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Abstract 
 

Conservation and recovery strategies are typically developed with the best available information. 

However, for many imperilled small-bodied freshwater fish species there is often a lack of basic 

information available on species life-history and ecology, which limits the ability to assess 

threats and develop comprehensive conservation actions. One species with a paucity of 

information pertaining to its life-history and ecology is Silver Shiner, Notropis photogenis, a 

small-bodied freshwater fish species listed as Threatened under Canadaôs Species at Risk Act. 

The goal of this thesis was to provide an in-depth examination of several life-history traits and 

ecological parameters of Silver Shiner, to better inform conservation and recovery efforts for the 

species. To achieve this goal, Silver Shiner were collected from Sixteen Mile Creek, Oakville, 

Ontario, Canada during 2017-2019 and studies were conducted on the growth, survival, 

fecundity, spawning phenology, thermal occupancy, and diet of the species. Chapter 2 

determined that the probable maximum age of Silver Shiner is four years of age. Moreover, the 

species experienced altered growth and increased adult mortality when occupying urban (0.71 ± 

0.05, average mortality ± standard error) compared to non-urban (0.61 ± 0.06) reaches of Sixteen 

Mile Creek. In chapter 3, logistic regression models were developed that predict spawning 

phenology in relation to a cumulative thermal cue and indicated a 50% probability that the 

population initiated and ceased spawning when cumulative growing degrees > 5oC reached 68 

°CÅdays and 368 °CÅdays, respectively. These models can be used to understand the impact of 

alterations in the thermal regime on spawn timing. In chapter 4, the first fecundity estimates for 

Silver Shiner in Canada were provided, ranging from 311-2768 eggs, and previously 

undocumented parasite infections were observed and quantified during the reproductive period. 

Chapter 5 developed a species-specific otolith thermometry equation that facilitates future 
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examinations into the thermal occupancy of the species. In Chapter 6, the diet of Silver Shiner 

was quantified. The species was found to exhibit a generalist diet and consume a wide range of 

aquatic and terrestrial prey. Based on stomach contents Silver Shiner consumed more terrestrial 

prey in fall (41.53 ± 32.35 %, average ± standard deviation) compared to summer (20.45 ± 

20.45) and exploited more terrestrial prey at reaches with intact riparian vegetation.  

Overall, the project highlighted urbanization as an important threat, with knowledge of the extent 

and type of urbanization effects as necessary for better ecological understanding of Silver Shiner. 

The project also provided an assessment of the potential implications of alterations in the thermal 

regime on the reproductive dynamics of Silver Shiner. Moreover, results most notably point to 

the importance of intact riparian habitat for the species. Together, the thesis chapters provide 

valuable information on the life-history and ecology of Silver Shiner that will facilitate the 

development of more comprehensive, well-informed conservation and recovery action for the 

species in Canada.  
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Chapter 1: Introduction  
 

1.1 General context 

 

Small-bodied freshwater fish species that lack commercial or recreational value often have a 

paucity of information available regarding their life-history and ecology, limiting the ability to 

develop comprehensive, well informed conservation and recovery strategies (Johnston, 1999; 

Kuehne & Olden, 2014; Saddlier et al., 2013). Conservation and recovery strategies are typically 

developed with the best available information (Crouse et al., 2002); however, a lack of basic 

information on species life-history and ecology restricts the ability to assess the impacts of 

threats on imperilled species. When comprehensive species-specific ecology and life-history 

information are lacking, managers are often forced to rely on analogs or anecdotal, rather than 

systematic appraisals of the evidence, limiting the effectiveness and relevance of conservation 

and recovery strategies developed for imperilled species.  

Within Canada it is a requirement that recovery strategies are developed for imperilled species 

listed as Threatened or Endangered under Canadaôs Species at Risk Act (McDevitt-Irwin et al., 

2015). These listed species face a multitude of threats, and it is important to understand the 

ecology and life-history of species to appropriately assess threats and estimate responses to 

future habitat conditions, such as changes in the thermal regime, which may arise as a 

consequence of climate change and urbanization (Nelson et al., 2009) . Throughout this thesis I 

highlight how in-depth life-history and ecological information can be used to advance 

conservation and recovery efforts for a species listed as Threatened under Canadaôs Species at 

Risk Act, Silver Shiner, Notropis photogenis.  
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1.2 Life-history and ecological information 

 

1.2.1 Understanding life-history 

  

Life-history information including but not limited to probable maximum age, growth, mortality, 

spawn timing and fecundity are necessary for evaluating population demographics (Beissinger & 

McCullough, 2002; Beissinger & Westphal, 1998; Morris et al., 1999). Basic life-history 

information can provide valuable insight into a populationôs trajectory and resilience, thus such 

information is foundational for examining population dynamics (Winemiller, 2005) and is of 

particular importance for imperilled species. When species- or population-specific life-history 

information is unavailable, a common solution is to apply proxies or cross-species estimation 

techniques (e.g. Pauly survival equation (Pauly, 1980); Lorenzen age-0 survival equation 

(Lorenzen, 2000)) to inform population models. The use of proxies can be problematic as proxies 

may provide a poor representation of the species of interest, potentially leading to erroneous 

conclusions regarding requirements for species survival or recovery (Lindenmayer et al., 2002; 

Wiens et al., 2008). Because population models are sensitive to assumed life-history parameters 

(Gross et al., 2006; Morris et al., 2002; Tear et al., 1995), poor correspondence between the 

proxy and the species of interest can have significant implications when models are used to 

inform decision-making. 

Probable maximum age is an important life-history trait to obtain for imperilled species. Short-

lived, small-bodied fish species display vastly different population dynamics and general 

population sizes in contrast to longer-lived species. Short-lived, small-bodied species often 

require high population abundances to compensate for their vulnerability to predation, low 

survival among age classes, and short reproductive lifespans. Demographic models that underpin 

recovery targets can be sensitive to probable maximum age (Morris et al., 2002), thus the 
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inclusion of an incorrect probable maximum age could have repercussions, leading to 

underestimates or overestimates of the population abundance needed for effective conservation 

or recovery.  

Growth and mortality are also important life-history parameters to quantify when developing 

comprehensive conservation and recovery plans. Both are crucial inputs into population 

demographic models such as population viability analysis, which is commonly used to develop 

recovery targets for imperilled species (Beissinger & McCullough, 2002; Beissinger & 

Westphal, 1998; Morris et al., 2002). Additionally, reductions in growth and increases in 

mortality in response to differing habitat conditions can provide clear indications of how a 

species is responding to various threats. For instance, reduced growth and survival in urban areas 

caused by alterations in food supply (Eitzmann & Paukert, 2010) or changes in flow and thermal 

regime (Nelson et al., 2009) can be indicators of the negative impacts of urbanization on fish 

populations. 

Spawn timing and fecundity are critical and sensitive components of a species life-history. 

Understanding and developing approaches to predict spawning phenology can allow managers to 

provide adequate protection to species during the reproductive period. Many lotic species initiate 

and terminate spawning activity in response to environmental factors such as cumulative 

temperature and or discharge (LovellFord et al., 2020). Developing the ability to predict 

spawning phenology in relation to environmental factors can help elucidate potential responses 

to changing thermal regimes or discharge that may arise as a result of common threats such as 

climate change, urbanization or installation of dams.   
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1.2.2 Thermal and Feeding Ecology  

 

A paucity of information on the general ecology of a species, including the temperatures 

occupied and feeding habits, can restrict the ability to identify and protect critical habitat, 

including important food resources. Within lotic systems, it is essential to identify and describe 

the habitats where a species is found, where dietary items are sourced from, and what dietary 

items are consumed.  

Understanding the temperature occupied by a fish species is essential for evaluating its potential 

vulnerability to shifting thermal regimes that may arise as a consequence of urbanization or 

climate change (Nelson & Palmer, 2007).  Knowledge of the temperatures occupied by fish 

species in the wild can help identify important thermal refugia that may be valuable for the 

conservation and development of science-based recovery strategies for threatened freshwater 

fish. However, evaluating temperature use can be difficult for small-bodied fishes due to a lack 

of suitable field methods. One opportunity to estimate the range of occupied temperatures is the 

retrospective estimation of the average relative temperature occupied by fish through measures 

of the oxygen isotope (ŭ18O) values of otoliths (Godiksen et al., 2010a; Willmes et al., 2019) . 

Fish otoliths are commonly archived for ageing during fish sampling programs and retain a 

geochemical chronological history of an individualôs environment (Campana, 1999). Empirical 

temperature-dependent fractionation equations can be developed that describe the relationship 

between occupied temperature and oxygen isotope values, and thus can be employed to evaluate 

previous temperature used by individuals (e.g. Godiksen et al., 2010b; Minke-Martin et al., 

2015). In this thesis I construct a species-specific temperature dependent fractionation equation 

for a threatened small-bodied fish that can be applied to evaluate temperature use.  
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In addition to thermal ecology, knowledge of feeding ecology is crucial for the effective 

conservation of fish species. Understanding what prey a species consumes, and the origin of 

prey, is a cornerstone of defining and protecting critical habitat. Information on feeding ecology 

aids in identifying important prey items (Amundsen et al., 1996), potential competitive 

interactions with co-occurring members of the fish community (Burbank et al., 2019), and 

habitats that contribute to prey production and are used for forging  (Naman et al., 2017). Some 

small-bodied stream dwelling fishes exploit prey items sourced from the adjacent riparian habitat 

(Sullivan et al., 2012), including imperilled species such as Redside Dace, Clinostomus 

elongatus (Daniels & Wisniewski, 1994) and Silver Shiner (Burress et al., 2016; McKee & 

Parker, 1982), highlighting the importance of habitat outside the confines of the stream itself for 

providing energetically valuable prey items. Therefore, a paucity of knowledge pertaining to a 

species' feeding ecology can limit conservation efforts by neglecting potentially important 

habitat not directly occupied by the species of interest.  

 

1.3 Focal species ï Silver Shiner Notropis photogenis 

 

Silver Shiner is a small-bodied freshwater fish (approximate maximum length: 144 mm (Bouvier 

et al., 2013)) within the superfamily Cyprinioidea currently listed as Threatened under Canadaôs 

Species at Risk Act. Silver Shiner exists in Canada at the northern edge of its geographic range 

and occupies only five drainages within the country (Bronte Creek, Grand River, Thames River, 

Saugeen River, and Sixteen Mile Creek), all of which are located in Southern Ontario (Bouvier 

et al., 2013; Gáspárdy et al., 2021; Glass et al., 2016) at latitudes between approximately 42.5-

43.5 °N. Identifying Silver Shiner in the field can be difficult as the species closely resembles 

both Emerald Shiner, Notropis atherinoides and Rosyface Shiner, Notropis rubellus (Glass et al., 
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2016). Silver Shiner can be distinguished from Emerald Shiner and Rosyface Shiner by subtle 

characteristics including the origin of the dorsal fin that falls within the base of the pelvic fin, 

and two dark crescent shaped melanophores that lie between the nostrils that can be seen when 

viewing specimens from above (Glass et al., 2016; Gruchy et al., 1973).  

Currently little information exists on the life-history and ecology of Silver Shiner, resulting in 

the application of anecdotal information and analog information from surrogate species such as 

Emerald Shiner when evaluating the recovery potential of the species (DFO, 2013). The life-

history and ecological information that is available for Silver Shiner is sparse, based on limited 

sample numbers, and generally outdated, which has restricted the ability to develop well 

informed recovery action. Sparse information based on small sample sizes leads to increased bias 

and uncertainty when developing population models (Doak et al., 2005).  Limited information on 

Silver Shiner feeding ecology is available from examination of n=5 (Burress et al., 2016) 

individuals captured in the New River, North Carolina and n=35 (McKee & Parker, 1982) 

individuals captured in the late 1970ôs and early 1980ôs in southern Ontario. While useful such 

information did not capture either size or seasonal variation in diet. Further, current and future 

conservation and management of the species would be better informed by feeding studies based 

on current environmental conditions in Canada, especially in ecosystems that have undergone 

extensive change as a result of urbanization. Knowledge of growth incorporated in recovery 

potential modelling is based on n=50 individuals, and information on fecundity is non-existent, 

resulting in the need to rely on fecundity information from a surrogate species, Emerald Shiner 

(Young & Koops, 2013b). Available estimations of spawn timing are relatively outdated, coarse 

and highly variable (Baldwin, 1983; McKee & Parker, 1982). Furthermore, prior to this thesis 

uncertainty remained regarding the probable maximum age of Silver Shiner, which resulted in 
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large discrepancies in minimum viable population (MVP) sizes estimated when conducting the 

recovery potential assessment for the species. Short-lived (maximum age of 3+) and long-lived 

age interpretations (maximum age of 10+) yielded MVP size estimates of ~780,000 adults 

compared to ~700 adults, respectively, resulting in drastically different recovery targets (DFO, 

2013). Therefore, it is necessary to resolve the maximum age of Silver Shiner to refine and 

develop relevant recovery targets for the species. For this thesis I captured Silver Shiner in 

Sixteen Mile Creek, Oakville, Ontario from 2017-2019 to better understand the age, growth, 

mortality, fecundity, spawning phenology, thermal ecology and feeding ecology of the species 

within Canada to improve the information base available for current and future conservation and 

recovery efforts. 

 

1.4 Study location 

 

This study focuses on the Sixteen Mile Creek population of Silver Shiner. The Sixteen Mile 

Creek watershed drains an area of approximately 372 km2 and the creek flows through a mix of 

forested, agricultural, and urbanized land, including two large urban centers (Milton and 

Oakville, Ontario, Canada), prior to entering Lake Ontario (Dunn, 2006; Conservation Halton, 

2009). Six reaches were selected to include both non-urbanized and urbanized landscape along 

Sixteen Mile Creek (See Fig. 2.1 below), with reaches located from just north of Hwy 407 

(Lower Base Line Rd W.), downstream to Upper Middle Rd in Oakville, Ontario, Canada. Urban 

reaches were defined as reaches where the surrounding land use (3 km radius) was 

predominately urban or undergoing urban development and consisted of predominantly 

impervious surfaces. Alternatively, the non-urban reaches were defined as reaches with a 

surrounding landscape that was not urbanized. The three most upstream reaches were considered 
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non-urban, with surrounding landscapes that primarily consisted of forested and agricultural 

land, and the three most downstream sites were considered urbanized, with the surrounding 

landscape consisting of urban development dominated by impervious surfaces and man-made 

structures. Within each reach, three unique in-stream habitats were targeted; a run, a riffle and a 

pool.  Therefore, a total of 18 sites were sampled. The study location was chosen because Silver 

Shiner is known to be more abundant in Sixteen Mile Creek relative to the other systems 

inhabited within Canada (Burbank et al., 2021b; Glass et al., 2016).  

 

1.5 Research objectives 

 

1.5.1 Chapter 2: Urbanization correlates with altered growth and reduced survival of a small-

bodied, imperilled freshwater fish 

 

Given the paucity of life-history data available for Silver Shiner in Canada, the goal of this study 

was to examine the age, growth, and mortality of the species using three years (2017-2019) of 

field sampling. Furthermore, as urbanization is known to have negative impacts on freshwater 

fish (Paul & Meyer, 2001), this chapter investigates the influence of urbanization on the growth 

and mortality of Silver Shiner by comparing the vital rates between urban and non-urban reaches 

of Sixteen Mile Creek, Oakville, Ontario, Canada. Specifically, the hypothesis that urbanization 

would correspond with reduced growth and increased mortality at the local reach scale was 

tested.  

1.5.2 Chapter 3: The influence of thermal cues on the reproductive phenology of Silver Shiner, 

Notropis photogenis 
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Small-bodied stream-dwelling fishes often initiate and cease spawning in response to 

environmental cues such as discharge and cumulative temperature (Archdeacon et al., 2020; 

Heins, 2020). To better understand the reproductive phenology of Silver Shiner in Canada, this 

study evaluated the spawn timing of Silver Shiner in relation to environmental conditions in 

2018 and 2019. The overall objectives of this chapter were to describe the reproductive 

phenology of a Silver Shiner population at the northern edge of its range in Canada, evaluate if 

spawning occurrence could be predicted by thermal cues, such as cumulative growing degree 

days, and develop models that would predict Silver Shiner reproductive phenology based on the 

thermal regime of a given year.   

1.5.3 Chapter 4: Silver Shiner, Notropis photogenis, fecundity and reproductive period parasite 

infections 

 

As little to no information exists on the fecundity of Silver Shiner within Canada, this chapter 

aimed to quantify the fecundity of a Canadian population of Silver Shiner to improve the ability 

to develop well informed conservation and recovery strategies for the species. Specifically, 

Silver Shiner collected from Sixteen Mile Creek, Oakville, Ontario, Canada in spring 2018 and 

2019 were examined to estimate fecundity (egg count), egg diameter and the length-fecundity 

relationship of the species in Canada.  

1.5.4 Chapter 5: Field-based oxygen isotope fractionation for the conservation of imperilled 

fishes: an application with the threatened silver shiner (Notropis photogenis) 

 

Currently it is difficult to estimate the temperature use of small-bodied fishes such as Silver 

Shiner in nature due to a lack of appropriate field methods. Accordingly, the overall objectives of 

this study were to: i) develop an oxygen isotope fractionation equation from archived otoliths to 

better understand variation in individual thermal habitat use of Silver Shiner, ii) quantify the 
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accuracy and predictive error associated with using alternative species-specific fraction equations 

to evaluate the importance of deriving species-specific fractionation equations, and iii) illustrate 

the application of oxygen isotope techniques for evaluating the realized thermal use of small-

bodied freshwater fishes in the hope of motivating similar research for small-bodied species 

lacking a detailed understanding of thermal ecology.  

1.5.5 Chapter 6: Seasonal consumption of terrestrial prey by a threatened stream fish is 

influenced by riparian vegetation 

 

Minimal and outdated information currently exists on the feeding habits of Silver Shiner in 

Canada. In light of the value of understanding feeding ecology for effective species conservation, 

this study aimed to provide a general description of the diet of Silver Shiner in summer and fall. 

Furthermore, given the suspected importance of terrestrial prey to Silver Shiner diet, this chapter 

tested the hypotheses that: i) Silver Shiner has a broad feeding niche typical of generalist drift 

feeding fishes, ii) within the feeding niche, Silver Shiner demonstrate a reliance on terrestrial 

prey, iii) terrestrial prey consumption varies seasonally, increasing in the fall, iv) relative 

bankside terrestrial invertebrate abundance is positively correlated with upstream riparian 

vegetation cover, v) terrestrial prey consumption varies positively with upstream riparian 

vegetation cover, and vi) terrestrial consumption is higher in adults (ages 1 and greater) than in 

juveniles (age 0).  
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Chapter 2: Urbanization correlates with altered growth and reduced survival 

of a small-bodied, imperilled freshwater fish  
 

The definitive publisher authenticated version of this paper is: Burbank, J., Drake, D.A.R. and 

Power, M. (2021) Urbanization correlates with altered growth and reduced survival of a small-

bodied, imperilled freshwater fish. Ecology of Freshwater Fish 30(4): 478-489.  

 

2.1 Introduction  

 

Life-history and vital rate information is necessary for understanding population demographics. 

Age, growth, and mortality, in particular, provide insight into the resilience and trajectory of a 

population (Winemiller, 2005), and thus provide the necessary foundation for evaluating the 

population dynamics of imperilled species. Although recovery strategies for imperilled species 

are typically developed with the best available information (Crouse et al., 2002), for many small-

bodied, non-commercial, or non-recreational species, life-history information is often lacking 

due to limited research (Kuehne & Olden, 2014; Saddlier et al., 2013). The paucity of such 

information limits the ability to understand basic population dynamics, forcing managers to rely 

on anecdotal rather than systematic appraisals of the evidence (Sutherland et al., 2004). The lack 

of age, growth and mortality information also hinders an understanding of how threats to 

imperilled species may be leading to population declines, or whether recovery targets are 

attainable (Morris et al., 2002). Thus, the collection, archiving, and analysis of species-specific 

life-history and vital rate information is necessary to ensure that effective conservation 

approaches are developed for small-bodied species.  

When life-history and vital rate information has been obtained, understanding if and how vital 

rates change in response to threats (e.g. urbanization, climate change, and agriculture, among 

others for freshwater fishes) provides an opportunity to evaluate the significance of the threat for 
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the population. Urbanization has demonstrated negative impacts on aquatic ecosystems such as 

increased flow variability, elevated nutrient and contaminant loading, and reduced species 

diversity (Paul & Meyer, 2001), and is considered a major threat for many imperilled aquatic 

species (Venter et al., 2006). Urbanization can lead to declines in the growth and survival of fish 

populations through habitat stressors such as changes in flow, temperature, siltation, and 

turbidity (Nelson et al., 2009; Nelson & Palmer, 2007), contaminants (Collier et al., 1998), food 

supply (Eitzmann & Paukert, 2010; Yoder & Rankini, 1997), and loss of habitat complexity 

(Paukert & Makinster, 2009), all of which may act independently or interactively (Rosso & 

Quiros, 2009; Walton et al., 2007). For example, studies of Endangered Redside Dace 

(Clinostomus elongatus) in relation to impervious land use highlighted the chronic adverse 

impacts of urban development on population viability, with strong negative associations between 

population abundance and urbanization at multiple spatial scales (e.g. pool and sub-catchment 

(Poos et al., 2012)). Given that future human population growth will occur rapidly and in areas 

that are already urbanized (Cohen, 2003; Meyer et al., 2005), it is imperative to examine the 

potential impacts of urbanization on the growth and survival of freshwater fishes.  

Silver Shiner (Notropis photogenis) is a small-bodied (maximum total length: 144mm (DFO, 

2013)) freshwater fish listed as Threatened under Canadaôs Species at Risk Act (SARA) that 

occupies areas with increasing urban pressure. Like many SARA-listed species, Silver Shiner 

lacks current, accurate, and validated life-history and vital rate information, including age, 

growth, and mortality estimates (COSEWIC, 2011). Silver Shiner exists in Canada at the 

northern edge of its range and is located in only five drainages (Bronte Creek, Grand River, 

Thames River, Sixteen Mile Creek and Saugeen River) in southern Ontario between the latitudes 

of approximately 42.5-43.5 °N (Burbank et al., 2020). Species-specific age, growth, mortality 
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and other vital rate information, where it exists, has typically been derived from a relatively low 

number of individuals (e.g. McKee and Parker, 1982; Baldwin, 1983, 1988). These small 

sample-based estimates have been used for population viability analyses and to make extinction 

risk and recovery target predictions. For instance, a recent recovery potential modelling exercise 

for Silver Shiner used growth estimates based on 50 individuals collected between 2011 and 

2013 to assess vital rate elasticity and determine population-based recovery targets for the 

species (short-lived model; Young and Koops, 2013).  Small sample sizes can be problematic 

when evaluating population demographics, leading to an increased likelihood of uncertainty and 

bias from demographic models (Doak et al., 2005). Estimating life-history and vital rates with a 

larger sample will, therefore, help to increase confidence in modelled recovery targets. 

Furthermore, as Silver Shiner is expected to continue to face increased urban pressure, more 

robust estimates of vital rates will also help determine the potential severity of urbanization as a 

threat to the species.  

 Given the paucity of population-specific biological data of Silver Shiner, this study uses data 

from three years of field collections at the northern edge of its geographic distribution to describe 

key demographic characteristics such as age-structure, growth, and mortality. We then compare 

estimated vital rates between urban and non-urban environments to better understand the 

possible implications of watershed disturbance for the species. Specifically, we test the 

hypothesis that urbanization will be associated with reduced growth and increased mortality at 

the local reach scale.  
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2.2 Methods 

 

2.2.1 Sample collection and processing 

 

Silver Shiner (n=1403) was captured at six reaches along Sixteen Mile Creek, Oakville, Ontario, 

Canada, in Summer 2017 (July), Fall 2017 (September), Winter 2018 (March), Spring 2018 

(April -June), Summer 2018 (August) and Spring 2019 (April-June). In light of the Threatened 

status of Silver Shiner, sampling centered on Sixteen Mile Creek as a precautionary measure, as 

previous sampling efforts (Glass et al., 2016) captured a larger number of individuals in Sixteen 

Mile Creek compared to other systems in which the species occurs. Sample reaches were chosen 

based on historical capture locations of the species within Sixteen Mile Creek (Glass et al., 2016) 

and reaches were chosen to encompass both urban and non-urban affected areas. The three most 

upstream and downstream reaches, respectively, were classified as non-urban (surrounding 

catchment largely forest and agriculture) and urban (surrounding catchment largely urban 

landcover; Figure 2.1). Urban and non-urban reaches were separated by a minimum distance of 

approximately 7 km and the study took place over approximately 13 km. The separation between 

the closest urban and non-urban reaches was presumed to preclude fish movement between the 

two reach classes based on the limited linear home ranges that have been estimated for Yellowfin 

Shiner, Notropis lutipinnis (Goforth & Foltz, 1998) and small-bodied fishes in general (Minns, 

1995; Woolnough et al., 2009). At sample reaches fishes were captured in each of a run, riffle 

and pool habitat with three repeated hauls of a 9.14 m bag seine (3 mm mesh). Captured fishes 

were identified to species, counted, and a random subset of Silver Shiner was euthanized with 

clove oil, placed on ice, brought to the lab and stored in a freezer (-20 °C) prior to further 

processing. All fishes were collected and retained under an animal use permit (AUP 1846) 

approved by the Canadian Council on Animal Care. At each sample location measures of stream 
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width (m), depth (m), water velocity (m/s), conductivity (µS), dissolved oxygen (mg/L) and pH 

were taken following fish collections. Average stream width (m), depth (m), water velocity 

(m/s), conductivity (µS), dissolved oxygen (mg/L) and pH were compared between urban and 

non-urban reaches using two-sample t-tests. Additionally, stream temperatures at urban and non-

urban reaches were measured every 30 minutes using instream temperature loggers (Onset 

HOBO Pro V2). Average temperatures from May-November 2017 were compared using a two-

sample t-test to evaluate if average temperatures were significantly different at urban and non-

urban reaches.  

Individual Silver Shiner were thawed in the lab and measured for length (mm) and weight (g) 

(n=1403). The opercula and the largest (lapilli) otoliths were removed for ageing purposes. 

Opercula were cleaned with warm deionized water by gently rubbing between the thumb and 

forefinger to remove any flesh (Gallucci et al., 1996). The opercula were then dried and stored in 

a wax-paper envelope prior to ageing. Otoliths were cleaned with deionized water in a similar 

manner, dried, and placed in snap-cap vials prior to ageing.  

A subset of Silver Shiner (n=262) from across the size range was selected for ageing using a 

stratified random sampling design such that ~15 individuals were aged per 5 mm length interval 

across the length range from < 35 mm to Ó 125 mm. Storage and handling damaged some 

structures and only individuals with both otoliths and opercula structures (n=254) were used (see 

Table 2.2). Opercula structures were placed on a clear slide, viewed, and photographed with 

transmitted light using a stereo-microscope and camera (SMZ 1000 and DS-Fi1; Nikon 

Instruments Europe B.V., England) at magnifications ranging from 4-16x. Otoliths were placed 

on a small black wooden stick, fixed sacculus side down with cyanoacrylate and polished using 

high grit silicon carbide waterproof sandpaper ranging from 1500-7000 grit (Starcke GmbH & 
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Co., Germany) until the center was reached, and growth rings became evident. Otoliths were 

checked under the microscope often (i.e. approximately every 3-5 seconds) during the polishing 

process to avoid over-polishing or cracking. Following polishing, otoliths were soaked in a 50:50 

solution of water and glycerin, viewed on a black background under reflected light at ~45x 

magnification and photographed using a dissecting microscope (SZN-2; Optika, Italy). Opercula 

and otoliths were aged twice to evaluate the consistency of age estimates within and among 

structures, with the second assessment being blind to the initial results. When age estimates for a 

given structure differed between readings, the structure was read a third time to resolve 

differences.  

2.2.2 Age, growth and mortality analyses 

 

Age estimates were assessed for consistency within and among structures following Horwitz et 

al., (2018) by evaluating the percent agreement between paired structure readings, such that: 

0ÅÒÃÅÎÔ !ÇÒÅÅÍÅÎÔ  
!

4
 ρππ 

where A is the number of structures read (opercular or otolith) with identical age estimates, and 

T is the total number of structures (opercular or otolith) aged. For assessment of among-structure 

percent agreement, the final age estimates from the separate opercular and otolith readings were 

used (i.e. if initial readings disagreed the third reading was considered).  

Length-at-age von Bertalanffy growth models (Beverton & Holt, 1957) were fit to otolith and 

opercular age estimates using year and month time-steps as follows: 

,  , ρ Å   
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where Lt is total length at time-step t (mm), LÐ is the asymptotic length (mm), K is a growth 

coefficient defining the rate at which the asymptote is approached, and t0 is the theoretical time 

at which length is zero. Month-based estimates assumed individuals hatched on June 1st of the 

birth year (i.e. individuals captured in July and estimated to be 0+ and 1+ were considered 2 and 

14 months old respectively). Silver Shiner is a spring spawner and is typically captured in 

Ontario with ripe gonads from May through early June, after which the prevalence of spent 

individuals increases rapidly (Baldwin, 1988; Burbank, unpublished data). Accordingly, June 1st 

was selected as a realistic hatch date for modelling purposes. The assumptions of the von 

Bertalanffy growth models, including homoscedasticity and normality of residuals, were 

examined using plots of residuals versus fitted values and histograms of residuals, respectively. 

Models developed using opercular and otolith age data were compared using analysis of the 

residual sum of squares (ARSS) following (Chen et al., 1992; Haddon, 2001) to determine if the 

structure-specific growth curves differed significantly. Additionally, growth models from urban 

and non-urban sites (see Figure 2.1) were compared to evaluate differences in growth between 

environments using ARSS (Chen et al., 1992; Haddon, 2001). The von Bertalanffy model 

parameters were further compared statistically using hierarchal ratio tests (Kimura, 1980). 

Age estimates (year) derived from otolith structures were used to create a probabilistic age-

length key for Silver Shiner following Isermann & Knight (2005) (Table S-2.1). The age of all 

non-structure aged Silver Shiner with length measurements collected during the study were 

assigned using the age-length key. Actual and estimated age assignments of individuals were 

then used to determine the total number of Silver Shiner captured in each age class required for 

the population mortality estimates. Furthermore, differences in the proportion of age-0 and adult 

(age-1 and older) fish in urban and non-urban reaches were tested using Fisher's exact test (Zar, 
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2010). Age and growth analyses were conducted using the FishR package (Ogle, 2018) in R 

version 3.6.1 (R Development Core Team, 2013). 

Given the importance of mortality for defining population dynamics and the difficulty associated 

with estimating it because of the need for both an extensive aging program and limited selection 

bias in sampling (Kenchington, 2014), a suite of mortality estimators suited for information-

limited fisheries were applied here. Estimates were derived using summer 2017 and 2018 data 

only for which grouped sample sizes were sufficiently large (n > 200). Mortality approaches 

were broadly grouped into those based on life-history theory (Charnov et al., 2013; Cubillos et 

al., 1999; Taylor, 1958), those based on length- or weight-at-age data (Beverton & Holt, 1956, 

1957; Hoenig, 1983; Huynh et al., 2018; Peterson & Wroblewski, 1984; Robson & Chapman, 

1961), those based on abundance or density (CPUE used as a surrogate) data (as described in 

Power 2007 and Skalski et al., 2005) and those based directly on age data (Robson & Chapman, 

1961; Sekharan, 1975; Skalski et al., 2005). Mean population estimates of mortality across 

pooled adult age-classes (considered here as ages 1 to 3+) were computed for each class of 

estimator following the methods described in the references above. The resulting urban and non-

urban estimates were grouped and compared for differences using a two-sample t-test to 

determine if mean estimated mortality in urban affected reaches exceeded that of the non-urban 

reaches. Because the null hypothesis was directional, a one-tailed test was used (Zar, 2010).   

 

2.3 Results 

 

Silver Shiner captured in Sixteen Mile Creek (n=1403) over the 2017-2019 period varied in 

length from 23-135mm (mean ± standard deviation; 73.75 ± 19.59 mm). The average length of 
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individuals captured was 68.54 mm in urban reaches and 75.57 mm in non-urban reaches. 

Overall, the CPUE for Silver Shiner was higher in non-urban (13.12 fish/seine haul) reaches 

compared to the urban reaches (9.163 fish/seine haul). The majority of Silver Shiner was 

captured in runs (82.74%), followed by pools (11.79%) and riffles (5.47%). Habitat 

characteristics (shown in Table 2.1) were not significantly different between urban and non-

urban reaches (average stream width: t-test, t3.8=0.793, P = 0.474; average depth: t-test, 

t2.6=0.211, P = 0.848; average water velocity: t-test, t4.0=-1.32, P = 0.257; average pH: t-test, 

t3.6=-0.298, P = 0.782; average conductivity: t-test, t3.6=-1.43, P = 0.234; average DO: t-test, 

t3.6=0.332, P = 0.758). Average stream temperature at urban (15.71 ± 7.2 °C) and non-urban 

(15.75 ± 6.6 °C) reaches did not significantly differ between March-November 2017 (t-test, t23217 

= 0.452, P = 0.651). 

Age estimates of calcified structures from a subset of individuals (n=254) resulted in between-

reading agreement of 85.4 % and 88.9% for otolith and opercular structures respectively. 

Between-structure agreement was 88.9% (Pearsonôs r = 0.92), indicating both structures yielded 

similar age estimates (Figure 2.2). The age estimates of 28 individuals differed between the two 

structures. For 6 individuals the age estimated from the otolith was one year older than that of the 

opercular and for 22 individuals the age estimated with the opercular was one year older 

compared to the otolith. Disagreement among structures was most prominent for individuals 

between 100-119 mm (Table 2.2). The oldest age estimated for Silver Shiner was 3+ for both 

otolith and opercular structures.  

Seasonal length-frequency plots indicated two distinctive modes for Silver Shiner that shifted 

through time (Figure 2.3). The von Bertalanffy growth models describing the relationship 

between Silver Shiner age and length based on otolith and opercular structures did not differ 
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significantly when modelled on either a yearly or monthly basis (year: ARSS, F3,502 = 1.07, P = 

0.361; month: ARSS, F3,502 = 0.99, P = 0.398; Table 2.3, Figure 2.4). Growth models for Silver 

Shiner captured at urban and non-urban reaches differed significantly, whether estimated using 

annual or monthly data (otolith-year: ARSS, F3,248 = 5.29, P <0.01; opercular-year: ARSS, F3,248 

= 3.05, P <0.05; otolith-month: ARSS, F3,248 = 11.36, P <0.00001; opercular-month: ARSS, 

F3,248 = 13.10, P <0.00001) with urban growth models showing significantly and consistently 

lower LÐ and higher K parameter estimates (Table 2.4, Figure 2.5). 

The proportion of age-0 fish captured in urban and non-urban affected reaches differed 

significantly (Fisher's Exact Test, P <0.001), with the proportion of age-0 fish in non-urban 

reaches (76%) being significantly greater than in urban reaches (67%). The mean of all mortality 

estimates for urban reaches (70.8%, range: 30.1-96.2%) exceeded that of non-urban reaches 

(61.0%, range: 25.1-90.6%), with the difference being significant (t-test, t12 = 2.91, P = 0.006; 

Table 2.5). Within the classes of estimators considered, mean estimates of mortality for urban 

reaches equaled or exceeded estimates for non-urban reaches (Table 2.5). Density and age-based 

mortality estimates did not differ significantly (density-based: t-test, t1 = 0.881, P = 0.270; age-

based: t-test, t2 = -0.121, P = 0.457) between urban and non-urban reaches, whereas life-history 

and length-based estimates of mortality differed significantly (life-history-based: t-test, t2 = 

13.30, P = 0.003; length-based: t-test, t4 = 2.97, P = 0.021), with mortality in urban reaches 

always exceeding that in non-urban reaches. 
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2.4 Discussion 

 

Accurate life-history and vital rate information is critical for the conservation of imperilled 

fishes, including determining whether threats lead to changing demographics. Here we evaluated 

the age-structure, growth, and mortality of Silver Shiner and found it to be a short-lived, quick 

growing species with low annual survival. Furthermore, we found that growth was altered, and 

survival and the proportion of age-0 fish within the sample were significantly reduced within 

urban sites, which suggests a negative effect from urbanization and a probable link between 

urbanization and the viability of the species in Canada.   

Our study indicates Silver Shiner reaches a probable maximum age of 4, similar to previous 

longevity estimates for the species in Canada (Baldwin, 1983; Gruchy et al., 1973; McKee & 

Parker, 1982). The maximum age identified for Silver Shiner is identical to that reported for 

Emerald Shiner, Notropis atherinoides and River Shiner, Notropis blennius (Froese & Pauly, 

2019). Longevity in Silver Shiner, however, exceeds that of Rosyface Shiner, Notropis rubellus 

and Pugnose Shiner, Notropis anogenus (Froese & Pauly, 2019). Rosyface Shiner is more 

ecologically similar to Silver Shiner, typically occupying stream habitats, whereas Emerald 

Shiner and Pugnose Shiner typically occupy lakes and wetlands respectively (Holm et al., 2009).  

While the ages of Silver Shiner reported here have not been validated sensu Campana (2001), it 

is important to note that maximum age estimates fall within the range (age 2-5) of those reported 

for Notropis spp. in the Great Lakes basin (e.g. Holm et al., 2009; Froese and Pauly, 2019).   

The von Bertalanffy growth curves for Silver Shiner were similar to what has been previously 

described for the species based on limited aging (n=50) and an assumption of size at hatch based 

on Emerald Shiner (Young & Koops, 2013b). Here, however, different growth trajectories were 

evident for individuals captured in urban and non-urban environments. The urban population 
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exhibited suppressed asymptotic length (LÐ) and approached LÐ at a faster rate (higher K value) 

than the non-urban population, suggesting growth may be impacted by urbanization. Increases in 

K may be related to reduced age-0 abundances in urban reaches, as observed here with age-0 

CPUE being substantially lower (average 43%) at each seasonal sampling. Differences in growth 

at urban compared to non-urban reaches were not the result of early maturation as Silver Shiner 

begin to reproduce at age 1+ (Baldwin, 1983). Similar reductions in juvenile abundances have 

been noted in studies of urban and wastewater affected streams (e.g. Adams et al., 1992; Yeom 

et al., 2007). Decreased age-0 abundances may reduce overall densities and competition, thereby 

increasing resource availability. With increased food and habitat availability more energy could 

lead to faster juvenile growth (Adams et al., 1992), embodied here as a higher K for urban fishes. 

Regardless, growth models and average fish length suggest a lower final size is achieved in 

urban reaches and occurs in conjunction with elevated mortality. When density dependent effects 

are prominent, density and mortality are positively correlated as adjustments in mortality alter 

abundance to adapt it to habitat carrying capacity, with high densities typically being associated 

with increased mortality (Rose et al., 2001). In contrast we found low CPUE reflective of lower 

densities to be associated with higher mortalities in urban environments, a combination that 

would rule out differences in mortality between urban and non-urban reaches as being due to 

density-dependent effects. 

Overall Silver Shiner experienced high mortality (61-71%) within Sixteen Mile Creek. Mortality 

estimates were comparable with the modelling based estimate (75%) reported by Young and 

Koops (2013) and are within the ranges of adult mortality estimated for other Notropis spp.:  

Sand Shiner, N. stramineus (77.9%) in Iowa (Smith et al., 2010), Carmine Shiner N. 

percobromus (78%) in Canada (Young & Koops, 2013a) and Pugnose Shiner (85.9%) in Canada  
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(Venturelli et al., 2010).  Mortality, however, varied significantly among urban and non-urban 

reaches, with the higher rates observed in urban reaches, likely attributable to the effects of 

urbanization at the reach scale.  

Altered growth and elevated mortality in the urban compared to non-urban reaches was evident 

based on the von Bertalanffy growth curves and estimated mortality using the life-history and 

length-based estimators (e.g. Kenchington, 2014). Collectively the weight of evidence provided 

by the mortality estimates suggests significant declines in survival associated with occupancy of 

urban reaches. Further, the reduced proportion of age-0 Silver Shiner may be linked to reduced 

recruitment from larval stages, with urban stream channels known to have a variety of effects on 

juvenile fish recruitment (Weber & Wolter, 2017).  For example, urbanization may impact 

stream resident fishes by introducing pollutants, increasing storm water runoff, and/or altering 

channel substrate and structure (Klein, 1979). Lack of suitable riparian vegetation may also 

reduce areas with suitable cover, exposing fish to changes in temperature that can have varying 

lethal and sub-lethal impacts on the smallest fishes, depending on the intensity of temperature 

changes (Regetz, 2003). In severe cases, urbanization impacts may limit recruitment among a 

wide variety of species to less impaired headwater reaches (Siligato & Böhmer, 2002).  

Urbanization is a major stressor in stream systems (Paul & Meyer, 2001). Because the 

physiological consequences of dealing with stress are energetically expensive (Barton & Iwama, 

1991; Van Weerd & Komen, 1998), urban development might be expected to alter the growth 

and reduce survival of fish, as observed here. For example, Spanjer et al. (2018) observed 

reduced growth in juvenile Coho Salmon, Oncorhynchus kisutch across an urbanization gradient, 

while Monteiro Pierce et al. (2020) identified reduced length, growth rate, and condition factor 

in Alewife, Alosa pseudoharengus along coastal watersheds of New England. Altogether, 
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urbanization has been associated with negative implications for the growth and survival of a 

wide range of fish species in lakes (Francis & Schindler, 2009), streams (Nelson et al., 2009), 

and coastal environments (Monteiro Pierce et al., 2020).  

Significant negative community impacts of urbanization have been identified in small-bodied 

stream fishes including altered species composition, increases in tolerant species, and 

homogenization of the fish community (Morgan & Cushman, 2005; Wang et al., 2000);  

however, the impacts of urbanization on the vital rates of small-bodied fishes are not commonly 

examined. Changes in land use associated with urbanization such as increases in impervious 

surfaces have been linked to reduced population abundance for Redside Dace in the Greater 

Toronto Area (Poos et al., 2012), and reduced occupancy of species such as Speckled Madtom 

(Noturus leptacanthus) and Etowah Darter (Etheostoma etowahae) in Georgia (Wenger et al., 

2008). The observed reduced asymptotic length (LÐ) and higher mortality in urban reaches 

(Table 2.4 and 2.5) indicates that urbanization may have negative fitness implications for Silver 

Shiner given the importance of size and survival for determining overall abundance (Power, 

2002). Therefore, urbanization should be considered an important threat for the species and 

considered when developing conservation approaches.  

Urbanization impacts on stream fishes have often been related to increased stream channel 

temperatures owing to landcover changes (i.e. Wang et al., 2003; Wheeler et al., 2005; Nelson 

and Palmer, 2007). However, in the current study, stream temperatures at urban and non-urban 

sites did not significantly differ, suggesting observed differences in growth and mortality cannot 

be attributed to thermal effects. It is important to acknowledge that urban impacts were examined 

within only one stream along a longitudinal gradient, a sampling design necessitated by the 

Threatened status of the species and its limited occurrence within Canada. While other 
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longitudinal upstream-downstream effects in addition to urbanization may be present, habitat 

characteristics and water quality (Table 2.1) did not vary among urban and non-urban reaches as 

might be expected if longitudinal effects prevailed. Nevertheless, alternate factors such as food 

quality and availability should be considered. Silver Shiner actively forages at surface and mid-

levels of the water column (Bouvier et al., 2013) and consumes terrestrial drift material within 

the river. The loss of intact high-quality riparian habitats, therefore, is potentially important for 

the species. Urban development in areas surrounding occupied river reaches may reduce the 

quality, quantity and diversity of terrestrial drift material entering the system (Gimenez et al., 

2015; Jones & Leather, 2012), thereby reducing the amount of food available and leading to 

reduced growth and survival. Riparian habitats are also essential components of the critical 

habitat for fishes (Richardson et al., 2010) and suitable riparian vegetation has been identified as 

important for the persistence of species such as Redside Dace (Reid et al., 2019). Terrestrial 

habitats both immediately adjacent to stream banks and further inland are particularly important 

for some fishes (Correa & Winemiller, 2018), including drift feeding fishes such as Silver Shiner 

due to their direct reliance on terrestrial resources. Silver Shiner and other small-bodied fishes in 

Ontario streams are expected to continue to face changing conditions and increased pressures 

from urbanization due to projected increases in human populations within Southern Ontario 

(Ontario Ministry of Finance, 2019). Given the observed alteration in growth, reduction in the 

relative proportion of age-0 individuals and the elevated mortality of Silver Shiner in urban 

reaches, it is important to fully understand the collective impacts of urban development on Silver 

Shiner and other imperilled species.  

The study has assessed the relationship between species-specific vital rates and a dominant 

threat, and as such, highlights the importance of obtaining suitable life-history information for 
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the conservation of small-bodied freshwater fishes. We have illustrated the potential negative 

impacts of urbanization for the growth and survival of Silver Shiner, a species that exists within 

increasingly urbanized watersheds in Canada. The results of the study indicate the need to 

understand, consider and mitigate the impacts of urban development on this and other small-

bodied imperilled fishes. We recommend that future studies evaluate the mechanisms behind 

reduced vital rates in urban regions to further understand how the threat impacts freshwater 

fishes.  
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Table 2.1. Measures of average stream width (m), average depth (m), average water velocity 

(m/s), average pH, average conductivity (µS), and average dissolved oxygen (mg/L) collected at 

each sample reach following fish collections.  

Reach 

Urban 

Status 

Avg 

Stream 

Width 

(m) 

Avg 

Depth 

(m) 

Avg Water 

Velocity (m/s) 

Avg 

pH 

Avg 

Conductivity 

(µS) 

Avg 

DO 

(mg/L) 

1 

Non-

Urban 16.04 0.65 

0.37 

8.58 677.74 10.02 

2 

Non-

Urban 14.24 0.31 

0.41 

8.46 642.50 9.10 

3 

Non-

Urban 11.83 0.35 

0.46 

8.88 586.57 11.71 

4 Urban 12.33 0.49 0.51 8.55 735.11 8.96 

5 Urban 9.91 0.40 0.50 8.65 744.97 10.05 

6 Urban 15.21 0.35 0.41 8.85 626.02 10.87 
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Table 2.2. The number of fish aged in each length interval, the number of individuals with 

agreement between otolith and opercular age estimates, and the percent agreement between 

otolith (OTO) and opercular (OP). 

Length Bin (mm) N Agreed Agreement (%) Notes 

<35 1 1 100.00  
35-39 14 14 100.00  
40-44 14 14 100.00  
45-49 15 15 100.00  
50-54 15 15 100.00  
55-59 15 15 100.00  
60-64 15 14 93.33 OTO<OP 

65-69 15 15 100.00  
70-74 14 14 100.00  
75-79 14 12 85.71 OTO>OP, OTO<OP 

80-84 13 13 100.00  
85-89 15 15 100.00  
90-94 15 15 100.00  
95-99 15 13 86.67 2OTO<OP 

100-104 14 8 57.14 6OTO<OP 

105-109 15 10 66.67 OTO>OP,4OTO<OP 

110-114 14 8 57.14 2OTO>OP,4OTO<OP 

115-119 14 9 64.29 OTO>OP,4OTO<OP 

120-124 4 3 75.00 OTO>OP 

Ó 125 3 3 100.00  
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Table 2.3. Estimated von Bertalanffy growth curves for Silver Shiner captured in Sixteen Mile 

Creek during 2017-2019, using age estimates from otolith and opercular structures.  

Age Type Structure Model 

Year 
Otolith Lage=128.70 (1- e(-0.758(ageyear+0.764)) 

Opercular Lage=128.73 (1- e(-0.690(ageyear+0.838)) 

Month 
Otolith Lage=120.46 (1- e(-0.0923(agemonth+3.80)) 

Opercular Lage=112.81 (1- e(-0.0818(agemonth+3.73)) 
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Table 2.4. Estimated von Bertalanffy growth curves for Silver Shiner captured at urban and non-

urban reaches in Sixteen Mile Creek during 2017-2019 using age estimates from otolith and 

opercular structures. Differing superscripts in the location column indicate where growth curves 

are significantly different.  

Age Type Structure n Location Model 

Year 

Otolith 
136 Non-urbanA Lage=144.73 (1-e(-0.491(ageyear+1.079)) 

118 UrbanB Lage=117.52 (1-e(-1.238(ageyear+0.501)) 

Opercular 
136 Non-urbanA Lage=139.34 (1-e(-0.507(ageyear+1.091)) 

118 UrbanB Lage=117.44 (1-e(-1.081(ageyear+0.577)) 

Month 

Otolith 
136 Non-urbanC Lage=131.59 (1-e(-0.0634(agemonth+6.220)) 

118 UrbanD Lage=106.34 (1-e(-0.208(agemonth+0.655)) 

Opercular 
136 Non-urbanC Lage=126.70 (1-e(-0.0672(agemonth+6.232)) 

118 UrbanD Lage=106.13 (1-e(-0.213(agemonth+0.599)) 
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Table 2.5. Annualized mortality (proportion) estimates for adult (pooled age 1 ï 3+) Silver 

Shiner computed using age, length, abundance, and life-history based methods reported in the 

literature for urban and non-urban sampling environments. Mean ± standard error of the mean 

for each group of estimation methods. Differences given as urban minus non-urban estimates. 

Estimates derived using summer 2017 and 2018 data only for which sample sizes where 

sufficiently large (n>200). P is the one-tailed t-test P-value for the t-test testing for significantly 

higher mortality in urban than non-urban environments (i.e., that the difference between the 

environments is positive). 

Estimation Method Urban 

Non-

Urban Difference P 

Life-history-based 0.71 ± 0.04 

0.42 ± 

0.04 0.29 0.003 

Length-based 0.68 ± 0.12 

0.62 ± 

0.10 0.06 0.021 

Density-based 0.59 ± 0.12 

0.54 ± 

0.18 0.05 0.270 

Age-based 0.82 ± 0.08 

0.82 ± 

0.05 0.00 0.457 

Average of all methods 0.71 ± 0.05 

0.61 ± 

0.06 0.10 0.006 
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Figure 2.1. Capture locations of Silver Shiner at non-urban (green; upstream) and urban (red; 

downstream) locations in Sixteen Mile Creek, Ontario, Canada, sampled from 2017-2019.  
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Figure 2.2. The relative frequency of individuals in each age class based on age estimates using 

opercular (grey) and otolith (black) structures. 
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Figure 2.3. Length-frequency (total length, mm) histograms for Silver Shiner captured in Sixteen 

Mile Creek, Oakville, Ontario in A) Summer 2017 (n = 435), B) Fall 2017 (n = 252) and C) 

Spring 2018 (n = 367). 
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Figure 2.4. Estimated von Bertalanffy growth models for Silver Shiner captured in Sixteen Mile 

Creek, Ontario, Canada between 2017-2019. Individual length at age is plotted. Age is expressed 

as year and estimated with A) Otolith and B) Opercular structures. Age was also expressed as 

month for ages estimated with C) Otolith and D) Opercular.  
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Figure 2.5. Estimated von Bertalanffy growth models for Silver Shiner captured at urban and 

non-urban reaches sampled in Sixteen Mile Creek, Ontario, Canada between 2017-2019. 

Individual length at age is plotted. Age is expressed as year and estimated with A) Otolith and B) 

Opercular structures. Age was also expressed as month for ages estimated with C) Otolith and D) 

Opercular.  

 

 

 

 
































































































































































































