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BRIEF. Comparison between six streams to determine the effects of water quality on macroinvertebrates.

ABSTRACT. Middle Tennessee is a known freshwater hotspot for
biodiversity, and the Duck River is considered the most biologically diverse river in the United States. In the maintenance of a
healthy river ecosystem, the conservation of biodiversity is a crucial yet difficult measure due to the complexity of fluvial environments. Over the course of five weeks, data was collected on chemical indicators and macroinvertebrate abundance, representing water quality and biodiversity, respectively, to assess the effects of
water quality on macroinvertebrate populations in six Duck River
tributaries. Harmful concentrations of chemical indicators were
expected to affect macroinvertebrate populations negatively. Significant differences between streams were observed in pH, water
temperature, and electrical conductivity (p <0.001), reflecting differences in site factors. Pleurocera freshwater gastropods were
significantly more abundant in site four than in the remaining sites,
which negatively correlated with high electrical conductivity (p <
0.05). Significant correlations were observed between differences
in water quality and species abundance by stream (p < 0.05), which
may provide further evidence of the effects of alterations on stream
ecosystems. Additional application of water quality assessments
will allow for the more effective implementation of conservational
measures to protect fluvial ecosystems.
INTRODUCTION.
River ecosystems provide crucial services that allow for the expansion
and well-being of other organisms, particularly humans. Clean water
and fluvial systems are necessary for agriculture, industry, waste disposal, and recreational activities [1]. Complex interactions within river
systems provide integral support for terrestrial and aquatic biota. Particularly, the biodiversity of these ecosystems reflects health and provides resistance to biotic and abiotic changes that allow the ecosystem
to thrive continually. While the ecological community in rivers is more
biodiverse than terrestrial and marine ecosystems, they are more
threatened due to the introduction of nonnative species and human
changes to the landscape [2]. However, these ecosystems are more difficult to protect because of the numerous factors that influence these
ecosystems, including upstream drainage, migration of species from
downstream systems, and the surrounding land, especially the riparian
zone, along a given body of water [3].
Alterations to the landscape near bodies of water as a result of agricultural practices decrease water quality and increase exposure to sunlight, specifically through the reduction of riparian buffers. Reduced
riparian coverage results in several harmful effects, including increased stream temperature and erosion and decreased biotic integrity
and biodiversity, causing an increase in periphyton abundance, which
specifically favors larger fish that would otherwise inhabit larger volumes of water [4,5]. Additionally, agriculture and human settlement
contribute toward increased water pollution, which can cause pollutant
concentrations to reach toxic levels, further threatening biodiversity
[6]. The effects and concentrations of pollutants can be directly assessed by measuring an aquatic ecosystem’s chemical indicators [7].

In addition to measuring the chemical indicators within a stream to
assess water pollution, the invertebrates within an ecosystem provide
a meaningful indication of biodiversity and water quality [8]. Particularly, communities of Pleurocera, a genus of freshwater snails, influence other invertebrate populations. As a gastropod, Pleurocera consumes food shared by other macroinvertebrates, including macrophytes, epiphytes, and detritus, are common and are not especially resistant to pollution [9], meaning Pleurocera populations may indicate
the health of a stream. To provide a complete depiction of an ecosystem’s water quality, chemical indicators can be used with measures of
biodiversity [10].
Recognized as the most biodiverse fluvial system in the United States,
the Duck River provides essential resources for inhabitants of Middle
Tennessee [11]. Like other river systems, the Duck River’s biodiversity is threatened by nonnative species and human activities. In recent
years, two nonnative fish species have been reported in the Duck
River: the bighead carp (Hypophthalmichthys nobilis) and silver carp
(Hypophthalmichthys molitrix), which currently pose a limited threat
to the health of the ecosystem [12]. However, human changes to the
landscape are measurably changing species distribution, and some
practices may be a legitimate threat to future biodiversity in the Duck
River [13].
This study assessed and analyzed a combination of chemical indicators
and macroinvertebrate populations across six tributaries. The study
aimed to determine the effects of water quality, reflected by chemical
indicators, on macroinvertebrate populations, hypothesizing that more
harmful concentrations of chemical indicators would decrease the
population of Pleurocera gastropods and decrease macroinvertebrate
populations. The impact of site factors on chemical indicators and macroinvertebrate richness was considered, where an increase in human
activity was hypothesized to negatively impact water quality and macroinvertebrate populations. Ultimately, this study intends to recognize several effects of alterations to fluvial ecosystems to better quantify possible human impacts.
MATERIALS AND METHODS.
Study Area.
The Duck River spans 284 miles across the state of Tennessee. Along
a 35 mile stretch of the river, six tributaries were selected. Numbered
1-6, each site was chosen along an independent tributary according to
two criteria. The first is the volume of water, as these bodies of water
can pose a safety concern. As a rule of thumb, safe sites were wadable
and fewer than one meter deep. Sites 2 and 5 are more than 5 miles
from the Duck River due to both site’s size and volume of water downstream. Second, each site had to be accessible, meaning the site must
be publicly available and within proximity (< 10 miles) to other sites.
Data Collection.
Each site was visited once weekly for five weeks, from May to July,
from 9 am to 3 pm. Streams were visited in random clusters of 2, 3, or
4 per day, and the order of data collection was also randomized. Two
main variables were assessed in the data collection periods: water
quality and macroinvertebrate population.

Water Quality.
Measurements of chemical indicators were taken to assess pollutants
in each stream and for comparison between sites. Water temperature,
pH, and electrical conductivity (mS/cm) were taken at each site using
a HI9813 portable meter manufactured by Hanna instruments. While
an uncommon indication of water quality, electrical conductivity was
measured as an indication of the prominence of wastewater pollution
in the stream, which has been established in more recent studies [14].
For both pH and electrical conductivity values, a temperature correction coefficient of 2%/C° was applied. Each week, the instrument was
re-calibrated using a pH seven solution and a 1,500 mg/L calibration
solution. Nitrate, nitrite, ammonia, phosphate, and chlorine concentrations were determined using Hach reagents and a color wheel. For all
recorded values of nitrate, nitrite, ammonia, phosphate, and chlorine,
a minimum of two individuals agreed upon the associated value reflected by the color wheel. Each chemical indicator's concentration
was compared with established water quality baseline conditions and
concentrations from both the EPA [15] and independent researchers
[16, 17].
Macroinvertebrate Assessment.
Macroinvertebrate abundance was measured by collecting every macroinvertebrate within a designated area of .3 square meters, which
was determined large enough to encompass several large rocks. These
areas were sectioned off using a square box (55 by 55cm) and placed
in water fewer than six inches deep. Each rock was overturned and
examined for invertebrates living on, under, or below the rock within
this area. A minimum of two individuals inspected each rock to ensure
a minimal number of invertebrates went undocumented. Each
searched rock was discarded from the area and each invertebrate was
photographed and similarly removed from the designated area. This
process repeated until every large rock (2x2cm or larger) was searched
and discarded. After each rock was withdrawn, the top layer of the
substrate was removed with a rake to uncover burrowing invertebrates,
namely bivalves. Following the data collection period, the photographed organisms were identified and cataloged by species. For analytical use, species were grouped into one of four categories: bivalves
(clams and mussels), gastropods (freshwater snails), crustaceans
(crayfish), and insect larvae (dobsonflies, stoneflies, mayflies, waterpenny beetles, and caddisflies). This process was repeated for each of
the six sites and five weeks of data collection. Gastropods were particularly difficult to identify due to ecophenotypic variation in shell
shapes and were later identified two months after the sampling period
according to characteristics listed by the FWGNA project [18].
Substrate and Additional Observations.
At each site, the median substrate particle found within the designated
box was used to determine the substrate size according to the parameters presented in Mochnacz et al, as different species may prefer varying substrate sizes [19]. Non-quantitative descriptions of weather and
foliage were also taken because the weather and foliage may directly
affect water temperature [5].
Statistical Analysis.
Significant differences (p < .05) and correlational values in data were
determined using JMP statistical software. Means of total organisms,
electrical conductivity, pH, water and air temperature, concentrations
of phosphate, ammonia, nitrate, nitrite, and chlorine, and species by
stream were assessed for significance using ANOVA and Tukey-Kramer tests. Correlation coefficients were determined through multivariate analysis, which assessed correlations between the number of species, water temperature, pH, electrical conductivity, percentage of gastropods, bivalves, crustaceans, and insect larvae, and concentrations of
chemical compounds. Statistical significance was determined using
the Pearson Correlation Coefficient, using two degrees of freedom.

Figure 1. Charts of the mean and standard deviation of stream pH (1A),
electrical conductivity (1B), and water temperature (1C). Significance between means is denoted by different letters, which are present in Figures
1A, 1B, and 1C (p < .05). Figure 1D is a plot of the significant positive
relationship between pH and water temperature with line of fit and error (p
< .001; N = 30; r²(28) = .74).

RESULTS.
Water Quality.
A comparison of chemical indicators between sites serves to present
sources of variation across streams. Figure 1 presents three measurements of water quality at six different locations: mean pH, electrical
conductivity (μS/cm), and water temperature (C°). Concentrations of
nitrate, nitrite, ammonia, phosphate, and chlorine were excluded due
to high variability. Values of pH were highest in site 5 (x̄ = 8.53),
peaking at 8.95, and lowest in sites 1 and 4 (x̄ = 7.7, 7.79). The highest
mean electrical conductivity (Figure 1B) was found in site 6 and the
lowest in site 4 (x̄ = 220, 108 μS/cm). Mean water temperature (Figure
1C) was highest in site 5, peaking at a temperature of 27.6 C°, and
least in site 4, with the lowest value of 15.6 C°. A significant positive
correlation (Figure 1D) was observed between pH and temperature (p
< .001; N = 30; r² = .74).
Macroinvertebrate Abundance and Functional Groups.
According to Figure 2A, sites 1 and 4 have the highest mean organisms
(x̄ = 83.2, 105 organisms) and the largest standard deviation, while
sites 2, 3, 5, and 6 have lower mean values (x̄ = 18.8, 48.6, 32.4, 48.4
organisms) with a smaller spread. Site 4 had significantly more organisms than sites 2 and 5 (p < .05). According to Figures 2B, C, D, and
E, gastropods occupied most of the organisms in site 4 and were significantly more abundant than in the remaining 5 sites (p < .001). Crustacean distributions were not significantly different between sites but
were highest in site 3 (x̄ = 20.4%). Insect larvae were a majority of the
organisms in the other sites; site 1 had significantly more larvae than
in sites 2 and 5 (p < .001) Bivalves were only found in sites 5 and 6;
however, site 6 contained significantly more than the other 5 sites (p
< .001).
A significant negative correlation was found between the abundance
of gastropod and insect larvae (p < .001; N = 30; r² = .89), which, when
assessed by site, was significant in sites 1, 4, and 6 (p < .05). Significant correlations between gastropods and crustaceans as well as gastropods and bivalves were not found (p = .1; .31). Both abundances of
insect larvae and gastropods were significantly impacted by electrical
conductivity (Figure 3). These relationships were both quadratic,
demonstrating in low and high electrical conductivity (100-125
μS/cm, 240+ μS/cm), gastropods are more abundant, while in mid

Figure 2. Mean macroinvertebrates found across sites with standard deviation and letters to indicate significance. Organisms were significantly more abundant
in site 4, Dry Creek, than sites 2, the Piney River, and 5, Lick Creek (p < .05). Subfigures B-E present the distribution of categorized organisms by site as a
percentage of the total number of macroinvertebrates. Crustaceans (B) were comparably distributed between sites (p > .05), bivalves (C) were significantly
more abundant in site 6 than the remaining sites (p < .0001), insect larvae (D) were significantly less prevalent in site 4 (p < .001), and gastropods (E) were
significantly more abundant in site 4 (p < .0001).

ranges, (125-240 μS/cm) insect larvae were more abundant. Trends for
both gastropods and insect larvae are statistically significant when linearized (p < .01).
DISCUSSION.
Water Quality.
Differences between chemical indicators by stream were present and
may have directly affected macroinvertebrate populations. In the comparison of quantitative chemical indicators, electrical conductivity,
pH, and water temperature were significantly different, which reflects
the water quality of these streams [14]. Using electrical conductivity
as an indicator of pollution (Figure 1B), site 4 is the least polluted by
runoff and sewage, and site 6 is the most polluted; however, the means
of every stream sampled are considered “low hazard,” as the electrical
conductivity falls below concentrations of 250 μS/cm [20].

confounding variables that contribute to the chemicals’ volatility such
as rain, seasonality, and nearby fertilizer use.
Macroinvertebrate Comparisons.
Differing macroinvertebrate distributions occurred between streams, a
possible effect of differences in water quality by site. As reflected in
Figure 2D, insect larvae constitute most of the organisms found in
streams except for site 4, which is not unusual as the category “insect
larvae” includes 13 species. However, site 4 is a relative anomaly in
the sites from which samples were collected, as gastropods are the majority and only consist of one species, Pleurocera laqueata. Pleurocera laqueata are found in every other stream that was sampled,
meaning site 4 likely has stream characteristics that are conducive to
its survival and competition. While the low electrical conductivity of
site 4 may be a cause (Figure 3), analysis of additional chemical indicators would be necessary for making conclusions regarding the

Differences in pH and water temperature (Figure 1A and Figure 1C)
are both not inherently problematic but affect the chemical interactions and properties of other indicators. Between pH and water temperature, a positive trend was observed, which is contrary to the expected interaction between the two indicators as H+ ions tend to disassociate as temperature increases, lowering the pH [21]. However,
this trend can be most likely attributed to error in the time of sampling,
which was randomized between the times of 9 am and 3 pm, the most
photosynthetically productive time of day. When organisms such as
periphyton are most active, the intake of dissolved carbon dioxide is
highest, driving an increase in pH. Thus, more exposure to sunlight
would be reflected by increases in water temperature and high pH
measurements. In the context of this study, this trend may indicate that
site 5 has lower riparian canopy coverage in comparison to the remaining sites. The significant decrease in the riparian coverage over a
stream would likely be due to geomorphological differences or insufficient foliage, which could be caused by agricultural practices.
The remaining chemical indicators, ammonia, nitrate, nitrite, chlorine,
and phosphate, were not significantly different among streams. While
differences were observed between streams, the data was not significant due to high variability, which could be due to a variety of

Figure 3. Plot of the relationship between the abundance of insect larvae
(red; r² = .44) and gastropods (blue; r² = .61) and electrical conductivity (μS
/cm). The quadratic relationship between these variables was significant
when linearized (p < .01).

distribution of Pleurocera laqueata in site 4, especially calcium concentrations, which affect freshwater snail populations [22, 23].
Among streams, gastropod abundance has a significant negative correlation with insect larvae but does not strongly correlate with either
crustaceans or bivalves, suggesting that across streams, gastropods
may directly compete with insect larvae but not with crustaceans or
bivalves. These correlations may be attributed to shared diet and habitats, as both gastropods and insect larvae were primarily found attached to rocks, while crustaceans were found under rocks, and bivalves were buried in the substrate. The high presence of gastropods
in site 4 negatively correlated with insect larvae populations, which
impacted the stream’s biodiversity and interactions between organisms. Thus, factors conducive to Pleurocera laqueata will significantly alter the environment, whether naturally or by human cause.
CONCLUSION.
Significant differences in water quality across streams correlated with
changes in macroinvertebrate population and distribution. Further,
stream observations indicate and emphasize the negative impact of human activities on water quality and macroinvertebrate populations.
The specific roles of these impacts on stream health and quality were
not observed in entirety. However, the quantification and description
of these influences do demonstrate the potential effects of several
measured qualities, which can be reinvestigated and expanded upon to
gain a better understanding of the factors that contribute to a stream’s
health, an understanding that can better guide the enforcement of more
effective protective restrictions on fluvial ecosystems.
ACKNOWLEDGMENTS.
I would like to thank the School for Science and Math at Vanderbilt
for funding and providing supervision for this project. Special thanks
to my instructors, Dr. Eeds, Dr. Haag, and Dr. Stanton, for consistent
help and feedback throughout the entirety of this project.
REFERENCES
1. Y. E. Chee, An ecological perspective on the valuation of ecosystem
services. Biological conservation. 120, 549-565 (2004).
2. J. Prenda et al., Threats to the conservation of biotic integrity in Iberian fluvial ecosystems. (2006).
3. D. Dudgeon et al., Freshwater biodiversity: importance, threats, status
and conservation challenges. Biological reviews. 81, 163-182 (2006).
4. C. M. Lorion, B. P. Kennedy, Riparian forest buffers mitigate the effects of deforestation on fish assemblages in tropical headwater streams.
Ecological Applications. 19, 468-479 (2009).
5. T. Iwata, S. Nakano, M. Inoue, Impacts of past riparian deforestation
on stream communities in a tropical rain forest in Borneo. Ecological Applications. 13, 461-473 (2003).
6. E. Dumont et al., Modelling indicators of water security, water pollution and aquatic biodiversity in Europe. Hydrological sciences journal.
57, 1378-1403 (2012).
7. A. Zaghloul, M. Saber, C. El-Dewany, Chemical indicators for pollution detection in terrestrial and aquatic ecosystems. Bulletin of the National Research Centre. 43, 1-7 (2019).

8. A. R. Gaufin, Use of aquatic invertebrates in the assessment of water
quality. Biological methods for the assessment of water quality. ASTM
International, (1973).
9. R. T. Dillon, The ecology of freshwater molluscs. (2000).
10. L. Pieri et al. Chemical and biological indicators of water quality in
three agricultural watersheds of the Po valley, Italy. Italian Journal of
Agronomy. 6.4, e36-e36 (2011).
11. M. L. Niemiller, THE HERPETORA UNA OF THE UPPER DUCK
RIVER, TENNESSEE. Journal of the Tennessee Academy of Science.
80, 6-12 (2005).
12. P. Chen, E. O. Wiley, K. M. Mcnyset, Ecological niche modeling as
a predictive tool: silver carps in North America. Biological Invasions. 9,
43-51 (2007).
13. T. N. Skelton, Geospatial assessment of threats to freshwater mussel
populations within the Upper Duck River watershed. PhD diss., Tennessee State University (2011).
14. A. N. Chusov, E. A. Bondarenko, M. J. Andrianova, Study of electric
conductivity of urban stream water polluted with municipal effluents. In
Applied Mechanics and Materials. 641, pp. 1172-1175 (Trans Tech Publications Ltd, 2014).
15. U.S. Environmental Protection Agency Water Quality Criteria, National Recommended Water Quality Criteria - Aquatic Life Criteria Table.
16. R. W. McDowell et al., Establishment of reference or baseline conditions of chemical indicators in New Zealand streams and rivers. Marine
and Freshwater Research. 64, 387-400 (2013).
17. R. Francis-Floyd et al., Ammonia in Aquatic Systems1 (2021).
18. R. T. Dillon, Jr. & M. Kohl, The Freshwater Gastropods of Tennessee (2013).
19. N. Mochnacz, J.D. Reist, Biological and Habitat Data for Fish Collected During Stream Surveys in the Sahtu Settlement Region. Fisheries
and Oceans Canada, Central and Artic Region (2007).
20. A. Kadhem. Assessment of Water Quality in Tigris River-Iraq by Using GIS Mapping. Natural Resources. 04, 441-448 (2013).
21. T.S. Light, Temperature dependence and measurement of resistivity
of pure water. Analytical Chemistry. 56, 1138-1142 (1984).
22. T.T. Macan, Ecology of fresh-water Mollusca in the English Lake
District. The Journal of Animal Ecology. 124-146 (1950).
23. D. Soldo, R. Behra, Long-term effects of copper on the structure of
freshwater periphyton communities and their tolerance to copper, zinc,
nickel and silver. Aquatic toxicology 47, 181-189 (2000).

Jack Hartert is a student at Martin
Luther King Jr Magnet in Nashville,
TN; he participated in the School for
Science and Math at Vanderbilt University.

