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ABSTRACT
Sudbury, Ontario, has made its mark in the mining industry, which cast a long shadow on the health
of the town’s environment. The urban stream Junction Creek was historically subjected to untreated
mine water runoff, untreated sewage, and other pollutants. Different restoration efforts have been
made since the 1970s, and we have observed a dramatic recovery. In this study, we surveyed 11
Reaches along part of Junction Creek during the 2019 summer, to determine the fish community
composition. Furthermore, we estimated the overall health of the fish using Fulton’s condition
index. I hypothesize that fish species composition and health vary along the length of Junction
Creek. I predict that species richness and fish health will decrease steadily as the Creek flows into
the urban core of Downtown Sudbury. Fish were sampled using electrofishing and baited minnow
traps. A total of 7550 fish were captured for the purpose of this study, representing 16 species. Fish
community composition and fish health varied greatly along Junction Creek. The predominant
species was the Creek chub (Semotilus atromaculatus), representing more than 63% of the captured
fish and the Brown bullhead (Ameiurus nebulosus) was the least represented (>1%). Species
richness did not decrease linearly, instead it fluctuated according to varying habitat conditions.
Similar results were found for fish health in selected species.
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INTRODUCTION
Sudbury is known as the mining town in Northern Ontario, Canada (Freedman and Hutchinson 1980).
Mining has taken place since the late 1890s, which has created a deep scar in Sudbury’s ecology
(Freedman and Hutchinson 1980). Research on the effects of pollution from mining effluents (including
micro-mineral waste and sulfur dioxide fumigations) on the local forest composition and aquatic ecology
began in the early 1960s (Gorham and Gordon 1960). During such studies, it was found that surrounding
waterways and lakes were subjected to a severe drop in pH levels (the lowest recorded was pH=3.3),
which then affected the species composition in such environments (Gorham and Gordon 1960). In the
late 1970s, research on the long-term effects of mining pollution explained the barren hilltops, blackened
by their exposure to high concentrations of sulfur dioxide, were inhospitable to most flora species
(Freedman and Hutchinson 1980). This study also noted the recovery of areas that were less drastically
affected after the construction of the smokestack, yet biodiversity remained low (Freedman and
Hutchinson 1980). Furthermore, continuous exposure to untreated sewage also affected the health of
Sudbury’s waterways (Shorthouse 2016).
The Sudbury community began to restore the town’s environment in the late 1970s with
regreening efforts, improved methods of mining waste disposal, and reduced sulfur dioxide emissions
from smelters (Jamieson et al., 2008). Many aquatic systems within the Greater Sudbury region were
exposed to decades of air pollution; however, for the purpose of my research, we focused on an urban
stream named Junction Creek. This urban stream flows through the heart of Central Downtown in the
City of Greater Sudbury (Lemieux et al., 2004; Jamieson et al., 2008). The total length of the Creek is
52 km, and its main branch, which is 23 km long, flows from Garson to Kelly Lake (Lemieux et al.,
2004; Jamieson et al., 2008). The will to improve the quality of our urban stream indirectly begun the
long history of restorative efforts for Junction Creek (Jamieson et al., 2008). Since then, the Junction
Creek Stewardship Committee Inc. (JCSC), founded in 1999, has maintained constant concentration on
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revitalizing the Creek by removing garbage in and near the shoreline, build in-stream and bank
stabilization using revegetation, educating the community through public outreach programs, and helping
field research in areas of concern (Jamieson et al., 2008).
Fish community assessments are among many research efforts organized by JCSC to monitor the
improvement and vitality of the Creek and determine areas where further restorative efforts are required
(Lemieux et al., 2004; Jamieson et al., 2008). Using data from these assessments can help to create a
better understanding of the Creek’s dynamic, highlight areas where only resilient species are located, and
recognize areas where fish diversity is thriving, allowing restorative efforts to be concentrated
appropriately (Kemp, 2014). There have been three previous fish community assessments in Junction
Creek, however, to my knowledge, these assessments focused on quantification of species present in the
system, but it did not examine the general physiology of the fish to study their overall health (Sein, 1993;
Lemieux et al., 2004; Jamieson et al., 2008). Since the most recent fish assessment took place eleven
years ago (Jamison et al., 2008), an update was long overdue to continue tracking changes in the fish
community.
Numerous groups have worked diligently towards a common goal of increasing the biodiversity
of Greater Sudbury watersheds. To track the changes, many physicochemical factors are used as a proxy
for “stream health,” believing they represent the cumulative physical and chemical conditions of streams
(McCallum et al. 2019). However, biological conditions can also be used to gather information on
whether the restoration projects have succeeded or failed (Southerland et al. 2007). Different studies
have shown that urban stream restoration produces incomplete success due to the inability to treat all the
causes of environmental degradation (Palmer et al. 1997; Palmer et al. 2005). On the other hand,
urbanization continues to expand into different environments, including watersheds, thus altering the use
of land and causing detrimental effects on freshwater taxa and communities (Hilderbrand et al. 2010).
Hence, the purpose of this study was to assess the fish community in Junction Creek and to estimate the
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overall health of the fish. I hypothesize that fish diversity along Junction Creek varies significantly from
the Garson Nickel Mine site to Downtown Sudbury. I predict that species richness will decrease as the
Creek flows into Downtown Sudbury, following the urbanization gradient, and that species composition
will show a higher proportion of resilient fish species. Due to the length and coverage of the Creek and
its potential exposure to the mine pollutants, sewage and dense urban sites, it is possible to see an effect
on the overall health of the fish. Therefore, I predict that fish closer to these specific types of sites will
show an increase in the incidence of ectoparasites as well as a reduction in health (Fulton condition
index).

MATERIALS AND METHODS
Site selection
In this study, we sampled fish from the urban stream "Junction Creek," located in the City of Greater
Sudbury (Figure 1). Junction Creek flows from its headwaters at Garson Nickel Mine through different
environments such as forest and urban downtown Sudbury, for a total of 52 km. However, its main
branch from Garson Nickel Mine until Kelly Lake is 23 km in length (Figure 1). The Creek is mitigated
into an underground channel at the level of the Hnatyshyn Park as a safeguard for downtown city
flooding. For this study, Junction Creek was subdivided into 11 different Reaches, based on the Fish
Community Assessment report from 2004 and 2008 (Lemieux et al., 2004; Jamieson et al., 2008) from
its headwaters in Garson to the site of the underground mitigation in the Hnatyshyn Park (Figure 2).
The habitat of each site was assessed using the methodology as described by OSAP to determine
if the site was safe to walk in while using hip waders (Stanfield 2010). Briefly, the stream sites were
assessed regarding the channel structure (cover, type of substrate, bank conditions, water flow, channel
width and depth). The length of each Reach was determined based on the habitat survey. Specifically,
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Reach boundaries were separated by differences in water depth, vegetation type in the immediate area,
as well as the Creek’s width. Reach length varied from 0.46 km to 2.4 km.

Figure 1. City of Greater Sudbury. Junction Creek is shown in grey, and the surrounding lakes are
shown in blue.

Figure 2. Reaches sampled along Junction Creek. The numbers represent the sampled Reaches, and
the alternating colours show the change of Reach.
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Each Reach was subdivided into different sites, and each site had a length of 100 metres. Site
length within each Reach was measured digitally using ArcMap 9.1 (ARCGIS 2005). Sites were
numbered beginning at the origin of the Creek in Garson and ending at the underground mitigation for a
total of 177 sites. Due to time constraints, personnel availability and weather, every second site was
sampled for a total of 80 sampled sites. It is important to note that some sites were not accessible (i.e.
dangerous terrain), thus explaining why only 80 of the 88 planned sites were sampled. We used Google
Maps to navigate to the start and endpoint coordinates of each site, as defined by the Junction Creek
Stewardship Committee Inc. and used in the 2008 study (Jamieson et al., 2008).

Aquatic habitat parameters
Aquatic habitat surveys measure some basic chemical, physical and biological conditions of the water
bodies essential for the survival of the organisms using the specific habitat. Different methods can be
used for this aquatic habitat survey (Dodge et al. 1987). Because the aquatic environment studied in this
thesis is a stream, we used some guidelines established in the Ontario Stream Assessment Protocol
(OSAP) (Stanfield 2010). Specifically, the following water parameters were systematically collected at
each site: water column depth (± 0.1 cm) was determined using a wood ruler. Also, using a DO meter
(YSI 2000), the water temperature (± 0.1°C) and water dissolved oxygen (± 0.1 mg O2 L-1) were
collected. Finally, a HACH multimeter Pro+ was used to measure water conductivity (± 0.1 µS cm),
pH (± 0.01) and salinity (± 1%). The DO meter was calibrated 1 to 2 times a day, depending on the
changing barometric pressure, while the multimeter was calibrated weekly to ensure accurate results.
When the site required the use of minnow traps, all environmental parameters were taken at the exact
location of each trap and prior to setting the traps. For example, four traps were required to be dropped
at a site in order to cover the length of the site; hence, four sets of environmental data were taken at the
exact location where the traps were dropped. If the site was suitable for electrofishing, the aquatic
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parameters were measured on the day of the fish sampling, and these data were collected at the beginning,
middle and end of the 100 m length of the site.

Fishing methods
We used Google Map to create the specific location of the sites within Reaches, and this map was used
to determine the distance between the traps. The fishing method chosen varied depending on the
conditions of each site. As previously mentioned, the two fishing methods used in this study were
minnow trapping and electrofishing. Minnow traps were used in sites that had unfavourable conditions
(i.e. sandy or silky bottom). In contrast, electrofishing was used in sites with good visibility in the water,
a depth inferior to 1 m, a stream width consistently inferior to 7 m, and a solid substrate (gravel-large
pebble, or other solid bases) to allow easy navigation for the team.
In order to attract fish into the minnow traps, each individual trap was baited with dry dog food
and fitted with a nylon cord to attach the trap to the surrounding vegetation or a metal stake. Minnow
traps were set at approximately 25 m apart within each site. It is important to note that minnow traps
were set at the bottom of the creek unless the water was hypoxic (DO ≤ 2.00 mg O2 L-1); in which case,
the traps were set with a portion of the trap out of the water. Minnow traps were set in the afternoon (25 pm) the day prior to processing and picked up early in the morning (8-11 am), which means traps were
left in the water for an average of 15-19 hours. For fish captured with a minnow trap, each individual
trap was placed in a bucket, and each bucket was individually labelled by trap and site number. On the
other hand, the electrofishing (direct pulse current into the water) quickly stuns the fish (5-15 sec) and
allows for the rapid fish collection. For this, a Halltech HT-2000 backpack electrofishing unit was used
during the field season. The electrofishing backpack current pulse used was customized according to the
habitat.

A team of four individuals was needed for the electrofishing: one person carrying the

electrofishing backpack and actively shocking the water, two people set at either side of the first one with
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large nets were catching the fish, and finally, a fourth person was trailing close behind with a 5 gal bucket
filled halfway with stream water and ready to receive the fish captured by the netters. Buckets were
switched out with the processing team whenever the fish density became too high in the bucket. Fish
captured using electrofishing were all placed in the same bucket (unless a bucket change was required)
depending on the site that the fish were caught. If more than one site was electrofished during the same
day, the bucket(s) was labelled with its respective site number.

Fish processing
The fish processing technique was systematically the same independently of the fish capture technique.
First, fish were kept in a 5 gal bucket filled with fresh creek water fitted with a battery-operated air pump
(Frabill Aqua life ®). Fish ready for processing were scooped out of their bucket using a small minnow
net and into an anaesthetic container filled with a clove oil concentration of 2 mL per 5000 mL of water.
The fish were left in the solution until they lost their righting reflex (apx. 2-3 min). Then, fish were
scooped up using a designated minnow net and placed on a photographic grey background board fitted
with a ruler (Figure 3). Fish species were determined once on the grey board. Then, fish were lined up
on the board according to their species (Figure 3), and 1-3 pictures were taken using a photographic
camera (Canon Power Shot G5). The photo records were used to obtain the fish lengths (± 0.001 cm)
using ImageJ (NIH, 2018).

Figure 3. Yellow perch, Perca flavescens (Mitchill, 1814), on a photographic grey background.
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In the field, fish were individually weighed (± 0.1 g) using a pro pocket scale (Smart weigh®).
Right after the fish mass was obtained, fish were placed in a recovery bucket filled with fresh creek water
and fitted with a battery-operated aquarium air pump (Marina ®). Once fish regained their righting
reflex, they were released back into the Creek. Using the fish body mass and length, the body condition
(Fulton’s Condition Factor) was calculated for each individual fish as follows:
𝑀𝑇
K = ( 3 ) × 100
L𝑆𝐷
where MT is total mass, LSD is standard body length.
Parasite load of black spot disease was determined individually based on a zero to three scale by
using the same photographs that were used to determine the lengths of the fish. First, the category
represents no parasites on the fish’s body or fins. One category represents the fish that had a low parasite
load, specifically that the fish had four or more black spots on their body, or they had a clustering of
black spots on their fins, particularly near the peduncle (Figure 4). Two categorized the fish that had a
medium parasite load, or in other words, the fish, which had an even distribution of parasites on their
entire body (Figure 5). Three categorized the fish, which carried a heavy parasite load. These fish were
heavily peppered by black spots over their entire body (Figure 6).

Figure 4. Creek chub, Semotilus artromaculatus (Mitchill, 1818), with a light parasite load.
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Figure 5. Creek chub with a medium parasite load.

Figure 6. Creek chub with a heavy parasite load.

Data analysis
Species richness was calculated by counting the total number of species found in each Reach.
Similarity of fish community was calculated by using similarity and diversity indices in PAST
(version 4.0), particularly Dominance, Simpson and Shannon-Weiner indices. Simpson’s index was
calculated as follows:
𝑛𝑖 2
1 − 𝐷 = ∑( )
𝑁
where D is dominance, n is the number of individuals in a species and N is the total number of
individuals. The Simpson’s index measures the proportions of species within a community and can
easily be compared to other communities. A high Simpson value, on a scale of zero to one, indicates
an even proportion of species within the community. For this study, we use Simpson’s index to
compare the fish community composition between all sampled Reaches. Shannon-Weiner was
calculated as follows:
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𝐻 = −∑
𝑖

𝑛𝑖 𝑛𝑖
ln
𝑁 𝑁

where n is the number of individuals in a species and N is the total number of individuals. The
results of this index were used to calculate evenness as follows:
𝑒𝐻
𝑆
where H is Shannon-Weiner’s index, and S is the total number of species. The evenness index
evaluates the similarity of species abundance in a community. A high evenness value, on a scale of
zero to one, indicates that species are evenly represented within the Reach. Jaccard’s similarity
clustering examines the similarity of community composition (species present versus absent)
between Reaches.
The fish body mass, body length, health (Fulton’s condition index) and parasite load were
all analyzed individually using SPSS (IBM SPSS Statistics version 19). All morphological traits
measured and calculated, to the exception of parasite load were log transformed in order to meet
assumptions of normality and heterogeneity of variance. Assumption of normality was verified
using the residuals of the Q-Q plots for each variable. Univariate analysis of variance (ANOVA’s)
were used in order to explore whether variation exists on the morphological parameters measure
across the eleven Reaches, and this analysis was performed per species. The model included Reach
as the fixed factor and the trait of interest as the dependent variable. A Tukey post-hoc analysis was
calculated in order to see which Reaches significantly differ from one another. In order to do this,
species for a specific Reach with fewer than two individuals were not included in the analysis. In
this study, differences were considered significantly different when P  0.05.
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RESULTS
Richness, diversity and evenness indices
In this study, we sampled 80 out of 177 sites within the 11 sampled Reaches. We captured a total of
7550 fish, representing 16 different species belonging to the following six orders: Cypriniformes,
Esociformes, Gasterosteiformes, Perciformes, Salmoniformes and Siluriformes (Fishbase.org). All of
the species captured are native to Ontario and are listed as least concern, with the exception of the Brook
trout, Salvelinus fontinalis (Mitchill, 1814), which is not evaluated, as per the International Union for
Conservation of Nature (Fishbase.org). It is important to note that we were unable to use minnow traps
and electrofishing equally due to environmental factors, as explained above. Thus, minnow traps were
used for 85% of the sampling efforts, while electrofishing was conducted for the remaining 15%.
Specifically, Reaches one, two, seven, eight, nine and ten were sampled using only minnow traps,
whereas both sampling methods were used in Reaches three, four, five, six and eleven (14.3%, 22.2%,
44.4%, 12.5% and 50%, respectively). Results from this study show that fish species richness changed
across Reaches, and it ranged from 5 species in Reach 8, up to 14 species in Reach 5 (Figure 7).

Figure 7. Species richness across the eleven Reaches sampled.
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Along Junction Creek, the dominant species was Creek chub, Semotilus atromaculatus (Mitchill,
1818), representing more than 60% of the fish captured, while the least dominant species was the Brown
bullhead, Ameiurus nebulosus (Lesueur, 1819), representing less than 1% of the total species captured
(Figure 8). It is important to note that the next most predominant species, the Northern redbelly dace,
Chrosomus eos (Cope, 1861), only represented 7% of the fish captured.

Figure 8. Abundance of individuals per species captured in Junction Creek.

Simpson’s diversity index was highest at Reach one and the lowest at Reach five (Table 1). In
terms of species evenness, Reach eight had the highest evenness index of the sampled Reaches; however,
it is still a low value (Table 1). When compiled into Jaccard’s similarity clustering, Reach eight, with
the lowest Jaccard’s coefficient (47.4%), is distinctly different from the rest of the other ten Reaches
because of its species richness that is four species lower than the next closest Reaches (Table 1; Figure
9). On the other hand, the most similar Reaches are Reaches four and five (92.9%). This is due to the
nearly identical species composition; the only difference being Reach five was the presence of one extra
species (Table 1). In other words, the thirteen species found in Reach four are also found in Reach five
(Table 1; Figure 9).
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Figure 9. Similarity and distance indices across the eleven Reaches sampled.

Body Mass Variation Across Sampling Reaches
The second part of this research focused on exploring whether specific traits related to fish health varied
across sampled Reaches. The Analyses of Variance show that fish body mass significantly varied across
Reaches F(10, 188.8)=2.60, P=0.006 and among fish species F(15,

211.97)=26.43,

P<0.0001. Furthermore, a

significant interaction was observed between Reach * fish species F(68, 1383)=2.213, P<0.0001. Because
of this interaction between Reaches and species, the variation in mass per species needed to be explored
individually across Reaches. From the 16 species captured across the length of Junction Creek, body
mass significantly differed only for a subset of species across all sampling Reaches (Figure 10). The
Creek chub did not show a significant variation in body mass across sampled Reaches F(10,
P= 0.073.

537)=1.723,
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Table 1. Diversity indices calculated based on the total number of individuals captured per Reach along Junction Creek.
REACHES
1

2

3

4

5

6

7

8

9

10

11

Species Richness

11

9

9

13

14

12

10

5

10

9

12

Individuals

493

800

962

1409

1258

821

299

66

294

230

918

Dominance D

0.2298

0.5125

0.5347

0.3939

0.6207

0.4907

0.5552

0.4431

0.2892

0.2952

0.4427

Simpson 1-D

0.7702

0.4875

0.4653

0.6061

0.3793

0.5093

0.4448

0.5569

0.7108

0.7048

0.5573

Shannon H

1.748

1.04

0.9463

1.396

0.9678

1.164

0.9578

0.9737

1.594

1.498

1.296

Evenness_e^H/S

0.5221

0.3143

0.2863

0.3107

0.188

0.2669

0.2606

0.5296

0.4923

0.497

0.3047
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Significant differences in body mass were found for the Northern redbelly dace F(8,
P< 0.0001.

137)=

7.487,

Specifically, individuals from Reach one varied with Reaches two, three and nine

(P< 0.0001, P= 0.001, P< 0.001, respectively), and Reach two varied with Reaches three, four, six,
seven, ten and eleven (P= 0.054, P= 0.007, P= 0.077, P= 0.017, P= 0.007 and P= 0.049, respectively).
For the Common shiner, Luxilus cornutus (Mitchill, 1817), body mass varied significantly across
sampling Reaches F(9,

169)=

2.839, P= 0.004. However, the post-hoc analysis only showed a slight

biological variation between Reaches four and six (P=0.064). For the Yellow perch, body mass
significantly varied across sampling Reaches F(7, 82)= 9.507, P< 0.0001. Specifically, differences were
observed between Reach four and Reaches five, nine and ten (P= 0.014, P= 0.002, P< 0.0001,
respectively), and Reach eleven with Reaches five, six, seven, eight, nine and ten (P= 0.0003, P= 0.012,
P= 0.002, P= 0.010, P< 0.0001, P< 0.0001, respectively). For the Brook stickleback, Culaea inconstans
(Kirtland, 1840), body mass varied significantly across sampling Reaches F(7, 128)= 9.681, P< 0.0001.
Particularly, differences were observed between Reach two and Reaches three, five and nine (P< 0.001,
P= 0.003, P< 0.0001 respectively), between Reach four and nine (P= 0.028), as well as between Reach
ten and Reaches two, three, four and eleven (P< 0.0001, P= 0.023, P= 0.002, and P= 0.037, respectively).
For the Fathead minnow, Pimephales promelas (Rafinesque, 1820), body mass variation significantly
differed across sampling Reaches F(8, 102)= 5.477, P< 0.0001. Specifically, Reach three significantly
differed with Reaches five, nine, ten and eleven (P= 0.016, P< 0.0001, P= 0.015 and P= 0.004,
respectively). For the Brassy minnow, Hybognathus hankinsoni (Hubbs, 1929), body mass varied
significantly across sampling Reaches F(3, 50)= 16.602, P< 0.0001. Particularly, significant differences
were found between Reach eleven and Reaches four, five and six (P< 0.0001 for all Reaches). For the
Northern pearl dace, Margariscus margarita (Cope, 1867), body mass also varied significantly across
sampling Reaches F(5, 45)= 30.981, P< 0.0001. Specifically, significant differences were found between
Reach ten and Reaches four, six, seven and nine (P< 0.0001, P= 0.001, P< 0.0001, P< 0.0001,
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respectively), and between Reach eleven and Reaches four, six, seven and nine (P< 0.0001, P= 0.051,
P= 0.008, P= 0.001, respectively).

Figure 10. Body mass variation across the eleven Reaches sampled. Only figures that displayed
significant variation across sampling sites are shown.

23

For the Pumpkinseed, Lepomis gibbosus (Linnaeus, 1758), demonstrated a significant variation
in mass F(1, 2)= 1062.245, P= 0.001; however, a post-hoc analysis was not calculated because, despite its
presence in five Reaches, there were only two Reaches with more than one individual: Reach one and
five.

Body Length Variation Across Sampling Reaches
Significant variation in fish body length was observed along the sampling Reaches F(10,

1466)=

8.173,

P< 0.0001. The Body length of the Creek chub did not vary significantly across sampling Reaches
F(10,

537)=

1.570, P= 0.112. The body length of the Northern redbelly dace did vary significantly across

sampling Reaches F(8, 137)= 4.045, P< 0.0001. Specifically, variation was observed between Reach one
and Reaches two, and nine (P= 0.002, for both Reaches). For the Common shiner, body length also
varied significantly across sampling Reaches F(9,

169)=

3.508, P= 0.001. Particularly, significant

differences were observed between Reach four and Reaches five and nine (P= 0.052, P= 0.037,
respectively). For the Yellow perch, body length variation was strongly significant across sampling
Reaches F(7, 82)= 9.034, P< 0.0001. Specifically, fish body length significantly varied among Reach four
and Reaches six, seven, eight, nine and ten (P= 0.044, P= 0.007, P= 0.056, P< 0.0001. and P <0.0001,
respectively). Furthermore, Yellow perch, Perca flavescens (Mitchill, 1814), also showed changes in
body length between Reach eleven and Reaches five, six, seven, eight, nine and ten (P= 0.048, P= 0.013,
P= 0.002, P= 0.017, P< 0.0001, P< 0.0001, respectively). For the Brook stickleback, body length
significantly varied across sampling Reaches F(7,

128)=

6.820, P< 0.0001. The observed variation

occurred between Reach two and Reaches three, nine, and ten (P< 0.001, P= 0.001, P< 0.0001,
respectively). For the Fathead minnow, body length varied significantly across sampling Reaches F(8,
102)=

2.603, P= 0.012. Specific variation was observed between Reach three and Reaches nine and 11

(P= 0.017, P= 0.025, respectively).
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Figure 11. Body length variation across the eleven Reaches sampled. Only figures that displayed
significant variation across sampling sites are shown.

The Brassy minnow also displayed a significant variation on length F(3,

50)=

20.315, P< 0.0001.

This variation was observed between Reach eleven and Reaches four, five and six (P< 0.0001 for all
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Reaches). For the Iowa darter, Etheostoma exile (Girard, 1859), variation in body length along the Creek
was biologically relevant F(2, 34)= 3.275, P= 0.050. Specifically, variation was observed only between
Reach five and eleven (P= 0.051). The body length of the Northern pearl dace did vary significantly
across sampling Reaches F(5, 45)= 27.680, P< 0.0001. Body length significantly differed between Reach
ten and Reaches four, six, seven and nine (P< 0.0001, P= 0.002, P< 0.0001 and P< 0.0001, respectively).
Furthermore, variation was also observed between Reach eleven and Reaches four, seven and nine
(P= 0.0001, P= 0.005, P= 0.009, respectively). For the Pumpkinseed, length did vary significantly across
sampling Reaches F(1, 2)= 84.258, P= 0.012. However, a post-hoc analysis was not calculated because
despite being present in five Reaches, only in Reach one and five, there were more than two individuals.

Fulton’s Condition Index Variation Across Sampling Reaches
Significant variation in Fulton’s condition index (K), representing the health of the fish, was observed
across species and sampled Reaches F(10,

1383)=

1.744, P<0.001, though the K value did not vary

significantly when strictly tested against sampled Reaches F(10, 229)= 1.162, P= 0.318. The variation in
health of the Creek chub was biologically relevant F(10,
seven (P= 0.060).
F(8,

137)=

537)=

2.066, P= 0.026 between Reaches six and

The variation of health in the Northern redbelly dace did vary significantly

3.877, P< 0.0001 between Reaches one and two (P= 0.045) and between Reach four and

Reaches two, three and eleven (P= 0.002, P= 0.012, P= 0.026, respectively). There was no significant
difference in health in the Common shiner F(9,

169)=

1.035, P= 0.414. The Yellow perch did have

significant variance in health F(7, 82)= 3.190, P= 0.005 between Reach eleven and Reaches five and ten
(P= 0.001, P=0.033, respectively). The Brook stickleback did not demonstrate a significant difference in
health across sampled Reaches F(7, 128)= 1.189, P= 0.314. However, significant variance in health for the
Brassy minnow was found F(3, 50)= 3.497, P= 0.022 between Reaches four and eleven (P= .021) and a
biologically relevant difference between Reaches five and eleven (P= 0.065).
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Figure 12. Fulton’s condition index variation across the eleven Reaches sampled. Only figures that
displayed significant variation across sampling sites are shown.

Health did not vary significantly in the White sucker, Catostomus commersonii (Lacepède, 1803),
F(1,

17)=

2.736, P= 0.116. However, the Central mudminnow, Umbra limi (Kirtland, 1840), did show

significant variance in health F(5, 70)= 2.700, P= 0.027 between Reaches four and nine (P= 0.011). The
Iowa darter, the Northern pearl dace, the Pumpkinseed, the Blacknose shiner, Notropis heterolepis
(Eigenmann & Eigenmann, 1893), and the Brook trout stayed consistent in health throughout sampled
Reaches F(2,

34)=

1.585, P= 0.220, F(5,

45)=

2.044, P= 0.090, F(1, 2)= 1.942, P= 0.298, F(1, 3)= 1.603,
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P= 0.295, F(1, 4)< 0.0001, P= 0.994, respectively. As explained above, variance analyses were unable
to be performed on the Brown bullhead and the Logperch, Percina caprodes (Rafinesque, 1818).

Parasite Load Variation Across Sampling Reaches
Parasite load was found to vary significantly across sampled Reaches F(10, 89)= 2.300, P= 0.019 and
among fish species F(15, 93)= 6.879, P< 0.0001. Furthermore, a significant interaction was observed
between Reaches * fish species F(68, 1383)= 10.438, P< 0.0001. We observed a strongly significant
variation of parasite load in the Creek chub across most sampled Reaches F(10, 537)= 92.737, P< 0.0001.
Specifically, between Reach one and Reaches five, six, seven, eight, nine and eleven (P< 0.0001, for all
Reaches). Also, between Reach two and Reaches five through eleven (P< 0.0001 for Reaches 6, 7, 8, 9
and 11, and P= 0.041, for Reach 10). Variation also existed between Reach 3 and Reaches five through
nine, as well as with Reach eleven (P< 0.0001 for all) and between Reach four and Reach five through
nine and eleven (P< 0.0001 for all). Parasite load also varied between Reach five and Reaches six, seven,
eight and eleven (P< 0.0001 for all), between Reach six and Reaches nine, ten and eleven (P< 0.0001 for
all), between Reach seven and Reaches nine, ten and eleven (P< 0.0001 for all), between Reach eight
and Reaches nine and ten (both P< 0.0001), between Reaches nine and eleven (P< 0.0001) and finally
between Reaches ten and eleven (P< 0.0001). Next, the Northern redbelly dace displayed a significance
variation of parasite load across sampled Reaches F(8, 137)= 3.867, P< 0.001, particularly between Reach
eleven and Reaches one, two, three, four and ten (P= 0.001, P= 0.002, P< 0.001, P= 0.043, P= 0.010,
respectively).

The Common shiner also displayed a variation of parasite load F(9, 169)= 19.220,

P< 0.0001. Parasite load varied between Reach one and Reaches five, six, seven, nine and eleven
(P< 0.0001, P= 0.001, P< 0.0001, P< 0.0001, P= 0.024, respectively). Variation was also observed
between Reach two and Reaches five, six, seven, eight and eleven (P< 0.0001, P< 0.0001, P< 0.0001,
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P< 0.0001, P= 0.008, respectively), between Reach three and Reaches five, six, seven and eight
(P< 0.0001, P= 0.014, P< 0.0001, P< 0.0001, respectively).

Figure 13. Parasite load variation across the eleven Reaches sampled. Only figures that displayed
significant variation across sampling sites are shown.

Variation in parasite load was also observed between Reach four and Reaches five, six, seven and
eight (P< 0.0001, P= 0.005, P< 0.0001, P< 0.001, respectively), between Reach five and Reaches six and
nine (P= 0.019 and P= 0.028, respectively), between Reach six and Reaches seven and eight (P= 0.007
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and P= 0.022, respectively) and between Reach nine and Reaches seven and eight (P= 0.010 and
P= 0007, respectively). The Yellow perch did show significant variation in parasite load across sampled
Reaches F(7, 82)= 2.661, P= 0.016, specifically between Reach five and Reaches four, six and ten
(P= 0.027, P= 0.067, P= 0.027, respectively). The Brook stickleback captured did not have parasites
and thus were not individually analyzed. Parasite load significantly varied across sampled Reaches in
the Fathead minnow F(8, 102)= 6.201, P< 0.001 between Reach three and Reaches one, four, nine and
eleven (P= 0.047, P< 0.0001, P=0.001, P= 0.025, respectively) and between Reach four and Reaches
five and six (P= 0.008 and P=0.013, respectively). The Brassy minnow also demonstrated a significant
variance in parasite load across Reaches F(3, 50)= 5.909, P= 0.002, particularly between Reach four and
Reaches five, six and eleven (P= 0.027, P= 0.052, P= 0.027, respectively). No ectoparasites were found
on the White sucker, the Central mudminnow or the Iowa darter. The parasite load on the Northern pearl
dace did not vary significantly between Reaches F(5,

45)=

1.183, P= 0.332. The Brown bullhead, the

Pumpkinseed, the Blacknose shiner and the Logperch did not have ectoparasites. The Brook trout
parasite load did not vary significantly across Reaches F(1, 4)= 0.167, P= 0.704.
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DISCUSSION
During this study, a total of 16 species were found. This figure is identical to similar urban waterways,
like those in Maryland, USA (Morgan and Cushman 2005).

Sampling methods varied due to

environmental conditions, as explained above. Thus, electrofishing only made 15% of the sampling
effort, while minnow traps were used for the remaining 85%. It is important to note that electrofishing
often yielded more captured fish and a higher richness than minnow trapping, which is confirmed in the
literature (Vaux et al. 2000). Electrofishing is considered to be a more invasive sampling method because
the fish near the anode sending the current are stunned, whereas minnow traps work by attracting the fish
with bait and allowing the fish to trap themselves (Bryant 2000; Vaux et al. 2000). Hence, electrofishing
increases the richness because it captures fish species which may not be captured in minnow traps (Vaux
et al. 2000). While minnow traps were the obligatory sampling method for most of the sampled Reaches,
it is perceived as an effective tool to study fish community composition because it captures approximately
50-65% of the fish population (Bryant 2000).

Instead of environmental limitations, as seen in

electrofishing, physical limitations are present when using minnow traps (Bryant 2000). For example,
both entrance holes to the trap need to be fully submerged for the fish to enter, and these holes have a
relatively small diameter (Bryant 2000). This limits the location of the traps if the water is too shallow,
and the size of the fish captured (Bryant 2000). Because of our mixed use of two distinctly different
capture methods, I believe our study accurately represents the present population in Junction Creek.
In this study, species richness varied across sampled Reaches. This is commonly observed due
to differences in environmental factors and habitat structure along the waterway (Bernhardt and Palmer
2011). Reach one had the least species dominance, as per the Simpson’s index (Table 1). This is true
because Reach one was nearly equally dominated by two species (Creek chub 35.9% and Northern
redbelly dace 26.8%). The two most abundant species in Reach two are the Creek chub (69.8%) and the
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Common shiner (11.0%). The overrepresentation of the Creek chub was also observed for Reaches three,
four, five, six, seven and eleven (70.8%, 59.3%, 78.3%, 67.8%, 72.2%, 64.4%, respectively). This is
represented by the low Simpson’s and Evenness values (Table 1). Reaches eight, nine and ten have a
lower abundance of Creek chub relative to other species (37.9%, 48.0%, 19.6%, respectively). The
second most abundant species in Reaches eight is the Yellow perch (54.5%) and the Northern redbelly
dace for Reaches nine and ten (18.0%, 46.5%, respectively). The lowest Shannon index is observed in
Reach five due to the drastic domination of the Creek chub (Table 1). Despite having the highest
evenness index of the sampled Reaches, Reach eight did not have an equal representation of fish species
(Table 1). This indicates that the proportions of species composition are largely uneven in all sampled
Reaches, although Reach five showed the lowest evenness (Table 1).
Specific to Reach eight and its low Jaccard’s coefficient, the Reach was secluded from
urbanization, despite being in the centre of Sudbury. The Creek in this location was wide and deep
(>1 m), with stable banks covered by tall grass. The water was largely exposed to direct sunlight,
however, because the depth, the water was very dark, which prevented substrate visibility. Furthermore,
within this Reach, we identified many beaver dams, which reduced water flow. During the time of
sampling, the surface of the water was majorly covered by an opaque film of algae, nevertheless,
dissolved oxygen levels (DO) were above the hypoxic threshold (6.93± 0.1 mg O2 L-1). It is important
to note that Reaches nine and ten had the lowest DO values (2.84± 0.1 mg O2 L-1 and 2.68± 0.1 mg O2
L-1, respectively). Because of the Creek structure (depth, and very soft bottom), Minnow traps were used
for the entirety of Reach eight. To maximize the possibility of catching a range of fish species, the four
traps per site transect within Reach eight were set at different depths, ranging from slightly out of the
water to the maximum depth. This trapping style remained constant throughout the Reach to provide
homologous trapping effort. As mentioned above, in Reach eight, the Yellow perch was the dominant
specie, and the Creek chub was the second. The Yellow perch’s preferred habitat is relatively deep water,
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with temperatures ranging from 0℃ to 30℃ (Fishbase.org). The Creek chub can also thrive in the same
temperature range as the Yellow perch (Fishbase.org). Thus, neither species are sensitive to the changing
temperatures that this location will experience during 24h time cycle due to the exposure to direct
sunlight. Interestingly, the Creek chub is most abundant in narrow streams with gravel or sandy substrate
(Fishbase.org), hence, it is not a surprise to see that it is less abundant in this location. It is important to
note that Reach nine had very similar habitat conditions; however, the banks were soft and overrun by
cattails. This is interesting because species richness was double that of Reach eight, despite the very low
DO content recorded in Reach nine.
Creek chub overrepresentation in this study is possibly directly due to urbanization, which
introduces gravel and sand to urban waterways via road construction, bank erosion, runoff of road sand
into the Creek during heavy rains (Morgan and Cushman 2005). The Reaches demonstrating the highest
Creek chub abundance exhibited favourable conditions for electrofishing. Specifically, Reaches three
four, five and eleven were clear, narrow, shallow and all had a stable gravel substrate. If we assume
there is a correlation between the occurrence of electrofishing and the occurrence of favourable Creek
chub habitat, then Reaches with the highest electrofishing occurrence should demonstrate an increase in
Creek chub proportion. Reach five displayed the highest proportion of Creek chub, and it also had the
highest occurrence of electrofishing (44.4%). Reach five also had the highest species richness, possibly
due to the increased electrofishing. Reach four had the second highest abundance of captured fish and it
was also second most electrofished location (22.2%). The proportion of Creek chub in Reach four was
not nearly as drastic as Reach five, despite having one less species present. This may be because Reach
four had fewer sites with its preferred habitat, hence the reduction in electrofishing.
As stated above, I predicted there would be a reduction in fish health as the Creek flowed into
Downtown Sudbury. While Fulton’s condition index did vary along Junction Creek, it did not show a
consistent reduction in the Reaches when comparing different species. Specifically, Fulton’s condition
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index in the Creek chub was highest in Reach eight (Figure 12). This may be explained by the lower
abundance of fish in the location due to the reduction of competition (Magnan and Fitzgerald 1984). On
the other hand, Reaches four and five should technically display the lowest health based on the abundance
of fish captured, but this was not the case. The Fulton’s condition of fish at these Reaches could be
explained by the habitat conditions being able to support a large abundance of Creek chub, as the habitat
was favourable for the species. The lowest health was demonstrated in Reach seven, which was the
second highest Reach in Creek chub dominance (Figure 12). Intraspecific competition is suggested by
the reduction of favourable habitat, which is reflected by the unsuitability for electrofishing in the area
because minnow traps were used for the entirety of this Reach (Magnan and Fitzgerald 1984).
Furthermore, there is a very large proportion of Creek chubs, as explained above. The Northern redbelly
dace displayed the highest Fulton’s condition index in Reach two and eleven, while lowest in Reach four
(Figure 12). This is different from the Yellow perch, for which health was almost constant along the
Creek, except for a strong decrease in Reach eleven (Figure 12). The Fathead minnow’s Fulton condition
index peaked at Reach three and was lowest in Reach nine (Figure 12). The Brassy minnow’s health
was lowest at Reach four, whereas the Central mudminnow demonstrated the highest health in this Reach
(Figure 12). These variances may be due to species composition at the specific Reaches, which plays a
role on interspecific competition, or environmental/habitat conditions that might be favourable to one
species, but unfavourable to another. Future studies should explore the type of food resources available
for the fish population and try to correlate the presence of prey available and correlate it to the fish health.
Parasite load, particularly black spot disease, was predicted to rise with the presence of
urbanization. Black spot disease is a common occurrence in warm, freshwater ecosystems and has a
highest occurrence in slow-moving waters (Berra and Au 1978). In general, the black spot disease
involves three hosts during its life cycle (Steedman 1991). Specific to the fish, the infestation of
trematodes is located in its muscular and dermal tissue (Steedman 1991). A cyst encapsulates the parasite
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and, as the trematodes are not black, a black spot is created by a deposit of melanin in the cyst (Berra and
Au 1978). This parasite is passed from the original host into the fish and not directly from fish to fish
(Berra and Au 1978). Different studies suggest that heavily infected individuals with the black spot
disease will affect the overall health of fish by causing a reduced growth, weight loss and high mortality
in young fish (Harrison and Hadley 1982; Ondrackova et al. 2004). It was suggested that black spot
disease was more prevalent on larger fish and that it would decrease the host’s immune function, thus
reducing the tolerance to fluctuating environmental factors (Flores-Lopes 2014). Nevertheless, the black
spot disease seems to affect species differently according to the thickness of their skin, their preferred
habitat (weak versus strong current), as well as fish immunity among others (Berra and Au 1978). It has
been suggested that Gasterosteiformes are not affected by this parasite, and this remained true in this
study (Steedman 1991). Out of nearly three hundred individuals capture in this study, not a single Brook
stickleback presented with a cist. Species such as Salmoniformes, Cypriniformes, and Perciformes have
been commonly found with black spot disease (Steedman 1991). In this study, Cypriniformes were most
heavily affected. These factors explain the uneven representation of the parasite between species.
However, peak parasite load was not demonstrated across similar Reaches as we expected (Figure 13).
Specifically, the heaviest presence of parasites in the Creek chub was in Reaches six, seven and eight,
whereas parasite load in the Northern redbelly dace peaks in Reach eleven (Figure 13). This is vastly
different than the Common shiner, which is most heavily affected in Reaches five and seven (Figure 13).
The Yellow perch demonstrated the most parasites in Reach five and the Fathead minnow parasite load
peaked in Reaches three, six and seven (Figure 13). The presence of black spot disease has previously
been correlated with habitat degradation from agriculture and urbanization (Steedman 1991). The direct
effect of parasite load on fish health was beyond the scope of this study. Future studies should explore
the prevalence of parasite load on different parts of the body and see if its presence may have an effect
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on mate choice, reproduction and survival as it has been suggested by different studies (Abile 1996;
Tobler et al. 2006).
More research is required to determine if fish community composition was influenced by
environmental limitations or by interspecific competition, or a combination of the two. Particularly, a
study is needed to determine whether the overrepresentation of the Creek chub was due to its resilience
as a specie, or if it is simply a strong competitor in its preferred habitat. Future fish community
composition studies in Junction Creek should consider angling as a third capture method in sites where
electrofishing is not possible. A combination of minnow traps and angling in sites which have very deep
water, like Reaches eight and nine, would eliminate the physical limitation of the traps by sampling for
large fish while still capturing a representative portion of the community. Furthermore, a closer
examination of mine water runoff content in each site would be required to fully examine the potential
effects of the mining effluent on fish diversity, health and parasite load.
In conclusion, this study examined the fish community composition and the health of fish in
Junction Creek. Our data supported our hypothesis that community composition and health varied along
the Creek, though neither decreased steadily as expected. Instead, both species richness and health
fluctuated greatly across species as the Creek flowed into Downtown Sudbury.
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