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Fishes of First-Order Streams in North-Central Mississippi

PeTER C. SMILEY, JR."*", ErRic D. DIBBLE', AND STEPHEN H. SCHOENHOLTZ'*

Abstract - We sampled fishes and measured physical habitat in 14 first-order
streams in north-central Mississippi to document fish community characteristics and
examine the relationships between the fish communities and physical habitat charac-
teristics. We documented 36 species and 11 families from 6943 captures. The five
most abundant species were creek chub (Semotilus atromaculatus Mitchell), least
brook lamprey (Lampetra aepyptera Abbot), blackspotted topminnow (Fundulus
olivaceus Storer), creek chubsucker (Erimyzon oblongus Mitchell), and green sun-
fish (Lepomis cyanellus Rafinesque). We also observed that most streams (> 50%)
were numerically dominated by: 1) Cyprinidae, 2) fishes having a maximum body
size between 300-399 mm TL, 3) insectivores, and 4) guarder-nest spawners. Fish
species composition of our study streams was similar to the species composition
documented in other medium- and low-gradient headwater streams in the Gulf
Coastal Plain. Additionally, fish community structure in first-order streams was
significantly correlated with channel cross-section area, woody debris, canopy cover,
water depth, velocity, wet width, and substrate types. The observed relationships
between fish communities and physical habitat characteristics in first-order stream
were similar to fish-habitat relationships observed by previous investigators working
in northern Mississippi streams ranging in size from first to fifth-order.

Introduction

Past research conducted in the midwestern United States has characterized
headwater streams as small, hydrologically variable streams exhibiting re-
duced fish species richness and abundance compared to larger streams with less
hydrological variability (Horwitz 1978, Schlosser 1987). Additionally, varia-
tion in species composition among streams is expected to be greater in small
headwater streams than larger order streams (Matthews 1998). Zoogeographic
changes in fish community characteristics occurs among different types of
headwater streams in the southeastern United States. Fish communities in high-
gradient streams in the Appalachian region are typically dominated by brook
trout (Salvalinus fontinalis Mitchell), mottled sculpin (Cottus bairdi Girard),
and blacknose dace (Rhinichthys atralutus Hermann) (Wallace et al. 1992).
Conversely, fish species composition in medium- and low-gradient headwater
streams in the Gulf Coastal Plains consists mostly of sunfishes (Centrarchidae),
minnows (Cyprinidae), and darters (Percidae) (Felley 1992). Additionally,
medium- and low-gradient streams exhibit higher species diversity than high-
gradient streams in the southeastern United States (Felley 1992).
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Mississippi contains 204 native species of freshwater fishes and ranks
fifth among states in species richness of native fishes (Ross 2002). Total
species richness of native freshwater fishes among the ten major river
drainages in Mississippi ranges from 68 to 125 (Ross 2002). Additionally,
species composition within streams throughout the state and within north-
central Mississippi consists mostly of Centrarchidae, Cyprinidae, and
Percidae (Ross 2002, Warren et al. 2002). Previous work conducted in
Mississippi summarizes the results of fish sampling from stream sizes rang-
ing from small first-order streams to major river drainages (Ross 2002,
Warren et al. 2002). However, despite this body of available information, a
synthesis of the characteristics of the fish communities from first-order
streams of Mississippi is not available. Our objectives are to summarize the
results of four years of fish sampling in first-order streams of north-central
Mississippi and to describe the relationships between fish communities and
physical habitat characteristics within these small streams.

Study Area

Soil types in north-central Mississippi consist of highly erodible sand
and clay soils (Lohonefener and Altig 1983, Warren et al. 2002). Topog-
raphy consists of irregular hills with elevations between 100 and 200 m
above sea level (Lohonefener and Altig 1983, Warren et al. 2002). Aver-
age annual precipitation ranges from 102 to 152 cm per year (Bailey
1980), and precipitation is the greatest during the winter and spring
(Felley 1992). The majority of the land use in the region is either oak-
hickory or pine (Pinus spp.) forest land (Hartsell and London 1995). All
study streams were located in managed pine forests. Typical forestry
management in this region involves: 1) clearcut harvest of forests at 30
years of age, 2) streamside management zones, and 3) site preparation
and replanting (Miller 2003). Our study streams were first-order streams
(Strahler 1957) of the Big Black, Pearl, Tombigbee, and Yazoo River
drainages (Fig. 1). Substrate types within the streams were predominately
sand or sand-clay substrates (Dibble et al. 2004). Instream habitat con-
sists of shallow water depths (< 0.25 m), slow velocities (< 0.10 m/sec),
and narrow wet widths (< 2.5 m) (Dibble et al. 2004).

Methods

We collected fishes from eight streams (B2, B3, T1, Y2, Y4, Y5, Y6, Y7)
from September 1999 until November 2002, while six streams were sampled
(B1,B4,P1,P2,Y1, Y3) from March 2001 until November 2002. Each stream
was sampled at least three times a year. We established two sampling sites in
each stream (total 28 sampling sites), and the distance between sites within a
stream was at least 100 m. Sites were delineated to ensure all representative
habitat units (e.g., pools, riffles, runs) were present, and as a result some
variation in site length (19 to 50 m) occurred. However, the individual site
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lengths were constant overtime. The total length sampled in each stream ranged
from 57 to 84 m, which is the equivalent of 26 to 135 stream widths (mean =58
stream widths) calculated using the mean stream width of each stream over the
entire study period. Angermeier and Smogor (1995) recommended sampling
> 10 stream widths, and observed that a minimum of 22 stream widths was
necessary to document 90% of the fish species within areach.

We collected fishes from each site using a backpack electroshocker (250
to 300 volts, DC current). Electrofishing began at the downstream end of a
site and proceeded upstream. One person carried and operated the
electroshocker, while a second person dipnetted stunned fish. We took care
to ensure that all habitat units within each site were sampled thoroughly.
Total electrofishing time among streams ranged from 43 to 296 minutes. All
fishes that could be identified in the field were identified, enumerated, and
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Figure 1. Map showing location of 14 study streams in north-central Mississippi. The
first letter of each stream number represents the river drainage and abbreviations are: B
= Big Black, P = Pearl, T = Tombigbee, and Y = Yazoo. Mississippi Automated
Resource Information System (MARIS) classified all study streams as intermittent
streams and for clarity only perennial streams are depicted.
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released. Those fishes not identified in the field were euthanized with MS-
222 (tricaine methanesulfonate), fixed with a 10% Formalin solution, and
subsequently identified in the laboratory. Voucher specimens have been
deposited in the Mississippi Natural Science Museum.

We summarized the results of all fish sampling within our study streams
by determining the total species richness and number of captures in each
stream. We also calculated the overall relative abundances (%) of species,
families, trophic guilds, maximum body size categories, and reproductive
guilds in each stream.

We adopted an approach similar to Taylor and Warren (2001), and
assigned each fish species to a maximum body size category based on its
maximum reported total length (Etnier and Starnes 1993, Mettee et al. 1996,
Ross 2002). We designated six maximum body size categories: 1) 0-99 mm
total length (TL); 2) 100—199 mm TL; 3) 200-299 mm TL; 4) 300-399 mm
TL; 5) 400-499 mm TL; and 6) 500-620 mm TL.

Each fish species was assigned to a trophic guild based on information
from published literature sources (Etnier and Starnes 1993, Mettee et al.
1996, Ross 2002). Fish were classified as: 1) omnivores—fish species that
eat both plants and animals; 2) insectivores—fish species that eat insects or
other invertebrates; 3) insectivore-piscivore —fish species that consume fish
and invertebrates as adults and those species that feed primarily on inverte-
brates as juveniles and consume mostly fish as adults; and 4) planktivores —
fish species that feed on microscopic plant and animals in the water column.

Each fish species was assigned to a reproductive guild based on its
spawning behavior and degree of parental care exhibited (Etnier and Starnes
1993, Fontenot and Rutherford 1999, Johnston 1994, Johnston and Page 1992,
Katula 1991, Mettee et al. 1996, Page 1985, and Ross 2002). We chose Balon’s
reproductive guilds (Balon 1975, Simon 1999) because it provides a classifica-
tion system for all taxonomic groups. Additionally, its hierarchical structure
was advantageous because it enabled us to modify it according to the available
information on reproductive behavior. Specifically, our version of Balon’s
reproductive guilds does not incorporate substrate preferences because this
information is not available for many fishes. We recognized five reproductive
guilds: 1) internal bearer—fishes that hold fertilized eggs within the body; 2)
guarder-nest spawner —fishes that construct a nest for the eggs and then guard
the nest and deposited eggs; 3) guarder-substrate chooser—fishes that select
substrates or cover types for egg deposition and then guard the deposited eggs;
4) nonguarder-brood hider —fishes that bury eggs in the substrate or place eggs
within crevices or nests; and 5) nonguarder-open substrate spawners —fishes
that deposit eggs on selected substrate types or in open water.

We conducted an indirect gradient analysis to examine the relationships
between selected fish community characteristics and physical habitat char-
acteristics. Specifically, the analysis includes fish and physical habitat data
collected from each stream during four sampling trips conducted between
March 2001 and April 2002. We were not able to include data from the entire
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study period in this analysis because: 1) only nine streams were sampled
between September 1999 until February 2001, and 2) we are lacking data for
some habitat variables for the last seven months of the study period.

We collected physical habitat data concurrently with fish sampling and used
a modified version of the habitat sampling protocol used by Gorman and Karr
(1978). Permanent transects were established at the upstream, middle, and
downstream boundary of each location. The dimensions of the bankfull channel
were assessed by obtaining six measurements of channel depth and one
measurement of channel width along each transect. Instream habitat was
characterized by obtaining one measurement of wet width and three measure-
ments of water depth, water velocity, and substrate types along each transect.
Percentage canopy cover was estimated from the middle of each transect. Water
quality characteristics of pH, turbidity, water temperature, dissolved oxygen,
and conductivity were measured once within each site.

We developed a matrix using the means of 20 habitat variables from each
stream: channel width, channel depth, channel cross-section area, water depth,
water velocity, wet width, percentage sand, percentage silt, percentage detritus,
percentage gravel, percentage clay, percentage cobble, percentage bedrock,
number of woody debris, percentage canopy cover, pH, turbidity, water tem-
perature, dissolved oxygen, and conductivity. We also constructed five matri-
ces using the relative abundances of fish species, families, maximum body size
categories, trophic guilds, and reproductive guilds. Rare species or ecological
groups (i.e., species or groups having < 10% frequency of occurrence) were
eliminated from the fish community matrices prior to ordination.

We used ordination to reduce complexity of six matrices into linear axes
that described similarity of sites in terms of habitat or community data
(Gauch 1982). Specifically, we conducted a principal components analysis
(PCA) on the physical habitat matrix, and a detrended correspondence analy-
sis (DCA) on the fish community matrices. Site scores from the PCA of the
physical habitat variables are indices of the overall habitat characteristics of
the streams, while the DCA site scores are indices that describe the relative
abundance patterns of fish species, families, maximum body size categories,
trophic guilds, and reproductive guilds among streams.

We used the Pearson correlation test to assess the relationship between the
site scores of the first three PCA axes and the site scores of the first two DCA
axes of fish species, families, trophic guilds, maximum body size categories,
and reproductive guilds. We conducted 30 Pearson correlation tests and the
significance level for all tests was P < 0.05. PCA and DCA were conducted
using PC-ORD for Windows (McCune and Mefford 1999), while Pearson
correlation tests were conducted with Statistix (Analytical Software 1996).

Results

We captured 6943 fishes belonging to 36 species and 11 families (Tables
1 and 2). Species richness among streams ranged from 2 to 26 species (mean
= 12), while the total number of captures ranged from 5 to 1193 (mean = 496)
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(Table 2). The five most abundant species were creek chub (Semotilus
atromaculatus Mitchell), least brook lamprey (Lampetra aepyptera Abbot),
blackspotted topminnow (Fundulus olivaceus Storer), creek chubsucker
(Erimyzon oblongus Mitchell), and green sunfish (Lepomis cyanellus
Rafinesque). These five species accounted for 72% of all fishes captured.
Semotilus atromaculatus was the most abundant species in eight streams,
while the remaining streams were numerically dominated by either pirate
perch (Aphredoderus sayanus Gilliams) (B1), L. cyanellus (B2), F.
olivaceus (P2), L. aepyptera (T1, Y6), or goldstripe darter (Etheostoma
parvipinne Gilbert and Swain) (Y1) (Table 2). Six species were present in
ten or more streams. Semotilus atromaculatus and E. parvipinne were the
most widespread species occurring in 13 streams (Table 2). Erimyzon
oblongus occurred in 11 streams, while the brown madtom (Noturus phaeus
Taylor), cypress darter (Etheostoma proeliare Hay), and L. cyanellus were
found in 10 streams (Table 2).

Most streams (57%) were numerically dominated by Cyprinidae, and the
remaining streams were numerically dominated by Aphredoderidae (B1),
Centrarchidae (B2), Fundulidae (B3), Petromyzontidae (T1, Y6), and
Percidae (Y1) (Table 3). Small bodied fishes (399 mm maximum TL or less)
constituted at least 70% of all captures in all streams, and the 300-399 mm TL
maximum body size category was most abundant in the majority of streams
(57%) (Table 3). Only four streams contained individuals categorized as
having a maximum body size between 500 and 620 mm TL (Table 3).
Insectivores were the most abundant trophic group in 12 streams, while
planktivores were the most abundant trophic group in two streams (Table 3).
Most streams (57%) were numerically dominated by guarder-nest spawners,
while the remaining streams were numerically dominated by either
nonguarder-brood hiders or non-guarder open substrate spawners (Table 3).

The first three PCA axes explained 53% of the variance in the dataset
(Table 4), and these axes were retained for inclusion into the correlation
analysis based on the results of the broken stick eigenvalues (Jackson 1993).
The first PCA axis was correlated positively with the number of woody debris
and percentage detritus and correlated negatively with channel cross-section
area (Table 4). The second PCA axis was correlated positively with water
depth and wet width, and correlated negatively with percentage canopy cover
(Table 4). The third PCA axis was correlated positively with percentage clay,
and correlated negatively with percentage sand and water velocity (Table 4).

The DCA analyses resulted in 10 axes that summarized the relative
abundance patterns of species and ecological groups, and subsequent inter-
pretation of these axes was based on the DCA species scores (Tables 5 and
6). DCA site scores and the species scores are related because the site scores
are weighted averages of the species scores (McCune and Mefford 1999).
Therefore, those species or ecological groups with the greatest and the least
DCA species scores are indicative of the relative abundance patterns associ-
ated with the site scores for a particular axis. For example, A. sayanus and
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longear sunfish (Lepomis megalotis Rafinesque) had the greatest species
scores for the first DCA axis of the relative abundance of fish species
(Table 5), which indicates that those streams with the greatest site scores
from the first DCA axis are associated with increasing relative abundance of
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Table 4. Loadings from principal components analysis (PCA) of physical habitat variables of 14
first-order streams within pine plantations in north-central Mississippi, March 2001 to April
2002. Loadings within the columns that are bolded signify the strongest loadings for each axis

and form the basis of the interpretation for each axis.

Response variable PCA axis 1 PCA axis 2 PCA axis 3
pH -0.102 -0.038 -0.119
Turbidity 0.121 0.103 0.032
Water temperature 0.046 -0.288 0.185
Dissolved oxygen -0.094 0.232 -0.327
Conductivity -0.315 -0.162 0.224
Wet width -0.186 0.420 0.131
Water velocity -0.088 0.115 -0.448
Water depth 0.080 0.493 0.202
Percentage silt 0.049 0.298 0.164
Percentage sand 0.087 -0.097 -0.480
Percentage gravel -0.319 -0.081 0.226
Percentage cobble -0.163 0.051 -0.007
Percentage detritus 0.244 -0.089 0.137
Percentage clay 0.074 0.314 0.322
Percentage bedrock -0.285 -0.053 0.142
Number of woody debris 0.264 -0.119 0.031
Channel depth -0.376 -0.080 0.059
Channel width -0.366 0.011 -0.138
Channel cross-section area -0.412 -0.074 -0.010
Percentage canopy cover 0.127 -0.387 0.245
Percent variance explained by axis 26.5 13.3 12.8

Table 5. Species scores from the detrended correspondence analysis (DCA) of the relative
abundance of fish species of 14 first-order streams within pine plantations in north-central
Mississippi, March 2001 to April 2002. Scores within the columns that are bolded signify the
scores that form the basis of the interpretation for each axis.

Species DCA axis 1 DCA axis 2
Aphredoderus sayanus 494 139
Elassoma zonatum 295 72
Erimyzon oblongus 303 321
Esox americanus 386 107
Etheostoma chlorosoma 149 341
Etheostoma parvipinne 0 171
Etheostoma proeliare 290 28
Fundulus olivaceus 301 37
Lampetra aepyptera 104 -13
Lepomis cyanellus 317 26
Lepomis megalotis 427 95
Luxilus chrysocephalus 169 119
Lythrurus roseipinnis 306 34
Notemigonus crysoleucas 404 178
Noturus phaeus 213 62
Semotilus atromaculatus 174 195
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A. sayanus and L. megalotis. Additionally, E. parvipinne had the least
species scores for the first DCA axis (Table 5), which indicates that those
streams with the least site scores from this axis are associated with increas-
ing abundance of E. parvipinne (Table 5).

The relative abundance of reproductive guilds (DCA axis 2) was sig-
nificantly correlated (P < 0.05) with the site scores of the first PCA axis
(Table 7). This positive correlation indicated that increasing relative
abundance of guarder-substrate choosers occurred with increasing
amounts of woody debris and percentage detritus. Conversely, increasing
relative abundance of guarder-nest spawners occurred with increasing
channel cross-section area.

The relative abundance of species (DCA axis 1), families (DCA axes 1 and
2), maximum body size categories (DCA axis 2), and trophic guilds (DCA
axes 1 and 2) were significantly correlated (P < 0.05) with the site scores from
the second PCA axis (Table 7). The positive correlations (Table 7) indicated
that increasing relative abundance of A. sayanus, L. megalotis,
Aphredoderidae, fishes with maximum body size between 400 and 499 mm

Table 6. Species scores from detrended correspondence analysis (DCA) of the relative abun-
dance of families, maximum body size categories, trophic guilds, and reproductive guilds of 14
first-order streams within pine plantations in north-central Mississippi, March 2001 to April
2002. Scores within the columns that are bolded signify the scores that form the basis of the
interpretation for each axis.

DCA axis 1 DCA axis 2
Family
Aphredoderidae 389 261
Catostomidae 280 0
Centrarchidae 306 258
Cyprinidae 147 166
Fundulidae 236 161
Ictaluridae 155 151
Percidae 79 330
Petromyzontidae -16 62
Body size
0-99 mm TL 0 81
100-199 mm TL 261 -5
200-299 mm TL 157 =72
300-399 mm TL 133 120
400-499 mm TL 181 265
Trophic
Insectivore 93 31
Insectivore-piscivore -96 -59
Omnivore 17 192
Planktivore 239 85
Reproductive
Guarder-nest spawner 104 -11
Guarder-substrate chooser 136 227
Nonguarder-brood hider 0 161

Nonguarder-open substrate spawner 231 126
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TL, and omnivores occurred with increasing water depth and wet widths.
Additionally, increasing relative abundance of E. parvipinne,
Petromyzontidae, fishes with maximum body size between 200 and 299 mm
TL, and insectivore-piscivores occurred with increasing percentage canopy
cover. The negative correlations (Table 7) indicated that increasing water
depths and wet widths were associated with increasing relative abundance of
Catostomidae and insectivore-piscivores. The negative correlations also indi-
cated that increasing percentage canopy cover was associated with increasing
relative abundance of Percidae and omnivores.

The relative abundance of species (DCA axis 1), families (DCA axis 1),
and trophic guilds (DCA axis 1) were also significantly correlated (P < 0.05)
with the site scores from the third PCA axis (Table 7). Positive correlations
between these axes (Table 7) indicated that increasing relative abundance of
bluntnose darter (Etheostoma chlorosoma Hay), E. oblongus,
Aphredoderidae, and fishes with maximum body size between 400 and 499
mm TL occurred with increasing percentage clay. Additionally, the positive
correlations indicated that increasing relative abundance of E. parvipinne,
Petromyzontidae, and fishes with a maximum body size between 200 and
299 mm TL occurred with increasing percentage sand and water velocity.
The negative correlations (Table 7) indicated that decreasing relative abun-
dance of insectivore-piscivores occurred with increasing percentage clay
and increasing relative abundance of planktivores was associated with in-
creasing percentage sand and water velocities.

Table 7. Pearson correlation coefficients (r) from the correlations tests between the detrended
correspondence analysis (DCA) site scores of fish species, families, maximum body size
categories, trophic guilds, reproductive guilds with the principal components analysis (PCA)
site scores of physical habitat variables of 14 first-order streams within pine plantations in
north-central Mississippi, March 2001 to April 2002. Correlation coefficients with P values <
0.05 are bolded within the table.

Physical habitat

PCA axis 1 PCA axis 2 PCA axis 3

Species

DCA axis 1 -0.099 0.582 0.324

DCA axis 2 -0.243 0.081 0.258
Family

DCA axis 1 -0.113 0.558 0.404

DCA axis 2 0.131 -0.330 0.129
Body size

DCA axis 1 -0.136 0.087 -0.138

DCA axis 2 -0.112 0.389 0.284
Trophic

DCA axis 1 0.103 -0.512 -0.402

DCA axis 2 -0.174 0.283 -0.074
Reproductive

DCA axis 1 0.148 -0.150 0.230

DCA axis 2 0.304 0.053 -0.101
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Discussion

Our results suggest that first-order streams in north-central Mississippi
are typically numerically dominated by fishes that belong to the family
Cyprinidae, have a maximum TL between 300 and 399 mm, consume
aquatic invertebrates, and exhibit parental care by building and guarding
nests. Our overall results are in agreement with Schlosser’s (1987) model,
which predicts that fish communities in headwater streams should be com-
posed mostly of Cyprinidae, insectivores, and small bodied fishes. However,
it should be noted that variability in the composition of species, families, and
trophic guilds does occur among our study streams and suggests that
Schlosser’s model can predict community composition of some first-order
streams in the southeastern United States, but not all streams.

The species composition of our study streams was similar to that docu-
mented in other medium- and low-gradient headwater streams in the Gulf
Coastal Plains of the southeastern United States (Felley 1992). All fish
species documented in our study streams were native fishes of Mississippi
having widespread distributions in the state. Felley (1992) also noted that
many freshwater fish species found in medium- and low-gradient headwater
streams of Gulf Coastal Plain were widely distributed and not limited to
headwater streams (Felley 1992). Additionally, we captured eight species
(black bullhead [Ameiurus melas Rafinesque], bluntnose minnow
[Pimephales notatus Rafinesque], S. atromaculatus, E. oblongus, E.
parvipinne, L. cyanellus, striped shiner [Luxilus chrysocephalus
Rafinesque], and yellow bullhead [Ameiurus natalis Lesueur]) that com-
monly occur in streams throughout Mississippi (Ross 2002), but were not
included in Felley’s (1992) summary of the fish fauna of medium- and low-
gradient headwater streams.

We also observed relationships between fish communities with channel
cross-section area, water depths, velocity, wet widths, woody debris, substrate
types, and canopy cover within first-order streams of north-central Mississippi.
These fish-habitat relationships are similar to those relationships observed by
others working in low-gradient streams in north Mississippi (Shields et al.
1995, Warren et al. 2002). Shields et al. (1995) observed correlations between
selected index of biotic integrity (IBI) metrics with channel size, substrate
types, canopy cover, streambank vegetative composition, habitat diversity, wet
width, and availability of pool habitat in incised streams (orders 1 to 4) within
northwestern Mississippi. Warren et al. (2002) observed correlations of fish
communities with watershed area, channel depth, water velocity, water depths,
and amount of woody debris in streams (orders 1 to 5) of north-central
Mississippi. The correspondence of our results with those of Shields et al.
(1995) and Warren et al. (2002) suggest that habitat characteristics describing
channel size, hydrological conditions, instream cover types, and characteristics
of the adjacent streambanks are important determinants of fish community
structure among first-order streams and among first to fifth-order streams in
northern Mississippi.
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The small size of headwater streams makes them easily amendable to
anthropogenic alterations. Headwater streams are also more likely to experi-
ence anthropogenic alterations because small streams outnumber larger
streams. Karr et al. (1985) observed that headwater streams in Illinois and
Ohio contain the greatest percentage of species experiencing population
declines compared to larger order streams. We observed that all fish species
captured in our study streams have stable populations in Mississippi (Ross
2002), but three species collected from our study streams (Lythrurus
roseipinnis Hay, E. parvipinne, Esox americanus Gmelin) are predicted to
experience population decreases if subjected to increased sedimentation
loads or reduced woody debris as a result of riparian or upland land use-
modifications (Ross 2002). Continued monitoring of fishes in headwater
streams in north-central Mississippi is advised to ensure that fishes within
these small streams do not experience the population declines exhibited by
fishes within headwater streams in the midwestern United States.
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