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REGIONAL AQUATIC MACROINVERTEBRATE BIODIVERSITY
Sally Sir1* and Kristine N. Whitel
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Sciences, Milledgeville, GA 31061 U.S.A
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ABSTRACT

Macroinvertebrates are sensitive to environmental conditions, giving them the ability to
be utilized in studies indicating the health of their environment. Additionally,
macroinvertebrates are an important food source for vertebrates and invertebrates. Since
macroinvertebrates play such significant roles in the ecosystem, it is important to identify
and document their presence. In order to begin documenting the macroinvertebrates in
central Georgia, aquatic macroinvertebrates were collected from ten sampling sites along
a transect of central Georgia. Live specimens were imaged, preserved, identified, and
sequenced. COI mitochondrial DNA and 18s nuclear DNA and 3D images of the
organisms were made publicly available. The newly documented biodiversity of aquatic
macroinvertebrates included organisms from the classes Branchiopoda, Gastropoda,
Insecta, Malacostraca, and Ostracoda.

Keywords: central Georgia, bioindicator species, 18S nuclear DNA, COI mitochondrial
DNA, water quality
INTRODUCTION

In aquatic systems, macroinvertebrates have been noted for their ability to alter the
cycling and production of nutrients in bodies of water and for their potential to indicate
stream health (Anderson and Sedell 1979; Uherek and Gouveia 2014). While
macroinvertebrates are recognized for numerous functions, perhaps their most crucial
role is that of a primary consumer. Since macroinvertebrates are in a lower trophic level,
they are food sources for a number of aquatic organisms, especially fish (Wallace and
Webster 1996). Given the high diversity of aquatic organisms that rely on
macroinvertebrates in Georgia, the success of those macroinvertebrates is crucial for
ecosystem sustainability. (Georgia Department of Natural Resources 2023).
Documenting the presence of aquatic macroinvertebrates is important as it can indicate
the health and overall success of the body of water from which they were collected, and
the anthropogenic effects on valuable freshwater resources. This concept is thoroughly
explored by Karr (1999), who credits biological monitoring as fundamental in assessing
the integrity of rivers. While some orders or families of organisms are considered
generally sensitive to pollutants, human influence, or other environment-altering factors,
certain species within those orders or families can be more tolerant than other species
within the same order or family. Failure to identify organisms to species level can provide
an incorrect perception of an environments’ health. Despite this, most of the available
literature contains identification keys to order or family level as the morphological
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characteristics used to identify to species level can be hard to see or to distinguish between
species.

Molecular methods in biological monitoring have made significant progress in
recent years. The progress of molecular methods in biological monitoring is reflected in
environmental DNA (eDNA), where organismal DNA is detected in water, sediment, soil,
or air samples taken from their environment. It is possible to detect this DNA because
organisms tend to leave behind genetic material in their environment, such as excrement
or the shedding of carapaces (Pilliod et al. 2013). Thus, by taking a water sample and using
techniques like metagenomics, which identifies all or most of the organisms that left
genetic material in that sample, it is possible to determine the organisms that recently
habited that body of water without collecting the organisms themselves. Nanopore
sequencing is a cost-effective and adaptable technique to sequence bacterial microbiota
in river water samples for monitoring (Urban et al. 2021), suggesting that this technology
will be used more commonly in future studies as it becomes increasingly accessible and
continues to improve. In order to use eDNA methods, the DNA sequence information for
properly identified species has to be first made available for comparison.

This research is the first attempt to document aquatic macroinvertebrate diversity
in central Georgia using both morphological and molecular methods. This study is not
meant to conclude the health of any of the sampled water systems. The sites which were
sampled were not sampled extensively enough to draw definitive conclusions nor should
the sites be compared against one another as time spent sampling and collecting
techniques was not consistent amongst locations. Instead, the goal of this project was to
serve as a preliminary baseline of central Georgia macroinvertebrates to use in future
studies. This goal included sampling from as much of Central Georgia as possible within
the budget and time constraints for the project. Sampling sites were selected throughout
central Georgia based on ease of access to create a baseline which would provide insight
into which of these sampling sites could be useful for comprehensive surveys. In addition
to these goals, we set out to increase the available DNA sequences of macroinvertebrates
and create a freely available resource for identification of the organisms by both scientists
and laypeople.

MATERIALS & METHODS
In May of 2023, we collected samples from 10 sites within Georgia. These sites included
the Ocmulgee River, Lake Oconee, Lake Sinclair, the Oconee River, the Ohoopee River,
the Ogeechee River, and Sapelo Island (Figure 1, Table I). At each location, we used a YSI
meter to measure salinity, water temperature, dissolved oxygen levels, and pH levels. Live
samples were collected using a variety of techniques: D-nets were used for epifaunal
invertebrates (7 sweeps per site), a bait pump (yabbi pump) was used for infaunal
invertebrates (25 attempts per site), and plankton nets were used for pelagic invertebrates
(2 minutes per tow). Two Lake Oconee samples were collected from Old Salem Park
(samples 1 and 2) where the freshwater was slow moving and the shoreline was heavily
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vegetated with a variety of shrubbery and trees and is a public access area with a boat
ramp. A third Lake Oconee sample was collected from the Lawrence Shoals Recreational
Area, about 13 km from Old Salem Park with habitat and usage (sample 3). All Lake
Oconee sites remain submerged year-round. The Ocmulgee River samples were from the
Ocmulgee Heritage Trail Canoe Launch (sample 4) and the Jay Hill Memorial Canoe
launch (sample 5). These sites had high freshwater flow and were heavily polluted with
trash and plastic, both of which experience changes in water height depending on water
flow. The Ocmulgee Heritage Trail Canoe Launch had little vegetation and muddy water,
while the Jay Hill Memorial Canoe launch had clear water and more trees lining the
shoreline. Three Lake Sinclair freshwater samples were taken by boat along the shoreline,
but further from boat ramps and human influence. The vegetation and water flow were
similar to the Lake Oconee sites, remaining submerged year-round. Sapelo Island saline
water samples (9 and 10) were collected subtidally from Cabretta beach, which is
undeveloped and free of vegetation with high wave energy, and by scraping fouling
organisms from a boat dock on a moderately saline creek (11 and 12). One Ogeechee River
freshwater sample was collected from vegetation at a boat ramp with moderately high and
clear water flow (sample 13). One Ohoopee river freshwater sample was collected under a
bridge (sample 14). This site had high muddy water flow and appeared to remain
submerged year-round. It was heavily vegetated with aquatic plants, while the shoreline
was lined with trees. One freshwater sample was collected from a South Oconee River
boat ramp with high muddy water flow and sparse vegetation (sample 15). This site
appeared to experience high fluctuation in water level with changes in water flow.

Live specimens were identified into morphospecies and imaged using a portable
macro-rail stacked imaging system. Once imaged, we preserved the organisms in 99.5%
ethanol. We then identified the specimens morphologically to species level using a variety
of taxonomic keys (Haney et al. 2013; Bouchard 2004; Bright 2013; Bruno et al. 2005;
Dillon et al. 2019; Epler 2001, 2006; Fall 1922; Gustafson and Miller 2015; Murray et al.
2018; Taylor 1991; Thorp 1991). Thirty-one species were identified within our time frame,
and DNA was extracted from three specimens each of the identified species using the
guanidine DNA extraction method (Sinniger et al. 2010). We amplified COI
mitochondrial DNA and 18S nuclear DNA using methods of White et al. (2016). PCR
purification was done using ExoSAP-IT™ for COI and QIAquick Gel Extraction Kits for
18S. Eurofins Genomics completed DNA sequencing. We used BioEdit 7.2.5 (Hall 1999)
to assemble consensus sequences, which were aligned in SeaView 5.0.4 (Gouy et al. 2010)
for comparison. Alignments contained 575 base pairs for COI and 760 base pairs for 18S.
Sequences were compared to available sequences in GenBank.
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Figure 1. A Map of the sampling sites in central Georgia. Numbers on stars refer to samples in Table I.
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Table I. Sampling sites and collecting data
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Samples Location Date Lat Lon Elevation Temperature Dissolved Conductivity Salinity pH Method
(m) (°O) Oxygen (Ms/cm)
(Mg/L)
1 Lake Oconee, Old Salem  9-May-22 N 33°26.035", W 138.38 21.5 6.77 0.055 0.03 7.06 plankton tow
Park 083°94.958’
Lake Oconee, Old Salem N 33°26.035’, W D-net
2 Park 9-May-22 083°94.958’ 138.38 21.5 6.77 0.055 0.03 7.06
Lake Oconee, Lawrence N 33°21.286’, W
3 Shoals Rec Area 9-May-22 083°09.962’ 138.68 23.05 9.37 0.055 0.03 8.38 D-net
Ocmulgee River, N 32°50.738’, W
4 Ocmulgee Heritage Trail 16-May-22 083°37.648’ 103.63 22.85 6.5 0.095 0.04 7.16 D-net
Ocmulgee River, Jay
Hill Memorial Canoe N 32°52.898’, W
5 Launch 16-May-22 083°39.478’ 93.88 23.43 5.22 0.001 0.04 7.17 D-net
N 33°09.543", W
6 Lake Sinclair (site 1) 19-May-22 083°11.324’ 111.862 26.97 1.87 0.06 0.03 8.8 plankton tow
N 33°09.712°, W
7 Lake Sinclair (site 2) 19-May-22 083°11.506’ 106.68 27.24 1.75 0.06 0.83 8.66 D-net
N 33°10.514’, W
8 Lake Sinclair (site 3) 19-May-22 083°15.184’ 109.12 26.78 1.88 0.059 0.03 8.64 D-net
N 31°26.005’, W
9 Sapelo Island, Cabretta  28-May-22 081°13.948’ -2.44 31.82 2.76 50.84 29.7 8.01 yabbi pump
N 31°26.005’, W
10 Sapelo Island, Cabretta  28-May-22 081°13.948’ -2.44 31.82 2.76 50.84 29.7 8.01 plankton tow
Sapelo Island, DNR N 31°25.932’, W
11 Dock 28-May-22 081°16.968’ -14.63 27.9 4.6 38.39 22.01 7.25 algae on buoy
Sapelo Island, DNR N 31°25.932’, W
12 Dock 28-May-22 081°16.968’ -14.63 27.9 4.6 38.39 22.91 7.25 plankton tow
N 31°58.699° W
13 Ogeechee River 30-May-22 081°17.287 1.21 27.26 5.7 0.1 0.04 6.8 D-net
N 32°23.496’' W
14 Ohoopee River 30-May-22 082°18.826’ 43.28 23.45 7.78 0.055 0.03 1.53 D-net
N 32°30.064’ W
15 Oconee River 30-May-22 082°52.4871 59.13 24.8 6.46 0.066 0.03 6.95 D-net
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RESULTS

Nearly 500 individual specimens were collected and 31 species in the classes
Branchiopoda, Gastropoda, Insecta, Malacostraca, and Ostracoda were identified (Table
II). Five of the thirty-one identified species are newly documented in Georgia,
representing possible range extensions (Cypridopsis vidua (O.F. Miiller, 1776);
Eurycerus microdontus Frey, 1978; Gyrinus pleuralis Fall, 1922; Simocephalus
serrulatus (Koch, 1841), and Trichocorixa borealis Sailer, 1948. The 3D images were
uploaded to the Georgia College Aquatic Sciences Center Webpage under the Aquatic
Macroinvertebrate Gallery (https://www.gcsu.edu/gesu-asc-aquatic-
macroinvertebrates-gallery).

Forty-five sequences of mitochondrial COI DNA and 28 sequences of nuclear 18s
rDNA were amplified and uploaded to GenBank (Table II). Uncorrected pair-wise
nucleotide distances between sequences from multiple specimens of one species were
between 0.000-0.214 (COI) and 0.000-0.006 (18S), confirming the accuracy of our
morphological identification. Amphipods identified as Hyalella spinicauda Soucek and
Lazo-Wasem, 2015 were collected from Lake Oconee (sample 2), Lake Sinclair (sample
3), and the lower Oconee River (sample 15). DNA distances between amphipod sequences
from Lake Oconee and Lake Sinclair were 0.000-0.014 (COI) and 0.000-0.004 (18S), but
the distances in sequences between the Lakes and the lower Oconee River were 0.226-
0.237 (COI) and 0.195-0.202 (18S).
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Table II. List of species identified (based on classification in World Register of Marine Species); the collecting site value
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corresponds with the collecting site value in Table I; * represents superorder.

Class Order Family Species Collecting Genbank Accession Numbers
Site 18S COI
Branchiopoda Anomopoda Bosminidae Bosmina longirostris O.F. Miiller, 1776 1
Chydoridae Leydigia acanthocercoides (Fischer, 1854) 6 0Q918572
Oxyurella brevicaudis Michael & Frey, 1983 8
Daphniidae Daphnia lumholtzi Sars, 1885 0Q924624, 0Q918569,
1 0Q924625 0Q918570
Daphniidae Simocephalus serrulatus (Koch, 1841) 3 0Q918576
Eurycercidae Eurycercus microdontus Frey, 1978 8
Ctenopoda Sididae Sida crystallina O.F. Miiller. 1776 0Q918573,
0Q918574,
2,6,8 0Q918575
Sididae Latona setifera (O.F. Miiller. 1776) 8 0Q918571
Gastropoda Hygrophila* Lymnaeidae Pseudosuccinea columella (Say, 1817) 7 0Q918577
Physidae Physella acuta (Draparnaud, 1805) 0Q918580,
3,13,7 0Q918581
Littorinimorpha  Cochliopidae Littoridinops tenuipes (Couper, 1844) 13 0Q918605
Hexapoda Coleoptera Gyrinidae Dineutus serrulatus serrulatus Leconte, 1868 0Q918582,
14 0Q918583
Gyrinus plureuralis Fall, 1922 0Q918584,
0Q918585,
14 0Q918586
Hemiptera Corixidae Trichocorixa borealis Sailer, 1948 15
Gerridae Metrobates hesperius Uhler, 1871 6 0Q918587
Veliidae Mesovelia mulsanti White, 1879 3
Rhagovelia obesa Uhler, 1871 0Q918592,
5 0Q918593
Odonata Aeshnidae Boyeria vinosa Say, 1839 4 0Q918591
Diptera Chironomidae = Chironomus ochreatus (Townes, 1945) 3,7,8,15 0Q918594
Malacostraca Amphipoda Caprellidae Paracaprella tenuis Mayer, 1903 0Q924642, 0Q918602,
0Q924643, 0Q918603,
11 0Q924644 0Q918604
Corophiidae Monocorophium tuberculatum (Shoemaker, 0Q924635,
1934) 0Q924636,
0Q924637,
11 0Q924638
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Crangonyctidae Crangonyx cf. serratus (Embody, 1911) 0Q924626,
0Q924627,
3 0Q924628
Gammaridae Gammarus tigrinus Sexton, 1939 0Q924645, 0Q918607,
0Q924646, 0Q918608
13 0Q924647
Haustoriidae Parahaustorius longimerus Bousfield, 1965 0Q918597,
0Q918598,
0Q918599,
1 0Q918600
Hyalellidae Hyalella spinicauda Soucek & Lazo-Wasem, 0Q924629, 0Q918595,
2015 0Q924630, 0Q918596,
0Q924631, 0Q918612
3,7,8,15  0Q924651
Melitidae Melita nitida Smith, 1873 0Q924639,
0Q924640,
11 0Q924641
Pleustidae Incisocalliope aestuarius (Watling & Maurer, 0Q924632, 0Q918601
1973) 0Q924633,
1 0Q924634
Decapoda Albuneidae Albunea paretii Guérin-Méneville, 1853 9
Palaemonidae =~ Palaemon paludosus (Gibbes, 1850) 0Q924648, 0Q918578,
0Q924649, 0Q918579
14 0Q924650
Ispopoda Asellidae Lirceus fontinalis Rafinesque, 1820 13 0Q918606
Ostracoda Podocopida Cyprididae Cypridopsis vidua O.F. Miiller. 1776 3,7 0Q918589
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DISCUSSION

While Georgia is recognized for its aquatic biodiversity, many of the macroinvertebrates
that inhabit its rivers, streams, and coastlines are not well-documented. This research
documented and identified 31 species of aquatic macroinvertebrates in central Georgia.
This project also resulted in the creation of a freely available biodiversity database that
can be expanded upon by other studies involving the Georgia College & State University
Aquatic Sciences Center. The species identifications, 3D images on the website, and the
addition of molecular sequence data provide a baseline for future studies involving
aquatic macroinvertebrates. These baseline data will aid both graduate and
undergraduate students that intend to study aquatic environments, particularly in
selecting locations based on presence of particular invertebrate species. The addition of
molecular sequence data for 31 species that were not previously represented in GenBank
will also allow the use of eDNA more comprehensively.

Macroinvertebrates that were sequenced in this study could be compared to
morphologically identical macroinvertebrates sampled from different areas to detect
cryptic speciation. Upon investigation of the Hyalella azteca (Saussure, 1858) complex,
one species was split into several different species, including H. spinicauda. White (2011)
and White et al. (2019) documented intraspecific sequence distances for amphipods as 0-
0.023 for 18S rDNA and 0.2101-0.2143 for COI mtDNA. Interspecific distances were
documented as 0.090-0.295 for 18S rDNA and 0.248-0.327 for COI mtDNA (White, 2011;
White et al. 2019). Hyallela spinicauda, collected from Lakes Oconee and Sinclair were
morphologically identical to amphipods collected from the lower Oconee River. However,
the high DNA distances suggest that cryptic speciation may be occurring due to the
separation of these habitats by the Sinclair Dam, which causes a major shift in habitat and
water flow. Despite the variation in the DNA sequences, only one specimen from the lower
Oconee was sequenced and this result needs further investigation in order to confirm
whether or not cryptic speciation is occurring.

In total, five of the 31 identified species had not been previously documented from
Georgia, representing a possible range extension. Cypridopsis vidua was previously
documented in South Carolina (Ferguson 1958). Eurycerus microdontus, S. serrulatus,
and T. sexcincta were all previously documented in Florida (Layne 1979; State of Florida
Department of Environmental Regulation 1983; Epler and Denson 2017). Gyrinus
pleuralis was previously documented from Colorado to California, and north to Alberta
(Oygur and Wolfe 1991). Many of these organisms have a cosmopolitan distribution and
were likely just not previously identified in Georgia. Daphnia lumholtzi was the only
organism found to be exotic and potentially invasive to Georgia (Havel et al. 1995).

Taxa from sensitive groups were collected from Lake Oconee, the Ocmulgee River,
Lake Sinclair, Sapelo Island, the Ogeechee River, and the Ohoopee River, suggesting that
these are oxygen rich environments. An oxygen rich environment is typically important
for the survival and success of aquatic life and can also serve as an indicator of quality
water conditions. However, our measured oxygen levels at Lake Sinclair and Sapelo
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Island were relatively low. It is likely that the species collected are not sensitive taxa, even
though other species in the order may be sensitive taxa. This highlights the importance of
identifying organisms to species level. Additional and more thorough sampling of the
collection sites might allow the use of properly identified aquatic macroinvertebrates in
indicating the health of the streams, lakes, and rivers from which they were collected.
While this project cannot serve as an indicator of the biological diversity in Georgia, as
the sampling time and techniques were limited and differed between sampling sites, it
provides a framework that can be used to document and monitor diversity, and
additionally serves as a snapshot of the aquatic macroinvertebrate biological diversity.

Ultimately, the documentation of aquatic macroinvertebrate diversity is crucial for
monitoring the health of the environment. The presence and morphological
characteristics of the organisms can provide details about the environment from which
they were identified and indicate environmental change. Aquatic macroinvertebrates
provide an important food source for most animals in aquatic systems. Without these
organisms, many systems would not be able to sustain the ecosystem services they
provide today; in turn, impacting human use of these ecological systems. Additionally,
the use of genetic analysis to inform morphological identifications is a valuable tool not
only to confirm identifications but to discern between cryptic species.
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