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ABSTRACT

1. Stream classification systems are widely used in stream management and restoration. Whereas the principal
morphological types of these classification systems are increasingly recognized for their ecological connections,
the roles of intermediate and mixed morphologies are still poorly understood, yet may be biologically significant.
2. Twenty-five stream reaches in north-western Vermont were classified by channel morphology to determine

whether fish community diversity differed among pool-riffle, mixed (i.e. pool-riffle/cascade, pool-riffle/other) and
forced pool-riffle stream morphological groups. Stream reach surveys included cross-sectional surveys,
longitudinal profiles, bed substrate characterization, and fish surveys.
3. Three fish community diversity measures were calculated: (1) species richness (S); (2) Shannon–Weaver

Index (H0); and (3) Simpson’s Index (1/D). Multivariate analysis of covariance (MANCOVA) followed by
analysis of variance (ANOVA) were used to explore potential differences in fish diversity among stream
morphological groups. Fish diversity was significantly different for all three community diversity measures
(P40.05), with pool-riffle/cascade morphology consistently exhibiting the greatest fish diversity and forced pool-
riffle the lowest.
4. These results suggest that fish community diversity is significantly associated with distinct channel

morphologies. Generally, pool-riffle/cascade and pool-riffle/other stream morphological groups supported
habitats that fostered greater species diversity than more homogeneous and uniform pool-riffle reaches. The
observed patterns of diversity are likely to be the result of habitat patches created by variations in flow and other
physical characteristics in reaches of mixed morphologies.
5. These results support fish sampling schemes that incorporate morphological heterogeneity, such as

proportional-distance designation. Sampling strategies that focus on homogeneous reaches may underestimate
diversity, and misrepresent stream condition when fish community data are used in indices of biological integrity
(IBIs). Reaches of mixed stream morphologies should be recognized as areas of biological importance in stream
and catchment management and in conservation efforts.
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INTRODUCTION
Numerous stream classification schemes are used throughout

the world to conceptualize stream structure and process,

develop restoration strategies, and aid in the general

management of streams and catchments (Kondolf, 1995; see

reviews in Mosley, 1987 and Thorne, 1997). Many of these

classification systems focus on aspects of fluvial

geomorphology. Frissell et al. (1986) described a hierarchical
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system identifying key variables that determine the major

characteristics of stream networks and catchments. Rosgen

(1996) used key physical measurements (i.e. entrenchment

ratio, width to depth ratio, dominant channel materials, slope,

bed features, sinuosity, and meander width ratio) to classify

stream reaches. Pegg and Pierce (2002) classified reaches of the

Missouri River and the Lower Yellowstone River according to

flow characteristics. Montgomery and Buffington (1997)

developed a widely-used classification system for mountain

drainage basins based on the differences in channel

morphology correlated with stream slope and roughness

resulting from variations in transport capacity and sediment

supply.

While Montgomery and Buffington’s (1997) classification

system was designed for mountain drainage basins in

the Pacific Northwest, it has been successfully applied in

other areas in the USA (VTDEC, 2002; Whiting and King,

2003; Sullivan et al., 2006). Their system was designed to be

process-based and applicable across regions of similar

geography. Using diagnostic stream features identified in the

field, Montgomery and Buffington (1997) identified seven

major channel morphological types: colluvial; bedrock;

cascade; step-pool; plane-bed; pool-riffle; and dune-ripple.

Major diagnostic features included: bed material; bedform

pattern; dominant roughness elements; dominant sediment

sources; sediment storage elements; confinement; and pool

spacing (Montgomery and Buffington, 1997). They recognized

that these channel morphological types exist along a

longitudinal gradient with intermediate morphologies acting

as transitional zones between major channel types. The

importance of the intermediate morphologies depends upon

the application of the classification (Montgomery and

Buffington, 1997). In addition, they identified ‘forced’

morphologies that are created by obstructions to flow (e.g.

large woody debris), and identified forced pool-riffle and

forced step-pool in mountain regions (Montgomery and

Buffington, 1997).

The variety of geomorphic, hydraulic, and hydrological

influences on stream channels creates a mosaic of habitat

patches and transitional zones distributed across the riverscape

(Copp, 1989; Amoros and Bornette, 2002; Ward et al., 2002).

Ward and Wiens (2001) described three major patterns of

connectivity in river systems: (1) longitudinal (e.g. headwaters–

estuary); (2) lateral (e.g. channel–upland, upland–floodplain);

and (3) vertical (e.g. aquifer–channel, soil). Along the

longitudinal gradient of alluvial channels, Montgomery and

Buffington (1997) identified a series of intermediate alluvial

channel morphological types (i.e. riffle-bar, riffle-step, and

cascade-pool) that share characteristics with the principal

morphological types (i.e. cascade, step-pool, plane-bed, pool-

riffle, dune-ripple), but that differ sufficiently to be atypical of

the channel type as a whole.

Given the popularity and utility of stream classification

systems in the management and conservation of streams and

catchments (Kondolf, 1995; Rosgen, 1996; Brierley et al., 2002;

Snelder and Biggs, 2002; McDonnell and Woods, 2004;

Thomson et al., 2004), it is crucial that these systems are

accurately used in representing biological as well as physical

patterns (Chessman et al., 2006). To improve understanding of

the relative contribution of distinct channel morphologies to

stream fish diversity, this study explored the difference between

fish community diversity of pool-riffle morphologies and

reaches characterized by a heterogeneous mixture of

morphologies using Montgomery and Buffington’s (1997)

classification system as the basis for assigning channel

morphological types. Although Montgomery and

Buffington’s (1997) primary channel morphological types

adequately capture principal morphologies along the

drainage network, insufficient evidence exists to determine if

these morphologies are as appropriate for fish communities.

Because of the unique hybrid nature of the habitat of mixed

morphologies, it is hypothesized that reaches with mixed

morphologies would exhibit higher fish community diversity

than pool-riffle channel types.

METHODS

Study area

Data were collected from 25 stream reaches located in 25

independent catchments within the Lake Champlain Basin in

north-western Vermont (Figure 1). These catchments are

typical of those found in temperate mixed-use glaciated

regions, and ranged in size from approximately 4 km2 to

510 km2 with an average of about 100 km2 (Table 1). The

majority of the stream reaches were 3rd to 5th order (based on

USGS 1:24,000-scale maps) with predominantly pool-riffle

structure. Pool-riffle systems were chosen because they

represent the dominant channel morphological type in

catchments of the Lake Champlain Basin and have been

identified as important habitat types for riverine fish diversity

(Brussock et al., 1985). Adjacent riparian land use in the study

reaches included forests, grassy meadows, pasture, and

agricultural land with no active grazing. The Lake

Champlain Basin is dominated by forest (64%) and

agriculture (16%), with areas of open water (10%), wetlands

(4%), and increasing urban areas (6%) (LCBP, 2004).

The Lake Champlain Basin in north-western Vermont

comprises three major geological regions: the Champlain

Lowland; the Vermont Piedmont; and the Green Mountains.

During the last ice age, the Lake Champlain Basin

underwent glaciation with ice covering the entire basin.

Average annual precipitation in the basin is 850mm,

although higher elevations can receive as much as

1500mm, and snowfall averages 1000mm annually (Allen,

1974; Shanley and Denner, 1999). Precipitation is distributed

fairly evenly throughout the year; however, during the

winter months precipitation is stored in the snow pack and

released during the spring snowmelt, generally generating

the most significant hydrologic event of the year (Shanley and

Denner, 1999).

Geomorphic assessment

Quantitative geomorphic assessments were completed for each

of the 25 stream reaches in the summers of 2003 and 2004

following procedures outlined in Cianfrani et al. (2004) and

Hession et al. (2003). The assessments included longitudinal

and cross-sectional surveys, with reach lengths averaging 10 to

20 bankfull widths (Harrelson et al., 1994; Kondolf and

Micheli, 1995; Montgomery, 1997). A Trimble (Sunnyvale,

CA) Geoexplorer XT GPS unit was used to record the

locations of the top and bottom of each reach, as well as rebar
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markers at two permanent cross-sections. Wolman’s (1954)

pebble-count method was used to estimate median bed grain

size for each reach. The number of large woody debris (LWD)

pieces within the bankfull channel greater than 0.10m

diameter and 1.0m length were counted (Montgomery

et al., 1995).

Visual surveys of the stream reaches and surrounding

riparian areas were completed to ensure collection of all

parameters necessary to classify stream reaches according to

Montgomery and Buffington’s (1997) classification system.

This included assessing dominant roughness elements,

dominant sediment sources, sediment storage elements, and

typical confinement characteristics.

Classification of stream reaches

Montgomery and Buffington’s (1997) classification system

predominantly categorizes channel morphologies into cascade,

step-pool, plane-bed, pool-riffle, and dune-ripple, which

generally progress in a downstream fashion. This general

pattern of the progression of channel morphological types was

also observed in Vermont, from the headwaters to the

confluence with Lake Champlain (cascade to dune-ripple).

However, local conditions often created channel

morphological types that deviated from the expected

longitudinal sequence (e.g. cascade downstream of pool-

riffle). Types were always assigned based on the local

diagnostic features within each stream reach. If more than

one morphological type was present within a stream reach, all

major channel types were listed. Modifications were made to

Montgomery and Buffington’s (1997) classification criteria to

account for regional differences. Channel morphological types

adapted from the original classification for use in Vermont

streams are described below.

Cascade. Characteristics of these segments included tumbling

flow, high relative slope (within the segment), large particle size,

steep bedrock areas, slightly or moderately confined channel,

and no obvious sediment storage elements. Most of the stream

reaches were 3rd to 5th order streams, and lower in the

catchment than typical for this channel type. Therefore,

complete cascade reaches were not found within the project

stream reaches. However, bedrock outcroppings and large

boulder areas created cascade-type segments within the stream

reaches, usually at the upper or lower ends of the defined reach.

Step-Pool. Characteristics for these segments included

steeper relative local slope, steps formed by large clasts with

pools below (steps may have spanned all or most of the

channel), slightly confined channel, average width to depth

ratios (for study stream reaches), and lower pool spacing. As

with the cascade channel type, average reach slopes in the

study streams were lower than typical (according to

Montgomery and Buffington (1997)) for step-pool reaches

(generally about 0.01mm�1).

Plane-Bed. These segments were typified by featureless,

straight reaches with higher relative roughness than present in

pool-riffle or dune-ripple. Typical substrate was gravel or

cobble. Some stream segments were unconfined whereas others

were confined. Slopes for this channel type were lower than

those found by Montgomery and Buffington (1997). For the

study stream reaches, plane-bed morphology was found at

slopes as low as 0.0009 to 0.01mm�1.

Pool-Riffle. Pool-riffle channel types in this study were

similar to those described by Montgomery and Buffington

(1997). Stream reaches had slopes less than 0.01mm�1,

alternating pool-riffle bedforms, active floodplains, and

unconfined channels. Typical bed storage occurred in bars

that alternated along the length of the channel. Dominant

substrate was primarily coarse gravel. The main difference seen

in the study stream reaches was the pool spacing. While

Montgomery and Buffington (1997) have identified the

standard distance to be 5–7 channel widths, our pool-riffle

streams exhibited much closer pool spacing, often in the range

of 2–5 channel widths.

Dune-Ripple. Segments characterized as dune-ripple had low

slope, were often highly sinuous and had significant bank

erosion contributing fine particles to the stream channel.

Figure 1. Location of stream reaches in the Lake Champlain Basin, Vermont.
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Dominant substrate type was sand and small gravel. Active

bed transport was visible even at low flow.

After assigning a channel morphological type or types, each

stream reach was assigned to one of four stream

morphological groups: (1) pool-riffle; (2) pool-riffle/cascade;

(3) pool-riffle/other; or (4) forced pool-riffle. Pool-riffle stream

reaches were characterized along their entire length by typical

pool-riffle structure, and stream segments both above and

below the stream reach were also characterized as pool-riffle.

Stream reaches of mixed morphologies (i.e. pool-riffle/cascade

and pool-riffle/other) contained more than one recognizable

channel morphological type throughout their length

(Figure 2). Pool-riffle/cascade stream reaches often had a

cascade segment at the upper end or above the top of the reach

and/or at the lower end or below the reach. Pool-riffle/other

stream reaches contained pool-riffle structure mixed with

features typical of step-pool, plane-bed, or dune-ripple, again

often at the upper or lower ends of the stream reaches. Forced

pool-riffle stream reaches contained amounts of LWD

significant enough to force pool-riffle structure throughout

the stream reach in areas that otherwise would have exhibited

different channel morphological types given their slope and

sediment characteristics (Montgomery and Buffington, 1997).

Fish surveys

Fish were sampled at three to four locations with the number

of sampling locations varying in proportion to reach length.

Sampling locations were selected to represent the major flow

habitats (e.g. pool, riffle, run) in order to reflect the flow

composition of the entire reach (VTDEC, 2004). Samples were

collected using a 1.22m (4 ft)� 12.19m (40 ft) bag seine with

3.175mm (1/8 in) mesh, with a consistent collection effort

(�15% of wetted area) at each reach (Sullivan et al., 2006).

Fish were sampled working downstream to upstream to

prevent disturbing collection areas before sampling

(Matthews and Hill, 1979). After seining each location (three

or four collections per reach), 150 individual fish from each

sampling location were haphazardly subsampled (450–600

total number of fish for each reach) and identified to species.

Young-of-the-year were not included in the analysis.

Numerical and statistical analysis

Three common community diversity measures (Magurran,

1988) were used to compare fish diversity among the four

stream morphological groups. Community measures included:

(1) species richness (S) } the number of species; (2) Shannon-

Weaver index (H0) } a multifactor information index of

community diversity incorporating both number of species and

their evenness (Shannon and Weaver, 1963); and (3) Simpson’s

Index (1/D) } a multifactor dominance index differentially

assigning weight to common species (Simpson, 1949). In all

three indices, higher values represent greater diversity.

Multivariate analysis of covariance (MANCOVA) was used

to test for differences among the four groups (pool-riffle, pool-

riffle/cascade, pool-riffle/other, and forced pool-riffle) with

group as the main effect. The covariate (drainage area) and the

interaction effect (morphological group � drainage area) were

used to ensure that there was no significant difference in the

mean drainage area between groups, a factor that has been

shown to strongly govern fish community diversity

(Angermeier and Schlosser, 1989). Univariate analyses of

variance (ANOVA) were then performed as post hoc tests of

differences in fish community diversity among groups. Finally,

Tukey–Kramer Honestly Significant Difference (HSD) (Tukey,

Table 1. Stream reach characteristics

Site # Site name Drainage
area
(km2)a

Reach
length
(m)

Sinuosity
(mm-1)

Bankfull
width
(m)

Bankfull cross-sectional
area (m2)

Bankfull width
to depth ratio

1 Fairfield River 36.8 217 1.1 8.4 4.3 16.7
2 Tyler Branch 43.9 177 1.5 15.8 9.6 26.1
3 Bogue Brook 32.0 176 1.2 12.3 2.9 52.3
4 Beaver Brook 30.5 270 2.8 14.5 7.2 29.1
5 Rogers Brook 16.6 259 1.2 6.7 2.6 17.6
6 Browns River 52.8 275 1.1 19.8 7.1 54.8
7 Lee River 34.8 250 1.3 10.8 4.5 26.2
8 Malletts Creek 43.7 393 1.2 10.8 5.5 21.1
9 Huntington River 160.8 326 1.1 22.0 14.3 33.7
10 Allen Brook 27.9 211 2.0 6.6 3.7 11.9
11 Mill Brook 33.4 251 1.1 12.2 4.5 32.7
12 LaPlatte River 80.9 250 1.5 13.8 7.6 25.1
13 Lewis Creek 195.6 255 1.0 24.5 15.9 37.8
14 Little Otter Creek 148.2 313 1.3 17.1 7.4 39.8
15 New Haven River 219.5 324 1.2 20.9 13.7 31.9
16 Missisquoi River 173.6 340 1.5 25.8 10.5 63.4
17 South Branch 3.7 174 1.3 10.1 4.3 24.0
18 Lamoille River 509.2 548 1.1 35.2 24.2 51.1
19 North Branch Lamoille River 150.4 472 1.1 26.3 14.8 46.9
20 Gihon River 139.4 297 1.1 23.7 16.3 34.3
21 West Branch Waterbury River 58.7 349 1.2 14.6 8.8 24.1
22 Mad River 240.0 420 1.3 33.2 39.6 27.8
23 Stone Bridge Brook 22.7 174 1.4 7.8 3.4 18.1
24 Potash Brook 15.8 190 1.3 8.3 3.9 17.7
25 Middlebury River 121.4 377 1.5 23.9 11.9 47.9

aUpstream from bottom of study reach.
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1953; Kramer, 1956) comparisons for all stream morphological

groups for each fish community diversity measure were

completed to test for differences between the individual

stream morphological groups. All statistical analyses were

performed using JMP 5.0.1.2 Statistical Discovery Software

(SAS Institute, Inc., Cary, NC).

All data were tested to ensure that they met assumptions for

both MANCOVA and ANOVA (Kuehl, 2000; Afifi et al.,

2004). When necessary, square (x2) and logarithmic

transformations were used to normalize data (Afifi et al.,

2004). All data were tested at the a=0.05 level.

RESULTS

Morphological classification

Based on the diagnostic features, a variety of channel

morphological types were found across the stream reaches

(Table 2). Eight stream reaches were classified as pool-riffle.

The remaining 17 stream reaches exhibited characteristics of

two or more distinct channel morphological types or forced

morphologies, and were classified as: pool-riffle/cascade (six

stream reaches); pool-riffle/other (six stream reaches); and

forced pool-riffle (five stream reaches). For example, Mallets

Creek (pool-riffle/cascade) exhibited typical pool-riffle

morphology throughout the middle of the reach; however, a

bedrock cascade was located at the upper end of the reach. The

upper section of Allen Brook (pool-riffle/other) had pool-riffle

morphology, but features more typical of a dune-ripple

morphology dominated towards the downstream end of the

reach.

Fish diversity

Fish community diversity varied across the sites (Table 3).

Species richness (S) ranged from 1 to 16 ( %X ¼ 8:12; SD=3.42),

Shannon–Weaver (H0) from 0 to 2 ( %X ¼ 1:36; SD=0.46), and

Simpson’s (1/D) ranged from 1 to 5.60 ( %X ¼ 3:22; SD=1.14).

Across all three diversity measures, Stone Bridge Brook (pool-

riffle/cascade) supported the highest community diversity and

South Branch (forced pool-riffle) the lowest.

A significant difference was found in the fish community

diversity indices among stream morphological groups

(MANCOVA, P=0.01, Table 4). Drainage area and the

interaction of drainage area with group were not found to be

significant covariates in the analysis. Subsequent ANOVA

indicated that S and H0 exhibited the greatest differences

among morphological groups (F=12.50, F=12.80,

respectively; Table 4).

For all measures of fish diversity, pool-riffle/cascade

supported the highest level of fish diversity, followed by

pool-riffle/other, pool-riffle, and forced pool-riffle. Tukey–

Kramer HSD comparisons showed that S and H0 exhibited the

same pattern for comparisons for all pairs of stream

morphological groups, while 1/D exhibited more overlap

among groups (Table 5).

DISCUSSION

Stream classification schemes have proved useful for a variety of

purposes across a wide range of geographical areas (Frissell

et al., 1986; Rosgen, 1996; Montgomery and Buffington, 1997;

Pegg and Pierce, 2002). However, because of the variability in

local stream characteristics, these systems must be regionalized

to fit local conditions and carefully chosen depending on the

purpose and use of the classification system. Montgomery and

Buffington’s (1997) classification system, with some minor

modifications, was found to be useful in classifying Vermont

streams. The Vermont study stream reaches exhibited the same

general morphological characteristics described for each

channel type. However, this study showed that multiple

channel morphological types were commonly found within a

single stream reach, and that these channel types often

combined characteristics of pool-riffle and those of other

major channel types. These areas of morphological mixing are

increasingly being recognized as important in classification

systems with an ecological component or that are being used for

ecological applications such as habitat restoration (Brussock

et al., 1985; Ward and Tockner, 2001; Ward et al., 2002).

Heterogeneity in lateral, vertical, and longitudinal habitats

has been shown to contribute significantly to the biodiversity

of stream ecosystems (Gorman and Karr, 1978; Brussock

Pool-riffle
500-1000m+

Stream reach
200-500m

Pool-riffle
500-1000m+

Pool-riffle Cascade Step-pool Dune-ripple

Stream reach
200-500m

A

B

Figure 2. Uniform pool-riffle (A) and mixed stream morphological groups (B) as defined for stream reaches.
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et al., 1985; Schiemer et al., 1995; Ward and Tockner, 2001;

Ward and Wiens, 2001; Ward et al., 2002; Clark et al., 2007).

The results from this study indicate that longitudinal

heterogeneity in the form of reaches of mixed morphologies

supports high levels of fish community diversity. Pool-riffle/

cascade and pool-riffle/other stream morphological groups

supported habitats that fostered greater species diversity than

uniform pool-riffle reaches. Forced pool-riffle stream reaches

exhibited the lowest species diversity.

All three diversity measures generated similar results. A

significant difference was recorded in the number of species

(S), a fundamental measure of community diversity. This

pattern suggests that morphologies containing multiple

channel morphological types support habitat suitable for a

Table 3. Fish community diversity indices at each stream reach

Site # Site name Species richness (S) Shannon-Weaver Index (H0)a Simpson’s Index (1/D)

1 Fairfield River 10 1.63 4.09
2 Tyler Branch 6 1.18 2.50
3 Bogue Brook 9 1.58 3.39
4 Beaver Brook 9 1.52 3.01
5 Rogers Brook 14 1.94 5.17
6 Browns River 4 0.77 1.73
7 Lee River 6 1.24 2.53
8 Malletts Creek 11 1.80 4.82
9 Huntington River 9 1.35 2.94
10 Allen Brook 8 1.60 3.91
11 Mill Brook 8 1.23 2.94
12 LaPlatte River 14 1.84 4.09
13 Lewis Creek 8 1.65 4.24
14 Little Otter Creek 8 1.66 4.34
15 New Haven River 7 1.46 3.61
16 Missisquoi River 7 1.44 3.17
17 South Branch 1 0.00 1.00
18 Lamoille River 10 1.59 3.20
19 North Branch Lamoille River 8 1.37 2.72
20 Gihon River 7 1.47 3.49
21 West Branch Waterbury River 4 0.97 2.31
22 Mad River 6 0.68 1.43
23 Stone Bridge Brook 16 2.04 5.60
24 Potash Brook 3 0.68 1.61
25 Middlebury River 10 1.37 2.72

aSquare transformed in analysis.

Table 4. MANCOVA (Wilks’ Lambda) test statistics for comparisons of fish community diversity indices for four stream morphological groups
followed by univariate ANOVAs as post hoc tests of differences between morphological groups. Group refers to classification as pool-riffle (1), pool-

riffle/cascade (2), pool-riffle/other (3), or forced pool-riffle (4).

Source of variation Wilks’ Lambda F NumDFa DenDFb P

Whole model 0.13 2.19 21.00 43.62 0.01
Group 0.31 2.52 9.00 36.66 0.02
Drainage area 21.05 3.00 15.00 0.78
Group�Drainage area 0.53 1.23 9.00 36.66 0.31

df Sum of Squares Mean square F ratio P

Species richness
Group 3 179.90 59.97 12.50 50.0001
Group 21 100.74 4.80
C. Total 24 280.64

Shannon–Weaver Indexc

Group 3 17.03 5.68 12.80 50.0001
Error 21 9.31 0.44
C.Total 24 26.34

Simpson’s Index
Group 3 18.44 6.15 9.49 0.0004
Error 21 13.60 0.66
C. Total 24 32.04

aNumerator Degrees of Freedom.
bDenominator Degrees of Freedom.
cSquare transformed in analysis.
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wider variety of species than uniform pool-riffle zones. Both

Shannon–Weaver’s and Simpson’s values were higher in the

pool-riffle/cascade and pool-riffle/other stream reaches,

indicating that not only did these mixed morphologies

support a greater number of species, but also that the

number of each species was more evenly distributed than in

the pool-riffle reaches. Species evenness is an important

component in representing a healthy and resilient trophic

structure and in reflecting ecological functioning and

productivity (Wilsey and Potvin, 2000; Lyons and Schwartz,

2001; Magurran and Phillip, 2001).

The observed patterns of diversity are probably the result of

habitat patches created by variations in flow and other

physical characteristics in reaches of mixed morphologies.

Pool-riffle reaches and reaches of mixed morphologies

exhibited important differences in their morphological and

hydraulic characteristics, and a number of these variables have

been identified as important in determining the quality of fish

habitat, including: water depth; current velocity; flow

variability; substrate type and size; cover; roughness

elements; confinement; and large woody debris (Poff and

Allan, 1995; Dunham and Vinyard, 1997; Leftwich et al., 1997;

Montgomery and Buffington, 1997; Pitlick and Van Steeter,

1998; Flebbe, 1999; Inoue and Nunokawa, 2002). Pool-riffle

channel types are associated with shallow, faster moving water

alternating with deeper, slower moving pools. Generally,

coarser particles exist in the riffles relative to the pools. The

pool-riffle types contained repeating sets of these

characteristics throughout the entire reach. Pool-riffle/

cascade and pool-riffle/other morphologies contained a larger

variety of characteristics because they were associated with

more than one channel morphological type (e.g. slope changed

more rapidly in these streams).

Inoue and Nunokawa (2002) found higher abundance of fish

in stream reaches with a higher variety of sub-units. While the

number or type of sub-units (e.g. patches) was not specifically

identified in this study, by definition the pool-riffle/cascade and

pool-riffle/other morphologies contained more sub-units than

the pool-riffle or forced pool-riffle groups. The results indicate

that the number of transitions (or sub-units) may influence the

diversity of fish communities as well as their abundance.

Multiple reach selection strategies are used in sampling

stream fish communities. Whereas fixed-distance (e.g. Ohio

EPA, 1987; Massachusetts DEP, 1995) and representative

reach approaches (Plafkin et al., 1989; Meador et al., 1993;

USEPA, 1999; VTDEC, 2004) are commonly used, these

methods may not capture the habitat and geomorphic

variability inherent in the stream network (Williams et al.,

2004). Study designs that reduce variability by avoiding ‘grey’

(e.g. intermediate, transitional, ecotonal, etc.) zones may, in

fact, exclude areas of high biological importance. These results

support the use of proportional-distance designation

(Harrelson et al., 1994; Klemm and Lazorchak, 1995;

Kondolf and Micheli, 1995), in which a standard number of

stream channel widths is used to measure the stream study

reach, and the likelihood of incorporating mixed morphologies

is heightened.

Key indicators of community composition and ecosystem

condition may be missed by only sampling homogeneous

reaches. For example, Karr’s (1981) index of biological

integrity (IBI) } based on fish community characteristics

(i.e. abundance, condition, and community composition), has

been regionally modified and is used by many state and

government agencies in stream monitoring and assessment

protocols (e.g. VTDEC, 2004). The possibility of additional

fish species and changes in density and age-class structure in

reaches of mixed morphologies would alter IBI scores, with

potentially significant ecological implications.

Therefore, if stream classification systems are to be used for

ecological applications: (1) reaches of mixed morphologies

must be recognized as important in maintaining stream fish

diversity; and (2) a classification system must be used that is of

sufficient resolution to identify sub-units within a stream reach

in order to quantify the heterogeneity of the habitat. Finally,

given their potential to support higher fish community

diversity, these zones of morphological mixing should be

recognized in stream or catchment management programmes

as important areas for protection or restoration.
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