transformed prior
to statistical analyses, while other response variables
were log X+1 transformed if the assumptions of the
normality or equal variance were not confirmed (Zar
1984). We acknowledge that sampling units at each
resolution are pseudoreplicates (Hurlbert 1984) because
channel types were not randomly distributed through-
out Luxapalila Creek. Pseudoreplication is difficult to
avoid in field studies due to logistical and ethical
issues of randomly distributing large scale treatments
(i.e., channel types) throughout a stream. We limited
our spatial extent to one stream so that our analyses
would not be influenced by possible changes in
species composition that is expected to occur among
streams. All statistical tests were conducted using
SigmaStat 3.1 for Windows (Systat Software 2004)
and the significance level was P<0.05.

We developed a set of guidelines from general
assumptions about the selected response variables to
examine how spatial resolution influences our interpre-

tation of the results. If fish species richness, evenness,
fish abundance, darter richness, macroinvertebrate taxa
richness, macroinvertebrate evenness, macroinverte-
brate abundance, and EPT taxa richness were greater
in the channelized reaches compared with the unchan-
nelized reach we concluded the effect of channelization
was positive. If these nine response variables were less
in the channelized reaches compared with the unchan-
nelized reach we concluded the effect of channelization
was negative. Conversely, if the proportion of tolerant
fish and tolerant macroinvertebrate taxa was greater in
the channelized reaches than unchannelized reach we
concluded channelization had a negative effect. If these
two response variables were less in the channelized
reaches compared with the unchannelized reach we
concluded channelization had a positive effect. If no
difference (P>0.05) in response variables was ob-
served among channel types we concluded channeli-
zation had no effect. If a difference in a response
variable did not occur between the historically chan-
nelized and unchannelized reach we concluded that the
communities within the historically channelized reach
may have recovered from channelization impacts.
These guidelines allow us to standardize our interpre-
tations and enable us to examine how the influence of
spatial resolution on patterns of community structure
among channel types influences interpretations of
impacts of channelization.

Results

Forty-three fish species occurred within 1,013 captures
and 59 macroinvertebrate taxa were documented from
25,976 captures. The six most abundant fish species
captured constituted 53% of all fish captures and
included: speckled madtom (Noturus leptacanthus),
rock darter (Etheostoma rupestre), blacktail shiner
(Cyprinella venusta), speckled darter (Etheostoma
stigmaeum), bluegill (Lepomis macrochirus), and
blackbanded darter (Percina nigrofasciata). The green
sunfish (Lepomis cyanellus) was the only tolerant fish
species captured. The five most abundant macroinver-
tebrate taxa comprised 71% of all macroinvertebrate
captures and were: midges (Order Diptera, Family
Chironomidae), mussels (Class Bivalvia), snails (Class
Gastropoda), caenids (Order Ephemeroptera, Family
Caenidae), and microcaddisflies (Order Trichoptera,
Family Hydroptilidae). We captured nine tolerant macro-

Fig. 3 Means and standard errors of fish species richness (a, b,
c), evenness (d, e, f), abundance (g, h, i), darter species richness
(j, k, l), and proportion of tolerant fish species (m, n, o) among
channel types at the patch (a, d, g, j, m), section (b, e, h, k, n),
and site (c, f, i, l, o) resolutions in Luxapalila Creek,
Mississippi and Alabama, 2000. Channel type abbreviations
are: RC recently-channelized, HC historically-channelized, and
UC unchannelized. Different letters above the bars within a
graph indicate significant differences among channel types (P<
0.05)

R
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invertebrate taxa and these were: amphipods (Order
Amphipoda); water scavenger beetles (Order Coleoptera,
Family Hydrophilidae); springtails (Order Collembolla);
crayfish (Order Decapoda); phantom midges (Order
Diptera, Family Chaoboridae); caenids; giant water bugs
(Order Hemiptera, Family Belostomatidae); water boat-
men (Order Hemiptera, Family Corixidae); and leeches
(Class Hirudinea).

Patterns of fish species richness among channel
types were the same at the section and site reso-
lutions, but were different at the patch resolution. At
the patch resolution (Fig. 3a) fish species richness was
different among all channel types and was the greatest
in the unchannelized reach (F2, 315=13.467, P<
0.001). At the section and site resolutions (Fig. 3b,c)
the unchannelized and historically channelized reaches
exhibited a greater fish species richness than the
recently channelized reach (section F2, 45=8.784, P<
0.001; site F2, 9=14.116, P=0.002). A different pat-
tern of macroinvertebrate taxa richness among channel
types occurred at each resolution. At the patch
resolution (Fig. 4a) macroinvertebrate taxa richness
of the unchannelized reach was greater than the
historically channelized and recently channelized
reach (F2, 315=5.037, P=0.007). At the section
resolution (Fig. 4b) macroinvertebrate taxa richness
differed among all channel types and was the greatest
in the unchannelized reach (F2, 45=26.69, P<0.001).
At the site resolution (Fig. 4c) macroinvertebrate taxa
richness of the unchannelized and historically chan-
nelized reaches was greater than the recently channel-
ized reach (F2, 9=22.157, P<0.001).

Patterns of fish evenness among channel types
were the same at the section and site resolutions, but
were different at the patch resolution. At the patch
resolution (Fig. 3d) evenness of the fish community
within the unchannelized reach was greater than the
channelized reaches (F2, 315=8.160, P<0.001). At the
section and site resolutions (Fig. 3e,f ) no differences
in fish evenness occurred among channel types

(section F2, 45=0.587, P=0.560; site F2, 9=0.150, P=
0.863). Patterns of macroinvertebrate evenness among
channel types were also the same at the section and site
resolutions, but different at the patch resolution. At the
patch resolution (Fig. 4d) evenness of the macro-
invertebrate community within the recently channel-
ized and unchannelized reaches were greater than the
historically channelized reach (F2, 315=5.072, P=
0.007). At the section and site resolutions (Fig. 4e,f )
macroinvertebrate evenness within the recently chan-
nelized reach was greater than evenness within histor-
ically channelized and unchannelized reaches (section
F2, 45=8.08, P=0.001; site F2, 9=6.205, P=0.020).

Patterns of fish abundance among channel types
were the same at the patch and site resolutions, but
differed at the section resolution. At the patch and site
resolutions (Fig. 3g,i) fish abundance differed among
all channel types and the greatest abundance was
observed in the unchannelized reach (patch F2, 315=
10.980, P<0.001; site F2, 9=13.016, P=0.002). At the
section resolution (Fig. 3h) fish abundance within the
historically channelized and unchannelized reaches
were greater than the recently channelized reach (F2,

45=5.412, P=0.008). Patterns of macroinvertebrate
abundance among channel types were the same at all
spatial resolutions. At the patch, section, and site
resolutions (Fig. 4g,h,i) no differences in macro-
invertebrate abundance occurred among channel types
(patch F2, 315=1.995, P=0.143; section F2, 45=0.307,
P=0.737; site F2, 9=0.625, P=0.557).

Patterns of darter species richness among channel
types were the same at the section and site reso-
lutions, but differed at the patch resolution. At the
patch resolution (Fig. 3j) darter species richness was
different among all channel types and was the greatest
in the unchannelized reach (F2, 315=14.325, P<
0.001). At the section and site resolutions (Fig. 3k,
l) the unchannelized and historically channelized
reaches exhibited a greater darter species richness
than the recently channelized reach (section F2, 45=
7.917, P=0.001; site F2, 9=15.332, P=0.001). A
different pattern of EPT taxa richness among channel
types occurred at each resolution. At the patch
resolution (Fig. 4j) EPT taxa richness of the recently
channelized and unchannelized reaches were greater
than the historically channelized reach (F2, 315=6.152,
P=0.002). At the section resolution (Fig. 4k) EPT
taxa richness of the unchannelized reach was greater
than the recently channelized reach (F2, 45=4.473, P=

Fig. 4 Means and standard errors of macroinvertebrate taxa
richness (a, b, c), evenness (d, e, f ), abundance (g, h, i), EPT
taxa richness (j, k, l), and proportion of tolerant macro-
invertebrate taxa (m, n, o) among channel types at the patch
(a, d, g, j, m), section (b, e, h, k, n), and site (c, f, i, l, o)
resolutions in Luxapalila Creek, Mississippi and Alabama,
2000. Channel type abbreviations are: RC recently-channelized,
HC historically-channelized, and UC unchannelized. Different
letters above the bars within a graph indicate significant
differences among channel types (P<0.05)

R
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0.017). At the site resolution (Fig. 4l) EPT taxa
richness did not differ among channel types (F2, 9=
4.074, P=0.055).

Patterns of proportion of tolerant fish species
among channel types were the same at all spatial
resolutions. At the patch, section, and site resolu-
tions (Fig. 3m,n,o) no difference in proportion of
tolerant fish species occurred among channel types
(patch F2, 315=0.591, P=0.554; section F2, 45=1.302,
P=0.282; site F2, 9=1.312, P=0.316). Patterns of
proportion of tolerant macroinvertebrate taxa among
channel types were also the same at all spatial
resolutions. At the patch, section, and site resolutions
(Fig. 4m,n,o) proportion of tolerant macroinverte-
brate taxa of the recently channelized reach was
greater than proportions of tolerant taxa within the
historically channelized and unchannelized reaches
(patch F2, 315=53.889, P<0.001; section F2, 45=24.387,
P<0.001; site F2, 9=17.907, P<0.001).

Coefficient of variation of all response variables
was the greatest at the patch resolution for fish and

macroinvertebrate response variables, and decreased
with decreasing spatial resolution (Tables 2 and 3).
The greatest coefficient of variation for all response
variables was observed with proportion of tolerant
fish species at the patch resolution (Table 2). The least
coefficient of variation for all response variables was
observed within macroinvertebrate taxa richness at
the site resolution (Table 3). Coefficient of variations
for fish response variables within each spatial resolu-
tion exhibited a greater range of values than macro-
invertebrate response variables (Tables 2 and 3).

At the patch resolution channelization negatively
influenced fish species richness, fish evenness, fish
abundance, and darter species richness and had no
effect on the proportion of tolerant species (Table 4).
At the section and site resolutions channelization
negatively influenced fish species richness, abun-
dance, and darter species richness and had no effect
on fish evenness and proportion of tolerant species
(Table 4). Additionally, species richness, abundance,
and darter species richness suggested the potential for
community recovery in the historically channelized

Table 2 Percentage coefficient of variation of fish species rich-
ness, evenness, abundance, darter species richness, and propor-
tion of tolerant fish species among three channel types at three
spatial resolutions within Luxapalila Creek, Mississippi and
Alabama, 2000

Patch Section Site

Richness
RC 0136 057 026
HC 0117 044 023
UC 0108 053 024
Evenness
RC 0185 045 026
HC 0140 028 026
UC 0105 028 027
Abundance
RC 0163 078 022
HC 0182 088 071
UC 0186 115 047
Darter species richness
RC 0227 106 055
HC 0178 057 022
UC 0141 070 035
Proportion of tolerant species
RC 0590 205 122
HC 0666 295 162
UC 1039 424 245

Abbreviations for channel types are: RC recently-channelized,
HC historically-channelized, UC unchannelized

Table 3 Percentage coefficient of variation of macroinverte-
brate taxa richness, evenness, abundance, EPT taxa richness,
and proportion of tolerant macroinvertebrate taxa among three
channel types at three spatial resolutions within Luxapalila
Creek, Mississippi and Alabama, 2000

Patch Section Site

Richness
RC 050 25 15
HC 060 28 18
UC 047 18 12
Evenness
RC 044 37 33
HC 061 47 49
UC 044 43 25
Abundance
RC 099 78 70
HC 148 67 53
UC 150 68 38
EPT taxa richness
RC 052 24 16
HC 071 35 27
UC 060 24 13
Proportion of tolerant taxa
RC 091 64 59
HC 214 68 63
UC 161 97 42

Abbreviations for channel types are: RC recently-channelized,
HC historically-channelized, UC unchannelized
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reach at the section or site resolutions (Table 4). At
the patch resolution channelization had a negative
influence on macroinvertebrate taxa richness and
proportion of tolerant taxa and no effect on macro-
invertebrate evenness, abundance, and EPT taxa
richness (Table 4). At the section resolution channeliza-
tion negatively influenced macroinvertebrate taxa
richness, EPT taxa richness, and proportion of tolerant
taxa, positively influenced evenness, and had no effect on
abundance (Table 4). At the site resolution channeliza-
tion negatively influenced macroinvertebrate taxa
richness and proportion of tolerant taxa, positively
influenced macroinvertebrate evenness, and had no
effect on abundance and EPT taxa richness (Table 4).
Additionally, proportion of tolerant macroinvertebrate
taxa indicated that community recovery may be occur-
ring in the historically channelized reach at each spatial
resolution, and taxa richness indicated that recovery may
be occurring in the historically channelized reach at the
site resolution (Table 4).

Discussion

Only one fish and two macroinvertebrate response
variables exhibited the same pattern among channel
types at all spatial resolutions. Therefore, we concluded
the observed patterns of fish and macroinvertebrate
community structure among channel types are influ-

enced by spatial resolution. To our knowledge, only one
other study (Townsend et al. 1997) has examined the
influence of spatial resolution on patterns of commu-
nity structure among different treatments in an envi-
ronmental assessment. Specifically, Townsend et al.
(1997) examined patterns of 14 macroinvertebrate
community response variables among four land use
types (native forest, native tussock grassland, intro-
duced pine plantation, and agricultural pasture) at three
spatial resolutions (site, tributary, and subcatchment) in
New Zealand. Townsend et al. (1997) observed that
spatial resolution influenced the observed patterns
among land use types for 13 response variables and
these results are consistent with our results.

Our results concur with the prediction made by
others (Smith and Urban 1988; Wiens 1989; Levin
1992; Bellehumeur et al. 1997; Cooper et al. 1997) that
variability of response variables will be the greatest at
the greatest spatial resolution and variability will
decrease as spatial resolution is decreased. We ob-
served the greatest variability of response variables at
the patch resolution, which consisted of the smallest
sized sampling units and the greatest number of
samples. However, our results did not concur with
the prediction that pattern detection would be the least
likely at the greatest spatial resolution. We were able to
detect differences in four fish and four macroinverte-
brate community response variables among channel
types at the patch resolution with coefficients of
variation ranging from 44 to 227%. Additionally,
Townsend et al. (1997) observed differences in
response variables among land use types more fre-
quently at the greatest spatial resolution. However, we
were not able to determine the spatial resolution in
Townsend et al. (1997) that exhibited the greatest
variability of response variables because this informa-
tion was not reported for all resolutions.

Our first interpretation regarding the influence of
spatial resolution concurred with Townsend et al.
(1997), and was that increasing the number of
sampling units overrode the potential influence of
increasing variability of response variables. However,
Townsend et al. (1997) only detected a difference in
7% of the response variables among land use types at
the lowest spatial resolution (subcatchment) and we
detected a difference in 60% of the response variables
among channel types at the lowest spatial resolution
(site). The critical F value required to detect a
significant effect of land use type was 4.19 (Zar

Table 4 Summary of interpretations of the influence of
channelization on fish and macroinvertebrate response variables
that result from examining trends in response variables among
three channel types at three spatial resolutions in Luxapalila
Creek, Mississippi and Alabama, 2000

Response Variable Patch Section Site

Fish
Richness −1 −1, pr −1, pr
Evenness −1 0 0
Abundance −1 −1, pr −1
Darter Species Richness −1 −1, pr −1, pr
Proportion of Tolerant Species 0 0 0
Macroinvertebrate
Richness −1 −1 −1, pr
Evenness 0 +1 +1
Abundance 0 0 0
EPT taxa richness 0 −1 0
Proportion of tolerant taxa −1, pr −1, pr −1, pr

Abbreviations for effects are: +1 = positive effect, 0 = no effect,
−1 = negative effect, pr = potential recovery
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1984) at the subcatchment resolution in Townsend
et al. (1997), and the critical F value necessary to de-
tect a significant effect of channel type was 4.26 (Zar
1984) at the site resolution in our study. This finding
suggests that differences in the ability to detect
patterns among treatment types is not just a function
of the number of samples because the critical F value
at the lowest spatial resolution was less in Townsend
et al. (1997) than our study despite the greater number
of samples in our analyses. Others have suggested
that the number of samples is not the only factor
influencing results among ANOVA analyses contain-
ing different numbers of samples (Chessman et al.
2006). Perhaps differences in the ability to detect
patterns among treatment categories between our
study and Townsend et al. (1997) is also related to
the type of habitat modification being evaluated.
Townsend et al. (1997) examined the influence of
land use type, which may have subtle effects on
macroinvertebrate communities compared to the
impacts of stream channelization.

We also concluded that spatial resolution influ-
enced our interpretations of the impacts of channel-
ization on fish and macroinvertebrate communities
within Luxapalila Creek. Channelization negatively
impacted fish communities at the patch and site
resolution. Channelization also negatively impacted
fish communities at the section resolution, but
patterns observed at this resolution suggested that
fish communities within the historically channelized
section may have recovered from channelization. A
greater variety of channelization effects were ob-
served for macroinvertebrate communities than fish
communities. Channelization had no influence on
macroinvertebrate communities at the patch resolution
and a negative effect on macroinvertebrate communi-
ties the section resolution. The impact of channeliza-
tion on macroinvertebrate communities at the site
resolution was inconclusive because of the mixed
responses. Variations in the interpretations of channel-
ization impacts on fish and macroinvertebrate commu-
nities that occurred among different spatial resolutions
highlights the need for multi-scale assessments.

The use of our results to recommend the use of one
spatial resolution in the design of environmental
assessments would be inappropriate because there is
no correct scale of observation (Levin 1992). Instead,
we recommend that when possible scientific evalua-
tions of stream habitat alterations should be con-

ducted at multiple spatial resolutions. The choice of
spatial resolution depends on the hypothesis being
addressed, but those investigators that are not aware
of the spatial scale of the impact prior to sampling
should conduct a multi-scale assessment (Underwood
1994). Therefore, investigators should select one
spatial resolution based on the hypothesis, and then
select one coarser and one finer resolution. This
approach to designing multi-resolution assessments
should lead to a greater understanding of the impacts
of stream habitat alterations. The multi-resolution
approach is also applicable for designing routine
monitoring efforts involving the assessment of a large
number of sites. Prior to the initiation of monitoring a
pilot study should be conducted to determine the
influence of spatial resolution on selected habitat and
biological indexes. Specifically, these pilot studies
should examine the influence of spatial resolution on
the observed value and variability of selected indexes
and its influence on comparisons of indexes between
reference and impacted sites.

Our results also suggest that at the spatial resolutions
used in this study fish communities may result in more
accurate assessments of channelization impacts on
gravel bed streams in the southeastern United States
than macroinvertebrate communities. The spatial reso-
lutions used may have been too coarse from a macro-
invertebrate’s perspective and finer spatial resolutions
may provide more conclusive insights to the impacts
of channelization on macroinvertebrate communities.
Additionally, our results identify response variables that
were not effective at detecting the influence of
channelization. Specifically, we found that proportion
of tolerant fish species (i.e., green sunfish) and macro-
invertebrate abundance exhibited no response to
channelization at any spatial resolution.
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