
 

 
 

Regional Watershed Monitoring Program 

Fish Community Summary – 2001-2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Watershed Monitoring and Reporting Section 

Ecology Division 

 

 

 



 

 
 

Acknowledgments 

I would like to thank Scott Jarvie, Angela Wallace, Melanie Croft-White, and Nelson Amaral for 
helping me put this document together, being a source from which I can bounce ideas off of, 

and their patience throughout the process of reviewing this document.  I would like to also 
thank the many field staff that were involved in collecting the data.   

 
 

 
 

 

Report prepared by:   Jan Moryk, Environmental Technician, Watershed Monitoring 
and Reporting 

Reviewed by:             Deborah Martin-Downs, Director, Ecology                              
Scott Jarvie, Manager, Watershed Monitoring and Reporting        
Angela Wallace, Biomonitoring Analyst, Watershed Monitoring 
and Reporting                                                                                     

This report may be referenced as: 

Toronto and Region Conservation Authority (TRCA).  2011.  RWMP Fish Community 
Summary 2001-2009. 49 pages + appendices. 
 



 

 
 

Table of Contents 
1.  Introduction ................................................................................................................. 1 

2.  Methods ....................................................................................................................... 2 

2.1  Sample Site Selection ............................................................................................................ 2 

2.2  Fish Community Sampling ..................................................................................................... 4 

2.3  Data Analysis ........................................................................................................................ 5 

2.4  Data Analysis ........................................................................................................................ 6 
2.4.1  Analysis of Spatial Trends ........................................................................................................................ 6 
2.4.2  Analysis of Temporal Trends .................................................................................................................... 8 

3.  Results and Discussion ............................................................................................. 9 

3.1  Jurisdictional Species Composition ........................................................................................ 9 

3.2  Species Abundance ............................................................................................................. 11 

3.3  Native Fish Species Richness ............................................................................................... 11 

3.4  Native Fish Species Richness Ratio ...................................................................................... 13 

3.5  Index of Biotic Integrity ....................................................................................................... 16 

3.6  Catch per Unit Effort and Biomass per unit Effort ................................................................ 17 

3.7  CPUE and Thermal Regime .................................................................................................. 19 

3.8  CPUE and Fish Species Origin .............................................................................................. 20 

3.9  CPUE and Trophic Guild ...................................................................................................... 21 

3.10  CPUE and Fish Families ........................................................................................................ 22 

3.11  Trends over Time ................................................................................................................ 25 
3.11.1  Native Fish Species Richness and Native Fish Species Richness Ratio ............................................... 25 
3.11.2  Index of Biotic Integrity ..................................................................................................................... 26 
3.11.3  Catch per Unit Effort and Biomass per Unit Effort ............................................................................ 27 
3.11.4  CPUE and Thermal Regime ................................................................................................................ 29 
3.11.5  CPUE and Fish Origin ......................................................................................................................... 30 
3.11.6  CPUE and Trophic Guild ..................................................................................................................... 32 
3.11.7  CPUE and Fish Family ........................................................................................................................ 35 

3.12  Relationships with Urbanization ......................................................................................... 37 
3.12.1  Native Fish Species Richness ............................................................................................................. 37 
3.12.2  Index of Biotic Integrity ..................................................................................................................... 41 
3.12.3  CPUE and BPUE .................................................................................................................................. 43 
3.12.4  CPUE and Fish Family ........................................................................................................................ 44 
3.12.5  CPUE and Trophic Guild ..................................................................................................................... 44 
3.12.6  CPUE and Thermal Guild and Fish Origin ........................................................................................... 44 

4.  Summary and Conclusions ..................................................................................... 45 



 

 
 

5.  REFERENCES ............................................................................................................ 47 
 

List of Tables 

Table 1: Fish community and aquatic habitat sampling rotation.  Number of sites 
sampled each year is represented by n. ........................................................................... 4 

Table 2: RWMP sites with missing IBI scores. .................................................................................... 8 
Table 3 - Species name, common name, thermal guild, trophic group and abundance 

for all species captured from 2001-2009. ........................................................................ 10 
Table 4: Results of Wilcoxon test: Calculated mean of metric compared to road density 

score (1-5) and road density (0-13.31 km/km2).  Trend column shows the 
trend of the metric with increasing road density.  Blank trend indicates lack of 
trend.  Darker hues of blue indicate greater mean value per metric. ............................. 38 

 

List of Figures 
Figure 1: Map of the Toronto and Region Conservation Authority jurisdiction and RWMP 

sampling sites. ................................................................................................................... 3 
Figure 2: Total species richness and richness by origin category per watershed and for 

the entire TRCA jurisdiction 2001 to 2009. ...................................................................... 13 
Figure 3: Mean observed:expected native species richness ratio by watershed, and 

entire TRCA jurisdiction.  Red line indicates desired ratio or the ratio one 
should observe if all habitat conditions were ideal. Error bars represent 
±95% confidence intervals. ............................................................................................. 14 

Figure 4: Dots represent RWMP Sampling sites across the TRCA jurisdiction.  Colours 
of dots represent the mean observed to expected native fish species 
richness ratio.  The four RWMP sites (Red dots) present in the upper Humber 
River watershed and the one RWMP site (red dot) present in the upper 
Duffins Creek watershed are not representative of poor quality conditions.  A 
full explanation is present in the text above in this section. (Excluding 
Frenchman’s bay). ........................................................................................................... 15 

Figure 5: IBI score charts: A) Mean IBI score per watershed and for the entire 
jurisdiction.  Mean was calculated based on combining all the data collected 
during 2001-2009.  Error bars represent standard error. Dashed lines 
represent the jurisdictional mean. B) Percentage of sites in each watershed 
per IBI stream quality.  No fish indicates no fish were captured, thus no IBI 
score could be calculated. .............................................................................................. 17 

Figure 6: A) Mean BPUE B) Mean CPUE per watershed.  Error bars represent standard 
error.   Jurisdiction represents the mean of all sites combined. .................................... 19 



 

 
 

Figure 7: Mean CPUE by thermal guild per watershed for all years of sampling (2001-
2009). Error bars represent standard error.  Jurisdiction represents the mean 
of all sites combined. - - - Notes scale change. .............................................................. 20 

Figure 8:  Mean CPUE by origin category per watershed for all years of sampling (2001-
2009). Error bars represent standard error.  Jurisdiction represents the mean 
of all sites combined. - - - Notes scale change. .............................................................. 21 

Figure 9:  Mean CPUE divided by trophic guild per watershed across all years of 
sampling (2001-2009).Error bars represent standard error.  Jurisdiction 
represents the mean of all sites combined. .................................................................... 22 

Figure 10: Mean CPUE by family guild per watershed for all years of sampling (2001-
2009).  Error bars represent standard error.  Jurisdiction represents the 
mean of all sites combined. - - - Notes scale change. .................................................... 24 

Figure 11: Mean native fish species richness per sampling period within each 
watershed.  Jurisdiction represents the mean native fish species richness 
across all watersheds combined. .................................................................................... 25 

Figure 12: Mean observed to expected native fish species richness per sampling period 
within each watershed. Jurisdiction represents the mean native fish species 
richness across all watersheds combined.  Red line indicates desired ratio or 
the ratio one should observe if all habitat and water quality conditions were 
ideal and all expected native fish species were present. ............................................... 26 

Figure 13: Mean IBI score per sampling period within each watershed. Jurisdiction 
represents the mean IBI score across all watersheds combined. Error bars 
represent the standard error.  Overlapping error bars indicate lack of 
significant difference between sampling periods. .......................................................... 27 

Figure 14: Mean BPUE per watershed per sampling period.  Jurisdiction represents the 
mean BPUE across all watersheds combined. Arrows represent a statistically 
significant trend in the direction of the arrow. ................................................................. 28 

Figure 15: Mean BPUE per watershed per sampling period.  Jurisdiction represents the 
mean BPUE across all watersheds combined. Arrows represent a statistically 
significant trend in the direction of the arrow. ................................................................. 29 

Figure 16: Mean CPUE categorized by thermal guild per watershed per sampling 
period.  Jurisdiction represents the mean CPUE across all watersheds 
combined. Arrows represent a statistically significant trend in the direction of 
the arrow.  Colors of the arrows refer to the legend. - - - Notes scale change. ............. 30 

Figure 17: Mean CPUE categorized by origin category per watershed per sampling 
period.  Jurisdiction represents the mean CPUE across all watersheds 
combined.  Arrows represent a statistically significant trend in the direction of 
the arrow.   Colors of the arrows refer to the legend. - - - Notes scale change. ............ 32 

Figure 18: Mean CPUE categorized by feeding guild per watershed per sampling 
period.  Jurisdiction represents the mean CPUE across all watersheds 
combined.  Arrows represent a statistically significant trend in the direction of 
the arrow. Colors of the arrows refer to the legend. - - - Notes scale change. .............. 34 

Figure 19: Mean CPUE by family guild per watershed per sampling period.  Jurisdiction 
represents the mean CPUE across all watersheds combined. Arrows 



 

 
 

represent a statistically significant trend in the direction of the arrow.  Colors 
of the arrows refer to the legend. - - - Notes scale change. ........................................... 36 

Figure 20: Regression analysis of native species richness vs. Road Density (km/sqr.km). 
p <0.0001 R2adj = 0.22, N = 419, Native Species Richness = 8.04 – 0.51 * 
Road Density. ................................................................................................................... 37 

Figure 21: Number of fish species (abundance) present at different road densities and 
road density scores.  Abundance values are the same as those shown in 
Table 2. ............................................................................................................................ 39 

Figure 22: ANCOVA results using an unequal slopes model of native fish species 
richness vs. road density and stream order being the categorical variable.  
Numbers and colors of lines represent stream order. .................................................... 41 

Figure 23: Regression analysis of IBI score vs. Road Density (km/sqr.km). p <0.0001 
R2adj = 0.28, N = 386, IBI Score = 27.97 – 0.968 * Road Density. .............................. 42 

Figure 24: ANCOVA results using an unequal slopes model of IBI score vs. road density 
and stream order being the categorical variable.  Numbers and colors of 
lines represent stream order. .......................................................................................... 43 

 

 

Appendices 
A1 – Total Fish Captures by Species for TRCA Jurisdiction and by Watershed 
A2 - Descriptive Statistics for Index of Biotic Integrity Analysis 
A3 - Descriptive Statistics of CPUE Analysis 
A4 - Trends and p Values for Temporal Data Analysis 

 

 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

1 
 

11..  IInnttrroodduuccttiioonn  
Many significant changes have 
occurred in the Toronto region 
since the arrival of European 
settlers, and these changes 
continue to occur at rates faster 
than those due to natural 
fluctuation. Much of the forested 
landscape was converted to 
agricultural uses in the 19th and 
(early) 20th century.  As the land 
was cleared there was a shift to 
largely surface water 
contributions to the streams. 
Many of the Toronto region’s 
watersheds would have 
historically been dominated by 
groundwater flow resulting in coldwater stream conditions and coldwater fish communities. As 
the landscape was and continues to be modified to accommodate the expanding city 
population, additional changes to the hydrology and water quality have affected our aquatic 
habitats.  Different types of land cover such as urban, agriculture or forested have  been shown 
to shape fish communities (Jackson et al., 2001; Wilson and Xenopoulos, 2008) with less 
diversity and abundance often associated with streams in urban environments.  
 
 Aquatic ecosystems that support a diverse community of fish are considered to be healthier 
and more resilient to both natural and human induced stressors such as chemical spills, floods, 
invasive species, and climate change.  Gauging the current structure of the fish community in 
our streams and rivers is an important step towards understanding how successful we are at 
protecting and managing these ecosystems.  Measuring and reporting on the state of the fish 
community over time offers a way for agencies, regional and local municipalities, community 
groups, businesses and other stakeholders, to identify when land use practices and/or 
management strategies, techniques or actions may need to be modified such that negative 
trends in fish biodiversity can be reversed or prevented.  
 
The Regional Watershed Monitoring Program (RWMP) is a science based, long-term monitoring 
initiative developed by the Toronto and Region Conservation Authority (TRCA).  Its purpose is to 
collect and report on aquatic and terrestrial ecosystem data within watersheds and across the 
Toronto region as a whole (TRCA 2001).  The program provides the data and information that 
informs the key planning and reporting mechanisms of the TRCA – specifically watershed report 
cards, watershed strategies and management plans.  Since its inception in 2001, the program 
has enhanced the planning and coordination of monitoring activities, helped standardize 
protocols, and has filled several key data gaps that have been identified (TRCA 2008).  It also 
facilitates the communication of data availability and data sharing both internally and with 
external agencies.  
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The purpose of this report is to present nine years of fish community data collected through the 
RWMP across TRCA’s 9 watersheds (Etobicoke Creek, Mimico Creek, Humber River, Don 
River, Highland Creek, Rouge River, Petticoat Creek, Duffins Creek, and Carruthers Creek) in 
order to present a current benchmark of fish biodiversity and document any spatial and 
temporal changes that have occurred or are currently occurring in our fish community.  One of 
the goals of this report is to outline the biotic and abiotic variables that influence our fish 
community.  This is accomplished by interpreting the collected fish and habitat data based on 
several biological metrics and landscape variables. 
 
This report addresses the following questions: 
 

1. What is the current state of fish biodiversity across the TRCA jurisdiction and within each 
of its nine watersheds?   

2. Are there differences in the fish community between watersheds? 
3. Has the fish community changed over time in each watershed and throughout the 

jurisdiction as a whole? 
4. What does the fish community indicate regarding the health of our streams and rivers as 

indicated by the various metrics assessed? 
5. What is the relationship between urbanization and the fish communities found within the 

region’s watersheds? 
 

22..  MMeetthhooddss  
2.1  Sample Site Selection 

A total of 149 sites across 9 watersheds (Etobicoke Creek, Mimico Creek, Humber River, Don 
River, Highland Creek, Rouge River, Petticoat Creek, Duffins Creek, and Carruthers Creek) 
were sampled between 2001 and 2009.  These sites were sampled on a 3-year rotation such 
that a total of approximately 50 sites were sampled per year between June and October (Table 
1).  The number of sites per watershed was roughly proportional to the size of the watershed 
and did not change throughout sampling. Site location remained the same throughout the 
2001-2009 sampling period.  Figure 1 indicates the location of all RWMP fish monitoring sites.   
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Figure 1: Map of the Toronto and Region Conservation Authority jurisdiction and RWMP sampling sites. 
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Table 1: Fish community and aquatic habitat sampling rotation.  Number of sites sampled each year is 
represented by n. 
 

2001, 2004, 2007 2002, 2005, 2008 2003, 2006, 2009 

Humber River (n = 38) Don River (n = 23) Duffins Creek (n = 21) 

Etobicoke Creek (n = 14) Highland Creek (n = 11) Rouge River (n = 26) 

Petticoat Creek (n = 4) Mimico Creek (n = 5) Carruthers Creek (n = 3) 

 
Sites were selected based on a random stratified design.  Random sites were selected to 
insure that a sampling location was present at each subwatershed outlet where it was wadable.  
Sites were chosen irrespective of surrounding land use.  Other sites were chosen to match 
historic sampling locations.  Some modifications of sites were initially required in order to deal 
with private property and access permission.   
 
Although fish data was collected at individual locations throughout the 9 watershed, in this 
report RWMP site data has been amassed to answer questions on a jurisdictional and 
watershed scale.  An a priori power analysis revealed a significant increase in being able to 
determine a significant change when site data was rolled up by watershed or across all 9 
watersheds (jurisdictional scale). 

2.2 Fish Community Sampling 

Monitoring surveys follow the methods outlined 
in the Ontario Stream Assessment Protocol 
(OSAP) (Stanfield 2005).  Fish communities 
were sampled with a backpack electrofisher 
(Smith Root model SR-12 or LR-24) using a 
single pass approach.  Electrofishing is a non-
lethal sampling technique that uses electric 
currents and electric fields to immobilize fish, 
allowing capture.  Captured fish were identified 
to species, weighed and measured and then 
released back into the water. Quality 
Assurance/Quality Control (QA/QC) of identified 
samples was carried out by certified TRCA staff 
and where the identification of a specimen was 
uncertain it was sent out for verification by a 
qualified fish taxonomist. 
 
Under the OSAP protocol all sample sites were set-up following a standardized geomorphic 
unit which was a minimum of two crossovers or 40m in length (OSAP 2005).  Electrofishing 
effort was undertaken at 7 to 15 seconds per square meter. 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

5 
 

 
Aquatic habitat surveys, including both in-stream and bank assessments, were completed 
subsequent to the fish community surveys. The in-stream portion assesses the characteristics 
of the habitat. The bank assessment quantifies the riparian condition and the stability of the 
land bordering the stream.  The habitat features documented at the site are not specifically 
addressed in this report. 

2.3 Data Analysis 

The collected fish community data was summarized through the use of certain biological 
metrics.  Differences or changes in these metrics between watersheds and over time and 
space were also evaluated.   The metrics included native species richness, native species 
richness ratio, the index of biotic integrity (IBI), catch per unit of effort (CPUE), and the biomass 
per unit of effort (BPUE),  
 
Native Fish Species Richness and Native Fish Species Richness Ratio:  Species richness 
is a common measure of biodiversity.  It is typically measured as the number of different 
species in a given unit of area. The TRCA is interested in protecting, improving and restoring 
habitat for native or indigenous fish species.  To understand how well we are doing in this 
regard, the number of native fish species collected at each RWMP site was compared to the 
number of native fish species that should be present in healthy rivers and streams in Southern 
Ontario based on work done by Steedman (1988).  This comparison was expressed as a ratio 
of the observed number of native fish species to expected number of native fish species.  A 
ratio of one indicated that all expected native species were present.  A ratio of 0.5 would 
indicate that only 50% of the expected native species were present.  
 
Index of Biotic Integrity:  The IBI score is a multivariate measure of stream quality that uses 
fish fauna as a biological indicator.  Nine measures, or metrics, of fish community composition, 
grouped into four categories (species richness, local indicator species, trophic composition 
and fish abundance), are used to derive the IBI score.   The IBI score is used to rate the overall 
health of the stream (site) on a scale of 9 (poor) to 45 (very good).  For more information on 
this metric please refer to Steedman, 1988. 
 
Catch per Unit Effort and Biomass per Unit Effort: CPUE is a metric that is used to estimate 
the abundance of fish per unit of area per time needed to sample that area (CPUE = 
Abundance / (Area / Time)).  Large values of CPUE indicate large population size since many 
fish are captured per unit of area and time.  BPUE is a metric used to estimate the quantity of 
fish represented in weight (BPUE = total weight of all fish / (Area / Time)).  BPUE provides an 
idea of the weight of the fish captured.  Using both metrics gives the ability to observe trends in 
fish abundance along with the systems productivity.  In general, a healthy population is one 
with a large number of individuals that have for their age and length, a specific weight. 
 
CPUE was also assessed among three thermal guilds (coldwater, coolwater, warmwater), four 
origin categories (native, invasive, non-native, and stocked), eight trophic guilds (benthic 
herbivore, benthic insectivore, benthic invertivore, carnivore, generalist, non-parasitic filterer, 
parasitic filterer, and water column insectivore), and twelve fish families (Catostomidae 
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[Suckers], Centrarchidae [Sunfishes], Cottidae [Sculpins], Cyprinidae [Carps and Minnows], 
Esocidae [Pikes], Gasterosteidae [Sticklebacks], Gobiidae [Gobies], Ictaluridae [Catfishes], 
Percidae [Perches and Darters], Petromyzontidae [Lampreys], Salmoninae [Salmon and Trout 
sub-family], and Umbridae [Mudminnows]).  Classification of fish species into origin categories 
and families was based on Mandrak and Crossman, 1992.  Classification of fish into thermal 
habitat and trophic guilds was based on the Ontario Freshwater Fishes database (Eakins, 
2002). 
 
To avoid redundancy BPUE was not assessed amongst thermal and trophic guilds, origin 
categories, or families because BPUE was co-related to CPUE and both showed very similar 
results in terms of overall trends. 

2.4 Data Analysis 

All statistical analysis assumed an alpha value of 0.05 to indicate significance.  Each metric was 
checked to meet parametric assumptions; normal distribution, homogeneity of variance, and 
unbiased sampling.  Each metric was also checked for outliers using quartile plots.  Those 
points that appeared to be outliers were checked for their validity.   No outliers were removed. 

2.4.1 Analysis of Spatial Trends  

Differences between watersheds:  Analysis of variance (ANOVA) or the Wilcoxon test was 
used in order to analyze difference between watersheds using all the data gathered throughout 
the three sampling periods per watershed as outlined in Table 1.  The Wilcoxon test was used 
when the data did not meet parametric assumptions.  An ANOVA analysis was used for those 
metrics that met parametric assumptions.  The ANOVA and Wilcoxon analysis tested the 
hypothesis “There is a significant change in a biological metric (CPUE, BPUE, Species 
Richness, or IBI) or water quality variables between watersheds.” 
 
The CPUE and BPUE data were transformed using a Loge(X + 1) transformation to improve 
normality.  The CPUE and BPUE data met all parametric assumptions.  Native species richness 
and the IBI scores were both transformed using a square root (sqrt(x)) transformation.  
However even with this transformation the data did not meet parametric assumptions.  Bar 
graphs were used to visually represent the differences viewed between watersheds. Graphical 
representation of the data (CPUE and BPUE) used actual values not the values as a result of 
the transformation. 
 
Effect of Urbanization:  Road density was used to approximate the influence of urbanization.  
The assumption was made that as urbanization of a sub-catchment increases so does the road 
density.  Road density was calculated based on the drainage area through the use of a GIS 
layer last updated in 2007.  To get a sense of what road densities are associated with what 
RWMP sites refer to Figure 3. 
 
In order to investigate differences in CPUE between different gradients of road density, road 
density scores or gradients were developed through GIS analysis.  Five road density gradients 
were used based on five equal interval classes of km of road per km2 of land area. Road 
density increased with an increase in score thus a road density score of one would have a 
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lower road density then a road density score of five.  A Wilcoxon test was used to look at 
differences in CPUE between the five road density scores.   
 
A regression analysis was used to investigate the effect of urbanization on native fish species 
richness, the IBI score, and CPUE.  To investigate at what road density the greatest loss of 
species richness has occurred and which species were lost with every 1 km increase, road 
density was classified into 13 categories each separated by 1km/km2.  As categories increased, 
so did road density.  The analysis assumes that if a species was present at a site that had a 
high road density score of 13, it can also potentially survive at a site with a road density score 
of 1.  It also assumes that species present at sites with a road density score of 13 were the 
most tolerant species.  The road density at which a species was assumed to be lost was the 
road density score at which the species was last present.  Thus, if a fish species was present at 
a road density score of 6 and absent at a road density score of 7, it would be assumed that the 
species was lost in the transition from a road density score of 6 to 7.  For this analysis only 
presence data was used.   
 
To separate the affects of stream order and road density on native species richness and IBI 
score an analysis of covariance (ANCOVA) was performed.  The ANCOVA is a general linear 
model that is a cross between an ANOVA, which answer the general question: “Are there 
significant differences between two or more groups, for example stream order two vs. Stream 
order six?”, and a regression analysis, which checks if there is a significant relationship 
between two variables (e.g. species richness or IBI score and road density).  In this report, the 
ANCOVA was used to answer the question: “does the size of the stream (represented by stream 
order which was the categorical predictor variable) affect the relationship between road density 
(continuous predictor variable) and native species richness, or IBI score (both of which are the 
dependent variables)?” This analysis tested three null hypotheses: 
 

1. The regression lines are all flat, which would imply that road density is not linearly 
related to native species richness or the IBI score.  

2. The categorical variable stream order is testing the null hypothesis that all the lines are 
at the same level of Y. That is, none are shifted up or down compared to the rest, which 
would imply that native species richness or the IBI score are not affected by stream 
order.  

3. The regression lines have the same slope and therefore are all parallel.  This would 
imply that the linear relationship between road density and native species richness or 
the IBI score is the same for each Stream Order.  This is also known as the 
homogeneity of slope assumption. 

 

In the situation that null hypothesis 2 and 3 are not falsified the ANCOVA takes on the form of a 
simple regression analysis.  

Stream order was calculated based on the Strahler method (Horton 1945, Strahler 1957).  
Stream order was assigned to each section of stream based on a digital elevation model which 
was last updated in 2010.  The stream order ranged from a low of 2 to a high of 6.  Analysis 
regarding the use of this model and its implications on data interpretation such as that of CPUE 
and native fish species richness has been presented in TRCA 2011a and b.  Due to lack of 
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RWMP sites present in streams corresponding to a stream order of six (5 in total HU003WM, 
HU007WM, HU010WM, HU012WM and DF001WM)  all data from RWMP sites with a stream 
order of 6 was removed from both the regression and ANCOVA analysis.  It was thought that 
data based on 5 sites would not be a true and precise representation of the response of 
streams with a stream order of six.  In order to test this hypothesis, a separate ANCOVA was 
run using all the data including that of the sites found within streams of the sixth order.  It was 
found that streams of order six showed an opposite relationship between road density and 
native fish species richness and road density and the IBI score compared to the other stream 
orders. 
 
RWMP sites which had no fish captured in them were removed for the ANCOVA and regression 
analysis that used the IBI score variable.  The IBI score could not be calculated for these sites 
as a division by zero error would occur since no fish were captured at these sites.  The limits of 
the IBI score are from 1 to 37 (Steedman, 1988).  For a list of missing sites refer to Table 2. 

Table 2: RWMP sites with missing IBI scores. 
 

Site Code Year 
DN004WM 2002, 2005, 2008 

DN010WMb 2005 
DN020WM 2002, 2005 
HL007WM 2002, 2005, 2008 
HL008WM 2002, 2005, 2008 
HU004WM 2004, 2007 
HU005WM 2001, 2004, 2007 
HU006WM 2001 
HU018WM 2001 
HU020WM 2007 
HU021WM 2007 
HU022WM 2007 
MM002WM 2005 
MM003WM 2005 
MM004WM 2005 
PT003WM 2003, 2008 
PT004WM 2008 
RG011WM 2009 
RG013WM 2009 
RG014WM 2009 
RG020WM 2009 
RG025WM 2009 

 

2.4.2 Analysis of Temporal Trends 

When data meets parametric assumptions, questions regarding trends are usually analyzed 
using a regression analysis however, this is only possible when both the x and y variables are 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

9 
 

continuous. These data sets consisted of the x variable being categorical (sampling period) or 
ordinal, therefore it was impossible to do a common regression of the dependent variable over 
time and have confidence in the resulting p value.  Instead the sampling period was treated as 
an ordinal variable and a Wilcoxon test was used while forcing the sampling periods to 
chronological order.  Temporal trends were also visually inspected by comparing the mean of 
each metric between sampling periods through the use of a bar graph.  All trends were 
reported on even if they were statistically invalid.  Statistically valid trends were important to 
note as they may become statistically significant as more data becomes available in the future 
sampling periods.  Overlapping error bars in the bar graphs indicated insignificant differences 
between the sampling periods. 
 

33..  RReessuullttss  aanndd  DDiissccuussssiioonn  
3.1 Jurisdictional Species Composition 

From 2001-2009 a total of 53 fish species were captured at the 149 RWMP sampling sites 
throughout TRCA’s jurisdiction.  These species represented 12 families; (Catostomidae 
(Suckers), Centrarchidae (Sunfishes), Cottidae (Sculpins), Cyprinidae (Carps and Minnows), 
Esocidae (Pikes), Gasterosteidae (Sticklebacks), Gobiidae (Gobies), Ictaluridae (Catfishes), 
Percidae (Perches and Darters), Petromyzontidae (Lampreys), Salmoninae (Salmon and Trout 
sub-family), and Umbridae (Mudminnows),  8  trophic guilds (benthic herbivore, benthic 
insectivore, benthic invertivore, carnivore, generalist, non-parasitic filterer, parasitic filterer, and 
water column insectivore), 3  thermal habitat guilds (coldwater, coolwater, and warmwater), 
and 4 different origin categories (native, non-native, invasive, and stocked). 
 
The majority of the fish captured were coolwater, native species that were either generalists or 
benthic insectivores belonging to the family Cyprinidae (Carps and Minnows), Percidae 
(Perches), or Catostomidae (Suckers) (Table 3 and Figure 8 to Figure 10) 
 
Of the 53 fish species, 46 were considered native, 4 were considered invasive (Common Carp, 
Goldfish, Round Goby, and Sea Lamprey), 1 was considered non-native but not invasive 
(Central Stoneroller), and 2 were considered stocked (Rainbow Trout and Brown Trout) (Table 
3).  A table showing the number of individuals captured of each species by sample year and 
watershed can be found in Appendix A1. 
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Table 3 - Species name, common name, thermal guild, trophic group and abundance for all species 
captured from 2001-2009. 

 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

11 
 

3.2 Species Abundance 

The 10 most abundant species (in order of their abundance) across the TRCA jurisdiction were 
the Blacknose and Longnose Dace, Creek Chub, White Sucker, Johnny Darter, Rainbow 
Darter, Common Shiner, Mottled Sculpin, and the Bluntnose and Fathead Minnow (Table 3). 
However, differences in the abundance of species occur when broken down by watershed and 
by sampling period (Appendix A1). 
 
Of particular interest was the Mottled Sculpin, which was the only coldwater species found in 
the top 10 most abundant species.  Mottled Sculpin prefer water temperatures below 17°C and 
reproduce in water temperatures of 5-16°C during April and May (Bailey 1952; Savage 1963).  
They are often used as a surrogate for trout species when assessing habitat suitability since 
they generally require similar water temperatures.  They are also a lake inhabiting species and 
can be found in the lower reaches of rivers in the transitional habitats between lake and river.  
The CPUE of Mottled Sculpin was largest in the Humber River watershed, however they were 
also captured in the Don River, Rouge River, and Duffins Creek watersheds.   

3.3 Native Fish Species Richness 

The highest native fish biodiversity (38 native fish species) was found across the sites in the 
Humber River watershed.  The Rouge River and Duffins Creek watersheds also had high native 
fish biodiversity, with a total of 29 and 31 native fish species respectively.  Native fish 
biodiversity was the lowest across sites in the Petticoat Creek watershed with a total of nine 
native fish species (Figure 2).  
 
Fish biodiversity was found to be high at RWMP sites that captured the presence of lake-based 
species near the mouth of some of the rivers.  This highlights the important link between the 
watershed and Lake Ontario ecosystems.  Where barriers (dams, weirs, culverts, etc.) were 
present downstream of the lowest RWMP station (e.g. Rouge River, Mimico Creek, Etobicoke 
Creek and Humber River), fish biodiversity was low as the connection to the lake is interrupted 
and the barriers restrict fish movement and migration (Figure 4). 
 
Invasive species were captured at some sites in all watersheds with the exception of the 
Carruthers Creek.  Part of the reason invasive species are considered invasive is because they 
cause a decrease in native fish biodiversity through their population growth and range 
expansion which often results in the extirpation of other fish species.  Species like the Common 
Carp (Cyprinus carpio) are ecosystem engineers and their presence often results in a change 
in aquatic habitat that benefits them but is detrimental to other species.  The Round Goby has 
been present in Lake Ontario since probably the early 1990’s.  Its first occurrence was in Lake 
St. Clair during1990 and by 1997 it had invaded all the great lakes.  Its presence has negatively 
impacted the lake’s native fish community (Charlebois et al. 1997).  However, only recently 
(during the 2007-2009) has the TRCA’s RWMP captured the species in our rivers and streams 
and only at sites relatively close to the lake.  Continued monitoring is necessary in order to 
assess how our native fish community responds to the Round Goby’s expansion into our 
streams and rivers. 
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The Central Stoneroller is part of the Cyprinidae family and is considered to be native to the 
southern part of Lake Ontario (United States). It has expanded its range to Northern parts of 
Lake Ontario and is the only non-native fish species captured through the RWMP in four out of 
the nine watersheds (Etobicoke Creek, Humber River, Rouge River, and Petticoat Creek) 
monitored.  Although non-native, the Central Stoneroller has not produced any obvious 
negative effects on native resident species.  Its classification as being non-native is the only 
discrepancy with the Mandrak and Crossman, 1992 classification.  Mandrak and Crossman 
classify this fish as being native but introduced and successful at establishing itself via natural 
dispersal. The Ontario Freshwater Life History fishes database classifies this fish as being 
native/introduced. 
 
Brown Trout and Rainbow Trout are stocked across the TRCA’s jurisdiction by various 
organizations.  Currently, they have been captured at sites within most watersheds.  Exceptions 
include the Etobicoke Creek and Mimico Creeks, and only a single juvenile fish was captured in 
the Highland Creek watershed.  These fish have both become naturalized to our waters and 
now add to the biodiversity of our aquatic ecosystem and help promote and support 
recreational angling.  Beginning in 2006, the Atlantic Salmon has been stocked in select 
watersheds (Duffins Creek and Humber River) in an effort to help in the recovery of the species 
and to re-introduce the Atlantic Salmon back into some of its native habitat within the TRCA’s 
jurisdiction.  The Atlantic Salmon previously occupied a natural habitat range that included all 
of our streams and rivers on the north shore of Lake Ontario thus, although stocked in some 
watersheds it is still considered a native species for this analysis. 
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Figure 2: Total species richness and richness by origin category per watershed and for the entire TRCA 
jurisdiction 2001 to 2009. 
 

3.4 Native Fish Species Richness Ratio 

Overall, in the TRCA jurisdiction (data for all sites taken together) had a mean observed to 
expected native fish species richness ratio of 0.59 (Figure 3).  Therefore, in the last nine years 
the RWMP captured and identified only 59% of the fish species we expect TRCA’s streams and 
rivers can support.  This can be interpreted as meaning that our jurisdiction as a whole is 
supporting 59% of the native fish species we expect it could support if conditions were ideal.  
The same type of reasoning can be applied to individual watersheds. Ratios between 
watersheds varied as shown in Figure 3. 
  
However, one should also note that the RWMP was not originally designed for the purpose of 
acquiring a comprehensive species inventory as it only occurs during June and September, 
and does not specifically target all the different habitat types or seasonally occurring migratory 
species that can be present in a stream.  Also, the sampling locations are not geographically 
spaced for the purpose of acquiring a comprehensive fish species inventory.  Also, the less 
than 50% ratios in the upper Humber River watershed, and the one site that received a less 
than 50% ratio in the upper Duffins Creek watershed were not indicative of poor environmental 
conditions but were rather a function of the ratio calculation.  These 5 RWMP sites have a low 
expected native species richness (five species or less) due to their comparatively low drainage 
area, hence the impact on the ratio of not finding one species is much greater at these sites 
compared to those who’s expected native species richness is greater, such as, 10 native 
species or more.  This is one of the disadvantageous of any ratio calculation because the 
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magnitude of change is dependent on the denominator and the ratio changes more drastically 
as the denominator decreases.   
 
The Wilcoxon test revealed a significant difference in the observed to expected native fish 
species richness ratio between the watershed.  Among the watersheds, the Rouge River had 
the highest ratio (0.80) followed by Duffins Creek (0.68), Humber River (0.65) and Petticoat 
Creek (0.60).  Etobicoke Creek and Carruthers Creek had mean ratios of 0.50 and 0.53 
respectively.  The Mimico Creek, Don River and Highland Creek watersheds all had ratios 
below 0.40.  The Mimico Creek watershed had the lowest observed to expected native fish 
species richness ratio (0.26) (Figure 3). Out of all 9 watersheds, the Mimico Creek, Etobicoke 
Creek, Highland Creek, and Don River are the most urbanized. 
 

 
 

Figure 3: Mean observed:expected native species richness ratio by watershed, and entire TRCA 
jurisdiction.  Red line indicates desired ratio or the ratio one should observe if all habitat conditions were 
ideal. Error bars represent ±95% confidence intervals.  

 
Despite none of the watersheds meeting the expected native fish species ratio of one, the vast 
majority (86%) of the fish species captured across all the sites within the TRCA jurisdiction 
between all sampling periods were native species.  Native species made up no less than 95% 
of the total catch in any sampling period across all 149 sites and no less than 90% of the total 
catch when the data was divided by watershed. Invasive and non-native fish species made up 
approximately 1% of the total number of fish captured across all the TRCA sites, and in any 
given sampling period in any given watershed, invasive species and non-native species made 
up less than a maximum of 10% of the total catch.  The mean CPUE of native fish species was 
also much greater compared to that of non-native and invasive species whether combining the 
data across all the sites or dividing it by watershed (Figure 17). For specific p values associated 
with native fish species richness or the native fish species richness ratio please refer to 
Appendix A4. 
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Figure 4: Observed vs. Expected Native fish species richness ratio. Dots represent RWMP Sampling sites.  The four RWMP sites (Red dots) 
present in the upper Humber River watershed and the one RWMP site (red dot) present in the upper Duffins Creek watershed are not 
representative of poor quality conditions.  A full explanation is present in the text above in this section. (Excluding Frenchman’s Bay). 
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3.5 Index of Biotic Integrity 

The jurisdictional mean IBI score was 23.6 which corresponds to an overall rating of fair (Figure 
5 and Appendix A2 Table A2-1).  The mean IBI score of the Etobicoke Creek, Mimico Creek, 
Don River, and Highland Creek watersheds was less than that of the jurisdictional mean (Figure 
5A).  The Mimico Creek and Don River watersheds had IBI scores in the range of poor while the 
Etobicoke Creek and Petticoat Creek watersheds had fair scores on the edge of poor.  Both the 
Etobicoke Creek and the Petticoat Creek watershed had an IBI value that was on the border 
between poor or fair.  The largest IBI values occurred in the Humber River, Duffins Creek, 
Rouge River, and Carruthers Creek watersheds.  These four watersheds had mean IBI score 
values that were above the jurisdictional mean and in the fair range (Figure 5A).  Although none 
of the watersheds received mean IBI scores in the good or very good range, there are 
individual sites in each watershed that are in the good range (Figure 5B).   

The percentage of sites per IBI stream quality category (very good, good, fair, and poor) varied 
per watershed as shown in Figure 5B and Appendix A2 Table A2-2.  Watersheds that received 
a mean IBI score in the category of poor (Etobicoke Creek, Mimico Creek, Don River, and 
Highland Creek) had few sites receiving IBI scores that are in the range of good (28-37) (Figure 
5B).  The Don River and Highland Creek watersheds had the lowest percentage of sites with IBI 
score values within the good range.  The Humber River watershed, followed by the Rouge 
River and Duffins Creek had more than 25% of their sites receiving IBI score values in the good 
range and less than 18% in the poor range (Figure 5B).  These watersheds also had the 3 
highest mean IBI score values (Figure 5A).  There are no watersheds with sites that have IBI 
values within the very good range. 

The IBI incorporates native fish species richness as part of its mathematical function, hence 
watersheds such as the Humber River, Rouge River, and Duffins Creek that had high IBI scores 
also had the largest values in native fish species richness. 
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Figure 5: IBI score charts: A) Mean IBI score per watershed and for the entire jurisdiction.  Mean was 
calculated based on combining all the data collected during 2001-2009.  Error bars represent standard 
error. Dashed lines represent the jurisdictional mean. B) Percentage of sites in each watershed per IBI 
stream quality.  No fish indicates no fish were captured, thus no IBI score could be calculated. 
 

3.6 Catch per Unit Effort and Biomass per unit Effort 

The jurisdictional mean CPUE was 23.57.  The CPUE ranged from a low of 0.13 obtained in the 
Don River watershed and a high of 253.15 obtained from the Humber River watershed 
(Appendix A3 Table A3-1).  The mean CPUE was greatest for sites within the Petticoat Creek, 
Highland Creek, Humber River and Etobicoke Creek watersheds.  However, these values were 
not significantly different compared to the overall jurisdictional mean or the Rouge River or 
Duffins Creek watersheds as indicated in the error bars present in  
Figure 6 B. 
 
The Petticoat Creek watershed showed an unusually large mean CPUE and large level of 
variance.  This large CPUE in Petticoat Creek was due to the unusually large number of 
Blacknose Dace captured during 2002 sampling.  This large CPUE was not repeated in either 
the 2005 or 2008 sampling hence the large standard error.  By excluding the large CPUE of 
Blacknose Dace in 2002, the mean CPUE in Petticoat Creek is reduced by approximately half.  
Combining all years of sampling for sites within the Mimico Creek, Don River and Carruthers 
Creek watersheds resulted in significantly lower values of CPUE compared to the overall 
jurisdictional mean and all the other watersheds with the exception of Petticoat Creek 
(overlapping standard error bars indicate lack of significant difference) (Figure 6 A and B).  
These differences among watersheds were also manifested when assessing the CPUE by 
thermal guilds, origin categories, trophic guilds, and fish families. 
 

A B 
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The largest range in variation among sites within a watershed, in terms of CPUE, occurred 
between sites within the Humber River watershed and between sites within the Petticoat Creek 
watershed.  The least variance occurred among sites within the Mimico Creek watershed and 
between sites within the Carruthers Creek watershed (Appendix A3).  This is indicative of the 
variation in habitat and water quality conditions that occur throughout these watersheds.  
Watersheds such as the Humber River span a large geographic area and thus have sites that 
are present in both ideal and disturbed or degraded habitats.  Thus, some sites in the Humber 
River may have a large number of fish while others may have very few.  The large level of 
variance may also speak to the lack of connectivity between the sites within the watershed and 
the fluctuating level of disturbance experienced by different regions of the watershed.  
Structures such as dams or weirs can prevent fish from occupying even the most ideal 
habitats, hence decreasing their abundance at sites near these barriers to movement and/or 
migration.  Sites in urbanized areas or downstream of urbanized areas are more prone to 
frequent and fluctuating levels of disturbance, including changes in water quality, water level, 
water temperature and flow regime, which in turn influence where fish choose to aggregate 
within the stream and increase the source of variation amongst sampling locations and 
periods.  Such is the case for the RWMP sites found within the Petticoat Creek watershed 
which experience changes in flow and water volume rendering some sites dry or with too little 
water to support fish thus affecting the CPUE and BPUE at the site.   Watersheds that show low 
variation are indicative of sites that span similar habitat or have similar levels of quality 
throughout, thus the sites have similar numbers of fish present. 
 
Combining all years of sampling the mean BPUE was greatest for sites within the Humber River 
and Rouge River watersheds ( 
Figure 6 A).  Sites within the Don River or Carruthers Creek watersheds resulted in significantly 
lower values of BPUE compared to the overall jurisdiction mean.  The largest variation in BPUE 
amongst sites within a watershed occurred between sites within the Mimico Creek watershed 
and between sites within the Rouge River watershed.  The least variation occurred between 
sites within the Petticoat Creek watershed and those sites found in the Carruthers Creek 
watershed (Appendix A3 Table A3-1). 
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Figure 6: A) Mean BPUE B) Mean CPUE per watershed.  Error bars represent standard error.   
Jurisdiction represents the mean of all sites combined. 
  
3.7 CPUE and Thermal Regime 

The majority of fish captured across our jurisdiction were coolwater species that prefer water 
temperatures ranging from 18°C to 24°C (Figure 7).  As a result the mean jurisdictional CPUE of 
coolwater fish (20.59) was significantly greater than that of either warmwater (temperature 
preference > 25°C) or coldwater (temperature preference < 18°C) fish (CPUE: Warmwater 1.5, 
Coldwater 1.11).  When examining the data by watershed it was found that higher mean CPUEs 
of coldwater fish were found in the Humber River (2.28), Rouge River (0.76), and Duffins Creek 
(2.07) watersheds.  This was expected given the origins of these watersheds in the Oak Ridges 
Moraine and abundant headwater tributaries.  The greatest mean CPUE of warmwater fish was 
in the Petticoat Creek.  The Etobicoke Creek (2.83) and Carruthers Creek (2.62) watersheds 
also had a high CPUE for warmwater species (Figure 7).  For a full list of species by thermal 
regime please refer to (Table 3).  For specific descriptive statistics e.g. mean, minimum, 
maximum, standard deviation and variance please refer to Appendix A3 (Table A3-2). 
 

A B 
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Figure 7: Mean CPUE by thermal guild per watershed for all years of sampling (2001-2009). Error bars 
represent standard error.  Jurisdiction represents the mean of all sites combined. - - - Notes scale 
change. 
 

3.8 CPUE and Fish Species Origin 

Approximately 95% of the total CPUE was attributed to the capture of native fish species, both 
on a watershed basis and across the jurisdiction.  The mean CPUE of native fish species 
(Jurisdictional CPUE 22.5) was significantly greater compared to that of either invasive 
(Jurisdictional CPUE 0.11), non-native (Jurisdictional CPUE 0.31), or stocked (Jurisdictional 
CPUE 0.27) fish species (Figure 8).  The mean CPUE of non-native fish was strictly a function of 
the abundance of the Central Stoneroller which was the only fish species considered non-
native within the TRCA jurisdiction.  The Humber River, Rouge River, and Duffins Creek 
watersheds are the only watersheds that had sites which contained Rainbow and Brown Trout.  
These were the only two stocked fish species that the TRCA captured through its RWMP 
monitoring program during 2001-2009 sampling.  The CPUE of invasive species was a function 
of the abundance of the Common Carp, Round Goby, Goldfish, and Sea Lamprey.  During nine 
years of sampling the Carruthers Creek watershed was the only watershed that had no invasive 
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species captured within its sites. Descriptive statistics e.g. mean, minimum, maximum, 
standard deviation and variance for species origin are presented in Appendix A3 (Table A3-3).  
 

 

Figure 8:  Mean CPUE by origin category per watershed for all years of sampling (2001-2009). Error bars 
represent standard error.  Jurisdiction represents the mean of all sites combined. - - - Notes scale 
change.  
 

3.9 CPUE and Trophic Guild 

The mean CPUE of generalists (Jurisdictional CPUE 11.58) and benthic insectivores 
(Jurisdictional CPUE 10.04), both by watershed or throughout the jurisdiction, was significantly 
greater than that of any of the other trophic guilds (Figure 9).  Overall there was no significant 
difference in the mean CPUE of generalists and benthic insectivores within the same watershed 
with the exception of Highland Creek and Petticoat Creek (Figure 9).  The large mean CPUE of 
generalists in Petticoat Creek was a result of the unusually large number of Blacknose Dace 
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captured during 2002 sampling.  The large mean CPUE of generalists in Highland Creek was 
also due to the large number of Blacknose Dace captured during all three years of sampling. 
For a list of species subdivided by trophic guild please refer to Table 3.  Descriptive statistics 
e.g. mean, minimum, maximum, standard deviation and variance for trophic guilds are 
presented in Appendix A3 (Table A3-4). 
 

 

Figure 9:  Mean CPUE divided by trophic guild per watershed across all years of sampling (2001-
2009).Error bars represent standard error.  Jurisdiction represents the mean of all sites combined. 
 - - - Notes scale change.  
 

3.10 CPUE and Fish Families 

Significant differences were seen among the fish families found across the jurisdiction as a 
whole and between watersheds (Figure 10).  With the exception of Carruthers Creek the mean 
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CPUE of the Cyprinidae family (Carps and minnows) (Jurisdictional CPUE 16.29) was 
significantly greater than any other family groups.  The Carruthers Creek watershed was 
comprised of both Cyprinidae and Percidae (Perch and Darters).  Throughout the jurisdiction, 
the mean CPUE of Perches (3.56) was the second largest CPUE out of all the families.  The 
mean CPUE of fish belonging to the Catostomidae family (Suckers) was third largest across the 
jurisdiction (1.66) and within the Don River (1.47), Highland Creek (2.73), and Rouge River (1.9) 
watersheds.  The Catastomidae CPUE was largely attributed to the large abundance of the 
White Sucker.  The Northern Hog Sucker was the only other fish species in the Catastomidae 
family that was captured through the 2001-2009 sampling.  Overall, fish belonging to the 
Catostomidae (Suckers), Centrarchidae (Sunfishes), Cottidae (Sculpins), Esocidae (Pikes), 
Gasterosteidae (Sticklebacks), Gobiidae (Gobies), Ictaluridae (Catfishes), Petromyzontidae 
(Lampreys), Salmoninae (Salmon and Trout), and Umbridae (Mudminnows) families had similar 
values of CPUE however, slight differences in the mean CPUE did occur between watersheds.   
 
Salmoninae (Salmon and Trout) had a significantly greater mean CPUE (1.56) in the Duffins 
Creek watershed compared to other watersheds.  The mean CPUE of the Sunfish family (0.9) 
was significantly greater in sites within the Carruthers Creek watershed.  The mean CPUE of 
Sculpins (1.52) was significantly greater in sites within the Humber River watershed.  The 
Gobiidae family (0.38) was significantly greater in the Mimico Creek watershed.  Fish belonging 
to the Stickleback family had significantly greater mean CPUE values in Etobicoke Creek 
(1.24), Highland Creek (0.74), and Rouge River (0.76) watersheds.  The mean CPUE of the Pike 
and Mudminnow families was significantly less than that of any other fish family (Figure 10).  
This was expected as the species in these families have habitat requirements more often found 
in lentic systems as opposed to lotic systems.  For a list of species by family group please refer 
to Table 3.  Descriptive statistics e.g. mean, minimum, maximum, standard deviation and 
variance for fish families are presented in Appendix A3 (Table A3-4).    
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Figure 10: Mean CPUE by family guild per watershed for all years of sampling (2001-2009).  Error bars represent standard error.  Jurisdiction 
represents the mean of all sites combined. - - - Notes scale change.
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3.11 Trends over Time 

3.11.1 Native Fish Species Richness and Native Fish Species Richness Ratio 

No significant trend in native fish species richness was detected between the three RWMP 
sampling periods: 2001-2003, 2004-2006 and 2007-2009 when combining the data from all 
sites across the TRCA jurisdiction or by watershed. However, visual inspection of the data 
suggests slight but consistent increases in the native fish species richness in the Humber River, 
and Carruthers Creek watersheds (Figure 11).  This trend may become significant in the future 
as restoration activities, barrier removal or other improvements to the watershed continue to be 
implemented.   
 

 
 

Figure 11: Mean native fish species richness per sampling period within each watershed.  Jurisdiction 
represents the mean native fish species richness across all watersheds combined.  
 
Similarly to the native fish species richness, no significant difference in the observed to 
expected native fish species richness ratio was detected. In general the RWMP sampling 
documented approximately 60% of the native fish species that would be expected throughout 
the jurisdiction. The native fish species richness ratios between the watersheds and sampling 
years vary when examining the data among the individual watersheds per sampling period.  Of 
all the watersheds, the Rouge River showed the highest ratio for all three sampling years 
followed by the Duffins Creek and then the Humber River watershed (Figure 12).   



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

26 
 

 

Figure 12: Mean observed to expected native fish species richness per sampling period within each 
watershed. Jurisdiction represents the mean native fish species richness across all watersheds 
combined.  Red line indicates desired ratio or the ratio one should observe if all habitat and water quality 
conditions were ideal and all expected native fish species were present. 
 

3.11.2 Index of Biotic Integrity 

Similar to the native species richness, no significant difference in the mean IBI score was 
detected between the three RWMP sampling periods across the TRCA jurisdiction or within a 
watershed (Figure 13). However, visual inspection of the data suggests consistent increases in 
the mean IBI score within the Carruthers Creek watershed and slight increases in the mean IBI 
score across the Jurisdiction and within the Etobicoke Creek and Don River watersheds.  
These trends may become significant over time.   
 
In general, the mean IBI score for the Jurisdiction and within each watershed were in the good 
or fair category during all sampling periods.  However, as the range of the data suggests, there 
are RWMP sites that have IBI scores that are either very poor or good (Figure 13). If the IBI 
score increased significantly one should also observe an increase in native species richness.  
Currently, the lowest IBI scores were attributed to the Mimico Creek, Don River, and Highland 
Creek watersheds.  These watersheds also had low values of mean native species richness 
(Figure 11) and are generally associated with higher levels of urbanization.  The highest IBI 
scores were in the Humber River, Rouge River and Duffins Creek watersheds.  Similarly these 
watersheds also had the greatest values of mean native species richness and were considered 
to be ≈ 1/3 urbanized.  Carruthers Creek also received a rather high IBI score in 2009 
(sampling period of 2007-2009) however, this should be interpreted with caution since the 
mean IBI score, as well as the other data analyzed for the Carruthers Creek watershed was 
based on only three RWMP sampling locations.   
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Figure 13: Mean IBI score per sampling period within each watershed. Jurisdiction represents the mean 
IBI score across all watersheds combined. Error bars represent the standard error.  Overlapping error 
bars indicate lack of significant difference between sampling periods. 
 
3.11.3 Catch per Unit Effort and Biomass per Unit Effort 

A significant increase in the mean CPUE and BPUE between the three sampling periods was 
detected when combining the data across all sites within the jurisdiction (Figure 15 and Figure 
15) The Highland Creek watershed showed a significant increase in CPUE but not BPUE.  The 
opposite was true for the Rouge River watershed. No other significant trends in either metric 
were detected.  For specific p values associated with the CPUE and BPUE temporal trends 
please refer to Appendix A4. 
 
Although most watersheds showed no significant difference among sampling periods, certain 
non-significant trends within watersheds appeared when inspecting the data visually.  These 
trends showed slight increases in CPUE and BPUE with more recent sampling periods with the 
exception of Petticoat Creek which showed a decreasing trend (Figure 15 and Figure 15) in 
both metrics and the Etobicoke and Mimico Creek watersheds which showed a decrease in 
mean BPUE.  Variation in both CPUE and BPUE is expected as fish populations experience 
natural variation in year class strength.  However, this natural variation in CPUE and BPUE has 
to be continuously monitored in order to be able to recognize when a fish population is 
changing outside of its normal yearly variation. 
 
In general, the fish species that most contributed to the significant increase in mean CPUE and 
BPUE were the Longnose Dace, Blacknose Dace, Johnny Darter, Rainbow Darter, Common 
Shiner, Bluntnose Minnow, Fathead Minnow, and the Fantail Darter (Listed from most to least 
abundant during the 2007-2009 sampling period).  Each of these species had an increase in 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

28 
 

abundance from 2001-2009 (Appendix A1).  Results vary between watersheds however, these 
eight fish species were always part of the species that experienced an increase in abundance.  
The significant increase in mean CPUE within the Highland Creek watershed was a result of the 
increase in abundance of mainly the Bluntnose Minnow but also the Fathead Minnow, Brook 
Stickleback, and the Sand Shiner.  The significant increase in the mean CPUE within the Rouge 
River was attributed to mainly the increase in abundance of the Longnose and Blacknose 
Dace, Johnny Darter, Rainbow Darter, but also the Brook Stickleback, and Mottled Sculpin.  
The Mimico Creek watershed experienced a rather higher CPUE and BPUE during 2005 
(sampling period 2004-2006) (Figure 15 and Figure 15), which was a result of an increased 
capture of White Sucker (Appendix A) during 2005. The decrease in mean CPUE and BPUE 
(Figure 15) within the Petticoat Creek watershed was a result of the decrease in abundance of 
the Blacknose Dace and the Creek Chub (Appendix A1).  These species were also responsible 
for the large peak in CPUE of coolwater, native, generalists feeders, and Cyprinidae during 
2002 (sampling period 2001-2003) in the Petticoat Creek watershed (Figure 16 to Figure 19). 
 

 

Figure 14: Mean BPUE per watershed per sampling period.  Jurisdiction represents the mean BPUE 
across all watersheds combined. Arrows represent a statistically significant trend in the direction of the 
arrow. 
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Figure 15: Mean BPUE per watershed per sampling period.  Jurisdiction represents the mean BPUE 
across all watersheds combined. Arrows represent a statistically significant trend in the direction of the 
arrow. 
 

3.11.4 CPUE and Thermal Regime 

When broken down by thermal guild, CPUE revealed that coolwater species had significantly 
increased during 2001 to 2009 across the jurisdiction and specifically in the Rouge River 
watershed (Figure 16). Visual inspection of the data suggests increases (non-significant) in the 
mean CPUE of coolwater fish species over time in the Humber River, Don River, and Highland 
Creek watersheds (Appendix A4).  These trends were mainly due to the increase in abundance 
of one or a combination of the following fish species; Blacknose Dace, Longnose Dace, Creek 
Chub, White Sucker, Johnny Darter, Rainbow Darter, and Common Shiner.  No significant 
trend was found in the mean CPUE of warmwater fish species either across the jurisdiction or 
by watershed. Visual inspection of the data suggests slight increases (non-significant) in the 
mean CPUE of warmwater fish species over time in the Mimico Creek and Humber River 
watersheds and across the TRCA’s jurisdiction (Figure 16). This was mainly due to the increase 
in abundance of the Bluntnose Minnow and Fathead Minnow.  The mean CPUE of coldwater 
species significantly increased over time only in the Duffins Creek watershed (Figure 16).  This 
was due to the increase in abundance of Rainbow Trout.  No significant difference in the mean 
CPUE of cold species was detected for the other watersheds or for the jurisdiction.  No visual 
trends in the mean CPUE of cold water species were detected.  To view specific p values 
associated with the described mean CPUE per thermal regime trends please refer to Appendix 
A4.   
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Figure 16: Mean CPUE categorized by thermal guild per watershed per sampling period.  Jurisdiction 
represents the mean CPUE across all watersheds combined. Arrows represent a statistically significant 
trend in the direction of the arrow.  Colors of the arrows refer to the legend. - - - Notes scale change. 
 
3.11.5 CPUE and Fish Origin 

When broken down by origin categories, the analysis revealed that the CPUE of native species 
has significantly increased during 2001 to 2009 in the jurisdiction as a whole and in the Don 
River, Highland Creek and Rouge River watersheds (Figure 17).  Visual inspection of the data 
suggests slight, but non-significant increases in the mean CPUE of native fish species over time 
in the Humber River and Don River watersheds (Figure 17 and Appendix A4).  The fish 
responsible for these trends are the 12 most abundant fish found within the TRCA jurisdiction 
as shown in Table 3. The mean CPUE of native fish species was also significantly greater than 
that of invasive, non-native, or stocked species (Figure 17)  
 
No significant difference was found in the mean CPUE of invasive species between the three 
sampling periods (2001-2003, 2004-2006, 2007-2009) in the TRCA jurisdiction or within each 
watershed.  However, Etobicoke Creek, Mimico Creek, Humber River and Duffins Creek 
showed higher CPUE of invasive species captured in the sampling period of 2007-2009 
compared to the two other sampling periods (Figure 17) but, the trends were not significant 
(Appendix A4).  The Highland Creek watershed showed the reverse trend as it had a larger 
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mean CPUE of invasive species in 2001-2003 compared to the other two sampling periods. 
This was attributed to the decrease in abundance of Goldfish and the Common Carp during the 
3 sampling periods (Appendix A1).    
 
The increased CPUE of invasive species in the Humber River during 2007-2009 was attributed 
to the capture of the Round Goby during 2007 sampling at site HU003WM.  Prior to the 2007-
2009 sampling, the Round Goby had not been captured in the Humber River watershed 
(Appendix A1).  In Etobicoke Creek, Mimico Creek and Duffins Creek the capture of the Round 
Goby during the 2007-2009 sampling period (not captured in 2001 or 2004 in Etobicoke Creek, 
2002 or 2005 in Mimico Creek, and 2003 or 2006 in Duffins Creek) was also responsible for the 
increase in CPUE of invasive species (Figure 17).  To view specific p values associated with the 
temporal trends of mean CPUE per origin category please refer to Appendix A4.  
 
Visual inspection of the data suggested an increase in the mean CPUE of non-native fish in the 
Etobicoke Creek and Mimico Creek watersheds (Figure 17).  This was attributed to the increase 
in abundance of the Central Stoneroller.  Visual analysis of data also suggests an increase in 
the mean CPUE of stocked species in the Duffins Creek watershed (Figure 17).  This was 
mainly due to the increase in abundance of the Rainbow Trout. To view specific abundance 
values per fish species per sampling year please refer to appendix A1.   
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Figure 17: Mean CPUE categorized by origin category per watershed per sampling period.  Jurisdiction 
represents the mean CPUE across all watersheds combined.  Arrows represent a statistically significant 
trend in the direction of the arrow.   Colors of the arrows refer to the legend. - - - Notes scale change. 
 
3.11.6 CPUE and Trophic Guild 

When broken down by trophic guild, CPUE revealed a significant increase across the 
jurisdiction in generalist, benthic insectivore, and benthic invertivore type feeders (Figure 18).  
A significant decrease in the mean CPUE of parasitic filter feeders was also detected (Figure 
18).  A decrease in parasitic filter feeders was also observed in the Rouge River and Duffins 
Creek watersheds however, these trends were not significant (Figure 18).  This decrease was 
mainly attributed to the decrease in abundance of the Sea Lamprey which was not captured by 
the RWMP in any other watershed apart from the two mentioned above (Appendix A1).  The 
reduced abundance of Sea Lamprey was attributed to the continuing implementation of sea 
lamprey control.  This included either the use of lampricides, the building of Sea Lamprey 
barriers, such as that in Duffins Creek, and adult live trapping of Sea Lampreys. 
 
The mean CPUE of generalists significantly increased in the Don River and Highland Creek 
watersheds (Figure 18).  The increase in abundance of Blacknose Dace, White Sucker, Creek 
Chub and Fathead Minnow were mainly responsible for this trend (To view specific abundance 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

33 
 

values per fish species per sampling year refer to appendix A1).  The mean CPUE of benthic 
insectivores and water column insectivores significantly increased in the Rouge River 
watershed during the 2001-2009 sampling periods (Figure 18), due to the increase in 
abundance of the Rainbow Darter and the Johnny Darter (Fantail Darter was also responsible 
for this trend when combining data across our Jurisdiction) (Figure 18 and Appendix A1).  The 
increase in CPUE of water column insectivores was mainly due to the increased abundance of 
the Brook Stickleback.  The Etobicoke Creek watershed also revealed a significant increase in 
the mean CPUE of benthic herbivores (Figure 18).  This was mainly attributed to the increase 
occurrence of the Central Stoneroller (Appendix A1).  The mean CPUE of carnivores was 
shown to significantly increase in the Duffins Creek watershed (Figure 18).  This was attributed 
to the increased abundance of Rainbow Trout (Appendix A1).  To view specific p values of 
temporal trends associated with the mean CPUE per feeding guild please refer to Appendix A4. 
 



 
RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99

August  2011
 

34 
 

 

Figure 18: Mean CPUE categorized by feeding guild per watershed per sampling period.  Jurisdiction represents the mean CPUE across all 
watersheds combined.  Arrows represent a statistically significant trend in the direction of the arrow. Colors of the arrows refer to the legend. - - - 
Notes scale change. 
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3.11.7 CPUE and Fish Family 

When broken down by family, CPUE revealed that the number of individual fish belonging to 
the Cyprinidae family significantly increased during 2001 to 2009 across the jurisdiction and in 
the Mimico Creek and Don River watersheds (Figure 19).  The Humber River, Highland Creek, 
and Rouge River watersheds showed a non-significant increase in the mean CPUE of fish 
belonging to the Cyprinidae family (Figure 19).  The large abundances of the Blacknose Dace, 
Longnose Dace, Creek Chub, and Common Shiner were responsible for the increase in the 
mean CPUE of Cyprinidae (To view specific abundance values per fish species per sampling 
year please refer to appendix A1).  The Gobiidae family also showed a significant increase on a 
jurisdictional scale.  This was solely attributed to the increase in abundance of the Round Goby 
(Appendix A1) specifically within the Etobicoke Creek, Mimico Creek, Humber River, and 
Duffins Creek watersheds.  During the 2007-2009 sampling period the Round Goby was only 
captured at the first RWMP site directly upstream from the river mouth.    
 
The mean CPUE of Percidae significantly increased during 2001 to 2009 in the Rouge River 
watershed.  A non-significant increase of Percidae was also observed in the Mimico Creek, 
Humber River, and Carruthers Creek watersheds and across the jurisdiction (Figure 19).  The 
increase in the mean CPUE of the Percidae family was attributed to the increased abundance 
of the Rainbow Darter, Johnny Darter, and Fantail Darter (Appendix A1).  Also, a significant 
decrease of Centrarchids was observed in the Rouge River watershed (Figure 19).  This was a 
result of a decrease in abundance of the Rock Bass and Pumpkinseed (Appendix A1).  The 
opposite, but non-significant trend was observed in the Carruthers Creek watershed.  The 
increase in abundance of the Pumpkinseed was responsible for this visual trend in increasing 
CPUE of Centrarchidae.  The Duffins Creek watershed showed a significant increase in the 
mean CPUE of fish belonging to the Salmonidae family (Figure 19).  This was attributed to an 
increase in the abundance of Rainbow Trout.  It is also interesting to note that as the 
abundance of Rainbow Trout increased in the Duffins Creek watershed the abundance of 
Brown Trout and Brook Trout has decreased. This pattern between the Rainbow Trout and the 
two other trout species was also present in the Rouge River and Humber River watershed sites 
(appendix A1). To view specific p values associated with the described mean CPUE temporal 
trends per family please refer to Appendix A4. 
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Figure 19: Mean CPUE by family guild per watershed per sampling period.  Jurisdiction represents the mean CPUE across all watersheds 
combined. Arrows represent a statistically significant trend in the direction of the arrow.  Colors of the arrows refer to the legend. - - - Notes scale 
change. 
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3.12 Relationships with Urbanization 

Metrics such as native species richness, the IBI, and CPUE are often used as indicators of the 
current state of fish biodiversity and the overall health of the fish community.  Summarizing 
such data over time and between watersheds provides useful information on how the fish 
community is changing and can even be used to foreshadow how the community will likely 
continue to change.  In order to investigate how different degrees of urbanization influence the 
fish communities found within the region’s watersheds, several metrics, such as native fish 
species richness, IBI score, and CPUE were looked upon in order to see if and how they 
change between different degrees of road density. Road density was used to approximate the 
influence of urbanization.  The assumption was made that as urbanization of a sub-catchment 
increases so does the road density. 
 
3.12.1 Native Fish Species Richness 

In general native fish species richness and the observed to expected native fish species 
richness ratio decreased from north to south in every watershed (Figure 4).  As illustrated in 
Figure 20 and Table 4, native fish species richness significantly decreased as road density 
increased. Based on the regression analysis (Figure 20), an increase of two kilometers of road 
per km2 of area represented a loss of approximately 1.04 native fish species.  The change from 
a low road density of 2.70 km/km2, to a high road density 13.31 km/km2 resulted in a loss of 
native species richness by approximately 54% (Table 4). 
 

 

Figure 20: Regression analysis of native species richness vs. Road Density (km/sqr.km). p <0.0001 
R2adj = 0.22, N = 419, Native Species Richness = 8.04 – 0.51 * Road Density. 
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Table 4: Results of Wilcoxon test: Calculated mean of metric compared to road density score (1-5) and 
road density (0-13.31 km/km2).  Trend column shows the trend of the metric with increasing road 
density.  Blank trend indicates lack of trend.  Darker hues of blue indicate greater mean value per metric. 
 

 

 
Based on presence absence data, sites with road density scores of 12 and 13 only had four 
native fish species present; Blacknose Dace, Longnose Dace, Creek Chub, and White Sucker 
(Figure 21).  The greatest decrease in native fish species occurred at road density scores of 10 
to 12 (road density of 9-12 km/km2) (Figure 21).   
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Figure 21: Number of fish species (abundance) present at different road densities and road density scores.  Abundance values are the same as 
those shown in Table 3.   
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ANCOVA analysis revealed that native fish species richness was significantly different between 
stream orders when road density was statistically controlled (Figure 22).  More importantly, 
native fish species richness decreased with an increase in road density in all stream orders with 
the exception of streams of order six.  However, the regression line based on data associated 
with streams of order six was based on a sample size of five and hence was thought to be 
insufficient to support the overall pattern of decreasing native fish species richness with an 
increase in road density as depicted in Figure 20 and as shown by all other stream orders 
during the ANCOVA (Figure 22). With the exception of stream order six, all stream orders 
showed the same overall decreasing pattern of native fish species richness with an increase in 
road density.  In the case of stream of order six it is suggested that more data is needed to 
produce a more precise relationship between road density and native fish species richness that 
is specific to fish species living in streams of higher stream order.   
 
The ANCOVA (Figure 22) showed that road density and stream order accounted for 43.63% of 
the variation observed in native fish species richness when including the affect of stream order.  
This was almost double the variation explained when compared a simple regression analysis 
(Figure 20).  However, both the regression analysis and the ANCOVA showed the same 
general negative trend between native fish species richness and road density. 
 
The significant difference in species richness between stream orders was expected as per the 
river continuum concept (Vannote et al. 1980).  According to this concept larger streams 
should have a more diverse biotic community compared to smaller ordered streams.  The 
response in community change is reflective of the change in stream habitat, channel 
morphology, stream thermal conditions, and detritus loading.  Larger streams typically can 
support a greater biomass of biota as they accumulate nutrients from head waters.  However, 
the biota in head waters is expected to be different compared to lower reaches of the same 
lotic system as habitat conditions change from head waters to lower reaches.  Aside from 
headwaters being expected to have a different aquatic community typically less biodiverse 
compared to lower reaches, headwaters are also thought to be more dependent on energy 
inputs from the surrounding terrestrial environment (Vannote et al.1980).  Therefore, the same 
change in road density indicating a change in land use would have a greater impact on 
headwater reaches compared to lower reaches which are more directly dependent on energy 
being transferred from headwaters than the energy inputs from the surrounding terrestrial 
habitat.  Hence, higher ordered streams are typically described as being autotrophic while 
headwater streams are typically described as being heterotrophic (Vannote et al.1980). 
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Figure 22: ANCOVA results using a separate slopes model of native fish species richness vs. road 
density and stream order.  Numbers and colors of lines represent stream order. 
   
3.12.2 Index of Biotic Integrity 

Similar to native species richness, the IBI score significantly decreased with an increase in road 
density (Figure 23).  Regression analysis revealed that road density was responsible for 28% of 
the variation observed in the IBI score (Figure 23).  As shown by Table 4, with every one 
increase in road density score the IBI score decreased on average by 0.95 (± 3.28 ST Dev).  
The difference in IBI values associated with a road density of 2.7 km/km2 and 13.31 km/km2 
was 3.81. The increase in IBI score from a road density score of four to five (Table 4) was 
attributed to the affect of lake based species being present at some of the RWMP sites located 
near the lake that lack barriers to migration (Figure 4). This coupled with a small sample size of 
points with a road density score of five resulted in a higher IBI score at a road densities of 10.7 
and greater compared to that of road densities of 10.69 and less than 10.69.  
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Figure 23: Regression analysis of IBI score vs. Road Density (km/sqr.km). p <0.0001 R2adj = 0.28, N = 
386, IBI Score = 27.97 – 0.968 * Road Density. 
 
Similar to native fish species richness, ANCOVA revealed that the IBI score was significantly 
different between stream orders when road density was statistically controlled (Figure 24).  
Unlike native fish species richness, the IBI score decreased with an increase in road density in 
all stream orders.  Road density explained 31.01% of the variation observed in the IBI score 
when including the affect of stream order (Figure 24).  Both the regression analysis (Figure 23) 
and the ANCOVA (Figure 24) showed the same general trend of decreasing IBI score with 
increasing road density.  These results were expected as native fish species richness was part 
of the IBI function hence, the two are correlated and should show similar results.  An interesting 
observation was that although native fish species richness increased with increasing stream 
order (TRCA 2011A), ANCOVA analysis revealed that lower ordered streams, two, three, and 
four, tended to have higher IBI scores compared to larger ordered stream such as those of 
order five or six.  This was interesting because native fish species richness positively influences 
the IBI score hence a decrease in native fish species richness should result in a decrease in the 
IBI score.  It is speculated that the decrease in CPUE with road density has a stronger negative 
effect on the IBI score than the increase of native fish species with increasing stream order.  
Hence the greater the IBI score in lower order streams despite lower ordered streams having 
less species richness compared to higher ordered streams. 
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Figure 24: ANCOVA results using an unequal slopes model of IBI score vs. road density and stream 
order being the categorical variable.  Numbers and colors of lines represent stream order.   
 
3.12.3 CPUE and BPUE 

CPUE and BPUE were significantly different amongst different road densities.  The data 
suggests that CPUE and BPUE significantly decreased as road density increased (Table 4).  
Regression analysis showed that the relationship between CPUE and road density was weak 
although significant.  
 
Road density only explained 1.3% of the variation observed in CPUE.  This may be due to the 
interactions between different families and specific fish species.  As the CPUE of one fish family 
or fish species declined, the CPUE of another family or fish species increased making CPUE 
appear as it did not change with road density when in fact the loss in CPUE of one family or 
species was simply being replaced by the gain in another fish species or fish family.  Evidence 
of such fish species substitution appears in the abundance of the Rainbow Trout vs. the 
abundance of the Brook and Brown Trout abundance data.  Beecher et al. 1988 also found 
replacement to occur between salmonid species; Brook Charr, Salvelinus fontinalis, and 
Cutthroat Trout, Salmo clarki.  
 
Finally, it is also possible that the relationship between CPUE and road density is not linear but 
rather dependent on some threshold of road density (as the above road density analysis 
suggests).  Hence the significant result of the ANOVA analysis of CPUE vs. road density score 
but, weak overall relationship between road density and CPUE as indicated by the regression 
analysis.   The decline in CPUE of certain fish families, trophic guilds, or species may occur 
once a certain threshold of road density is crossed.  Prior to this threshold CPUE may only 



RR WW MM PP  FF ii ss hh  CC oo mm mm uu nn ii tt yy  SS uu mm mm aa rr yy   22 00 00 11 -- 22 00 00 99
August  2011

 

44 
 

slightly vary.  Further analysis in order to determine such a threshold and where it exists is 
warranted. 
 
In a review paper on the impacts of roads on aquatic and terrestrial ecosystems, Carnefix and 
Frissell argue that no truly “safe” threshold of road density exists, and negative impacts begin 
to be observed at road densities as low as 0.6 km per square km (Carnefix and Frissell. 2001).    

3.12.4 CPUE and Fish Family 

Mean CPUE per family revealed that the mean CPUE of Centrarchidae (Sunfishes), Cottidae 
(Sculpins), Percidae (Perches and Darters), Petromyzontidae (Lampreys), and Salmoninae 
(Salmon and Trout) were significantly lower at sites associated with large road densities (Table 
4).  The other families did not have a significant relationship with road density. 

3.12.5 CPUE and Trophic Guild 

When grouped by trophic guild, the mean CPUE of carnivores and benthic insectivore’s fish 
was also significantly different amongst different road densities (Table 4).  In general larger 
road densities showed lower mean CPUE values.  The decrease in the mean CPUE of 
carnivores fish can be explained by the relationship between Salmonindae and road density.  
The majority of the identified carnivores fish were also part of the Salmonidae sub family.  The 
majority of fish in the Salmonidae family are considered to be coldwater species whose range is 
limited by the availability and access to cold water refugia.  Water temperature often increases 
as the surrounding landscape becomes more urbanized (Hughes et al. 2006)  thus decreasing 
the availability of habitat for coldwater fish such as Brook Trout and Brown Trout which are both 
carnivores and part of the Salmonidae sub family. 
 
The decrease in benthic insectivores fish is hypothesized to be related to the amount and type 
of benthic insects present at sites with large road densities.  The abundance of benthic 
invertebrates especially insects should decrease in areas where the stream experiences 
siltation thus changing the benthic habitat.  Unless fish can adapt and switch prey items they 
may become prey limited and choose to leave the habitat in search of one that provides more 
food.  
 
The mean CPUE of generalists also significantly changed with road density (Table 4).  
However, the significant difference appeared to be less in magnitude then that of the carnivores 
and benthic insectivores.  This was somewhat expected as fish that are considered generalists 
are also thought to be more hardy, tolerant fish that are well suited to a variety of conditions 
and habitats. No other significant differences were found amongst any of the other trophic 
guilds.   

3.12.6 CPUE and Thermal Guild and Fish Origin 

Separating CPUE by thermal guild revealed a significantly difference amongst all thermal guilds 
between different road density scores. CPUE of all thermal guilds was significantly less at 
higher road densities (Table 4).  Similar significant results appeared where found with origin 
categories with the exception of the CPUE of invasive species.  The CPUE of all origin 
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categories appeared to be less at higher road density scores with the exception of invasive 
species (Table 4).  

44..  SSuummmmaarryy  aanndd  CCoonncclluussiioonnss  
 
The nine years of fish community data presented in this report represents the spatial and 
temporal changes that have occurred and are currently occurring in our fish community across 
both our entire jurisdiction and in each individual watershed.  This report interpreted the 
collected fish data based on several biological metrics such as catch per unit effort (CPUE), 
biomass per unit effort (BPUE), native fish species richness, and the index of biotic integrity (IBI 
score).  Such reports help in gauging the current structure of the fish community in our streams 
and rivers as well as provide an important baseline for future comparisons.  Indication of how 
watersheds compare to each other within our jurisdiction and how they change over time not 
only sheds light on the current response of our fish community to various influences, but also 
provides foresight on how our fish community may change in the future as urbanization of our 
land, habitat modification and destruction, and climate change continue to occur.  
 
Monitoring data from across the TRCA jurisdiction indicated that the Toronto watersheds are 
comprised of primarily coolwater, native fish species that are generalist feeders or benthic 
insectivores belonging to the fish family of Cyprinidae (Carps and Minnows), Percidae 
(Perches), or Catostomidae (Suckers).  The ten most abundant fish species across our 
jurisdiction were found to be the Blacknose Dace, Longnose Dace, Creek Chub, White Sucker, 
Johnny Darter, Rainbow Darter, Common Shiner, Mottled Scuplin, Bluntnose Minnow and the 
Fathead Minnow, with the first four species being significantly more prevalent especially in 
urbanized areas.  
 
A trend toward an increase in fish catches (based on CPUE) was observed across the 
jurisdiction as a whole and within specific watersheds which included Etobicoke Creek, 
Humber River, Don River, Highland Creek, and the Rouge River.  However, this trend was only 
found to statistically significant in the Highland Creek watershed and across the jurisdiction as 
a whole.  Although seemingly positive, this trend in increasing CPUE over time was found to be 
driven primarily by a handful of species; the ten most abundant species as mentioned above.  
These species were found to be predominantly coolwater generalists or benthic insectivore and 
would be considered the most common and tolerant species in urbanized watersheds, with the 
exception of the Mottled Sculpin which is a cold water invertivore. 
 
A positive note is that invasive species only represented (1%) of the total catch, however a 
slight increase in this was observed in the last 3 years of monitoring.  This was due to the 
expansion of distribution and abundance of Round Goby, part of the Gobiidae family, across 
the Toronto waterfront and into the lower reaches of the TRCA’s watersheds. Overall in the time 
period of 2001 to 2009 no significant temporal changes in native fish species richness or the IBI 
score have been observed on a jurisdictional or watershed scale according to the data 
gathered through the RWMP.  This is attributed to the positive resilience of our watersheds 
despite past and current land use changes.   
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However, our streams and rivers are showing signs of stress.  Variation in native fish species 
richness and the IBI score was observed spatially throughout the Toronto region with higher 
richness and IBI scores observed in the Humber River, Rouge River, and Duffins Creek 
watersheds.  Lower than expected species richness was found to be associated with higher 
urban land use and there was a strong negative correlation observed between urbanization 
and native fish species richness, the IBI score, and CPUE.  Lower species richness was found 
at sites in watersheds with higher % of urbanized landuse. 
 
Relationships with urbanization were evaluated using road density as a surrogate for the 
amount of urbanization.  The assumption was made that as the level of urbanization increased 
so did road density.  Native fish species richness and the IBI score both significantly decreased 
with an increase in road density.  When statistically accounting for the affect of stream order, 
native fish species richness and the IBI score differed amongst different stream orders and their 
magnitude of decrease with an increase in road density was also different between stream 
orders. 
 
Based on presence absence data, sites with road densities of 11 km/km2 or greater only had 
four native fish species present; Blacknose Dace, Longnose Dace, Creek Chub, and White 
Sucker.  The greatest decrease in native fish species occurred at road densities of 9-12 
km/km2. 
 
CPUE and BPUE were also significantly different amongst different road densities.  The data 
suggested that CPUE and BPUE decreased as road density increased.  However, not all fish 
families seemed to be consistent with the overall trend.  The CPUE of Centrarchidae 
(Sunfishes), Cottidae (Sculpins), Percidae (Perches and Darters), Petromyzontidae (Lampreys), 
and Salmonidae (Salmon and Trout) were significantly lower at RWMP sites associated with 
higher road densities.  When grouped by trophic guild, the mean CPUE of carnivores and 
benthic insectivores fish was also significantly different among different road densities.  In 
general higher road density meant lower mean CPUE values. 
 
Similar relationships with urbanization have been reported by a variety of authors some of 
which used metrics other then road density in order to quantify urbanization (Paul and Meyer, 
2001; Brown et al. 2005; Stanfield and Kilgour. 2006).  Analysis of 9 years of data from the 
RWMP suggests that the fish communities in the more urbanized portions of Toronto region 
streams are stressed and a shift in the biological community is imminent.  A decline in overall 
species richness and an increase in tolerant fish species are both symptoms of the urban 
stream syndrome (Walsh et al. 2005).  Additional analysis and/or data collection will be needed 
to help understand the complex interactions of various urban stressors and the specific role 
that such stressors play in shaping the Toronto and region fish community.   
 
Future data analysis opportunities include monitoring the change in CPUE of tolerant fish 
species, such as the Creek Chub, Blacknose Dace, Longnose Dace, and White Sucker, as an 
indicator of urban stress.  Monitoring changes in the abundance and distribution of invasive 
species, such as the Round Goby, non-native species, such as the Central Stoneroller, and 
sensitive species, such as the Redside Dace.  Assessing changes in fish species richness, 
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distribution, and abundance as associated with in stream barriers.  Assessing the possible 
influence and affect that climate change will have on our fish communities by looking at long 
term shifts in thermal guilds and water temperature.  An analysis of stream habitat, channel 
morphology, water quality data, and hydrological data and their interaction with urbanization is 
also warranted.  Lastly tracking the success of conservation and recovery efforts, such as 
alternative stocking programs and habitat restoration and how such actions influence the 
current fish community and ecosystem functioning. 
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A1 – Total Fish Captures by Species for TRCA Jurisdiction and by 
Watershed 
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A2 - Descriptive Statistics for Index of Biotic Integrity Analysis 
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A3 - Descriptive Statistics of CPUE Analysis 
 
Table A3-1: Descriptive statistics of CPUE and BPUE calculated based on all years of sampling (2001-
2009) separated by watershed and for the entire jurisdiction. 

 

Table A3-2: Descriptive statistics of CPUE divided by thermal regime calculated based on all years of 
sampling (2001-2009) separated by watershed and for the entire jurisdiction. 
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Table A3-3: Descriptive statistics of CPUE divided by origin category calculated based on all years of 
sampling (2001-2009) separated by watershed and for the entire jurisdiction. 
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Table A3-4: Descriptive statistics of CPUE divided by trophic guild calculated based on all years of 
sampling (2001-2009) separated by watershed and for the entire jurisdiction. 
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Table A3-5: Descriptive statistics of CPUE divided by fish families calculated based on all years of 
sampling (2001-2009) separated by watershed and for the entire jurisdiction. 
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A4 - Trends and p Values for Temporal Data Analysis  
 

 
 

 

 

 

 

  


