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A SURVEY OF FRESHWATER FISHES AND THEIR PARASITES
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ABSTRACT. Parasites are ubiquitous within ecosystems and are known to regulate host populations as well
as alter trophic interactions, yet their contribution to biodiversity is typically overlooked. More specifically,
how parasites may affect fish communities regarding infection intensity and trophic interactions is still
misunderstood, with studies showing contradicting results. In this study, fish assemblages and their associated
parasite diversity across three different lotic systems: Buck Creek, Halfway Creek, and the West Fork of the
White River located in Delaware County, Indiana were examined. Percent prevalence, intensity of infection,
and relative abundance of parasites were calculated. Following one sampling season, 89 fish across 21 species
were collected. The overall prevalence of parasites was highest for Halfway Creek, followed by Buck Creek,
with the White River having the lowest prevalence. Further, it was determined that the mean intensity of
parasitic infection was 18.2, 15.9, and 3.3 for Buck Creek, Halfway Creek, and the White River, respectively.
Finally, the relative abundance of parasites for Buck Creek, Halfway Creek, and the White River was 11.0,
11.9, and 1.25, respectively. While fish assemblages were not similar among sites, parasite assemblages were
relatively similar. Overall, the parasite-host relationships determined in this study may be driven by the
surrounding land use, host diet, or host size; future studies could explore these infection and transmission
mechanisms in greater detail. Given the importance of how parasites may affect their communities, the subject
merits further research.
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INTRODUCTION

Parasitism occurs when a single organism (the
parasite) lives intimately with or on another
organism (the host), in which the parasite benefits
at the expense of the host, though typically not
causing death in the host (Marcogliese & Price
1997). Parasites are ubiquitous, with parasitism
being the most common lifestyle among species
globally (Bush et al. 2001; Kamiya et al. 2014),
and account for approximately 40% of described
species (Dobson et al. 2008). Furthermore, Poulin
&Morand (2004) have estimated that there are, at
minimum, twice as many helminth parasite
species (trematodes, cestodes, and nematodes) as
there are host species. Parasites have historically
been classified by morphology, yet because of
similarities in morphology (e.g., cryptic species or
morphospecies), species may have been previous-
ly classified together (Miura et al. 2005). Thus,
current estimates of different species of parasites
are likely underestimates. However, with advanc-
ing genetic technologies, cryptic species can be
distinguished as several genetically unique species
(Miura et al. 2005; Dobson et al. 2008; Poulin

2014), thus contributingmore to theknowledgeof
parasite diversity.Understanding the status of the
world’s parasite diversity is imperative as increas-
ing evidence suggests that as parasite diversity
increases, so does the ecosystem functioning
(Hudson et al. 2006).

Broadly, parasites may alter host communities
within and across ecosystems (Hudson et al. 2006;
Lafferty et al. 2008; Bernot & Lamberti 2008;
Wood & Johnson 2015). Despite fish serving as
potential hosts tomanyparasitic species, parasites
are frequently ignored in fisheries studies (Timi &
Poulin 2020). Black spot disease is a visually
diagnosable disease caused by the larval fluke
Neascus spp. and may occur in fishes throughout
Indiana (IN DNR 2021). The tell-tale sign of the
disease is the appearance of small round black
spots on the fish. Once a fish is infectedwith black
spot disease, the fish will increase oxygen con-
sumption and exhibit increased lipid metabolism,
consequently increasing energetic demands and
stress, possibly leading to population declines
(Lemly & Esch 1984). Macro-internal parasites
that may infect fishes throughout Indiana include
cestodes, nematodes, and acanthocephalans. In-
fections by macro-internal parasites may induce
changes in behavior (Bernot 2003; Sohn et al.
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2019), reduce growth rates (Mitchum 1995;
Grizzle & Goldsby 1996), increase susceptibility
toother diseases (Grizzle&Goldsby 1996;Cornet
& Sorci 2010), and possibly cause death (Hunt &
Cable 2020).

Despite the importance of parasite community
effects, parasite biodiversity is understudied and
largely unknown (Dobson et al. 2008; Poulin
2014). Specifically, little information exists on the
parasites offishes throughout Indiana (Buckner et
al. 1985).Themaingoals of this investigationwere
to 1) broadly describe the parasites in fishes
collected from three Delaware County, Indiana
stream sites, and 2) determine the percent
prevalence, intensity, and relative abundance of
parasites per site. Further, we aimed to provide
baseline data for future studies concerning
parasites in Indiana’s lotic ecosystems.

METHODS

Fish andparasite communitieswere sampled at
three sites in Delaware County: Buck Creek
(40.1241738N, -85.4985158W), Halfway Creek
(40.2990098N, -85.2364548W), and White River
(40.1767648N, -85.4946948W) (Fig. 1). Fish were

collected by seining (3 m wide, 2 m high, 6 mm
mesh) for 1-hr at each site, in May through July
2019 (Indiana Scientific Purposes License #19-
477). Fish were brought back to the lab and kept
alive in tanks if possible or frozen until dissection.
Fish were euthanized by tricaine methanesulfo-
nate (MS-222) and given an individual accession
number (Hernandez et al. 2007). Before dissec-
tion, each fish was examined for cysts formed by
Neascus spp. (Trematoda: Strigeida; black spot
disease) or any other external parasites. Next, fish
total length (cm), standard length (cm), and mass
(g) were recorded. Necropsies were performed
using standard parasitological methods using a
NikonSMZ1500dissecting scope. The Phylumor
Class of each internal parasite was recorded, and
parasites were stored in 70% ethanol for further
identification due to time constraints. However,
we recognize that this general classification limits
our understanding of the full extent of the
parasitic species present within these ecosystems.
The percent prevalence, average intensity with
one standard error, and relative abundance per
site were determined using the following formulas
(Margolis et al. 1982; Mergo & Crites 1986):

% Prevalence ¼
# of individuals of a host spp: infected with a particular parasite spp:

# of hosts examined
3 1001:

Mean intensity ¼
total # of individuals of a particular parasite spp: in a sample of a host spp:

# of infected individals of the host spp: in the sample
2:

Relative abundance ¼
total # of indviduals of a particular parasite species in a sample of hosts

total # of host species ðinfectedþ uninfectedÞ3:

All parasites were treated as a single species for
the above calculations due to the limitations of
our data. Shannon diversity (Shannon 1948) was
calculated for the fish and parasite assemblages at
each site. Further, to determine if there were
similarities in fish and parasite assemblages
among sites, Jaccard’s similarity index (Jaccard
1901) was calculated.

RESULTS

Atotalof89fishacross21specieswas collected:
32 fromBuckCreek, 33 fromHalfwayCreek, and

24 from the White River (Table 1). The overall
prevalence of parasites for Buck Creek, Halfway
Creek, and the White River was 56%, 75%, and
38%, respectively. Further, the mean intensity of
parasitic infectionwas 18.2, 15.9, and3.3 forBuck
Creek, Halfway Creek, and the White River,
respectively. Finally, the relative abundance of
parasites for BuckCreek,HalfwayCreek, and the
White River was 11.0, 11.9, and 1.24, respectively
(Table 2).

BuckCreekandHalfwayCreekhad thehighest
fish Shannon diversity scores (Buck and Halfway

RUOSS & BERNOT—FISH & THEIR PARASITES, DELAWARE COUNTY, IN 157



Creek H ¼ 2.2), while the White River had the
lowest Shannondiversity score (H¼1.5).All three
water bodies differed in fish assemblages, though
Buck Creek and Halfway Creek were the most
similar (J¼ 0.39). Buck Creek and White River
were not similar (J¼ 0.20), and White River and
Halfway Creek were the least similar (J¼ 0.06).
Central Stonerollers (Campostoma anomalum)
were the only fish species present at all three sites
(Table 1).

Buck Creek and White River had the highest
parasite Shannon diversity scores (Buck Creek
andWhiteRiverH¼1.0), andHalfwayCreekhad
the lowest (H¼0.9). BuckandHalfwayCreekhad
the most similar parasite assemblages (J¼ 0.67),
followed by Buck Creek and White River (J ¼

0.60), withWhite River andHalfwayCreek being
the least similar (J¼0.33). Black spot disease and
trematodes were the only types of parasites found
across all the sampling sites (Tables 3–5).

DISCUSSION

High counts of fishes infected with black spot
disease, as well as trematodes, acanthocephalans,
cestodes, nematodes, and monogeneans were
found. Trematodes comprised the majority of
internal parasites, and black spot was the only
external parasite. The prevalence of helminth
taxonomic groups of parasites (e.g., trematodes,
cestodes, and nematodes) is consistent with a
survey conducted by Buckner et al. (1985), which
found a variety of monogenean, digenean,

Figure 1.—Map of sampling sites (squares) throughout Delaware County, Indiana (inset map).
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cestode, and nematode species in fishes through-
out southern Indiana.

The host-diversity-begets-parasite-diversity
hypothesis suggests that an increase in host
diversity should lead to an increase in parasite
diversity (Hechinger & Lafferty 2005; Johnson et
al. 2016). Kamiya et al. (2014) conducted a meta-
analysis of 38 case studies that examined metazo-
an and protozoan parasites that have an animal
host. They found a strong, positive correlation
between the species richness of hosts and the
species richness of parasites, supporting the host-
diversity-begets-parasite-diversity hypothesis.
Given thatmostparasites havea relatively narrow
host range, any change in host diversity would be
expected to change parasite diversity as well
(Johnson et al. 2016). For this study, Buck Creek
and Halfway Creek had higher fish species
richness and parasite taxonomic richness than

theWhiteRiver, which is consistentwith the host-
diversity-begets-parasite-diversity hypothesis.

According to McKenzie (2007), surrounding
land-use likely impacts local parasite diversity.
For example, row crop agriculture, the dominant
land-use in Indiana (Dewitz 2019), may both
strengthen andweaken the host-parasite diversity
relationship. Agricultural land use may increase
nutrients within the surrounding ecosystem,
potentially leading to increases in the number of
available hosts and, consequently, the richness of
parasites (McKenzie 2007). Specifically, nutrient-
enriched ecosystems may attract snails that serve
as intermediate hosts for many parasites, such as
the trematode yellow grub (Clinostomum compla-
natum), which subsequently inhabits a fish host
after the snail host (Mitchum1995;Valtonen et al.
1997; Rohr et al. 2008). In addition, increased
nutrients from agricultural run-off leads to
increases in algae, which is a food source for
aquatic gastropods (Rohr et al. 2008). Therefore,
an increase in intermediate hosts may lead to an
increase in parasites. For this study, all sites were
influenced by agricultural modifications (Hollo-
way 2021), which could explain why fish, such as
Creek Chub (Semotilus atromaculatus), in which
aquatic snails are a primary food source (Bernot
2003), had high counts of trematode infections.

Table 1.—Abundances of fish species collected from Buck Creek, Halfway Creek, and White River.

Common Name Scientific Name Buck Creek Halfway Creek White River

Blackstripe Topminnow Fundulus notatus – 1 –
Bluntnose Minnow Pimephales notatus 3 – 1
Bullhead Minnow Pimephales vigilax – 2 –
Central Stoneroller Campostoma anomalum 3 4 1
Common Carp Cyprinus carpio – 1 –
Common Shiner Luxilus cornutus 2 – 3
Creek Chub Semotilus atromaculatus – 8 –
Emerald Shiner Notropis atherinoides 9 – 10
Johnny Darter Etheostoma nigrum 3 – –
Northern Hogsucker Hypentelium nigricans 1 – –
Pumpkinseed Lepomis gibbosus – 4 –
Rainbow Darter Etheostoma caeruleum 2 – –
Redfin Shiner Lythrurus umbratilis – 1 –
River Chub Nocomis micropogon – – 2
Rosyface Shiner Notropis rubellus – 1 –
Silverjaw Minnow Notropis buccatus 3 – –
Silver Shiner Notropis photogenis 1 – 7
Smallmouth Bass Micropterus dolomieu 3 2 –
Spotfin Shiner Cyprinella spiloptera 1 4 –
Striped Shiner Luxilus chrysocephalus – 1 –
White Sucker Catostomus commersonii 1 4 –
Total 32 33 24

Table 2.—Prevalence, mean intensity (one stan-
dard error), and relative abundance of parasites for
Buck Creek, Halfway Creek, and the White River.

Variable
Buck
Creek

Halfway
Creek

White
River

Prevalence (%) 56 75 38
Mean Intensity (SE) 18.2 (6.7) 15.9 (3.6) 3.3 (1.2)
Relative Abundance 11.0 11.9 1.25
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Diet, and inherently body-size, may play a role
in shapinghost-parasite relationships (Bell&Burt
1991; Poulin & Leung 2011; Gaeta et al. 2018).
For example, Smallmouth Bass (Micropterus
dolomieu) are larger piscivores and previous
studies show that piscivores tend to have more
helminth parasites than non-piscivores (Bell &
Burt 1991). Similarly, for this study, Smallmouth
Bass had high counts of trematodes at the sites
they were present, as well as infections of cestodes
and nematodes. Contrarily, fish that consume
detritus as their main food source, such as White
Sucker (Catostomus commersoni), are at less risk
of becoming infected by parasites transmitted by
predation (Ahlgren 1990; Ahlgren 1996). Para-
sites were not found in or on any White Suckers
collected in this study, which is consistentwith the
literature that suggests their diet makes them less
vulnerable of becoming infected.

Black spot disease is prevalent in many fishes
such as cyprinids, catostomids, centrarchids, and

ictalurids (Hoffman 1967; Mitchum 1995). Over-
all, the metacercariae, or the larval forms of
trematodes that cause black spot disease, are
generally regarded as having low host-specificity
(Paperna 1995). Perhaps the observed prevalence
of black spot disease across fish species with
different diets and sizes at all our sites was due to
its low host specificity. Our results are similar to
Berra & Au (1978), who reported 89% of their
4,175 fishes sampledwere infectedwith black spot
disease in Cedar Fork Creek, Ohio. Notably,
Berra & Au (1978) observed that Creek Chub,
Central Stonerollers, and Eastern Blacknose
Dace (Rhinichthys atratulus) had the highest
infection prevalence.

Given the implications that parasites may have
on ecosystem and human health, further research
on parasites and the systems they inhabit is
warranted (McKenzie 2007; Wood et al. 2018).
This study provides a baseline documentation of
some of the parasites for fish assemblages of

Table 4.—Abundances of trematodes, acanthocephalans, cestodes, nematodes, monogeneans, and black
spot occurrences for each fish species collected from Halfway Creek. Fish species not listed here but were
present in Halfway Creek (Table 1) did not have parasites.

Name Trematoda Acanthocephala Cestoda Nematoda Monogenea Black Spot

Bullhead Minnow 21 0 0 0 0 3
Central Stoneroller 1 0 0 0 0 12
Common Carp 0 0 0 0 0 1
Creek Chub 198 0 0 0 5 33
Pumpkinseed 1 0 0 2 0 0
Smallmouth Bass 36 0 26 0 0 0
Spotfin Shiner 1 0 0 7 0 26
Striped Shiner 6 0 0 0 0 2

Total 264 0 26 9 5 77

Table 3.—Abundances of trematodes, acanthocephalans, cestodes, nematodes, monogeneans, and black
spot occurrences for each fish species collected from Buck Creek. Fish species not listed here but were present
in Buck Creek (Table 1) did not have parasites.

Fish Species Trematoda Acanthocephala Cestoda Nematoda Monogenea Black Spot

Bluntnose Minnow 16 0 0 0 0 72
Central Stoneroller 0 0 0 0 0 7
Common Shiner 10 0 0 0 0 10
Emerald Shiner 3 4 0 0 0 11
Northern Hogsucker 0 0 0 0 0 1
Silver Shiner 0 0 0 0 0 11
Silverjaw Minnow 0 0 0 0 0 1
Smallmouth Bass 165 14 3 12 0 1
Spotfin Shiner 0 0 0 0 0 3

Total 194 18 3 12 0 117
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Delaware County, Indiana. Future investigations
might include expanding this study to a state-wide
survey of parasites as well as identify parasites to
lower taxonomic groups in order to fully examine
what drives the relationship between parasite
diversity and host diversity. Further, trends
relating parasite load or communities to host size,
trophic level, water quality, or other abiotic
factors may provide more insight on parasite
dynamics and ecology for Indiana lotic ecosys-
tems.
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