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Abstract

In 2006, fish community, water quality, and physical habitat monitoring began in Wilson’s Creek National Battle-
field at Wilson’s Creek, Skegg’s Branch (also known as Schuyler Creek), and Terrell Creek. The purpose of this
monitoring is to determine the status and long-term trends in fish community composition and to correlate this
community data to water quality and habitat conditions. Prior to initiating our long-term monitoring, previous
one-time studies of fish communities in Wilson’s Creek assessed the water quality and biotic integrity of this
urban stream (Donegan 1984; Foster 1988; Foster 1989; Petersen and Justus 2005), but little is known about the
fish communities or water quality conditions of Skegg’s Branch and Terrell Creek.

Based on our data, the fish communities within Wilson’s Creek National Battlefield were found to be diverse.
Although water quality has been an issue due to wastewater effluent and runoft from urban areas, Wilson’s Creek
maintains high species richness, number of intolerant species, and diversity, resulting in a high biotic integrity
rating. However, fish assemblages in Wilson’s Creek did show a large number of anomalies (disease, eroded fins,
lesions, tumors, and blackspot parasite) compared to communities in the other two streams sampled. The high
quality rating for the fish community in Wilson’s Creek can be misleading because anthropogenic disturbances
as well as abiotic factors may explain these findings. Fish communities at Skegg’s Branch and Terrell Creek had a
large proportion of darter, sculpin, and madtom species (sensitive to siltation and poor water quality), suggesting
that these two smaller tributaries of Wilson’s Creek are in good condition.
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Introduction

Wilson’s Creek National Battlefield contains portions
of three perennial streams: Wilson’s Creek, Skegg’s
Branch (also named Schuyler Creek), and Terrell
Creek (Figure 1). All three streams are influenced by
springs, and have varying degrees of urban and agri-
cultural land use within their watersheds. Wilson’s
Creek is an urban stream; its watershed drains the
city of Springfield, Missouri. Roundtree and Radar
springs along with efluent from a wastewater treat-
ment facility enter Wilson’s Creek upstream of the
park (Figure 2).

Historically, both point-source and non-point
source pollution in Wilson’s Creek and its tributaries
created low dissolved oxygen conditions (Emmett et
al. 1978) unsuitable for aquatic biota. Improvements
to the wastewater treatment facility improved water
quality (Consoer, Townsend and Associates and
Hydroscience, Inc. 1980), resulting in a moderately
diverse fish community (Donegan 1984; Foster 1988;
Foster 1989). However, due to non-point pollu-

tion from urban and rural sources in the Wilson’s
Creek watershed, this stream has been listed on the
Missouri Department of Natural Resources 303(d)
list of impaired waters for Escherichia coli and poly-
cyclic aromatic hydrocarbons (PAH) contamination
and is considered impaired for whole body contact
recreation and aquatic life (MO DNR 2018).

The Skegg’s Branch has largely rural land use within
its watershed. However, its headwaters are located
in the town of Republic, Missouri, which has shown
increased development and population growth in
the last decade. The summer base flow of Skegg’s
Branch is largely derived from Campground Spring
located downstream of Republic, Missouri (Figure
1). Therefore, the expansion of this town may lead to
declines in water quality and biotic integrity of both
Campground Spring and Skegg’s Branch.

Land use in the Terrell Creek watershed is predomi-
nately agricultural (hay and cattle), although this
watershed also drains a golf course and a quarry.
Double Spring, located within the park, contributes

most of Terrell Creek’s base flow during summer
months (Figure 1). Upstream of the spring, Terrell
Creek becomes intermittent during years of low
precipitation.

Previous studies of fish communities in Wilson’s
Creek have been used to assess the water quality and
biotic integrity of this stream (Donegan 1984; Foster
1988; Foster 1989; Peterson and Justus 2005), but
little is known about the fish communities or water
quality conditions of Skegg’s Branch and Terrell
Creek. Fish communities are an important compo-
nent of Ozark stream systems. Changes or shifts in
stream habitat complexity and water quality often
determine the composition of biotic communities
(Lazorchak et al. 1998). Trends in fish community
composition and the associated habitat conditions
serve as strong indicators of stream integrity. Many
fish species are considered intolerant of habitat
alterations and monitoring their assemblages can
serve as a useful tool to assess changes in water and
habitat quality (Karr 1981; Robison and Buchanan
1988; Pflieger 1997; Barbour et al. 1999; Peitz 2005).
Moreover, the intrinsic value of fish to the public as
environmental indicators and as recreational oppor-
tunities makes the status of fish diversity a valuable
interpretive topic for park visitors and an informative
tool for protecting the aquatic resources at Wilson’s
Creek National Battlefield.

Objectives of fish community monitoring at Wilson’s
Creek National Battlefield are

1. to determine the status and long term trends in
fish richness (number of fish species collected),
diversity, abundance (total number of fish collected
per sampling effort), and community composition
(percent abundance of each species), and

2.to correlate the long-term community data to over-
all water quality and habitat condition.

Fish Community Monitoring at Wilson’s Creek National Battlefield: 2006-2016 Status Report



A Water Quality Site ——— Intermittent Streams

Site Reach Permanent Streams

- Wilsons Creek

Figure 1. Location of fish and water quality monitoring sites on Wilson’s Creek, Skegg’s Branch, and Terrell Creek at
Wilson's Creek National Battlefield.
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Figure 2. Location of Roundtree and Radar springs and the wastewater treatment facility effluent within the
Wilson’s Creek watershed.
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Methods

Details on methods of site selection, fish sampling,
and habitat and water quality data collection not
listed in this report can be found in the Protocol for
Monitoring Fish Communities in Small Streams in
the Heartland Inventory and Monitoring Network
(Dodd et al. 2008).

Study Area and Site Selection

Portions of three wadeable streams run through the
park: Wilson’s Creek (~ 5.3 km), Skegg’s Branch (~ 0.9
km), and Terrell Creek (~ 1.7 km). Sampling reaches
were selected at the downstream end of each stream
either near the park boundary (for Wilson’s Creek)
or upstream of the confluence with another stream,
Skegg’s Branch (Figure 1). Terrell Creek, which is also
a tributary to Wilson’s Creek, was sampled upstream
of Highway ZZ bridge to avoid the localized influ-
ence of this structure on channel morphology and
fish habitat. Reach length was defined as 20 times the
mean wetted stream width (MWSW) with a mini-
mum of 150 m, allowing inclusion of representative
channel units (riffle, run, and pool habitats) located
within the stream (Moulton et al. 2002).

Fish Collection

Fish communities were sampled in June of 2006

and May of 2007, 2010, 2013, and 2016. Fish were
collected throughout the reach using a single pass
with a pulsed DC backpack electrofishing unit in
Skegg’s Branch and Terrell Creek, and a DC tow
barge unit in Wilson’s Creek. During sampling,

fish were collected with nets and placed in aerated
buckets. All fish were identified to species, if practi-
cal, and counted. A subsample of 30 individuals per
species were measured and weighed, and any anoma-
lies (deformities, eroded fins, lesions, tumors, and
blackspot parasite) were recorded. Fish that were too
small or that were difficult to identify in the field were
preserved for later identification in the laboratory. All
other fish were released back into the sample reach.

Habitat and Water Quality

Physical habitat and water quality data were collected
in conjunction with fish sampling. An 11-transect
method was used to collect data on general chan-

nel morphology, fish cover, and bank conditions
throughout the entire reach. In-stream habitat

(depth, velocity, substrate, etc.) and fish cover (pres-
ence of woody debris, filamentous algae, boulders,
hydrophytes, etc.) were assessed at three points per
transect (see Dodd et al. 2008 for a list of all habitat
parameters collected). Fish cover along the banks
(undercut banks, overhanging terrestrial vegetation,
etc.) and bank/riparian stability were assessed on the
left and right banks at each transect. Hourly water
quality data (temperature, dissolved oxygen, pH,
specific conductance, and turbidity) were collected
using calibrated loggers deployed near the reach
(Figure 1) for at least 24 hours.

Data Analysis

Biological metrics were calculated for each reach
and each year sampled. These metrics reflect fish
community diversity (species richness and Simpson’s
Diversity Index [SI]), abundance (catch per unit
effort), composition (number and percent composi-
tion of specific taxa), and overall stream integrity
(Index of Biotic Integrity [IBI]). Community diversity
was assessed using Simpson’s Index, which gives the
probability that two individuals picked at random
from the site are the same species. Therefore, Simp-
son’s Index decreases with increasing diversity.
Because of this inverse relationship with diversity, we
used 1-SIin the analyses. A 1-SI value of 1 indicates
a completely diverse community and a value of 0
indicates no diversity. For composition, the number
and percent composition of sucker (Catastomidae),
sunfish (Centrarchidae; excluding bluegill [Lepomis
macrochiru]) and green sunfish [L. cyanellus]), and
combined darter/sculpin/madtom species (Etheos-
toma and Percina/ Cottus/ Noturus) were calculated
because these metrics are typically used in several
IBI calculations (Karr 1981; Dauwalter et al. 2003;
Smogor 2005) and these species demonstrate sensi-
tivity to human disturbance.

The IBI developed by Dauwalter et al. (2003) was
used to assess overall stream health and includes
seven metrics: (1) percent of individuals as algivo-
rous/herbivorous, invertivorous, and piscivorous;
(2) percent with an anomaly (disease, eroded fins,
lesions, or tumors) or blackspot parasite; (3) percent
as green sunfish, bluegill, yellow bullhead (Ameiurus
natalis), or channel catfish (Ictalurus punctatus); (4)
percent invertivores; (5) percent top carnivores;
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(6) number of darter/sculpin/madtom species; and
(7) number of lithophilic (sand/gravel) spawn-

ing species. Each of the seven raw metric values

was scored from 0 to 10 based on upper and lower
thresholds developed for the Ozarks region. The
metric scores were added to calculate an IBI score
that ranges from 0 to 100. Based on this IBI score, the
overall integrity of the stream is classified from very
poor to excellent: very poor = 0-20; poor = 20-40; fair
=40-60; good = 60-80; excellent (reference condi-
tion) = 80-100. Additional details for calculating
biological metrics used in this report can be found in
Dodd et al. (2008) and Dauwalter et al. (2003).

Physical habitat and water quality data were summa-
rized using averages with standard errors (SE) or
percentages, where appropriate. Physical habitat data
were summarized as in-stream habitat, fish cover,
and bank stability. Analysis of in-stream substrate
data used the Wentworth code (Wentworth 1922)
for particle sizes (see Dodd et al. 2008 for the code
categories and size ranges). Stream bank stability
was assessed using categories of bank angle, percent
vegetation, height, and substrate type. Water quality
data were summarized using averages and standard
errors.

Fish Community Monitoring at Wilson’s Creek National Battlefield: 2006-2016 Status Report



Results

Fish Community

Thirty-four species were collected among all sites
and years sampled. Wilson’s Creek had the highest
number of species in each year (Figure 3) with an
average richness of 25.2 species (n = 5 years), but was

more variable among years (standard deviation = 1.6).

Skegg’s Branch had the lowest species richness in all
years with an average of 7.8 species (n = 5 years) and

was the least variable among years (standard devia-
tion = (.8). Fish communities were most diverse at
Wilson’s Creek each year (average = 0.79,n = 5 years;
Figure 4) with lower variability in diversity across
years (standard deviation = 0.1) compared to Skegg’s
Branch (average = 0.54, standard deviation = 0.2) and
Terrell Creek (average = 0.5, standard deviation =0.2).
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Figure 3. Species richness for reaches sampled at Wilson’s Creek National Battlefield.
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Low diversity at Skegg’s Branch in 2013 and 2016 and
at Terrell Creek in 2007, 2013, and 2016 was due to
high composition (>75%) of knobfin sculpin (Cottus
immaculatus, a new species previously known as
Ozark sculpin, C. hypselurus prior to 2010). This
species is sensitive to poor habitat and water qual-
ity. In addition to having relatively high numbers of
species and relatively high diversity, Wilson’s Creek
also had the highest number of species intolerant

to human disturbance (siltation, poor water qual-
ity, etc.), ranging from 11 to 13 species. Number of
intolerant species at Terrell Creek ranged from 4 to 6
species. Skegg’s Branch had 4 to 5 intolerant species
present among years.

Average relative fish abundance was high at Skegg’s
Branch (16.2 fish/min, n = 5 years), compared to
Wilson’s Creek (11.0 fish/min, n = 5 years) and Terrell
Creek (9.9 fish/min, n = 5 years; Figure 5). Abun-
dance was lowest during 2007 for Wilson’s Creek
and lowest in 2013 for Skegg’s Branch and Terrell
Creek. Skegg’s Branch had the highest variability in
abundance across years (standard deviation = 8.2)
compared to Wilson’s Creek (standard deviation

= 2.6) and Terrell Creek (standard deviation = 2.5).
The high variability was due to a large number of
stoneroller species (Campostoma spp.) in 2006 and

knobfin sculpins in 2010 at Skegg’s Branch. All three
streams showed a general decrease in number of
stoneroller species (species tolerant to disturbance)
and an increase in the number of knobfin sculpin
across years.

In general, Wilson’s Creek had higher numbers of
species and percent composition of sucker, sunfish
(excluding the tolerant bluegill and green sunfish
species) and benthic darter/sculpin/madtom species
compared to its two smaller tributaries (Table 1).
Skegg’s Branch, the smaller of the two tributaries,
had no sunfish or sucker species present. Wilson’s
Creek rated as having good to excellent stream
integrity and had higher IBI scores and ratings than
Skegg’s Branch and Terrell Creek (Figure 6). Both of
these tributaries rated as fair to good among years
(Figure 6). Wilson’s Creek had an average IBI score of
84 (excellent rating, standard deviation = 10.5) across
years compared to an average score of 64 (good
rating, standard deviation = 6.0) for Skegg’s Branch
and 59 (fair rating, standard deviation = 8.4) for
Terrell Creek. Higher IBI scores for Wilson’s Creek
compared to the tributaries is likely due to the higher
percentage of invertivores and higher numbers of
darters/sculpins/madtoms species and lithophilic
spawners (require clean gravel).
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Figure 5. Fish abundance for reaches sampled at Wilson’s Creek National Battlefield.
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Table 1. Number of species and percent community composition of sucker, sunfish, and darter/sculpin/madtom (benthic) species at reaches sampled within Wilson’s

Creek National Battlefield.

Wilson's Creek

Skegg'’s Branch

Terrell Creek

Composition
Fish Species Metric 2006 2007 2010 2013 2016 2006 2007 2010 2013 2016 2006 2007 2010 2013 2016
suckers No. of Species 2 3 3 2 2 0 0 0 0 0 1 1 2 1 0
% Composition 1.3 1.2 7.5 0.8 4.3 0 0 0.0 0 0 2.6 0.4 0.8 0.3 0
sunfish No. of Species* 2 3 3 3 3 0 0 0 0 0 0 3 1 1
% Composition* 4.2 179 133 249 6.3 0 0 0.0 0 0 0 0.5 1.6 0.9
darter/sculpin/madtom  No. of Species 8 8 8 9 8 4 5 4 4 4 3 4 5 4 5
% Composition 19.1 49.1 66.4 486 731 15.7 529 69.6  95.1 846 329 904 811 825 950
*Exclues bluegill and green sunfish (species tolerant to poor water quality)
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Figure 6. Index of Biotic Integrity scores and ratings for each reach sampled at Wilson's

Creek National Battlefield.
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Habitat and Water Quality

Wilson’s Creek was wider, deeper, and had more
flow than its two tributary streams (Figures 7-9).
Terrell Creek showed greater variability in stream
width and depth across years. Skegg’s Branch was
the smallest (Figures 7 and 8) but had similar aver-
age velocities as Terrell Creek (Figure 9). Substrate in
Wilson’s Creek and Skegg’s Branch consisted of small
to large pebbles (Wentworth sizes 12-14, 16-45 mm).
Terrell Creek consisted of slightly smaller substrates
of course gravel to small pebbles (Wentworth sizes
11-13,11.3-32.0 mm) in 2006, 2007, and 2010, but
consisted of large pebbles in 2013 and 2015.

Fish cover in the streams was primarily small woody
debris, filamentous algae, and hydrophytes (aquatic
plants and mosses). All three streams had a large
portion of small woody debris present in each

year sampled (52-67% in Wilson’s Creek, 39-67%
in Skegg’s Branch, and 55-64% in Terrell Creek
55-64%). Wilson’s Creek also had 61% of transects
with filamentous algae present in 2007 and 55%
with hydrophytes in 2010. Skegg’s Branch had a high
percentage of filamentous algae in 2007 (94%) and
2013 (100%), and hydrophytes in 2006 (67 %) and

2016 (88%). The sampled area of Terrell Creek had
high percentages of hydrophytes in 2006 (64%) and
2007 (58%) and filamentous algae in 2007 (79%),
2010 (79%), and 2013 (64%). The hydrophytes in
Skegg’s Branch and Wilson’s Creek were dominated
by mosses in comparison to Terrell Creek where
other aquatic plants were dominant.

Banks at Wilson’s Creek were higher, steeper, and
less stable than those at Terrell Creek or Skegg’s
Branch (Table 2). Over 80% of the banks at Wilson’s
Creek had angles greater than 60 degrees and heights
greater than 2 m during most years sampled, indi-
cating a higher potential for bank erosion. A larger
portion of banks at Terrell Creek had angles less
than 60 degrees, vegetation cover greater than 80%,
and bank heights less than 2 m, but did consist
largely of erodible silt substrate. Skegg’s Branch had
a higher percentage of banks with angles greater
than 60 degrees and less vegetation (larger percent-
age of banks with 50-80% cover) than banks in
Terrell Creek. However, this stream also had a higher
percent of bedrock and cobble/boulder substrate, a
more stable substrate than silt.
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Figure 7. Average width for reaches sampled at Wilson's Creek National Battlefield.
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Table 2. Bank angle, vegetation, height, and substrate characteristics (in percent of total bank) for each reach sampled at Wilson’s Creek National Battlefield.

Wilson's CreeK

Skegg’s Branch

Terrell Creek

Characteristic Category 2006 2007 2010 2013 2016 2006 2007 2010 2013 2016 2006 2007 2010 2013 2016
Angle < 600 14 18 36 18 45 45 32 36 5 68 73 59 55 68
> 600 86 82 64 82 55 55 64 64 95 32 27 41 45 32
>80% 91 100 82 100 82 55 82 82 73 77 100 86 91 82 77
50-80% 5 0 18 32 18 18 27 23 0 14 9 18 23
<50% 5 0 14 0 0 0 0 0 0 0 0
Height <Im 0 45 5 0 14 18 45 9 18 32 18
1-2m 18 50 41 64 55 55 41 55 36 41 50 36 55
2-3m 18 64 41 0 32 18 18 27 0 27 9 0 0
>3m 64 0 27 18 32 14 14 23 18 18 23 23 32 27
Substrate Silt 55 59 41 68 0 59 32 36 41 100 77 27 50 14
Sand/Gravel 23 14 36 5 64 9 45 45 41 0 5 55 27 73
Cobble/Boulder 18 14 0 14 14 14 0 0 5 0 14 14 18 9
Bedrock 5 14 23 14 23 18 23 18 14 0 5 5 0 5

Fish Community Monitoring at Wilson’s Creek National Battlefield: 20062016 Status Report



Wilson’s Creek typically had higher average water
temperatures (Figure 10), turbidity (Figure 11), and
specific conductance (Figure 12) than its two tribu-
taries, likely due to a more open canopy and the
influence of surface runoff from urban areas and
wastewater treatment effluent. Skegg’s Branch and
Terrell Creek, which are heavily influenced by springs
located in or near the park, had lower water tempera-
tures in most years. All three streams stayed below
the state standard of 35°C (MO DNR 2014) in all

years. Across years, pH was relatively stable and was
similar between the three streams (Figure 13). Aver-
age dissolved oxygen was similar between Wilson’s
and Terrell creeks for most years sampled, but Terrell
Creek had higher variability in average dissolved
oxygen across years (Figure 14) while Wilson’s Creek
had larger daily fluctuations in concentrations within
years. All three streams stayed within dissolved
oxygen standards (>5 mg/L; MO DNR 2014) each
year.

=@-\Vilsons Creek

N
ul
)

)]
o
1

—
ul
1

o
1

ul
1

Average Water Temperature (°C)

o

——Skeggs Branch

—pe=Terrell Creek

2006 2007

2010

2013 2016

Figure 10. Average water temperature for each reach sampled at Wilson’s Creek National

Battlefield.
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Figure 12. Average specific conductance for each reach sampled at Wilson’s Creek
National Battlefield.
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Figure 13. Average pH for each reach sampled at Wilson's Creek National Battlefield. Miss-
ing pH data for 2007 was due to a faulty meter.
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Figure 14. Dissolved oxygen for each reach sampled at Wilson’s Creek National Battle-
field. Dissolved oxygen was not collected for Wilson’s Creek or Skegg’s Branch in 2007.
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Discussion

Fish communities within Wilson’s Creek National
Battlefield are diverse as evidenced by the numerous
species present, high composition of sensitive darter,
sculpin, and madtom species, and good IBI score
ratings. Although water quality has been an issue due
to wastewater efluent and runoff from urban areas,
Wilson’s Creek maintains a high biotic integrity
rating. However, the high quality fish community in
Wilson’s Creek can be misleading because anthropo-
genic disturbances as well as abiotic factors are likely
the explanation for these findings. Wilson’s Creek

is large compared to the smaller tributaries in the
park, which would allow both larger species (suckers,
sunfish, and bass) and smaller species to inhabit this
stream. In addition, Wilson’s Creek is likely a more
productive system than the other streams within the
park because of the upstream inputs of nitrogen and
phosphorus from the wastewater treatment facil-

ity. While a highly productive system can create a
food-rich environment for fish and increase species
richness and fish abundance, this nutrient rich system
can also create major algae blooms, causing daily
dissolved oxygen levels to fluctuate substantially.

During our late spring/early summer sampling,

Wilson’s Creek demonstrated larger fluctuations in
daily dissolved oxygen compared to Skegg’s Branch
or Terrell Creek. Although dissolved oxygen stayed

above the state standard of 5 mg/L, higher water
temperatures and lower water levels by late summer
could increase the diel fluctuations in dissolved
oxygen, reducing levels below state standards and
adding stress to the fish communities in Wilson’s
Creek. Higher percentages of fish in Wilson’s Creek
had anomalies (disease, eroded fins, lesions, tumors,
and blackspot parasite), which indicates fish commu-
nities are more stressed compared to Skegg’s Branch
and Terrell Creek.

Although Skegg’s Branch and Terrell Creek had
fewer species, fewer intolerant species, and lower
diversity than Wilson’s Creek, both streams had a
larger proportion of sensitive darter, sculpin, and
madtom species (particularly knobfin sculpins).
The reason for lower richness and diversity in these
two tributaries is possibly due to their smaller size
and the influence of springs near the sample sites
creating cooler water temperatures than in Wilson’s
Creek. In general, spring-dominated streams gener-
ally have a lower diversity in comparison to surface
water streams. Overall, fish communities in the park
are in good condition. Although nutrient enrichment
and bacterial contamination are issues for Wilson’s
Creek, this stream has a diverse fish community.

Fish Community Monitoring at Wilson’s Creek National Battlefield: 2006-2016 Status Report
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