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1.0  INTRODUCTION  
 
The aquatic habitat in a stream and the health of the fishery within it are largely 
influenced by numerous variables, including many of the topics discussed in other 
chapters of this report.  These include: 
 
Á Flow and sediment regimes; 
Á Water quality and quantity;  
Á Land use and land cover (including wetlands and riparian habitats);  
Á Local climate, geography, physiography and surficial geology. 

 
While many of these topics have been discussed previously, each will be discussed 
briefly within this chapter in relation to the fisheries and aquatic habitat of the 
Black/Harmony/Farewell Creeks starting with a general discussion of each topic and 
more detailed examination by subwatershed.   
 
Legi slative Requirements  
Under section 35 of the Fisheries Act, the Central Lake Ontario Conservation 
Authority (CLOCA) has a Level 3 agreement with Fisheries and Oceans Canada 
(DFO) to review development proposals including Municipal Class Environmental 
Assessment (EA) projects.  In this agreement, CLOCA conducts initial reviews on 
projects to determine if there will be an impact to fish and fish habitat, and if 
impacts are likely CLOCA will determine how the proponent can mitigate potential 
impacts.  If pote ntial impacts can be mitigated, the Authority will issue a Letter of 
Advice.  If impacts to fish and fish habitat cannot be fully mitigated, the Authority 
works with the proponent and DFO to prepare a fish habitat compensation plan, at 
which time the proje ct is forwarded to the local DFO office for authorization under 
the Fisheries Act. 

 
In addition to Fisheries Act requirements, the Authority works to protect hazard 
lands such as floodways, erodible or unstable soils, and watercourses and wetlands 
through the Conservation Authorities Act and Ontario Regulation #42/06.  This 
regulation requires a permit from the Conservation Authority prior to various works 
taking place within a floodplain or regulated area.  Further, the Act allows 
regulations that pertain to the use of water, prohibit or require permission to 
interfere in any way with the existing channel of a watercourse or wetland, and 
prohibit or require a permit to undertake development (e.g. construction, structural 
alterations, grading, filling) in ar eas where the control of flooding, erosion, dynamic 
beaches, pollution or the conservation of lands may be affected.  This is called 
ñDevelopment, Interference with Wetlands and Alteration to Shorelines and 
Watercourses Regulation, #42/06ò. 
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2.0  STUDY AREA AND SCOPE 
 
The Black/Harmony/Farewell Creeks watershed is situated entirely within the 
Regional Municipality of Durham and covers an area of approximately 107 km2 
including < 24km2, < 47km2 and < 38km2 for each of the Black, Harmony and Farewell 

subwatersheds respectively (Figure 1). Black Creek and Harmony Creek and their 

tributaries(approximately 52km and 94km respectively) combine with the parent  
system, Farewell Creek (approximately 78km), just north of its mout h into Lake 
Ontario. The headwaters of these systems originate in the south slope till plain of 
the Oak Ridges Moraine. The Black/Harmony/Farewell Creek watershed is divided 
into 3 primary subwatersheds: Black Creek, Harmony Creek and Farewell Creek.  
The Harmony Creek subwatershed is further divided into 5 subwatersheds: Ritson, 
Wilson, Grandview, Taunton and Mitchell.  In order to provide a geographical 
context, t he Harmony Creek subwatersheds were renamed from their former branch 
numbers to associated locations within the watershed (CLOCA 2008): Ritson 
(formerly branches 1 and 6), Wilson (former ly branch 2) , Grandview (former ly 
branch 3), Taunton (former ly branch 4) and Mitchell (former ly branch 5).   
 
This chapter summarizes the current state of the aquatic habitat within the 
Black/Harmony/Farewell Creeks and its fisheries resources at both watershed and 
subwatershed scale.  In addition, relevant historical information regarding fisheries 
in the watershed is provided. Key indicators of aquatic habitat co nditions are 
described including Strahler stream order, stream slope, instream barriers to fish 
migration and movement of sediment and large woody material, riparian vegetation, 
thermal regimes, land use and land cover.  In addition, fish species composition and 
distribution will be discussed as it relates to these habitat conditions.  
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3.0  METHODOLOGY 
 
Habitat characteristics were assessed using the Ontario Stream Assessment Protocol 
(Stanfield et al., 1998) and from 1:10,000 Ontario Base Map (OBM) data obtained 
from the Ministry of Natural Resources.  
 
Fish communities were assessed throughout the watershed in 2002 and 2008 
according to fish sampling methods from the Ontario Stream Assessment Protocol 
(Stanfield et al., 1998)  with some historical sampling in 1996 and 1997.  Sample 
locations were randomly selected at numbers suitable to accurately represent a 
number of varying instream habitat conditions, physiographic regions within the 
watershed, and adjacent land use types.  The Oshawa Second Marsh represents a 
different habitat type, and as such was sampled using boat electrofishing as part of 
the Durham Region Coastal Wetland Monitoring Project (2002, 2005 ï 2008). 
 
For greater detail on the methodology used to assess aquatic habitat and fisheries, 
the reader is referred to the 2008 CLOCA Aquatic Monitoring Report. 
 
While every effort has been made to accurately present the findings reported in this 
chapter, factors such as significant digits and rounding, and processes such as 
computer digitizing and data interpretation may influence results. For instance, in 
data tables no relationship between significant digits and level of accuracy is implied, 
and as a result values may not always sum to the expected total.  
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aquatic habitat 
conditions are 
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Strahler stream 
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Figure 1: Black/Harmony/Farewell Creek watershed 
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4.0  FINDINGS  
 

4.1  Black/Harmony/Farewell Creeks Watershed  

4.1.1  Aquatic Habitat  

 
4.1.1.1 Strahler Stream Order and Slope  
 

Stream-order is a classification system based on a drainage network and uses the 
Strahler Method (1964).  Based on this method, streams increase in order upon 
converging with a stream of equal order.  For example, a first -order stream (typically 
headwaters) is a small stream without tributaries.  A second -order stream begins at 
the confluence of two first -order streams and continues until it meets with another 
second-order stream, forming a third -order stream, and so forth.   
 
Stream-order is directly related to other morphometric and fluvial characteristics and 
can be useful in describing fish habitat.  Based on concepts developed by Strahler 
(1964), stream-order is directly related to length, width, depth and discharge.  As 
order increases, so too does the size of the stream and the current flowing within.  
Stream-order is also related to stream slope (or gradient).  As stream -order 
increases, stream slope decreases.  Finally, stream-order is related to fish species 
diversity, where fish diversity increases as a function of stream-order (Mackie, 
2001).  Stream-orders 1 to 3 can be described as narrow, with an erosional 
substrate (e.g., rocks, boulders) and an input of leaf -litter.  Stream -orders 4 to 6 are 
wider, characterized by riffle and pool areas, and contain both erosional and 
depositional (e.g., sand) substrate.  Stream-orders greater than 7 are wide, often 
with turbid water and contain depositional substrates (Mackie 2001).  
 

The dendritic nature of Black/Harmony/Farewell Creeks gives rise to the majority of 
stream length as first -order tributaries, which come together to form fewe r large-
order streams (Figure 2).  First-order streams represent over half (62%) of the total 
stream length in the watershed ( Table 1).  Of these first order tributaries 71% 
originate from the Oak Ridges Moraine, and 23% arise from the Lake Iroquois 
Beach, indicating substantial groundwater inputs from both physiographic units 
(CLOCA, 2008). The numerous streams that originate upon the Oak Ridges Moraine 
and Lake Iroquois Beach emphasize the importance of these physiographic features 
as groundwater recharge and discharge areas. 
 

Table 1:  Black/Harmony/Farewell Creeks watershed Strahler Stream Order  

Total stream length (km) and proportion of the total stream length (in parenthesis) by 
stream-order of each subwatershed in the Black/Harmony/Farewell Creeks watershed (values 

calculated from the 2002 CLOCA drainage layer). 

Strahler Stream Order 

Grand Total 1 2 3 4 5 

138.02 36.86 39.33 8.18 1.82 224.21 

(62%)  (16%)  (18%)  (4%)  (1%)   

  

ófirst-order streams 
represent over half 
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Figure 2: Strahler Stream Order of the Black/Harmony/Farewell Creeks 
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The slope or gradient of a stream is one of a number of variables used to 
characterize the type of habitat available to aquati c organisms. Gradient can be used 
to predict fish habitat structure.  The substrate in high gradient streams is typically 
composed of large materials such as boulders, cobble and gravel, because fast-
flowing water tends to wash smaller particles downstream . Silts and sandy materials 
characterize the substrate of low gradient streams, since water velocity is low 
enough along the channel bottom water interface to allow fine materials to settle out 
(Mackie, 2001).  
 
Examination of gradient maps may also reveal areas of potential groundwater 
discharge. In high gradient areas, where the energy of flowing water has scoured 
away soil materials, the water may be flowing at the elevation of the water table and 
leading to the discharge of groundwater.  The identificat ion of groundwater seepage 
areas assists in identifying habitat suitable for the reproduction of salmonids such as 
Brook Trout.   
 
Stream-order and slope determine the water velocity of a stream, which dictates the 
types of habitat and aquatic organisms found within streams.  Some fish species are 
adapted to fast-flowing water, while others are more suited to slower velocities.  
Understanding stream-order and slope provides insight into fish habitat and 
communities within the watershed.  
 
The rise of the creek (elevation in m) was divided by the length of the creek (m) to 
determine slope.  Slopes were categorized into four groups: low slope (0.0 to 0.3%), 
moderate slope (0.3 to 1.0%), steep slope (>1.0 to 5.0%), and very steep slope 
(>5.0%).  A profile of th e Black/Harmony/Farewell Creeks watershed from the 
headwaters on the Oak Ridges Moraine planning boundary and Till Plain to the 
outflow into Lake Ontario, including location of physiographic and geographic 
features can be found in Figure 3, Figure 4, and Figure 5. 
 

 
Figure 3: Black Creek subwatershed geologic profile  
  

óthe slope or 
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Figure 4: Harmony Creek subwatersh ed geologic profile  
 

 
Figure 5: Farewell Creek subwatershed geologic profile  

 
4.1.1.2 Instream Barriers  

 
Instream barriers may be any type of water control structure, culvert, or weir that 
obstructs or limits fish movement, particularly from accessing upstream habitat, or 
causing fish to congregate at the base of the barrier for prolonged time periods.  Not 
only do instream barriers have direct effects on fish, they also affect water quality 
and habitat conditions within the stream.  Impoundment of water behind a physical 
structure causes the sediment to settle out from the stream water, leading to silt 
build-up in the pond and sediment depravation downstream.  Sediment depravation  
  

óthe isolation of 
upstream fish 
populations may be 
either beneficial or 
detrimentalô 
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downstream of the barrie r causes an increased rate of stream bank erosion as the 
sediment-reduced water flowing past the barrier has more energy and scours the 
stream banks more quickly.  This also leads to increased erosion of sediments in 
depositional areas of the lower stream reaches.  Sediment accumulation in a pond 
requires periodic dredging, or sediment will be flushed into downstream creek 
sections.  Flushing silt downstream can smother fish spawning beds and habitat. 
 
In some cases within the watersheds, instream barriers act to separate upstream 
fish communities from down-stream fish communities.  The isolation of upstream 
fish populations may be either beneficial or detrimental.  For example, an instream 
barrier may be beneficial by protecting upstream fish populations fr om competition 
of invasive species, or it may be detrimental by restricting migrating species like 
Rainbow Trout from accessing spawning habitats upstream of an impassible barrier.   
 
Instream barriers within the Black/Harmony and Farwell Creek watershed were 
assessed based on the obstruction of fish movement of migratory species.  
Currently, there are 17 known instream barriers within the watershed (Figure 6).  A 
detailed description and photographs of each of these barriers can be found in the 
Aquatic Resource Management Plan for the Black, Harmony and Farewell Creek 
Watersheds (CLOCA 2008). 
 
4.1.1.3 Riparian Vegetation  
 
Riparian vegetation plays an important role in water quality and aquatic life.  A 
buffer strip of riparian vegetation helps filter land -flowing water before it enters the 
stream, provides shade to help moderate stream temperature, provides 
allochthanous nutrient input (e.g. external nutrients like dead leaves or other 
terrestrial debris), and helps to maintain the stability of the stream bank (Mackie, 
2001).  While all streams benefit from riparian cover, lower order streams (see 
highlighted columns in Table 2) in particular benefit greatly from riparian cove r and 
the positive effects are apparent in higher order areas downstream.  
 
Environment Canada guidelines (EC, 2004) indicate that 75% of stream length 
should have 30m riparian vegetation buffers on each side of the stream.  Riparian 
vegetation cover in the Black/Harmony/Farewell Creek watershed falls short of the 
Environment Canada guidelines (EC, 2004), as only 40% of the entire stream length 

has 30m riparian buffers (Table 2).  By stream-order, the proportion of r iparian 

cover is greatest along third (74%) and fourth -order (66%) streams, and worst 
along fifth (11%), first (28%) and second -order (43%) streams , fifth -order streams 
only account for approximately 200 metres (or approximately 1%) of overall stream 
length in the watershed.  Riparian cover is especially important for low-order 
streams, which are more affected by environmental change than large-order streams 
(EC 2004); however, only 28% of the total stream length of first to third -order 
streams has adequate riparian buffers.  While it is difficult to make watershed -wide 
predictions of stream and fishery quality based on the absence of riparian 
vegetation, it is known that riparian cover benefits aquatic life and the low 
proportion of riparian cover in the wa tershed may be correlated with poor stream 
and fishery health in some areas. 
  

ña buffer strip of 
riparian vegetation 
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(Mackie, 2001)ò 



 
   Page 15 of 70 

 

 
Figure 6: Instream Barriers in the Black/Harmony/Farewell Creek watershed 
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Table 2: Status of riparian vegetation in the Bla ck/Harmony/Farewell Creeks 

watershed.  
Total stream length with 30m riparian cover (km) and percent of total stream length with 

cover (in parenthesis) by stream-order.  Highlighted columns represent lower order streams 
which benefit greatly from riparian co ver and may be given priority when determining areas 

for restoration.   

Strahler Stream Order Grand Total  

1 2 3 4 5 

38.04 15.78 29.25 5.37 0.20 88.65 

(28%)  (43%)  (74%)  (66%)  (11%)  (40%)  

 
4.1.1.4 Stream Health  
 
Landscape Influences  
 
Natural land cover and various land uses have direct and indirect effects on the 
physical, chemical, and biological characteristics of streams (Figure 7). The use of 
models to quantify the impacts of land use on aquatic ecosystems has become a 
powerful tool and is well represented in scientific literature (Kilgour and Stanfield, 
2006; Stanfield and Kilgour, 2006; Stanfield et al., 2006).  To quantify the  
relationship between land use disturbance and aquatic ecosystem health in southern 
Ontario streams, Stanfield and Kilgour (2006) developed a locally derived model 
called the Land Disturbance Index (LDI) which incorporates fish, benthic 
invertebrates, instream habitat and landscape data from sites across the north shore 
of Lake Ontario, including CLOCA watersheds.  The LDI model predicts a threshold 
response for fish communities in response to increased land disturbance such that 
salmonids are present in streams with low amounts of impervious cover and an 
absence from those with high amounts of impervious cover (Stanfield and Kilgour 
2006).  The high to moderately disturbed areas are manifested through below 
average water quality and high stream temperatures.   
 
Temperature is a limiting factor for the survival and productivity of fish a nd other 
aquatic organisms.  All fish species have specific temperature requirements, and 
these requirements can change throughout their various life -stages.  Some fish 
species are considered cold/cool-water fishes because their productivity is optimized 
in cooler water temperatures; whereas, species which are considered warm-water 
fishes have optimal productivity in warm temperatures.  Cold -water contains more 
dissolved oxygen than warm-water, and can support fishes that are sensitive to 
dissolved oxygen levels, such as trout and salmon.  Warm-water fishes are able to 
tolerate lower oxygen levels.   
 
Temperature data provide an understanding of fish communities and habitat use, 
and can be used to predict the productive capacity of a particular habitat or st ream 
reach.  Stream temperature can be affected by a number of factors such as riparian 
vegetation cover, groundwater input, stormwater input, and climate change. By 
comparing historical and recent trends in stream temperature, degradation in 
thermal stability can be identified and management recommendations can be 
focused on the protection or rehabilitation of particular stream temperatures.  The 
reader is referred to Chapter 10 ï Water Temperature for additional detail regarding 
stream thermal classifications within the watershed.   
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Figure 7: Modelled Landscape Disturbance on Fish Habitat in the Black/Harmony/Farewell 

Creek watershed 
  












































































































