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A B S T R A C T

Infections of parasitic digenean trematode metacercariae may lead to a visually observable syndrome in fish
commonly called black spot disease. While black spot has been noted from various locations throughout North
America, patterns in prevalence across the continent remain unknown. Funding to investigate continental-wide
prevalence of low-mortality parasitic infections represents a barrier to such studies. I utilize iNaturalist.org's
photograph database to examine fish for signs of black spot infections across North America. Fish targeted
include blacknose dace, creek chub, chubs (Nocomis spp.), and stonerollers (Campostoma spp.). Photos were
visually examined for symptomatic black spots indicative of infection by trematode species linked to black spot
disease. Regardless of fish species group, symptoms of black spot pathogens were highly prevalent (27.1% of 314
fish) in watersheds of southern Ontario Canada, whereas mean prevalence was comparatively low elsewhere
(7.8%). In one instance, a user uploaded a higher number of photos, with a higher percentage exhibiting signs of
infection than other users in the watershed. However, it is difficult to tease apart if that user fished in water-
bodies with high infection rates, uploaded more photos of symptomatic fishes, or some other explanation for the
differences in user-reported fish with symptoms. Beyond this exception, geographic patterns in the frequency of
black spot symptoms do not appear to be related to solely the users, suggesting the observed pattern is biological
or ecological. While causative explanations remain conjectures, the data reported herein provides evidence that
across four groups of fish, signs of black spot infections are more common in southern Ontario than other areas
studied in North America. This work also represents an initial and unexpected utility of volunteer-population
databases such as iNaturalist. Further data contributions could lead to better understanding of the causative
agents to variation in black spot pathogens' occurrences.

1. Introduction

Black spot disease, or black grub disease, is a visually observable
infection caused by schistosome-like digenean parasites of multiple
trematode genera among the families Diplostomatidae and
Heterophyidae, most commonly reported as Apophallus spp.,
Crassiphiala spp. or Uvulifer spp. (Hoffman, 1999) among others, or
more generally as neascus-type trematodes (Cairns et al., 2005). The
name black spot disease refers to visible melanocytes that form around
the location where metacercariae encyst in fish species’ integument,
musculature, or fins (Duru et al., 1981). Due to this etiology, the
symptomatic black spots are well defined and thus rather distinct from
melanocytes that may occur around trauma (i.e., cuts, scrapes, and
punctures) or natural coloration and can be seen with the naked eye.
Life cycles of these parasites are rather complex, utilizing multiple host
species including snails (often Planorbidae), a secondary or inter-
mediate host fish species, and a definitive host species of piscivorous

bird, for example belted kingfisher (Megaceryle alcyon) is often cited
(Lane and Morris, 2010). Host fish species can differ by trematode
species (Hoffman and Putz, 1965; Locke et al., 2010), but black spot
disease is commonly reported in members of Cypriniformes, Esoci-
formes, Perciformes, and Salmoniformes (Cairns et al., 2005; McAllister
et al., 2013; Wisenden et al., 2012).

Although black spot disease has long been known in scientific lit-
erature (Hunter and Hamilton, 1941), most studies on its prevalence
focus on fine-scale geographic areas (Berra and Au, 1978; Blouin et al.,
1984; McAllister et al., 2013; Quist et al., 2007). These studies indicate
a northern range of southern Canada (Steedman, 1991), south into
Arkansas (McAllister et al., 2013) and Texas (Tobler et al., 2006; Tobler
and Schlupp, 2007), west into Oregon (Cairns et al., 2005), and along
the eastern coastline of the United States (Lemly and Esch, 1984). Al-
though the parasites are thought to occur throughout much of North
America, a continental-wide survey of black spot disease has yet to be
reported.
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Lack of funding for parasitology research has been identified as one
of largest barriers for studies, especially for parasites where economic
impacts are low or unknown (Scholz and Choudhury, 2014). Mortality
caused by black spot disease appears species-specific, with reports on
increased over-winter mortality for bluegill (Lepomis macrochirus; Lemly
and Esch, 1984; Pracheil and Muzzall, 2010), reduced survival of young
northern pike (Esox lucius; Harrison and Hadley, 1982) and shortnose
suckers (Chasmistes brevirostris; Markle et al., 2014). However, others
have indicated no effects on mortality of yellow perch (Perca flavescens;
Vaughan and Coble, 1975) or fathead minnows (Pimephales promelas;
Wisenden et al., 2012), nor on thermal tolerances of cyprinids (Hockett
and Mundahl, 1989). Without clear and direct mortality consequences,
negative effects on fish hatcheries, nor largescale outbreak events to
bring attention to the disease, black spot disease has received little
continent-wide attention.

Data voluntarily provided by community members, often referred to
as citizen science, offers a means of collecting data at frequent intervals
and across wide geographic areas with a low cost to agencies. As of July
2019, the iNaturalist database hosts over 23.6 million publicly acces-
sible observations of organisms. Observations on iNaturalist include
georeferenced photographs of organisms and community-sourced spe-
cies identifications. Similar community-member provided observational
data have offered updated species distribution ranges (Suzuki-Ohno
et al., 2017), knowledge on species' migrations (Hurlbert and Liang,
2012; Soroye et al., 2018; Walker and Taylor, 2017), evidence of
abundance and diversity changes (Clark, 2017; Gutiérrez-Tapia et al.,
2018), and even information on the volunteer's themselves (Kolstoe and
Cameron, 2017; Papenfuss et al., 2015). As such, the scientific com-
munity is beginning to recognize the power and utility of such online
databases as tools for research that would have previously lacked
funding. Herein I report on the use of the iNaturalist database
(iNaturalist.org, 2019) to investigate geographic patterns of fish ex-
hibiting signs of black spot related trematode infections.

2. Methods

Photos of blacknose dace (Rhinichthys atratulus & R. obtusus), chubs
(Nocomis spp.), creek chub (Semotilus atromaculatus), and stonerollers
(Campostoma spp.) were visually inspected on iNaturalist.org for evi-
dence of black spot metacercaria, specifically on fins, torso, and the
ventral side of gill structures. Fish species were chosen based on mul-
tiple factors including the number of observations for each species on
iNaturalist, a wide geographic distribution of those observations, spe-
cies of small-bodied fishes allowing easier classification of black spot
parasite presence (vs. for example large specimen of bluegill Lepomis
macrochirus or yellow perch Perca flavescens), and species known to
commonly be infected by black spot pathogens (Evans and Mackiewicz,
1958). Members of the chub and stoneroller groups are often difficult to
identify to species which, when combined with the low number of
observations for individual species within each group compared to
blacknose dace or creek chub, made it more convenient to lump these
species at the genus level (Campostoma and Nocomis). Other species,
such as Esox spp., Lepomis spp., Perca spp., and Salmonine spp. have
iNaturalist observations spanning a comparatively large range in sizes
and were thus excluded as the black spots become more inconspicuous
with larger sizes and since observations of larger individuals were often
too far from the camera for accurate examination for infections com-
pared to smaller conspecifics.

Photos of each fish were examined for visually evident well-defined
black spots on fish that were inconsistent with known natural colora-
tion patterns and variations (Fig. 1) and classified as either “infected”
(presence of signs of black spot disease) or a “noninfected” (absence of
signs of black spot disease). The term “infected” is used herein to re-
present cases with externally visible signs of metacercaria and does not
denote other internal pathologies nor were cysts dissected for con-
firmation. Black spots were distinguished from dark debris primarily by

shape and size, with the parasites being nearly perfectly circular com-
pared to leaf or woody debris on fishes, which were also usually evident
on hands or containers fish were in allowing comparison. When in
doubt between debris, natural coloration, or evidence of black spot,
error was towards non-infected. Photos which contained the fish but
could not be confidently observed for evidence of black grub (i.e., not
close enough to lens, out of focus, free swimming, torso covered by
hand, or too coated in debris) were excluded from the dataset (61 ob-
servations of 1444).

Records were restricted to observations posted since Jan 1st, 2015,
had at least one photo, and had GPS locations available whether ob-
scured or open. Photos taken prior to 2015 were comparatively sparse
and geographically dispersed and thus this date served as a cutoff point
after which data was collected and used. Observations marked as pri-
vate on iNaturalist did not offer GPS locations and thus were not ob-
tained nor enumerated. When a user chooses to obscure GPS co-
ordinates in iNaturalist, a randomized coordinate pair within a 0.2 by
0.2° area that contains the true coordinates is stored. The coordinates of
the randomized point were assumed to still lie within the watershed of
interest and thus were retained, this occurred for 64 of the 1383 ob-
servations classified as either “infected” or not.

Watershed polygons created by the Commission for Environmental
Cooperation were obtained from USGS ScienceBase and consisted of
coarse watersheds for larger rivers (HUC 6 for U.S. and Sub-Basins for
Canada; CEC, 2011). Watershed polygons were overlain on a map of
North America obtained from Stamen Maps in rStudio using ggmap
(Kahle and Wickham, 2013). Only watersheds in which at least one
observation occurred were retained for each of the four fish groups
being mapped. The watershed's polygon fill color was used to denote
the proportion of fish classified as “infected” within each watershed.
Fill colors range from black (0% infected) to yellow (≥50% infected).
To account for differences in the number of observations, watersheds
were grouped by the number of observations for each species: those
with only 1 or 2 observations were made transparent; those with 3–5
observations were set to 20% opaque; those with 6–10 observations
were set to 50% opaque; those with 11–15 were set to 75% opaque; and
polygons with >15 observations were set to be fully opaque. As such,
stronger colors mean more observations whereas brighter colors mean a
higher percentage are classified as infected.

To assess the possibility that certain users only took photos of fish
displaying black spot parasites, data were summarized for the 15 users
whom posted at least 10 total observations. I also summarized the ob-
servations exhibiting signs of infection by year and watershed for users
that reported more than 3 fish with visual signs of infection. Futher,
data from three watersheds in southern Ontario were summarized by
year. These summaries were done to tease apart the interplay of users,
year, watershed, as well as the number users in a watershed each year.

To assess which variables describe data, and thus the probability of
exhibiting signs of infection, conditional inference trees were trained
and evaluated using the train function in R programming package caret
(Kuhn, 2015, 2008). Predictors included were Year, Common Name of
the species or group (i.e., chubs and stonerollers), User name, and
Watershed of capture. Models were evaluated with train using Monte
Carlo Cross Validation with a randomly selected 75% of the data used
as training set over a selection of 15 different values for the decision
criterion tests each of 20 iterations. The model with the highest clas-
sification accuracy was retained and the decision tree plotted. Variables
included in the final model were deemed as most important in ex-
plaining the data.

3. Results

I inspected photos of 306 blacknose dace, 248 chubs (Nocomis spp.),
553 creek chub, and 276 stonerollers (Campostoma spp.) on iNaturalist
for evidence of black spot parasite infections (Fig. 1). Of which, 12.1%
(37) of blacknose dace, 19.8% (49) of chubs, 9.5% (53) of creek chub,
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and 7.2% (20) of stonerollers were classified as “infected”. Of those
showing signs of infection, 9 blacknose dace, 10 chubs, 17 creek chub,
and 1 stoneroller were from the Lake Ontario-Niagara Peninsula wa-
tershed that surrounds Toronto, Canada (Table 1). A further 32 fish
with signs of metacercariae infections were from the Northern Lake Erie
watershed and another 16 from the Eastern Georgian Bay watershed,
leading to the southern portion of the Province of Ontario Canada
containing 53.5% of the 159 fish classified as “infected” in the dataset
(Table 1). The average percentage of fish exhibiting signs of black spot
infections of the three southern Ontario watersheds was 32.0% (the
summed total was 27%; 85 fish out of 314), whereas the average across
other watersheds, with at least 10 fish observations, was 6.8%
(Table 1), and 7.8% across the whole dataset (inclusive of southern

Ontario). In contrast to southern Ontario, the Southern Lake Erie wa-
tershed represented many observations but a relatively low percentage
of fish (5.3% of all 114 fish) exhibited neascus-type cysts. Geographic
patterns of prevalence were generally similar across all species, with the
southern portion of Ontario having higher proportions of fish with
black spots than elsewhere where fish were encountered (Fig. 2). With
one notable exception of 54.5% of the 11 chubs found in the Apa-
lachicola watershed, which includes the Chattahoochee River that
drains Atlanta, GA to the south.

Data were provided by 471 different user profiles, some of which
were clearly avid anglers, or netters, of small-bodied fishes as the top 4
users caught over 18.3% of the 1383 fish included in the dataset
(Table 2). Photos of fish exhibiting signs black spot metacercaria were

Fig. 1. Example photos of a blacknose dace, a stoneroller (Campostoma sp.), a creek chub, and a chub (Nocomis sp.) exhibiting evidence of a black grub infection.

Table 1
Numbers of species caught and posted to iNaturalist in each watershed and, in parentheses, the percentage of those fish that had visible signs of black spot infections.
Included is the total percentage of fish in each watershed infected (Total Infect.) and the number of users contributing data. Data limited to watersheds with >= 10
observations.

Watershed Blacknose Dace Campostoma spp. Creek Chub Nocomis spp. Total Infect. # Users

Lake Ontario and Niagara Peninsula 60(15) 9(11.1) 88(19.3) 33(30.3) 19.5 54
Southern Lake Erie 31(6.5) 35(0) 47(8.5) 1(0) 5.3 15
Potomac 46(6.5) 7(0) 20(10) 4(25) 7.8 41
Northern Lake Erie 10(50) 19(68.4) 23(26.1) 12(66.7) 50 17
Eastern Georgian Bay 13(30.8) 2(50) 28(10.7) 17(47.1) 26.7 12
Coosa-Tallapoosa 1(100) 7(0) 24(8.3) 6(0) 7.9 11
Middle Tennessee-Elk 5(40) 5(0) 18(0) 1(0) 6.9 7
Little - 26(0) - - 0 1
Middle Colorado-Llano - 26(0) - - 0 15
French Broad-Holston 9(22.2) 7(0) 1(0) 7(28.6) 16.7 13
Central St. Lawrence 6(0) - 17(5.9) - 4.3 7
Neuse - - 3(0) 18(0) 0 7
Upper White - 3(0) 2(0) 15(0) 0 9
Middle Tennessee-Hiwassee 2(0) 5(0) 8(12.5) 5(0) 5 8
Upper Pee Dee - - 8(0) 11(9.1) 5.3 7
Apalachicola - 5(0) 2(0) 11(54.5) 33.3 8
Santee - 1(0) 6(0) 11(9.1) 5.6 9
Lower Tennessee - 2(0) 12(8.3) 3(33.3) 11.8 2
Southeastern Lake Michigan 3(0) - 12(8.3) 2(0) 5.9 4
Upper Hudson 10(0) - 6(0) - 0 9
Lower Missouri-Blackwater - 5(0) 11(0) - 0 8
Allegheny 2(0) - 4(0) 10(10) 6.3 10
Eastern Lake Huron 2(0) 2(0) 9(0) 2(50) 6.7 10
Kanawha 3(0) 1(0) 4(0) 6(16.7) 7.1 10
Upper Chesapeake 7(0) 1(0) 3(0) 3(33.3) 7.1 11
James 6(0) 1(0) 1(0) 6(0) 0 9
Lower Delaware 7(0) - 7(0) - 0 8
Neosho - 5(20) 3(0) 4(25) 16.7 6
Patoka-White - 1(0) 11(0) - 0 8
Richelieu 6(16.7) - 6(0) - 8.3 5
Lower Hudson 6(0) - 5(0) - 0 7
Upper Ohio-Beaver 4(25) 2(0) 3(0) 1(100) 20 9
Upper Tennessee 1(0) 3(0) 2(0) 4(0) 0 4
Scioto 2(0) 1(0) 7(14.3) - 10 7
Upper Illinois 2(50) 5(20) 1(0) 2(0) 20 8
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not isolated to any particular user and appear relatively evenly dis-
tributed across users (Tables 2 and 3). When stratified by user, year,
and watershed, photos with evidence of infection appear to be from the
same region (southern Ontario, CA) regardless of the user or the year
fish were caught in (Table 3). Within this region, there was evidence
that each year had increasing frequency of infections across each spe-
cies group (Table 4).

The resulting decision tree included 3 splits and had an accuracy of

88.5%. Data from the Northern Lake Erie watershed, a specific user, or
the Lake Ontario and Niagara Peninsula watershed were deemed more
likely to have symptoms of black spot infections (Fig. 3). Of data from
user bkorol, many (34 of 37) were from East Georgian Bay of which 12
exhibited signs of black spot infection, accounting for all but four fish
exhibiting symptoms within this watershed. Eleven other users posted a
total of 26 observations from East Georgian Bay, of which four (15.4%)
exhibited signs of infections. As such, in this case, the user's ID was a

Fig. 2. Watersheds shaded by the percentage of observations with signs of black spot infection for four groups of fishes, each of which show higher prevalence in the
watersheds near Toronto and the northern shoreline of Lake Erie. Watersheds are transparent if only 1 or 2 fish were observed in them, otherwise they increase in
opaqueness as sample number increase, those with >15 observations are solid. Refer to Table 1 for numbers.
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better predictor than the location, East Georgian Bay watershed. When
this user was removed from the dataset, the decision tree collapsed this
node leaving splits based on if the data were from either the Northern
Lake Erie watershed or the Lake Ontario and Niagara Peninsula wa-
tersheds or were not. Common name or group (stoneroller or chub) did
not appear in the decision tree suggesting that predicting where signs of
black spot were more prevalent was similar in each of the four groups

investigated. Similarly, year did not appear as a factor in deciding to
classify observations into “infected” or not and thus not as important as
the watershed of capture.

4. Discussion

Among 1383 fish photos a large percentage of fish from the adjacent
East Georgian Bay, Lake Ontario – Niagara Peninsula, and Northern
Lake Erie watersheds, together representing southern Ontario, Canada
exhibited signs of black spot disease related pathogens. The overall
frequency of occurrence of evidence for black spot metacercariae in
southern Ontario (27% of 314 fish) is higher than the mean prevalence
of 6.8% (median=5.75%) for other watersheds with more than 10 fish
observed in our study. Ecological, biological, and environmental rea-
sons for the geographic pattern are difficult to prescribe without mining
other data sources for water quality and land-use variables (i.e., Haas
et al., 2018), or knowing more about the diversity of trematode species
causing such characteristic black spots to appear, but herein I illustrate
that the pattern exhibited is not likely due to user-related biases in data
provided by community members.

The consistent geographic pattern noted in fish exhibiting signs of
black spot disease does not appear to be simply due to the number of
fish caught in the watershed. For example, none of the stonerollers
caught in the Southern Lake Erie (n=35), Little River (Texas; n=26)
or Middle Colorado River (Texas; n=26) watersheds exhibited signs of
the parasite, an observation supported by anecdotal evidence that few
to no stonerollers are encountered with the characteristic black spots in
Texas (personal communication: K. Mayes and G. Linam with Texas
Parks and Wildlife Department, and A. Cohen with University of Texas:
Austin). Similarly, none of the chubs observed in Virginia (Neuse River;
n=18) and Arkansas (Upper White River; n=15) exhibited signs of
infection. Southern Lake Erie remained a watershed that reported many
observations for all species examined (n=114 in total), but few (n=6;
5.3%) exhibited evidence of black spot disease within the photos re-
gardless of the fish species. As such, it seems unlikely that users are only
posting photos of fish with spots out of a bucket of fish, or only catching
fish exhibiting external signs of infection with metacercariae.

Admittedly, there is great potential for user bias when working with
community-sourced data. When observations of fish with signs of black
spot pathogens were summarized by the watershed of capture, as well
as user, the number of observations classified as “infected” from a single
user in Eastern Georgian Bay appeared large in comparison to the total
observed in that watershed. Conditional inference tree analysis con-
firmed that classifying data by the user in this case was more accurate
than by the East Georgian Bay watershed from which the fish were
observed. This did not occur elsewhere in the inference tree, and thus

Table 2
Numbers of fish caught by iNaturalist users and, in parentheses, the percentage of those fish that exhibited signs of black spot infection. Included is the total
percentage of fish infected by user (Total Infect.). Results limited to the 15 users with the most observations.

User Blacknose dace Campostoma spp. Creek chub Nocomis spp. Total Infect.

quiggifur 1 (0) 6 (0) 43 (2.3) 36 (16.7) 8.1
tortuga_rapido 25 (8) 28 (0) 31 (6.5) – 4.8
fishesoftexas – 43 (0) – – 0
oridgen10 15 (40) 3 (0) 15 (26.7) 7 (28.6) 30
bkorol 8 (37.5) – 14 (14.3) 15 (53.3) 35.1
pmk00001 7 (57.1) 6 (0) 11 (18.2) 11 (36.4) 28.6
nv_multispeciesfishing 2 (0) – 5 (0) 20 (5) 3.7
birds_bugs_botany – 16 (75) 7 (28.6) – 60.9
daniel_folds 2 (50) 10 (0) 8 (12.5) 3 (33.3) 13
rileywalsh 7 (0) 4 (0) 4 (0) 7 (42.9) 13.6
scottgibson 4 (25) 1 (100) 11 (36.4) 5 (40) 38.1
reuvenm 9 (0) – 7 (28.6) 4 (50) 20
bradleyfishes 3 (0) 1 (0) 8 (12.5) 5 (60) 23.5
ncangling – 4 (0) 3 (0) 9 (0) 0
flabellare223 3 (0) 2 (0) 4 (0) 6 (0) 0

Table 3
Counts of fish exhibiting black spot parasites summarized by user and the
watershed the fish was captured in. Fish species included blacknose dace,
Campostoma spp., creek chub, Nocomis spp. Data displayed are limited to those
users who posted >3 observations exhibiting black spot parasites.

User Watershed 2015 2016 2017 2018 2019

birds_bugs_botany Northern Lake Erie – – – 3 11

bkorol Eastern Georgian Bay – 1 – 4 7
Eastern Lake Huron – – – – 1

oridgen10 Central Ottawa – – – – 1
Lake Ontario and
Niagara Peninsula

– – – 2 6

Northern Lake Erie – – – 2 –
Potomac – – – – 1

pmk00001 French Broad-Holston – – – – 2
Neosho 1 – – – –
Potomac – – 2 – 1
Roanoke 1 – – – 1
St. Croix – – – 1 –
Upper Mississippi-
Black-Root

– – – 1 –

scottgibson Lake Ontario and
Niagara Peninsula

– – – 6 2

quiggifur Apalachicola – – – 5 –
Lower Tennessee – – 2 – –

reuvenm Lake Ontario and
Niagara Peninsula

– – – 3 –

Northern Lake Erie – – – 1 –

bradleyfishes Central St. Lawrence 1 – – – –
Lake Ontario and
Niagara Peninsula

– – – 1 –

Santee – – – – 1
Upper Pee Dee – – 1 – –

dan_macneal Northern Lake Erie – – – – 4

tortuga_rapido Southern Lake Erie – – 4 – –
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with an accuracy of 88.5% there was no evidence for other user-related
biases in the data. Perhaps this user found fish in a stream with a
particularly high infection rate compared to the other users in this
watershed, conversely maybe others caught fish from areas with low
infection rates, or just an anomaly. Regardless, the adjoining Lake
Ontario – Niagara Peninsula and Northern Lake Erie watersheds did not
have evidence of user-bias despite more users (54 and 17 respectively
vs. 12 in East Georgian Bay) and had similar cross-species rates of being
classified as “infected” with black spot pathogens. As such, there is not
strong evidence that the main geographic pattern seen is due to any
users over-reporting fish exhibiting black spots of any species included
here.

There is also a possibility for an influence of year in the data,

whether due to natural cycles in parasite's life history or due to dif-
ferences in user activities (i.e., more users in watersheds with high in-
fection rates in certain years). Data summarized by year for the wa-
tersheds of southern Ontario illustrates that the fish exhibiting signs of
infection were not simply sampled in one bad year, the symptoms occur
across several years. Data in Table 4 indicate that the frequency of
encountering fish exhibiting signs of the disease increased each year
within southern Ontario for each group of fish examined. Studies have
suggested that warmer temperatures lead to higher rates of infections of
black spot disease in salmonids (Cairns et al., 2005; Schaaf et al., 2017),
perhaps climate change will increase infection rates. While the resulting
inference tree did not indicate that year was an important predictor of
black spot disease symptoms, observations from the same water body

Table 4
Numbers of species caught and posted to iNaturalist in Southern Ontario watersheds by year and, in parentheses, the percentage of those fish that had visible signs of
black spot infections.

Blacknose Dace Campostoma spp. Creek Chub Nocomis spp.

2015 1 (0) – 2 (0) 1 (0)
Eastern Georgian Bay – – 1 (0) –
Lake Ontario and Niagara Peninsula 1 (0) – 1 (0) 1 (0)

2016 4 (50) 1 (0) 5 (20) 2 (0)
Eastern Georgian Bay 1 (100) – 3 (33.3) 2 (0)
Lake Ontario and Niagara Peninsula 1 (0) – 1 (0) –
Northern Lake Erie 2 (50) 1 (0) 1 (0) –

2017 6 (0) – 14 (7.1) 7 (14.3)
Eastern Georgian Bay – – 2 (0) 2 (0)
Lake Ontario and Niagara Peninsula 6 (0) – 11 (9.1) 4 (0)

Northern Lake Erie – – 1 (0) 1 (100)

2018 39 (17.9) 15 (33.3) 59 (15.3) 42 (40.5)
Eastern Georgian Bay 7 (14.3) 2 (50) 10 (0) 9 (55.6)
Lake Ontario and Niagara Peninsula 29 (17.2) 8 (12.5) 42 (21.4) 26 (30.8)
Northern Lake Erie 3 (33.3) 5 (60) 7 (0) 7 (57.1)

2019 33 (27) 14 (71.4) 59 (25.4) 10 (80)
Eastern Georgian Bay 5 (40) – 12 (16.7) 4 (75)
Lake Ontario and Niagara Peninsula 23 (17.4) 1 (0) 33 (21.2) 2 (100)
Northern Lake Erie 5 (60) 13 (76.9) 14 (42.9) 4 (75)

Fig. 3. If an observation of blacknose dace,
creek chub, chubs (Nocomis spp.), or stone-
rollers (Campostoma spp.) is reported on
iNaturalist from the watersheds of Northern
Lake Erie or Lake Ontario – Niagara
Peninsula it is more likely to exhibit mac-
roscopic signs of infection by metacercariae.
Also a high percentage of the observations
by user bkorol exhibited symptoms, all from
Eastern Georgian Bay which is adjacent to
the two other watersheds mentioned. Data
were analyzed using conditional informa-
tion trees in r using package caret to train
and tune the model. Percentage of actual
observations summarized in bar charts
below each split that significantly described
the data.
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over time would yield better insights into yearly differences, and the
effects of climate change on variation in black spot infections.

Steedman (1991) concluded that wide, slow moving canals around
Toronto led to higher prevalence of black spot disease, along with
streams that were more impacted by urbanization. This thought was
mirrored in anecdotal evidence of black spot disease rarely being seen
in fish from cold, more pristine, headwater streams in Canada, com-
pared to streams more impacted by human activities (personal com-
munication; J. Barnucz from Fisheries and Oceans Canada, C. Chu and
W. Wegman from Ontario Ministry of Natural Resources and Forestry,
and R. Wilson from Lake Simcoe Region Conservation Authority).
Watersheds used herein were large (HU6 or Sub-Basins) and thus en-
compass a variety of waterways and land uses. Blacknose dace, creek
chub, and stonerollers are found throughout both heavily urbanized
and lessor impacted areas (Iwanowicz et al., 2016; Wallace et al.,
2013), whereas chubs appear to be comparatively less tolerant to ur-
banization than the other species included in this study (Helms et al.,
2005), yet were found in similar watersheds. Unfortunately, observa-
tions reported from different waterbodies within each watershed, across
different climates and degrees of urbanization do not lend well to an
assessment of how urbanization affects black spot parasite populations.
A more robust sampling protocol across urbanization gradients within a
stream could offer better insights into how urbanization influences in-
fection rates than the opportunistic observations included in this study.

As fish orientation in photographs is not standardized in iNaturalist,
a judgement of the degree or intensity of infection (abundance of
parasites) for each individual fish was not attempted. Whereas damage
caused by one neascus-type trematode is negligible, greater infection
numbers may be detrimental due to high disease or predation mortality
(Wisenden et al., 2012). However, most photos show only one side of
the fish and sometimes even that was partially obscured (i.e., by a hand
holding the fish), so only presence or absence of signs of black spot
pathogens was recorded. It would be helpful if users took care in the
future to photograph fish on both sides, clear of debris, unobstructed,
and preferably in a clear fish viewer.

It is important to note that other fish species are susceptible to black
spot related metacercaria that were not reported on, and that black spot
disease has been seen throughout the U.S. Others have seen high pre-
valence of the parasites in suckers (Catostoma spp.), darters (Etheostoma
spp.), shiner (Notropis spp.),studfish (Fundulus catenatus) and other
Cyprinidae spp. across much of Arkansas (McAllister et al., 2016,
2013). Steelhead trout (Oncorhynchus mykiss) in California appeared to
be infected at higher rates when temperatures rose above 23 °C (Schaaf
et al., 2017). Mellen (2001) saw black spot parasites in 33% of creek
chub and blacknose dace, 35% of central stoneroller (Campostoma
anomalum), and <11% of chubs (Notropis spp.) found in western Iowa.
Quist et al. (2007) reported low prevalence of black spot in creek chub
from Wyoming, but nearly 100% of the suckers and ~80% of chubs had
black spot pathogens visible. Prevalence of neascus-type trematodes in
central stonerollers was consistently different between two streams in
Tennessee, attributed to abiotic factors (Ferrara and Cook, 1998).
Chapman et al. (2015) found that around 30% of pumpkinseed (Lepomis
gibbosus) near Cornwall Ontario had black spot parasites whereas Cone
and Anderson (1977) examined pumpkinseed in Ryan Lake, Ontario,
and found that the prevalence was at or near 100% for age-1 and older
fish. Nearly 60% of fathead minnows (Pimephales promelas) contained
black spot parasites in a lake in Minnesota (Wisenden et al., 2012). For
mosquitofish (Gambusia affins) a prevalence of >10% was noted in
central Texas (Tobler and Schlupp, 2007). While not an exhaustive list,
the above series of summaries does not lead one to a strong conclusion
that there is a consistent geographic pattern to the presence or pre-
valence of black spot pathogens in any group of fish species. Herein, I
included data on just four groups of fish species as they offer enough
evidence to make a compelling story that data volunteered by com-
munity members can offer unique insights into parasite ecology as well
as distributions for species, including pathogens, which have received

little attention.
Metacercaria of several different species induce the characteristic

melanocytes giving black spot disease its moniker. As such, it is likely
that trematode species differ in infectivity and geographic range, as
well as having different responses to environmental factors which may
be the underlying causes to the geographic patterns described in this
study. Whereas studies into the prevalence of black spot disease typi-
cally microscopically inspect metacercaria for species confirmation
(McAllister et al., 2013; Quist et al., 2007), or some simply use tactile
confirmation of black nodules vs. natural coloration (Schaaf et al.,
2017), these steps were unavailable for this study and only visual
classification into “infected” vs. not was available, similar to Wisenden
et al. (2012). Chandler (1951) noted that all black spots examined in
yellow perch from a Minnosota lake contained a metacercaria of
neascus-type trematodes. The size, shape, color, abundance, and see-
mingly random distribution of the characteristic black spots shown in
Fig. 1 are unlikely to occur due to non-neascus-type etiologies (i.e.,
cuts, scrapes, punctures, natural color variations), those wishing to
study other diseases in photograph databases are likely to need more
ground-truthing causative agent's identification.

Data from iNaturalist are not currently conducive to directly
studying distribution of a species directly as observations depend on the
number of users and their interests. For example, the number of fish
observations in a watershed is more representative of the number and
angling skills of iNaturalist users looking for stream fish in each wa-
tershed than the actual abundance of the species. As such, direct ob-
servations of species tend to be skewed towards urban areas where they
may not be as abundant as the iNaturalist data suggests. However,
when the subject of study (i.e., a visible disease) is incidental alongside
the main organism in the observation, such data can be treated more
scientifically. A similar concept, Rowley et al. (2019) reviewed 892
photos of Austrialian amphibians on iNaturalist and saw that 6% were
being handled without gloves, leading to disease implications and the
potential to increase outreach efforts on proper handling methods. As
such, we believe this study represents a novel means of exploring da-
tabases such as iNaturalist, ideally encouraging others to creatively
utilize such large datasets.

In conclusion, I note that for two fish species, and across two other
genera of fish, evidence of black spot parasites were exhibited in a
higher percentage of observations from southern Ontario than other
areas the fish were caught in. Causes for such a consistent geographic
pattern are likely due to a combination of biological, ecological, and
environmental factors rather than potential biases related to the use of
community-member provided data. It is important to note that presence
of parasites does not necessarily equate to poor ecosystem health, and
instead diverse parasite communities are thought to occur in healthy
ecosystems (Hudson et al., 2006; Marcogliese, 2005). For example,
restoration efforts lead to increased prevalence of trematodes in Cali-
fornian marsh, thought to be due to increased abundances of pisci-
vorous birds (Huspeni and Lafferty, 2004). To my knowledge this is the
first exploration of a community-member populated photo database for
geographic patterns of symptoms of a disease. More importantly these
findings illustrate that research endeavors can arise from these volun-
teer-populated databases and that the databases should not be dis-
counted (Cohn, 2008). Continued data collection by community
members and subsequent correlation with environmental datasets may
help elucidate causative agents to the observed geographic pattern.

Conflicts of interest

The author states that there are no conflict of interests.

Data availability statement

All observations used were obtained from and are available from the
iNaturalist.org website. Data on the presence/absence of black spot in

A. Happel IJP: Parasites and Wildlife 10 (2019) 156–163

162

http://iNaturalist.org


the observations available from the author upon request. Watershed
polygons originated from the Commission for Environmental
Cooperation (CEC, 2011) and were obtained from USGS ScienceBase
(https://www.sciencebase.gov/catalog/item/
4fb697b2e4b03ad19d64b47f).

Acknowledgements

A huge thank you is extended to users of iNaturalist, clearly without
their use of the program this project would not have been possible. I
wish to thank T. Riepe as well as three anonymous reviewers for
comments on earlier versions of the manuscript. I wish to thank J.
Barnucz, C. Chu, W. Wegman, R. Wilson, K. Mayes, G. Linam, and A.
Cohen for comments on their field observations of fish exhibiting signs
of black spot infections. This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-profit sec-
tors.

References

Berra, T.M., Au, R.-J., 1978. Incidence of black spot disease in fishes in Cedar Fork Creek,
Ohio. Ohio J. Sci. 78, 318.

Blouin, E.F., Johnson, A.D., Dunlap, D.G., Spiegel, D.K., 1984. Prevalence of black spot
(neascus pyriformis: trematoda: Diplostomatidae) of fishes in brule creek, south
Dakota. Proc. Helminthol. Soc. Wash. 51, 357–359.

Cairns, M.A., Ebersole, J.L., Baker, J.P., Wigington Jr., P.J., Lavigne, H.R., Davis, S.M.,
Wigington, P.J., Lavigne, H.R., Davis, S.M., 2005. Influence of summer stream tem-
peratures on black spot infestation of juvenile coho salmon in the Oregon Coast
Range. Trans. Am. Fish. Soc. 134, 1471–1479. https://doi.org/10.1577/t04-151.1.

Chandler, A.C., 1951. Studies on metacercariae of Perca flavescens in lake itasca,
Minnesota. Am. Midl. Nat. 711–721.

Chapman, J.M., Marcogliese, D.J., Suski, C.D., Cooke, S.J., 2015. Variation in parasite
communities and health indices of juvenile Lepomis gibbosus across a gradient of
watershed land-use and habitat quality. Ecol. Indicat. 57, 564–572. https://doi.org/
10.1016/j.ecolind.2015.05.013.

Clark, C.J., 2017. eBird records show substantial growth of the Allen's Hummingbird
(Selasphorus sasin sedentarius) population in urban Southern California. Condor 119,
122–130. https://doi.org/10.1650/condor-16-153.1.

Cohn, J.P., 2008. Citizen science: can volunteers do real research? Bioscience 58,
192–197. https://doi.org/10.1641/B580303.

Commission for Environmental Cooperation, 2011. North American watersheds.
Shapefile data accessed via. https://www.sciencebase.gov/catalog/item/
4fb697b2e4b03ad19d64b47f Accessed 3/15/2019.

Duru, C., Johnson, A.D., Blouin, E., 1981. Neascus pyriformis chandler, 1951 (trematoda:
Diplostomatidae), redescription and incidence in fishes from brule creek, south
Dakota. In: Proc. Helminthol. Soc. Wash.

Evans, H.E., Mackiewicz, J.S., 1958. The incidence and location of metacercarial cysts
(Trematoda: strigeida) on 35 species of central New York fishes. J. Parasitol. 44, 231.
https://doi.org/10.2307/3274708.

Ferrara, A.M., Cook, S.B., 1998. Comparison of black-spot disease metapopulations in the
central stonerollers of two warm-water streams. J. Freshw. Ecol. 13, 299–305.
https://doi.org/10.1080/02705060.1998.9663622.

Gutiérrez-Tapia, P., Azócar, M.I., Castro, S.A., 2018. A citizen-based platform reveals the
distribution of functional groups inside a large city from the Southern Hemisphere: e-
Bird and the urban birds of Santiago (Central Chile). Rev. Chil. Hist. Nat. 91, 3.

Haas, S.E., Reeves, M.K., Pinkney, A.E., Johnson, P.T.J., 2018. Continental-extent pat-
terns in amphibian malformations linked to parasites, chemical contaminants, and
their interactions. Glob. Chang. Biol. 24, e275–e288. https://doi.org/10.1111/gcb.
13908.

Harrison, E.J., Hadley, W.F., 1982. Possible effects of black-spot disease on Northern Pike.
Trans. Am. Fish. Soc. 111, 106–109. https://doi.org/10.1577/1548-8659(1982)
111<106:PEOBDO>2.0.CO;2.

Helms, B.S., Feminella, J.W., Pan, S., 2005. Detection of biotic responses to urbanization
using fish assemblages from small streams of western Georgia, USA. Urban Ecosyst. 8,
39–57.

Hockett, C.T., Mundahl, N.D., 1989. Effects of black spot disease on thermal tolerances
and condition factors of three cyprinid fishes. J. Freshw. Ecol. 5, 67–72. https://doi.
org/10.1080/02705060.1989.9665214.

Hoffman, G.L., 1999. Parasites of North American Freshwater Fishes. Cornell University
Press.

Hoffman, G.L., Putz, R.E., 1965. The black-spot (Uvulifer ambloplitis: trematoda: stri-
geoidea) of centrarchid fishes. Trans. Am. Fish. Soc. 94, 143–151. https://doi.org/10.
1577/1548-8659(1965)94[143:TBUASO]2.0.CO;2.

Hudson, P.J., Dobson, A.P., Lafferty, K.D., 2006. Is a healthy ecosystem one that is rich in
parasites? Trends Ecol. Evol. 21, 381–385.

Hunter, G.W., Hamilton, J.M., 1941. Studies on host-parasite reactions to larval parasites.
IV. The cyst of Uvulifer ambloplitis (Hughes). Trans. Am. Microsc. Soc. 60, 498–507.

Hurlbert, A.H., Liang, Z., 2012. Spatiotemporal variation in avian migration phenology:
citizen science reveals effects of climate change. PLoS One 7, e31662.

Huspeni, T.C., Lafferty, K.D., 2004. Using larval trematodes that parasitize snails to

evaluate a saltmarsh restoration project. Ecol. Appl. 14, 795–804.
iNaturalistorg, 2019. iNaturalist research-grade observation dataset. https://www.

inaturalist.org/ accessed 7/25/2019.
Iwanowicz, D., Black, M.C., Blazer, V.S., Zappia, H., Bryant, W., 2016. Effects of urban

land-use on largescale stonerollers in the mobile river basin, birmingham, AL.
Ecotoxicology 25, 608–621. https://doi.org/10.1007/s10646-016-1620-3.

Kahle, D., Wickham, H., 2013. ggmap: spatial visualization with ggplot2. R J 5.
Kolstoe, S., Cameron, T.A., 2017. The non-market value of birding sites and the marginal

value of additional species: biodiversity in a random utility model of site choice by
eBird members. Ecol. Econ. 137, 1–12.

Kuhn, M., 2008. Building predictive models in R using the caret package. J. Stat. Softw.
28, 1–26.

Kuhn, M., 2015. A short introduction to the caret package. R Found Stat Comput 1–10.
Lane, R.L., Morris, J.E., 2010. Biology, prevention, and effects of common grubs

(Digenetic trematodes) in freshwater fish. NCRAC Tech. Bull. 14.
Lemly, A.D., Esch, G.W., 1984. Effects of the trematode Uvulifer ambloplitis on juvenile

bluegill sunfish, Lepomis macrochirus: ecological implications. J. Parasitol. 70,
475–492. https://doi.org/10.2307/3281395.

Locke, S.A., McLaughlin, J.D., Dayanandan, S., Marcogliese, D.J., 2010. Diversity and
specificity in Diplostomum spp. metacercariae in freshwater fishes revealed by cy-
tochrome c oxidase I and internal transcribed spacer sequences. Int. J. Parasitol. 40,
333–343. https://doi.org/10.1016/J.IJPARA.2009.08.012.

Marcogliese, D.J., 2005. Parasites of the superorganism: are they indicators of ecosystem
health? Int. J. Parasitol. 35, 705–716.

Markle, D.F., Terwilliger, M.R., Simon, D.C., 2014. Estimates of daily mortality from a
neascus trematode in age-0 shortnose sucker (Chasmistes brevirostris) and the poten-
tial impact of avian predation. Environ. Biol. Fish. 97, 197–207. https://doi.org/10.
1007/s10641-013-0141-7.

McAllister, C., Tumlison, R., Robison, H., Trauth, S., 2013. Initial survey on black-spot
disease (digenea: strigeoidea: diplostomidae) in select Arkansas fishes. J. Ark. Acad.
Sci. 67 Article 35.

McAllister, C., Bursey, C., Font, W., Robison, H., Trauth, S., Cloutman, D., Fayton, T.,
2016. Helminth parasites of the northern studfish, Fundulus catenatus
(Cypriniformes: fundulidae) from the ouachita and ozark mountains of Arkansas.
U.S.A. Comp. Parasitol. 83, 78–87. https://doi.org/10.1654/1525-2647-83.1.78.

Mellen, J.W., 2001. Species specific odds of occurrence of blackspot among fish from the
maple river in western Iowa. J. Iowa Acad. Sci.: JIAS 108 (1), 8 Available at. http://
scholarworks.uni.edu/jias/vol108/iss1/8.

Papenfuss, J.T., Phelps, N., Fulton, D., Venturelli, P.A., 2015. Smartphones reveal angler
behavior: a case study of a popular mobile fishing application in Alberta, Canada.
Fisheries 40, 318–327. https://doi.org/10.1080/03632415.2015.1049693.

Pracheil, B.M., Muzzall, P.M., 2010. Population dynamics of larval trematodes in juvenile
bluegills from Three Lakes II, Michigan, and the potential for overwinter parasite-
induced host mortality. Trans. Am. Fish. Soc. 139, 652–659. https://doi.org/10.
1577/T09-062.1.

Quist, M., Bower, M., Hubert, W., 2007. Infection by a black spot-causing species of
Uvulifer and associated opercular alterations in fishes from a high-desert stream in
Wyoming. Dis. Aquat. Org. 78, 129–136. https://doi.org/10.3354/dao01875.

Rowley, J.J.L., Callaghan, C.T., Cutajar, T., Portway, C., Potter, K., Mahony, S., Trembath,
D.F., Flemons, P., Woods, A., 2019. FrogID: Citizen Scientists provide validated
biodiversity data on frogs of Australia. Herpetol. Conserv. Biol. 14 (1), 155–170.

Schaaf, C.J., Kelson, S.J., Nusslé, S.C., Carlson, S.M., 2017. Black spot infection in juvenile
steelhead trout increases with stream temperature in northern California. Environ.
Biol. Fish. 100, 733–744. https://doi.org/10.1007/s10641-017-0599-9.

Scholz, T., Choudhury, A., 2014. Parasites of freshwater fishes in North America: why so
neglected? J. Parasitol. 100, 26–45. https://doi.org/10.1645/13-394.1.

Soroye, P., Ahmed, N., Kerr, J.T., 2018. Opportunistic citizen science data transform
understanding of species distributions, phenology, and diversity gradients for global
change research. Glob. Chang. Biol. 24, 5281–5291. https://doi.org/10.1111/gcb.
14358.

Steedman, R.J., 1991. Occurrence and environmental correlates of black spot disease in
stream fishes near Toronto, Ontario. Trans. Am. Fish. Soc. 120, 494–499. https://doi.
org/10.1577/1548-8659(1991)120<0494:OAECOB>2.3.CO;2.

Suzuki-Ohno, Y., Yokoyama, J., Nakashizuka, T., Kawata, M., 2017. Utilization of pho-
tographs taken by citizens for estimating bumblebee distributions. Sci. Rep. 7, 11215.
https://doi.org/10.1038/s41598-017-10581-x.

Tobler, M., Schlupp, I., 2007. Influence of black spot disease on shoaling behaviour in
female western mosquitofish, Gambusia affinis (Poeciliidae, Teleostei). Environ. Biol.
Fish. 81, 29–34. https://doi.org/10.1007/s10641-006-9153-x.

Tobler, M., Plath, M., Burmeister, H., Schlupp, I., 2006. Black spots and female associa-
tion preferences in a sexual/asexual mating complex (Poecilia, Poeciliidae,
Teleostei). Behav. Ecol. Sociobiol. 60, 159–165. https://doi.org/10.1007/s00265-
005-0152-2.

Vaughan, G.E., Coble, D.W., 1975. Sublethal effects of three ectoparasites on fish. J. Fish
Biol. 7, 283–294.

Walker, J., Taylor, P.D., 2017. Using eBird data to model population change of migratory
bird species. Avian Conserv. Ecol. 12. https://doi.org/10.5751/ACE-00960-120104.

Wallace, A.M., Croft-White, M.V., Moryk, J., 2013. Are Toronto's streams sick? A look at
the fish and benthic invertebrate communities in the Toronto region in relation to the
urban stream syndrome. Environ. Monit. Assess. 185, 7857–7875. https://doi.org/
10.1007/s10661-013-3140-4.

Wisenden, B.D., Martinez-Marquez, J.Y., Gracia, E.S., McEwen, D.C., 2012. High intensity
and prevalence of two species of trematode metacercariae in the fathead minnow
(Pimephales promelas) with no compromise of minnow anti-predator competence. J.
Parasitol. 98, 722–727. https://doi.org/10.1645/ge-2454.1.

A. Happel IJP: Parasites and Wildlife 10 (2019) 156–163

163

https://www.sciencebase.gov/catalog/item/4fb697b2e4b03ad19d64b47f
https://www.sciencebase.gov/catalog/item/4fb697b2e4b03ad19d64b47f
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref1
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref1
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref2
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref2
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref2
https://doi.org/10.1577/t04-151.1
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref4
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref4
https://doi.org/10.1016/j.ecolind.2015.05.013
https://doi.org/10.1016/j.ecolind.2015.05.013
https://doi.org/10.1650/condor-16-153.1
https://doi.org/10.1641/B580303
https://www.sciencebase.gov/catalog/item/4fb697b2e4b03ad19d64b47f
https://www.sciencebase.gov/catalog/item/4fb697b2e4b03ad19d64b47f
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref9
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref9
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref9
https://doi.org/10.2307/3274708
https://doi.org/10.1080/02705060.1998.9663622
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref12
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref12
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref12
https://doi.org/10.1111/gcb.13908
https://doi.org/10.1111/gcb.13908
https://doi.org/10.1577/1548-8659(1982)111%3c;106:PEOBDO%3e;2.0.CO;2
https://doi.org/10.1577/1548-8659(1982)111%3c;106:PEOBDO%3e;2.0.CO;2
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref15
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref15
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref15
https://doi.org/10.1080/02705060.1989.9665214
https://doi.org/10.1080/02705060.1989.9665214
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref17
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref17
https://doi.org/10.1577/1548-8659(1965)94[143:TBUASO]2.0.CO;2
https://doi.org/10.1577/1548-8659(1965)94[143:TBUASO]2.0.CO;2
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref19
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref19
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref20
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref20
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref21
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref21
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref22
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref22
https://www.inaturalist.org/
https://www.inaturalist.org/
https://doi.org/10.1007/s10646-016-1620-3
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref25
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref26
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref26
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref26
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref27
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref27
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref28
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref29
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref29
https://doi.org/10.2307/3281395
https://doi.org/10.1016/J.IJPARA.2009.08.012
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref32
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref32
https://doi.org/10.1007/s10641-013-0141-7
https://doi.org/10.1007/s10641-013-0141-7
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref34
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref34
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref34
https://doi.org/10.1654/1525-2647-83.1.78
http://scholarworks.uni.edu/jias/vol108/iss1/8
http://scholarworks.uni.edu/jias/vol108/iss1/8
https://doi.org/10.1080/03632415.2015.1049693
https://doi.org/10.1577/T09-062.1
https://doi.org/10.1577/T09-062.1
https://doi.org/10.3354/dao01875
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref40
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref40
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref40
https://doi.org/10.1007/s10641-017-0599-9
https://doi.org/10.1645/13-394.1
https://doi.org/10.1111/gcb.14358
https://doi.org/10.1111/gcb.14358
https://doi.org/10.1577/1548-8659(1991)120%3c;0494:OAECOB%3e;2.3.CO;2
https://doi.org/10.1577/1548-8659(1991)120%3c;0494:OAECOB%3e;2.3.CO;2
https://doi.org/10.1038/s41598-017-10581-x
https://doi.org/10.1007/s10641-006-9153-x
https://doi.org/10.1007/s00265-005-0152-2
https://doi.org/10.1007/s00265-005-0152-2
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref48
http://refhub.elsevier.com/S2213-2244(19)30099-9/sref48
https://doi.org/10.5751/ACE-00960-120104
https://doi.org/10.1007/s10661-013-3140-4
https://doi.org/10.1007/s10661-013-3140-4
https://doi.org/10.1645/ge-2454.1

	A volunteer-populated online database provides evidence for a geographic pattern in symptoms of black spot infections
	Introduction
	Methods
	Results
	Discussion
	Conflicts of interest
	Data availability statement
	Acknowledgements
	References




