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Introduction

Two centuries of agricultural, industrial and urban development in the
Toronto area have been accompanied by expanding and intensifying degradation
of the natural waters. Streams, rivers, wetlands, estuaries, bays and
nearshore waters of Lake Ontario proper have all been abused, with the
number of kinds of abuses growing with time. Important components of this
Toronto Aquatic Ecosystem (TAE) have been degraded or lost, and the
interconnected nature of the watersheds, rivers, wetlands, bays and
nearshore areas has been disrupted. We are now coming to recognize the
values lost, and are seeking means to protect what remains of natural
features and to rehabilitate degraded waters. This paper provides a
descriptive overview of what we have learned about past states of Toronto’s
waters, and how they reached their present degraded state. Some ideas on
how we might learn to predict future states, based on analysis of past and
present trends, are outlined.

Figure 1 illustrates three development scenarios for an aquatic system
such as the TAE. Conventional Exploitative Development or CED refers to the
sequence of practices usually associated with commercialization,
industrialization and urbanization. This sequence illustrates events in the
Toronto area. A desirable alternative to CED is Eco-development or ED, -
ecologically sensitive and sustainable development from the outset, such
that desirable ecosystem components are preserved or enhanced throughout the
development process. The last option, Reform Sustainable Redevelopment, or
RSR refers to planning and redevelopment designed to rehabilitate degraded
aspects of an aquatic ecosystem, after CED has already taken place. This is
now timely in the Toronto area.

A Continuum of Aquatic Habitats

A Toronto Aquatic Ecosystem, or TAE, may be bounded approximately by
the watersheds of the river systems that flow through Metropolitan Toronto
and its environs. Here, the TAE includes lands of the Credit River on the
west to Duffins Creek on the east, and adjacent nearshore areas of Lake
Ontario from Port Credit to Ajax, an area of approximately 3,500 km2 (Fig.
2). The quality of water, aquatic habitat and aquatic biota in this area
range from excellent on the upper fringes, to poor in the central portion,
to obnoxious in the lower parts of rivers and adjacent nearshore parts of
the Harbour and Lake. The degree of degradation now depends mainly on the
extent and intensity of urban development.

Three general categories of aquatic habitat may be recognized in the
TAE: stream and river systems, river-mouth wetlands, and nearshore areas of
Lake Ontario including Toronto Harbour. These three habitats differ in
obvious ways — including geographic location, depth and flow of water, but
can be recognized as partially integrated components within specified
drainage networks or watersheds. The inter-connection of the different

-aquatic habitats, and predictable aspects of physical and biological change

from headwaters to nearshore, have been described as a land-river—bay—lake
continuum. The concept of a continuum emphasizes physical and biotic
linkages between the various components of Great Lakes aquatic ecosystems
(in both upstream and downstream directions), their ecological
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interdependency and the need to coordinate their protection, rehabilitation
and management.

Historical Conditions and Ecological Baselines

Prior to settlement in the late 1700’s, the Toronto area was almost
completely forested. Small areas, such as the "poplar plains" on the Don
River, were in a more open condition, probably following fire, blow—down or
disease outbreaks.

Several inferences may be drawn regarding the state of aquatic habitats
in forested, humid-temperate areas of North America prior to about 1800.
Evidence for these inferences comes from comparative and historical studies
in the Great Lakes area, the Pacific Coast, and the Midwest U.S. Some local
documentation from the Toronto area exists.

Hydrology Tree canopies, pit—and-mound microtopography and absorbant
organic soils almost completely eliminate overland runoff in forested
watersheds. Water percolates through upper soil layers and reaches stream
channels primarily as groundwater seeps or springs. Both flooding and low
flows occur in streams, but not with the frequency and severity exhibited
after clearing of the forest.

Temperature Groundwater is the major source of stream flow in forested
basins. In springs and seeps it generally issues from the ground at a
temperature close to the mean annual air temperature for the region. - In the
Toronto area this is about 99C, or clearly within the preferred temperature
range of brook trout and Atlantic salmon that were native to these streams.
Dense riparian or streamside forest shades watercourses during summer, and
helps prevent solar radiation from warming stream water. Historically, when
rivers of the Toronto area received large inputs of groundwater and were
extensively shaded, they were probably cool or cold for much of their
length, rather than just in the headwaters as is now the case.

Wood Forests deposit large quantities of wood, in the form of branches and
boles, into stream channels. In small tributaries most wood is too large to
be moved a great distance by the water, and tends to stay where it falls.
Fallen logs are often incorporated into the stream channel where they help
to create a "stair-step" stream profile consisting of alternating riffles
and plunge pools. In larger streams wood is.often moved by floods to bends
or constrictions in the channel, where it forms log jams or debris dams.
Historically, some log jams on larger rivers in the Great Lakes region were
known to be kilometers long. Log jams cause rivers to branch into multiple
channels, and promote the formation of diverse aquatic habitats such as
backwaters, meander cut-offs, plunge pools and gravel bars.

Beaver Beaver were once widespread and abundant throughout forested areas
of North America, and were a prime motivation for initial European
settlement of the continent. Many headwater streams were dammed by beaver,
creating high water tables and extensive areas of impounded water.

Floodplains Many historical aspects of Toronto’s river systems as
described above, acted to retain and retard the flow of water and




particulate material within the stream network. During high flow periods
water would overflow the main river channel (often for several weeks during
spring flood), and find its way downslope through forested floodplain areas
adjacent to the river. As the water velocity dropped in the off—channel
areas, much of its load of suspended sediment was deposited, producing rich
floodplain soils and ensuring that only moderate silt loads reached lower
portions of the river.

Wetlands Large and complex wetlands developed in river mouths such as the
Humber, Don and Rouge Rivers, as a result of low gradients, flooding and
sediment deposition. Levees or longitudinal dykes often formed at the edges
of estuary channels, so that lateral wetlands were largely isolated from the
river channel during low flow periods. River mouths and coastal wetlands
were often separated from the main lake by temporary barrier beaches thrown
up during storms. These networks of levees and barrier beaches may have
protected warm nearshore areas from upwelling of cold lake water, when
strong northerly winds blew warm surface waters offshore. Species that
prefer warm waters in summer, such as black basses, northern pike and
muskellunge, thrived in such habitats.

Fish Associations Early observers in the Toronto area reported diverse and
abundant fisheries in the rivers, wetlands, harbour and nearshore. In
general, these unexploited fish populations were dominated by large, older
individuals. Atlantic salmon, lake trout, northern pike and lake sturgeon
all reached weights in excess of 10 kg. Riverine, wetland and nearshore
habitats were used for reproduction, nursery areas and feeding, by resident
species and migrants from the open lake. Migration and reproduction were
timed to coincide with annual cycles of flooding and vegetation growth in
the wetlands and floodplain, and of scouring of spawning gravels or rubble
in the rivers, the nearshore and shallow shoals.

A Degradation Syndrome Associated with Commercialization,
Industrialization and Urbanization

The major ecological stresses of human origin affecting the Toronto
Aquatic Ecosystem have changed over the last 200 years, as human activity in
the basin has changed. Initial stresses in the 19th Century were associated
with intensive fish harvest in the bays and rivers, widespread forest
clearing in the watersheds, construction of hundreds of mill dams, and the
dumping of bark, sawdust and organic waste into the waters. Since then some
of these stresses have run their course - there are no more forests to
clear. Others have been partially removed or remediated — primarily sewage
and other organic inputs to rivers. The most important stresses nowadays
are those associated with extensive urbanization of the watersheds. These
stresses include physical restructuring of the watershed and aquatic
habitats, altered patterns and intensity of runoff, poor water quality,
introduced fish species and persistent toxins and contaminants.

Degradation of Rivers and Streams

Healthy rivers depend on healthy watersheds, where vegetation, soil,
groundwater and drainage networks act together to buffer and repair the
erosive action of running water. When a watershed undergoes extensive



urbanization, the properties of the land surface are dramatically altered.
The forested landscape, with its many features that act to retain rain and
meltwater, is replaced with an altered drainage system designed primarily to
carry water from the land surface as quickly as possible. This phenomenon
of increased surface runoff is at the root of stream degradation in urban
areas. Symptoms of channel enlargement, habitat loss and impaired water
quality tend to follow as secondary effects, although these may also be
caused directly by construction, waste dumping or other activities.

As a river basin is converted from forest and agriculture into urban
land use, the proportion of land surface that is impervious to storm runoff
is greatly increased. Rather than pooling in the inumerable pits and
pockets of a forest landscape, and soaking through porous leaf litter and
organic soil to the water table, stormwater washes quickly over rooftops,
parking lots and roadways, and enters an efficient underground drainage
network, or sewer system. In the process, the water picks up a load of
animal waste, silt, oils, metals and chemical contaminants, as well as
domestic sewage from combined sewer overflows or illegal sanitary sewer
connections. Because most rain and melt water flows quickly off the city
surface, little water is left to recharge groundwater supplies, and
headwater streams tend to dry up between runoff events. This transformation
of the river system may be viewed as a shift from slow, predominantly
vertical or downward movement of water through groundwater pathways, to
rapid, predominantly horizontal or lateral movement of water via surface
pathways.

Efficient transport and concentration of storm runoff causes urban
watercourses to be loaded for short periods of time with much higher flows
than occur in forested systems of similar size. In an effort to enable
urban watercourses to carry increased flows without flooding, municipalities
often straighten and smooth the stream channels. In a cleared and
straightened urban stream, the kinetic energy of flowing water is not
dissipated by meanders, tree roots and log jams, and is free to work on the
banks and bed of the channel. Erosion and destruction of property and
aquatic habitat may result. A common remedy for this problem has been
protection of urban channels with rock or concrete. However, such measures
may simply displace the erosion problem downstream to a location below the
armoured reach.

In downtown Toronto, most streams draining watersheds smaller than
about 15 km2 have been converted to underground sewers. As has been the
case with historical stream systems along the waterfront, such as Garrison,
Russell and Taddle Creeks, most remaining tributaries on the urban fringes
may be buried if present trends continue. Larger streams that are left
above ground in Toronto are generally confined to straightened, high-
gradient channels, often armoured with concrete or gabion baskets, and
relatively devoid of natural habitat features. This has happened to the
lower Don River, Black Creek on the Humber and Taylors Creek on the Don.

A generalized degradation sequence for a Toronto stream, from the time
of European settlement to present, is as follows:

1795 - removal of beaver dams and log jams, to allow navigation by canoe;
removal of choice timber from the basin, for export.




1800

1820

1840

1860

1900

1930

1950

1960

1970

1977

1987

- construction of mill dams, dumping of bark and sawdust into stream;

- clearing of large portions of the watershed for agriculture; warming
of the stream, increased siltation of lower reaches; more severe floods
in spring, very low flows during dry weather;

- increasing urban settlement of basin; construction of first sewers
draining into stream; industry locates along lower reaches - dyeworks,
feedlots, breweries, distilleries, cheese factories; overharvest of
spawning Atlantic salmon;

- widespread concern about water quality in streams; dumping of fill
along edges of ravines; tributaries along lower reaches enclosed in
buried pipes, their ravines completely filled; floodplain of main river
drained and developed; bigger floods with bridges and mill dams washed
away; only a few Atlantic salmon returning at spawning time;

- dredging and straightening of main river to reduce flooding of former
floodplain; levees or dykes constructed along some sections;

- basin mostly sewered; construction of dozens of small sewage
treatment plants along river, that were soon overloaded; much of river
in cesspool-like state;

— persistent organic contaminants begin to enter the drainage system,
accumulating in sediments and biota;

- small sewage treatment plants being removed as sewage is routed to
large facilities of waterfront; stormwater loadings becoming
particularly destructive — large reservoirs and concrete channels
constructed to reduce flooding and erosion;

- increasingly rapid suburban development; burial of tributaries,
channelization, and erosion problems extending to upper portion of
watershed; analytical technology now sensitive enough to detect certain
organic contaminants in sediments and biota;

- first "Guide to Eating Ontario Sportfish” issued, outlining
contaminant levels in fishes from 167 locations in Ontario;

- general recognition of need to manage urban waters within

an integrated, "ecosystem" approach; options for ecodevelopment
of healthy waters, and redevelopment and rehabilitation of
degraded waters are coming to be defined and implemented.

Past responses to urban runoff have emphasized control of storm runoff

after it reaches stream channels. Only partial solutions are available,
requiring expensive, dangerous and unsightly concrete and wire channel
structures, or the complete obliteration and burial of natural drainage
features. Many desirable attributes of natural watercourses are not
protected at all by such an approach, and these values are in essence
"written off" as a cost of urban development. These costs are not borne by



developers, but by people who live near the streams.

Recent scientific, planning, and engineering perspectives emphasise
control and treatment of urban runoff before it enters drainage channels.
Control measures can be diffuse, simple and inexpensive, if they are
incorporated in plans for development or redevelopment. Where this is not
possible, as in high~density residential or industrial areas, natural
attributes of watercourses may be partially restored by planting riparian
vegetation and providing off-channel retention basins that can serve as
"floodplain wetlands".

Degradation of River Mouths, Bays and Nearshore Areas

Shoreline restructuring, contamination and poor water quality have been
recognized as the most important degradative influences on wetland and
nearshore habitats in the Toronto area. Due primarily to habitat
destruction, 20 of the almost 50 native fish species historically associated
with the lower tributaries, wetlands and bays of the Toronto Waterfront are
extirpated or have not been recorded locally for decades, including the
Atlantic salmon, lake whitefish and lake herring.

Extensive wetlands along the Toronto Waterfront, which once supported
vast numbers of waterfowl and game fish, have been virtually eliminated by
dumping of fill to provide dry land for industry, harbour facilities, roads
and residential development. The largest, Ashbridges Bay at the mouth of
the Don River was formerly 6 kmZ in size; it was almost completely filled
between 1913 and 1928 to create the Eastern Harbour Terminals. Degraded
wetlands remain at the mouth of the Humber (I km2), and on the Toronto
Islands. Portions of other wetlands still exist in less degraded states at
the mouths of the Credit River, Rouge River, Frenchmans Bay and Duffins
Creek (Fig. 3). The diverse nearshore habitats of the Lake Ontario
shoreline and Toronto Harbour have been largely eliminated by restructuring
and filling of the shoreline to provide docks, piers and railway lands.
Offshore spawning shoals used by lake trout were removed by "stone hooking"
ships in the 1800’s, which dredged the rocky shoals for building material.

At the time of European settlement Toronto Bay (now Toronto Harbour)
contained "beautifully clear and transparent" water. Since about 1840,
water quality in the Harbour and adjacent waters has been moderately to
severely degraded, primarily as a result of sewage from the City of Toronto.
Water quality declined until about 1912, when most sewage was diverted from
the Harbour to Ashbridges Bay. At that time a layer of sewage sludge
blanketed the bottom of the Toronto Harbour, and had to be dredged annually
so ships could dock. Since then sewage and other organic loadings have
decreased, although effluent from combined sewer overflows and storm sewers
still causes high fecal coliform levels in the Harbour and adjacent waters.
Increasing levels of turbidity, chloride and persistent toxic chemicals
indicate continued degradation of nearshore water quality, now primarily
from urban runoff and untreated industrial waste.

Present State, Future Trends

Valuable clues about future states of the Toronto Aquatic Ecosystem may
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be obtained by examining past trends and present spatial patterns in the
"health" of Toronto waters. Relevant information on the relationships
between human activities and ecosystem health has been found in a variety of
indicators, including measures or indices based on aquatic biota, water
quality, habitat and land use. Aquatic biota such as fish provide a
temporally and spatially integrated view of the ecosystem, reflecting in
their abundance and diversity such attributes as water quality, habitat
diversity and stability, and linkages of terrestrial and aquatic habitats.

Rivers and Streams

A The Index of Biotic Integrity (IBI) compares attributes of fish
associations in streams and rivers with regional and historical norms. The
spectrum of measures assessed by the IBI allows stream reaches to be ranked
according to their ecological "health" as reflected by the diversity,
abundance and condition of the fish supported there. Figure 4 shows the
relative number of "excellent", "good", '"fair'" and "poor" sites in the TAE
watersheds, according to IBI analysis. "Excellent" sites are now restricted
to a few streams in forested areas of the Oak Ridges Moraine, on the fringes
of the TAE. Loss of "excellent" fish habitat is usually associated with
removal of streamside forest in rural areas. Streams in urbanized areas are
all of "fair", or "poor" quality, or do not support any fish at all. Figure
5 shows the relationship of stream health with woodland, riparian forest and
urbanization, for 10 Toronto river systems. Forest cover is clearly
associated with healthy rivers; conversely, land clearing and urbanization
are clearly associated with river degradation in the Toronto area.

Wetlands

A single index has not yet been developed for measurement of the
"health" of river-mouth and coastal wetlands in the TAE. Because these
wetlands provide elements of both riverine and lake habitats, as well as
unique elements of their own, physical and biotic conditions are
particularly complex and variable. Most wetlands in the TAE have been
degraded by filling, sedimentation, poor water quality and contamination.

In spite of this at least 36 fish species still use the wetlands for
spawning, rearing, feeding or migration (Table 1). Characterization of fish
associations may provide relative measures of ecological health in these
habitats.

Nearshore

Most of the Lake Ontario nearshore within the TAE is now simplified
with respect to fish habitat (Table 2). Historically, small coastal
marshes, wood debris from rivers, submerged aquatic plants, gravel bars and
shoals provided habitat for nearshore fishes. These areas, however, have
long been dredged up or buried under landfill. Some of the best fish
habitat is now provided by the numerous lakefill structures constructed
since the 1970”s along the Toronto shoreline. Fish associations are more
abundant, diverse and consistent in the vicinity of lakefill structures,
than they are along adjacent shoreline areas (Fig. 6). While lakefilling
appears to partially compensate for lost shoreline diversity, future
development must carefully consider long—term effects of contaminant
concentration in and around these structures, and potentially undesirable
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Table 1. Reproductive use of coastal marshes by fish, 0 = age 1
or older, not in spawning condition, S = spawning or ripe adults,
Y = young-of-year. Data collected in 1986.
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Table 2. Habitat types and wave exposure along the
Toronto waterfront. Data courtesy of D.K. Martin.

. % of

Shoreline Type Length (km) Shoreline
Walls/Bulkheads 41.0 24.3
Armour Stone 32.0 19.0-
Rubble 12.4 7.4
Cobble 3.2 1.9
Sand/Gravel 49.6 29.4
Silt 10.3 6.1
Macrophytes 12.4 7.4
Marinas 7.5 4.5
Total 168.4 100.0
Degree of Exposure % of

to Open Lake Length (km) Shoreline
Protected by Land 63.5 37.4
River Mouth 17.7 10.4
Aquatic Parks 21.3 12.5
Natural Inlets 24.5 14.4
Partially Protected 30.9 18.2
Fully Exposed 75.4 44,4

Total 169.8 100.0
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disruptions in along-shore movements of water and sediment.

Discussion

Certain habitats or components of the TAE may be particularly important
to the health and survival of both local and regional Great Lakes aquatic
ecosystems. Relatively small or localized habitats that provide essential
conditions for breeding, spawning, rearing and feeding of fishes may have an
ecological role far more important than would be suggested by their size
alone. In temperate aquatic ecosystems such as the Great Lakes, areas which
we refer to as 'centres of organization" tend to occur in the coastal or
nearshore zone and exhibit distinctive combinations of abiotic and biotic
characteristiecs.

The structural aspect of these centres results from the interaction of
physical and biological processes involved in water movement, geomorphology,
and development of vegetation. In a natural condition, structural and
hydrologic features of river channels, complex coastlines, rocky shoals,
estuaries and coastal wetlands are such that: 1) substrate and sediment
accumulations are of a size and arrangement that either provides clean, well
oxygenated substrate surfaces and interstices, and/or sediments suitable for
the establishment of aquatic plants; and 2) disruptions by currents, wave
action, ice movement, seiches or floods are of a frequency, intensity and
predictability that allows a variety of plants and animals to colonize the
area, either for the entire life cycle or for certain vulnerable stages
(embryonic, juvenile, etc.) of the life cycle. With respect to native,
valued species of Great Lakes fishes, the most important requirements of the
early life stages, provision of oxygenated water and protection from
predation, are best met in these types of areas.

In the Great Lakes basin, as elsewhere, there has been widespread
destruction of nearshore and tributary structural features through
activities such as shoreworks, channelization, land clearing, landfilling,
land drainage, rock removal, dredging and siltation. The remaining locales
that we consider to function as ecological "centres of organization" are
indeed becoming identifiable as discrete and often isolated entities,
probably much more so than would have been the case 200 years ago when such
features dominated Great Lakes tributary and nearshore zones. In many
areas, especially near older settlements such as Toronto, these features
have been altered for so long that our best information about original
conditions comes from historical maps and descriptions.

Development of the Toronto area has taken place with little or no
planning to accommodate, preserve or enhance natural aquatic features of
value to us. Steps to correct abuse and degradation of Toronto waters have
frequently been undertaken, but have not considered the integrated nature of
the aquatic resource, and have been only partially successful at best.
Partially corrected abuses have been accumulating and interacting for many
decades, and are now of an extent and intensity that threatens to isolate
and eliminate Toronto’s remaining aquatic resources.

Past mistakes have been well-documented and may be attributed to
ignorance, haste and callousness. Practical understanding of the value of
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our diverse aquatic ecosystems, and of techniques to support them are now
well developed; gross negligence may be the only excuse for further
degradation. There is now reason to believe that large cities and healthy
aquatic habitats may not be as incompatible as past practice in Toronto
would seem to indicate. Rehabilitation of Toronto waters to a sustainable,
healthy and productive state can be accomplished through an "ecosystem"
approach to development and redevelopment in the Toronto area.
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1. INTRODUCTION

This paper has been designed to provide the reader with an overview
of the regulatory environment governing the Metropolitan Toronto and
Region Watershed.

Numerous federal, provincial and municipal government departments
have a role in protecting the quality of Toronto's waters. These bodies
are complemented by a multitude of boards, tribunals, Crown corporations,
and other bodies created under specific acts. A list of the agencies
and statutes discussed in this paper is included in the appendix.

Information is presented in a flowchart format. Each chart is accom-
panied by a brief description. Circles have been used to depict the
bodies invoived in regulation, while squares represent the statutes,
guidelines, objectives, programs or reccmmendations which apply. Dotted
circles indicate bodies that are only involved under certain circumstances.
The different levels of government have been separated by the use of
horizontal lines.

This paper is subject to several limitations. An attempt has been
made to depict all the major provisions for the regulation of the
watershed; however, it has been impossible to provide an exhaustive
presentation of applicable laws. Secondly, it has not been possible to
include all the accords between agencies, or all delegations of authority
from one body to another. Finally, the description of the division of
responsibilities between regional and local municipalities has been based
on the model provided by the Municipality of Metropolitan Toronto and its
area municipalities. It must be recognized that this division of respon-—
sibilities will vary somewhat for each region. (In this paper, ﬁe
Municipality of Metropolitan Toronto will be referred to as a "regional
mmicipality").
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Section two of the paper provides an overview of the regulatory
context. The remainder of the paper is divided into parts which reflect
separate policy aims. The third section discusses provisions aimed
primarily at pollution prevention and control. The fourth part deals
with laws designed to requlate specific uses of water. The fifth section
describes the land use planning process which affects waterfront develop-
ments, The final section of the paper discusses regulatory initiatives
which do not fall within any of the above categories.






1.1

oA
DFO
DNR
DOA
DOE

IJC

FLOW CHART ABBREVIATTONS

Committee of Adjustment Municipal)
Department of Fisheries and Oceans (Federal)
Department of Natural Resources (Federal)
Department of Agriculture (Federal)

Department of the Efrironment (Federal)
Department of Transportation (Federal)
Environmental Assessment Board (Ontario)
Environmental Assessment Panel (Federal)
International Joint Commission

Ministry of Agriculture and Food (Ontario)
Ministry of the Environment (Ontario)
Ministry of Intercovermmental Affairs (Ontario)
Ministry of Municipal Affairs (Ontario)
Ministry of Natural Resources (Ontario)
Ministry of Health (Ontario)

Ministry of Labour (Ontario)

Ministry of Transportation and Communication (Ontario)

- Metropolitan Toronto Region Conservation Authority

Department of National Health and Welfare (Federal)
Ontario Development Welfare Corporation (Ontario)
Ontario Municipal Board (Ontario)

Pesticides Advisory Committee (Ontario)

Toronto Harbour Commission (Federal)






AUTHORTITY,

(laws, policies,
guidelines, pro-

grams)
ATDHA Agricultural Tile Drainage Installation Act (Ontario)
BPA Beach Protection Act (Ontario)
BNWA Beds of Navigable Waters Act (Ontario)
BWT Boundaries Waters Treaty
CAA