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Executive Summary

The overarching purpose of the Riparian Zone Protocol is to determine the most
beneficial practices for working within Riparian Zones, in terms of the forest, aquatic
habitat and overall watershed as a whole. Standardized practices for interacting with
these areas, as well as monitoring their health is vital to ensuring that data can be
shared and utilized interchangeably.

Riparian Zones are extremely important ecological systems in that they provide
multiple benefits. Vegetated banks anchor the soil and reduce the rate of soil erosion.
Vegetation also provides a barrier to the overland flow of precipitation and runoff
allowing sufficient time for the water to infilirate the soil and filter out harmful chemicals.
Furthermore, tall trees provide canopy cover and consequent shade, reducing the
temperature of the water. In light of expanding urban areas and the fragmentation of
Riparian Zones and green spaces, conservation efforts are imperative.

In order to determine mutually beneficial practices, ACER inventoried
organizations that have experience working with Riparian Zones, including the City of
Mississauga, Credit Valley Conservation, Ontario Federation of Anglers and Hunters,
Toronto and Region Conservation and Trout Unlimited Canada. These groups were
surveyed on their current practices and recommendations for a protocol. Furthermore,
existing legislation and governmental acts were taken into consideration, including the
Ontario Stream Assessment Protocol and the Species At Risk Act.

Based on this integration of knowledge, ACER assembled a list of beneficial
practices. Firstly, the banks must be divided into quadrats for identification and
sampling. Invasive species must be removed and the remaining native species must be
measured. Native species should then be planted according to preexisting protocols.
The plots must be assessed in terms of health, rate of growth and the vegetation cover
that they provide. Furthermore, measurements must be taken to determine the
streambank condition and water quality as indicators of the health of the Riparian Zone.
When determining these procedures, the Ontario Stream Assessment Protocol is of
particular use.

It is important that measurements are taken annually to establish a large archive
of data in which trends and conclusions can be drawn. Taking measurements and
recording them in a uniform manner ensures that data collected by different
organizations can be shared and compared consistently.

There is still much work to be done to determine exact parameters for working
within Riparian Zones. ACER recommends the establishment of a pilot plot in which the
protocol can be field tested to determine the most successful procedures. Additionally,
ACER recommends that multi-jurisdictional legislation between federal, provincial and
local governments be set up to consolidate efforts for conservation, as well as enforce
minimum standards for protection.
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Introduction

Riparian Zones can be defined as “thin strips and patches of vegetation that
surround streams,” (Hackett & Miller, 2008). They are unique areas, incorporating a wide
mosaic of different landforms, wildlife, environmental conditions and vegetation
(Cummins et al., 1991). They provide habitats for both aquatic and terrestrial species,
displaying a great range of biodiversity. These transitional zones act as a buffer
between the land and the water, protecting the water from nearby human activities.
Vegetated streambanks reduce the erosive potential of the soil and thereby increase
the quality of the water.

Despite their benefits, Riparian Zones are increasingly threatened through major
urban and industrial factors. Buffer strips have been cleared to make way for urban
centers or agricultural land. The deforestation of Riparian Zones is not only harmful to
the Riparian Zone itself, but to the water quality, soil fertility, wildlife and the watershed
as a whole. In light of this, many municipalities have been focusing on the regeneration
of Riparian Zones.

In order to protect Riparian Zones on a holistic level, integrated approaches
between various organizations that work within these areas must be taken. Planting
practices must be designed to consider both the terrestrial and aquatic ecosystems in
a manner that will complement the health of both.

Standardized methods for measuring the success of practices and the health of
the ecosystem are important in ensuring that data can be shared between
organizations to draw accurate conclusions. Some components that require
codification include water quality, canopy cover, tree health, streambank condition
and vegetation cover.

When determining the best management practices, the pragmatic knowledge
from organizations that have experience working with Riparian Zones is invaluable. In
order to incorporate this information, organizations that operate within watersheds in
Ontario were surveyed in terms of their current practices and recommendations for a
standardized protocol. Existing protocols such as the Ontario Steam Assessment
Protocol were taken into consideration throughout this process.

RIPARIAN ZONE PROTOCOL | 1



Section 2: Technical Advisory Team

Due to the dynamic nature of Riparian Zones, a diversity of groups that specialize
in various areas of watersheds were consulted on their practices and recommendations
for working within Riparian Zones.

2.1 Association for Canadian Educational Resources

The Association for Canadian Educational Resources (ACER) is a not-for-profit,
community based organization focused on ecological monitoring. ACER was founded
by Alice Casselman in 1987, to educate communities about changing environmental
conditions. ACER is composed of a dynamic network of volunteers, educators,
community groups, scientists and students to implement hands on projects. Schoolyard
programs such as Planting for Change and Measuring Our Resources have been
extremely successful in engaging students and educating them about the importance
of stewardship. ACER also participates in researching one-hectare forest plots in areas
throughout Southern Ontario. In 2008 and 2009, ACER developed the Humber Youth
Stewardship program in which students removed invasive species and inventoried the
remaining woody native species. The area was then replanted and monitored for
success. It was from this project that the idea of a standardized protocol for working
within Riparian Zones was first discussed.

2.2  City of Mississauga

The City of Mississauga includes over three hundred sites of natural landscapes,
such as parks, open spaces, creeks, storm water management ponds and heritage
landscapes (City of Mississauga, 2010). When working within these areas, the City
employs programs such as the Natural Areas Survey (NAS), Park Naturalization Program,
Land Encroachment Policy, Erosion and Sediment Conftrol Bylaw and the Urban Forestry
Management Plan to promote sustainability (City of Mississauga, 2010). Although the
City does not employ an official Riparian Zone Protocol, they have established planting
practices and protocols that affect Riparian Zones. For instance, the Natural Areas
Survey is utilized to determine priority sites to maintain long-term ecological integrity. The
survey inventories over one hundred and forty natural woodlands, wetlands, creeks and
streams within Mississauga through a multi phase process (City of Mississauga, 2010). All
planting plans are reviewed by internal departments including Planning, Realty, Parks
and Forestry and Transportation and Works (Corkum-Gorrill, personal communication,
Feb 23, 2010). Incorporating a variety of sectors in the planning process ensures that the
trees are planted in accordance with future urban plans. This provides the natural areas
with the opportunity to reach maturity and establish a strong, permanent and healthy
ecosystem.
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2.3  Credit Valley Conservation

Credit Valley Conservation (CVC) was formed in 1954 with the intention to protect the
natural environment and Credit River Watershed (CVC, 2010). CVC is dedicated to
conserving, restoring and managing natural resources, with an emphasis on the
watershed in its entfirety. Watershed management is vital to ensuring a future supply of
water for both human and environmental needs (CVC, 2010). The watershed covers
1,000 km2 of land and 1,500 km of tributaries flowing through both rural and urbanized
areas (CVC, 2010). CVC relies on cooperation between various municipalities,
community groups and governing bodies such as the Ministry of Natural Resources and
Environment Canada to protect the watershed. CVC also focuses on land
management, environmental advisory services, conservation area management,
education, stewardship and natural heritage (CVC, 2010).

Within Riparian Zones, CVC has a protocol for long term monitoring, incorporating
aspects of stewardship and naturalization. The protocol touches on areas such as
ground vegetation, regeneration, tree health, canopy cover and soil quality (Bowers,
personal communication, April 19 2010).

2.4 Ontario Federation of Anglers and Hunters

The Ontario Federation of Anglers and Hunters (O.F.A.H.) was established in 1928 to
protect fish and wildlife. O.F.A.H. has expanded to include over one hundred thousand
members (O.F.AH., 2010). O.F.AH. works towards maintaining the tradition of
sustainably hunting and fishing, which has been integral in Ontario’s history. O.F.AH.
strives to improve terrestrial and aquatic habitats in order to conserve fish and wildlife.
Restoration projects have included fish hatcheries, wetland production, reintfroduction
of wildlife and fish, provision of food for deer in winter emergencies and waterfowl
nesting boxes (O.F.A.H., 2010). In 2003, O.F.A.H. piloted a Community Stream Steward
Program (C.S.S.P.), which integrates aspects of Riparian Zones. This program focuses on
conserving coldwater streams by engaging landowners and community partners. The
program provides participants with knowledge, resources and advice to restore and
conserve streams within their community. O.F.A.H. participates in site visits, o work on
monitoring and restoring the streams (O.F.A.H., 2010).

2.5 Toronto and Region Conservation Authority

Toronto and Region Conservation Authority (TRCA) focuses on sustainability, balancing
nature with urbanization in ‘The Living City’ (TRCA, 2010). TRCA was formed in response
to the devastation caused by Hurricane Hazel. Since then, TRCA has acquired vast
knowledge in ecology, watershed management, environmental protection, community
engagement, stewardship and sustainable development. TRCA works with
governments, businesses and individual community members to protect the diversity
and beauty of nature (TRCA, 2010). Through in depth research of current conditions,
targets are identified and set to restore the health of natural areas. The Toronto region
encompasses nine watersheds as well as the Lake Ontario waterfront. TRCA does not
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have a specific protocol for working within Riparian Zones, but various aspects of
Riparian Zones are incorporated within watershed monitoring procedures. The Ontario
Stream Assessment Protocol (OSAP) is used to measure components of streams (D'Elia,
personal communication, March 8, 2010).

2.6 Trout Unlimited Canada

Trout Unlimited Canada (TUC) was established in Montreal in 1972 with the objective to
restore freshwater ecosystems in order to preserve Canada'’s freshwater fish and their
habitats (TUC, 2010). TUC aids in the development and application of scientifically
based conservation solutions, to restore coldwater resources to a productive level (TUC,
2010). Given that Riparian Zones are an integral part of aquatic ecosystems, much of
these conservation efforts occur directly within Riparian Zones. TUC focuses particularly
on the water quality and factors that directly affect the water quality. These aspects
include shade, canopy cover, bank stability and ecosystem inputs (D’ Amelio, personal
communication March 23, 2010). Through over thirty years of hands on work in Riparian
Zones, TUC has acquired valuable pragmatic knowledge. Although TUC does not have
a specific protocol for the measurement of Riparian Zones, various aspects of Riparian
Zones are incorporated and measured in standardized ways as part of other protocols.
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Section 3: Southern Ontario Watersheds - Humber River Watershed

The Humber River Watershed covers an area of 903km2, representing the largest
watershed in the Toronto region (TRCA, 2007). The main branch of the river originates in
the Niagara Escarpment and Oak Ridges moraine, and is joined by an east branch from
Richmond Hill and a west branch from Caledon (TRCA, 2007). The vast perimeter of the
river provides for a vast expanse of Riparian Zones, all of which must be protected to
ensure the health of the overall watershed. Approximately 670,000 people reside within
the Humber River watershed, using the river both directly and indirectly (TRCA, 2007).
26% of the watershed is developed, 40% is used for rural land with only 32% remaining as
natural cover. In 1999 the Humber River was designated as a Canadian Heritage River
(TRCA, 2007).

Riparian Zones within the Humber River Watershed are very diverse, consisting of
35% forest, 18% meadow, 6% wetland, 2% successional vegetation and 39% lacking
natural cover (TRCA, 2007). TRCA in combination with various stewardship programs
continues to plant vegetation on the streambanks of Riparian Zones. Approximately 61%
of the Humber River Watershed Riparian Zones are vegetated with natural cover,
accounting for 7,422 hectares (TRCA, 2007). However, there is still much room for
improvement as over 50% of the Riparian Zones in the West Humber region contain no
natural cover as they flow through industrialized areas. By 2012, the Humber Watershed
Alliance is targeting to increase Riparian Zone natural cover by 2% (TRCA, 2007).
Riparian Zones within the Humber River are protected under Ontario Regulations
regarding Wetlands and Watercourses, Oak Ridges Moraine, the Greenbelt Plan and
Provincial Policy Statement (TRCA, 2007).
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Section 4: Benefits of Riparian Zone Conservation

4.1 Bank Stabilization and Erosion Prevention

Soil erosion is described as the transportation of soil components from one
location to another. Soil erosion can be attributed to three main agents — water, wind
and human actions (Hackett & Miller, 2008). Human actions can exacerbate the effects
of both water and wind in that the soil is more vulnerable to erosion when vegetation is
removed for farming, logging, construction, grazing, etc. (Hackett & Miller, 2008). When
left to its own devices, soil is a renewable resource. The nutrient rich layer of topsoil will
regenerate as newly fallen biota decomposes in a natural process. When soil erodes at
a faster rate than it can reform, it reduces the nutrient content and thus fertility of the
entire ecosystem. Furthermore, the eroding soil will often run into nearby surface waters.
This runoff has the potential to pollute the water, cause sedimentation and kill the
aquatic life (Hackett & Miller, 2008).

Vegetated Riparian Zones have the potential to protect streambanks from
erosion, benefitting not only the stream bank and vegetated area, but also the body of
water in to which the eroded material would potentially flow. Riparian vegetation
directly contributes to bank stability, exerting both mechanical and hydrological
controls (Pollen-Bankhead & Simon, 2007). A reduction in erosion is positively correlated
with a reduction in the sedimentation of the water, contributing to increased water
quality, healthier biota and an overall body of water that is in good condition (Green &
Harvey, 2000).

The forces of natural elements such as
precipitation or wind on the soil surface cause
the aggregates of soil to break up and disperse
(OMAFRA, 1987). These aggregates are then
carried by the subsequent overland flow and
eventually make their way to rivers, streams or
lakes causing sedimentation (OMAFRA, 2010).
With an absence of vegetation the soil is
dispersed loosely and more prone to erosion.
The roots of plants extend into the soil, providing
structure and strength (CRD, 2010). This acts as
an anchor, holding the soil in place and
preventing erosion from natural elements. Roofts
create a reinforced soil matrix, securing soil
particles and consequently protecting them

from stresses (Pollen-Bankhead & Simon, 2007). Profile of a large woody tree within the Humber
River Watershed illustrates the intricate root
system that works to stabilize soil. Photo by: Kaley
Fitzsimmons
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4.2 Increased Water Quality

Healthy, vegetated Riparian Zones increase the quality of the water in two main
ways. Firstly, vegetation anchors the soil, reducing the amount of streambank erosion
and consequent sediment entering the body of water. Sedimentation causes the water
to become cloudy, reducing the photosynthetic potential of organisms, and disrupting
aquatic food webs (Hackett & Miller, 2008). Furthermore, through these processes,
harmful pesticides and bacteria are carried into the water. A densely vegetated bank
will provide obstacles to flow, slowing down the overland flow. This ensures that the
precipitation does not immediately recharge the groundwater system or enter the
surface water body. By allowing the water adequate time to infiltrate through the soail,
potentially harmful contaminants are filtered out (University of Waterloo, 2009)

Secondly, vegetation provides shade. Shade is an important factor as it directly
controls the amount of solar radiation entering the body of water, having significant
control over water temperature. The temperature of the water dictates which species
are able to survive, which is of particular relevance as many aquatic species such as
trout are coldwater species. The amount of shade is determined by the canopy cover
from the surrounding vegetation. Riparian Zones with large, overhanging frees wiill
provide a higher percentage of shade than areas dominated by recently planted trees,
or herbaceous shrubs. It is also important to note that the canopy cover will vary with
season, particularly in areas with deciduous trees.

4.2 Biodiversity & Wildlife Corridors

Riparian Zones play an important ecological
role in the provision of habitats for an extensive array
of wildlife. These areas are unique in that there are
both aquatic and forested ecosystems present,
acting as a fransitional area between the land and
water (CRD, 2010). Riparian Zones encompass
numerous gradients and ecological processes,
allowing for many communities (Decamps et al.,
1993). The diversity of habitat allows for a variety of
species to reside within zone, in their individual
ecological niches. Riparian Zones are some of the | Thelarge overhanging tree provides shade to
most densely populated habitats, with 70% of that portion of the Humber River. If more

. . . woody species were present, the canopy
vertebrate species relying on the area at some point | cover would be greatly increased, providing

during their life cycle (Decamps et al., 1993). additional shade and reducing the
temperature of the water. Photo by: Kaley

Fitzsimmons

Riparian Zones are commonly referred to as

wildlife transportation highways or wildlife corridors (CRD, 2010). Wildlife corridors refer to
a strip of land, such as a Riparian Zone that connects a fragmented habitat to a natural
areq, allowing for the safe transportation route for wildlife. This is particularly relevant as
developed landscapes continue to encroach upon natural habitats. Riparian corridors
reduce the ‘habitat island’ effect in which animals are confined to small area of land as
a result of habitat fragmentation (CRD, 2010).
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Section 5: Threats to Riparian Zones

5.1 Urbanization

As human populations continue to rise, the amount of natural land is increasingly
encroached upon by the development of residential areas, shopping centers, office
buildings, highways, agricultural needs and so on (Dobson & Gilpin Beck, 1999). Many
designated greenspaces consist of hybridized grasses and sparse trees, contributing
very little to the natural cycles necessary for the health of the ecosystem. Furthermore,
an increased surface area of pavement poses a serious threat to the water cycle.
Pavement reduces the amount of infiltration that occurs, inhibiting the water’s ability to
recharge the groundwater system (University of Waterloo, 2009). Precipitation that falls
on these surfaces typically runs off quickly through drainage systems and can pose
serious concerns for flooding as the water directly enters streams or rivers (University of
Waterloo, 2009).

The increasing built of
development environments
reduces the natural flow from
one ecosystem to the next.
Patches of land are
segregated, fragmenting the
overall habitat and essentially
isolating the wildlife within it.
This diminishes the overall size of
the habitat, reducing the
amount of species able fto
survive.

Correspondingly, the
habitat quality faces a severe
decrease in quality. Roadways,
or urban areas located within
the fragments can drive

An example of encroaching urban landscapes in the Humber River
watershed. Photo by: Kaley Fitzsimmons

ecologically sensitive interior
species to extinction by increasing the amount of edges in relation to the interior
(Dobson & Gilpin Beck, 1999).

Many small animals naturally live in the interior areas of an ecosystem, and will not
brave the edges, or crossing obstacles such as roadways. Consequently, if they require
additional food sources, water, or need to travel for migratory purposes, the obstacle
will block their path of transportation (Dobson & Gilpin Beck, 1999).
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5.2 Deforestation and Water Quality

This large-scale development can only occur once the land has been deforested.
Deforestation is detrimental not only to the forested ecosystem, but also to the water
quality (CRD, 2010). Trees and vegetation act as an anchor, holding the soil in place
and consequently reducing the amount of erosion that takes place. By removing the
vegetation, the loose soil is vulnerable to the elements, and will be eroded and
transported to nearby bodies of water. The build up of sediment within the water body
can have serious adverse effects. Sedimentation increases the turbidity of the water,
clogs drainage ditches, stream channels, water intakes, reservoirs and devastates
aquatic habitats (Periman, 2010).

Furthermore, by reducing the trees and consequently the shade they provide, the
water is directly exposed to a higher amount of solar radiation, increasing the
temperature of the water. Algae blooms form under these circumstances due in large
part to the increased amount of nutrients from incoming soil in combination with a
warmer water temperature. The excess nufrients feed the algae and cause their
population to increase rapidly. The algae increase in concentration, consuming the
dissolved oxygen as they decompose. High concentrations of algae can cause the
dissolved oxygen to become depleted and consequently suffocate the aquatic life
(Alberta Government, 2009).
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Section é: Existing Procedures

When formulating a Riparian Zone Protocol, there are two main things to consider
in terms of existing procedures. The first consideration is what practices have been
codified into formal legislation or protocols that dictate how we can work within or
around Riparian Zones. These protocols may not directly refer to Riparian Zones, but due
to the dynamic nature of Riparian Zones, protocols affecting water quality,
streambanks, wildlife, native and invasive species, planting practices and so on will
impact Riparian Zones. The second main consideration is mutually accepted norms that
are not officially documented. Through years of practical experience, successful
practices may be perceived as general knowledge and used informally without official
documentation. These norms can be potentially influential because in many cases they
represent how individuals actually act within these areas.

6.1 Existing Protocols
6.1.1 Ontario Stream Assessment Protocol (OSAP)

The Ontario Stream Assessment Protocol was developed by the Ontario Ministry of
Natural Resources, and recognized federally by the Department of Fisheries and
Oceans (TRCA, 2010). Many organizations and Conservation Authorities follow OSAP
protocols when dealing with aspects of Riparian Zones. This protocol was designed to
create standardized methods for identifying sites, evaluating the biota, data collection
and interpretation (Stanfield, 2005). OSAP outlines standardized methods of measuring,
ensuring that data is collected in a uniform manner with repeatable, accurate results.
This data can then be shared interchangeably and stored in a common database
(Stanfield, 2005). With regard to a Riparian Zone Protocol, the sections relating to
benthic macroinvertebrate assessment, fish community sampling, physical properties
and channel structure and water temperature assessment would be particularly useful
(Stanfield, 2005).

6.1.2 Species At Risk Act (SARA)

The Species At Risk Act (SARA) is administered by Environment Canada as part of
the Canadian Biodiversity Strategy to ensure the protection of wildlife species that are
endangered or threatened (Environment Canada, 2010). Research is conducted to
determine objectives for the recovery of endangered species, as well as management
to ensure additional species do not become endangered (Environment Canada, 2010).
Under SARA, areas can be designated as critical habitats for threatened species, and
prohibitions are placed on activities within those regions. The Committee On the Status
of Endangered Wildlife In Canada (COSEWIC) operates as an independent body and is
responsible for identifying species at risk (Environment Canada, 2010).

This Act relates to Riparian Zones because they provide a habitat for a variety of
aquatic and terrestrial wildlife. With the encroaching threat of urban sprawl and habitat
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fragmentation, Riparian Zones are increasingly vital to species survival. Riparian Zones
that act as critical habitats can be recognized and protected under SARA. When
developing a Riparian Zone Protocol, it is important to consider if any areas in the
watershed are currently protected, or have the potential to be protected under SARA.

6.1.3 The Stewardship Series: Green Bylaws Toolkit

In British Columbia, The Wetland Stewardship Partnership, Ducks Unlimited
Canada, Grasslands Conservation Council and Environment Canada have come
together to develop a Green Bylaws Toolkit for Conserving Sensitive Ecosystems and
Green Infrastructure (Green Bylaws, 2008). Although this does not affect Riparian Zones
in Ontario, the toolkit has been beneficial in the protection of Riparian Zones and is an
important case study to consider. The Riparian Areas Regulation (RAR) was developed
under the provincial Fish Protection Act, and harmonizes federal, provincial and local
regulations (Green Bylaws, 2008). The Act aims to “establish processes for avoiding
harmful alteration, disruption, or destruction of fish habitat by determining setbacks from
watercourses and mitigating environmental damage,” (Green Bylaws, 2008).

Under these regulations, no form of development can take place without an
environmental assessment to ensure that there will be no harmful direct or indirect
impacts to surrounding Riparian Areas. According to RAR, development includes the
removal, alteration or disruption of vegetation, soil disturbance, construction, paved
surfaces, drainage systems, utility corridors, roads, trails, docks or bridges (Green Bylaws,
2008). Development plans must also be approved by the Ministry of Environment and
Department of Fisheries and Oceans. The implementations of the protected zones have
differed according to the local districts, but SAR ensures that minimum standards are
met (Green Bylaws, 2008). This type of mulfi-jurisdictional integrated approach is very
useful within Riparian Zones as it ensures the minimum standards are codified into formall
legislation and are lawfully enforced.

6.2 Current Practices
The following organizations who were part of the Technical Advisory Team utilize
different methods of promoting the best health of the Riparian Zone, and monitoring

success. Table 1 describes these practices.

Table 1: Current Practices of the Technical Advisory Team; Current Procedures for
Interacting with Riparian Zones

Organization Vegetation Location of Water Quality Slope & Bank
Type Vegetation & % Condition

Cover

City of Mississauga - Exclusively native | - No exact

(Corkum-Gorrill, plant material parameters

personal Mixture of frees, established

communication. Feb shrubs, conifers, - Asageneral

' deciduous, berry frend, coniferous
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23, 2010) producers frees are kept to
the top of the
bank due to
flooding
concerns
Credit Valley Ecological Buffer zone of To determine Slope is
Conservation landscaping vegetation water quality, measured as
(Bowers, 2009) Planting native surrounding a the following part of fluvial
frees, shrubs, stream is components are geo-morphology
(CVC, 2010) ! . -
grasses, recommended monitored: Bank condition
wildflowers to be 15-30feet Surface water monitored in
Low Recorded in chemistry terms of,
maintenance channel and on Fish community vegetation
lawn and ground the bank composition present, physical

covers
Drought tolerant

species adjacent
to water features

Bank cover is
measured by
counting the
percentage of
shade that
vegetation
provides within a
1m2 quadrats

Benthic Macro-
invertebrates

response to flow
and sediment

Ontario Federation
of Anglers and
Hunters

(Hicks, personal
communication, April
20, 2010)

Within 3m of the
bank-full line,
herbaceous,
native shrubs are
planted

In areas near the
water flow zone,

On the upper
bank and buffer
zone, potted
stock is utilized as
the presence of
invasive species
has hindered the

A YSI meteris
used to measure:
Temperature
Dissolved
Oxygen
Conductivity
Total Dissolved

Adheres to OSAP
protocols

On unstable
banks, erosion
pins are used to
track the rate of
erosion

live stalking growth of bare Solids
material such as rooft stalk Use long term
willows and temperature
dogwoods are loggers
used Turbidity meters
are used in areas
with erosion
concerns
Monitor fish and
invertebrate
species
Toronto and Region Exclusively plants No exact Adheres to OSAP Adheres to OSAP
Conservation native material parameters, proftocols protocols
(D’Elia, personal Where non- vegetation will
communication, no_’rlve species be planted right
exist, TRCA will up to the banks
March 8, 2010) not remove them edge
Will not plant in
areas with high
velocity or a
tendency to
flood
Trout Unlimited Advised by Dependent on Assessed in terms Uses a
Canada Conservation specific needs of of: combination of

(D'Amelio, personal
communication
March 23, 2010)

Authorities and
local
Stewardship
groups on what
to plant

the stream
Canopy cover is
measured with a
densiometer
Vegetation on
the bank is
measured using
an overhead grid

Temperature
Chemistry
Turbidity
Conductivity
Velocity
Volume

plantings and
bioengineering
fo stabilize the
banks

Slope is
measured
directly on the
bank
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Section 7: Riparian Zone Protocol

Riparian Zones are vitally important to the health and survival of the forest, the
river or stream, the watershed and the overall ecosystem as a whole. The components
of Riparian Zones are so inferconnected that if the health of an individual component is
compromised, the entire Riparian Zone will suffer. When developing a protocol for
working with Riparian Zones, the health of each system must be carefully considered to
maximize the greatest possible benefit. Therefore, the establishment of a universal
protocol for assessing and working within Riparian Zones is essential to ensure the overall
health of these vulnerable ecosystem:s.

7.1 Planting Protocol

Vegetation provides numerous benefits within Riparian Zones, such as stabilizing
the soil, preventing erosion, providing shade and reducing the amount of solar radiation
entering the stream. Through past works with the Humber Youth Stewardship Program,
ACER has developed a protocol for planting and measuring forest plots with relation to
native and invasive species. This protocol can be applied to vegetated areas of
Riparian Zones.

Step 1: Site Selection

A study site must be chosen within the watershed that is safe and easily
accessible. There must be sufficient enough land to provide an area for testing, as well
as a control plot. Within the designated site, quadrats must be established to isolate the
areas being sampled. These quadrats must be established to include a minimum of Tm2.
The quadrats must be clearly marked and their position recorded to ensure they can be
identified for monitoring at a later date.

Step 2: Vegetation Inventory

The vegetation in the area must be inventoried to determine which native and
non-native species are present. The following resources can aid in the identification of
various species:

= Trees of the Carolinian Forest — Gerry Waldron

» Treesin Canada - John Laird Farrar

=  Shrubs of Ontario — James H. Soper & Margaret L. Heimburger

Step 3: Removal of Non-native Species

All non-native species, both woody and herbaceous should then be removed,
according to pre-existing protocols. For instance, in the Humber Youth Stewardship
Project, ACER adhered to the removal protocols set by the City of Toronto.

Step 4: Reassessment of Quadrat
Once the quadrat is completely cleared of invasive species, the native species
must be identified, tagged and measured. The initial measurements must be recorded
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to compare the initial condition of the vegetation in relation to any changes over time.

Step 5: Reforestation

Once the site is completely cleared of invasive species and reassessed, it must be
determined which species would be most beneficial to plant. ACER has typically
worked with planting saplings as opposed to planting from seeds.

It is a generally accepted norm that when planting in an area, native plant
material should be utilized. Native species are pre-adapted to existing environmental
conditions and will be mostly likely to survive and thrive while keeping the ecosystem in

balance.

Table 2: Invasive Species in the Humber River Watershed and Removal Procedures

Species

Removal Procedure

Black Locust

With large specimens, Black Locust were cut to shin height using
saws and loppers

Stumps were spray painted for identification and application of
herbicides to prevent re-sprouting

With small specimens, Black Locust were dug up and removed
completely

Buckthorn

With large specimens, Buckthorn were cut to shin height using
saws and loppers

Stumps were spray painted for identification and application of
herbicides to prevent re-sprouting

With small specimens, Buckthorn was dug up and removed
completely

Canada Thistles

Specimens were cut at the base and bagged to prevent
seeding

Crown Vetch

Crown Vetch was pulled up directly by the roots

Dog Strangling
Vine

Dog Strangling Vine was dug up completely, removing the entire
root system

Grapevines

Grapevine specimens were only removed when interfering with
the health of native species

Grapevines were dug up by the roots and removed completely
Using hedge clippers the grapevines were disentangled from the
trees

Honeysuckle

Shrubs were cut with hedge clippers at approximately one foot
above the ground

Stumps were spray painted for identification and application of
herbicides to prevent re-sprouting

Manitoba Maple

With large specimens, Manitoba Maples were cut to shin height
using saws and loppers

Stumps were spray painted for identification and application of
herbicides to prevent re-sprouting

Note: Invasive Species and Removal Procedure are according to the Humber Youth

Stewardship Project 2008

RIPARIAN ZONE PROTOCOL

14



When considering what type of vegetation to plant, it is important to keep in mind
the predominant needs of the area (D'Amelio, personal communication March 23,
2010). Riparian Zones are diverse ecosystems, susceptible to various individual problems
based on pre-existing environmental conditions, threats, human actions, etc. Therefore,
the most predominant issue must be determined and the corresponding species of
vegetation that aids in the correction of this problem should be planted (D’'Amelio,
personal communication March 23, 2010).

In response to current threats, issues such as climate change must be taken into
consideration when determining which species to plant. Due to emerging trends such
as the Toronto ‘heat island’ effect, certain native species may no longer be able to
thrive. It is vitally important to research in detail the characteristics of the environment in
which the trees will be planted to determine the most appropriate species.

Table 3 outlines a list of native species to Southern Ontario and some examples of
their benefits. For example, if there is a lack of canopy cover over the stream channel
and the provision of shade is the most predominant need, a species such as Black
Walnut would be beneficial to plant.

Table 3: Examples of Native Species in Southern Ontario and their uses in Riparian Zones

Species Description Useful for...
- Fibrous root system - Flood tolerant species
Red Ash; Green Ash - Shade intolerant - Quick growing for rapid
Generally produce good increase in canopy cover &
Fraxinus pennsylvanica Marshall seed crops erosion prevention
Grows to an average height | - Easily transplanted
of 12-20m, and diameter of
30-60cm
- Require moist, sandy soil - Acts as a nurse tree,
Aspen; Big-tooth - Canlive up to 70 years providing shade and
Medium sized tree moderate conditions for
Populus grandidentata Michaux | -  Grows to an average of 20m species that seed beneath it
Tolerant of short term
flooding
Shade intolerant - Quick growing, rapidly
Black Walnut - Low fertility expanding canopy cover
Large tree; grows 20-30m in
Juglans nigra Linnaeus height
Good crops occur annually - Tolerant of flooding and
Eastern Coftonwood - Best growth on moist soil, but silfing
will also folerate dry - Quick growing for rapid
Populus deltoides Marshall conditions increase in canopy cover &
Shade intolerant erosion prevention
Short lived - (*Nofte: Cottonwood, swamp
Large tree; grows to an can handle wetter
average of 30m tall conditions)
Good crops are produced - Restoration plantings on dry
Slippery EIm at 2-4 year intervals ridges and slopes
Moderately shade tolerant
Ulmus rubra Muhlenberg - Medium sized tree; growing
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15-25m in height

Butternut; White Walnut

Juglans cinerea Linnaeus

Best growth on moist, fertile,
well-drained soils
Medium sized tree; growing
12-18m in height

Quick growing, rapidly
expanding canopy cover

Silver Maple; Creek Maple; River
Maple; Soft Maple; Water Maple

Acer saccharinum Linnaeus

Rapid and uniform seed
germination

Grows naturally in wet soils,
tolerant of most
environments

Large sized free; growing 18-
30m in height

Grows rapidly, inifiating
succession fo a woodland
Useful for reforestation,
endorsed by MNR & CAs
Easily fransplanted

American Sycamore; Button
wood; American Plane

Platanus occidentalis Linnaeus

Low seed viability
Large sized tree; growing 18-
30m in height

Tolerant of compacted soil
Easily fransplanted
Tolerant of flooding and
poorly drained soils

Basswood; American Linden

Tilia americana Linnaeus

Widely adapted and
widespread species

Large crop produced
annually

Large free; grows average of
18-25m in height

Shade tolerant

Easily fransplanted

Widely adapted and useful
in restoration plantings

Honey Locust

Gleditsia triacanthos Linnaeus

Relatively fast growth of
seedlings

Shade intolerant

Medium sized tree; 15-23m in
height

Easily fransplanted

Tolerant of various soil types,
moisture content and pH
levels

Good provider of shade

Source: Waldron, 2003.

7.2 Measurement Protocol

A variety of criteria have been established to monitor the health of the Riparian
Zone, as well as monitor any changes over time. These criteria have been identified as
important components contributing to the health of the watershed as a whole. It is vital
that the established criteria is sampled and recorded in a standardized way to ensure
that the data can be shared interchangeably. Photo documentation may also be
helpful for future reference and comparison.

7.2.1 Vegetation Cover

In Riparian Zones, vegetation cover is analyzed on the streambank as an indicator
of the condition of the bank, as well as in the channel as a measure of canopy cover.
According to OSAP, there are five categories utilized for assessing the dominant

vegetation (Stanfield, 2005):

1. Vulnerable Bank

- More than 75% of the plot has no vegetation
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2. Cultivated
- Farmed lands or manicured lawns

3. Meadow
Unmanicured grasses or sledge, with no woody vegetation

4. Scrubland
- Small trees or shrubs with tall grasses and sledges; fransitional area between a
forest and a meadow

5. Forest
- Contains at least one large tree within the designated area

Past methods of analyzing percent cover have relied heavily on estimation.
Estimation is highly subjective and therefore not an accurate means of measuring.

In order to effectively calculate the percentage of canopy cover in the stream,
methods used by TUC and CVC involving a densiometer would be effective. A
densiometer is a small wooden box with a circular convex mirror set inside. The mirror is
etched with a grid of twenty-four squares. When standing in the stream with the
densiometer, the canopy cover is reflected onto the mirror and the percentage of
canopy cover can be directly counted, providing uniform, concrete data (Bowers,
2010). It is important to note that the location of recording must be clearly identified and
recorded in order to take a comparison sample at a later date.

For measuring the percentage of vegetation on the streambank itself, OSAP
utilizes a mesh grid that can be rolled out directly on the bank. Within the quadrats, it is
possible to directly count the percentage of vegetation within the area. Only
vegetation that is rooted within the quadrat is counted. This includes plants, live roots
and moss and excludes lichens and algae (Stanfield, 2005). It is important to note that
the location of recording must be clearly identified and recorded in order to take a
comparison sample at a later date.

7.2.2 Tree Hedalth

In order to assess the health of an area vegetated by woody species, ACER
measures various components of both small trees and large trees. For every tree
measured, the exact location is recorded. The free is given and individual identification
number to ensure it can be located at a future date for comparison measurements.
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For the assessment of young trees, the following components are considered:

* Rooft Collar (RC) —is measured using a caliper. The caliper is placed gently around
the base of the root, and the width is recorded in millimetres.

* Total Height —is measured directly using a measurement tape. Total Height is
recorded in centimetres. If the height exceeds 130 centimetres, then Diameter at
Breast Height is recorded instead.

* Diameter at Breast Height (DBH) — is measured at the 1.3 meftre point of the tree,
using a caliper. The caliper is placed gently around the trunk and the measurement
is recorded in millimetres.

* Crown Diameter —is measured using 1.5 metre tape and taken in two measurements.
The width of the free is measured at the widest point of the crown, and again at the
width at a 90° angle to the initial measurement. The measurements are recorded in
centimetres.

* Bud Length —is measured using a ruler to directly measure the lateral bud. This
measurement is recorded in millimetres.

e General Assessment of Health — is based on a visual assessment of the condition of
the tree. Health is classified as follows:
= A: Alive/ healthy
= |: Sick/infested
LB: Lightly browsed
HB: Heavily browsed
N: No browse
D: Dead/dying
S: Basal sprouting
Tree M: Tree missing

The following techniques are used for assessing mature trees:

* Diameter at Breast Height (DBH) — for tfrees over 4 centimetres wide, DBH is measured
using orange diameter tape. The measurement is taken at the 1.3 metre point and is
recorded in centimetres.

* Total Height —is measured using a clinometer, standing 20 metres from the tree.
Angles are recorded from the tip of the top branch for the top angle and the base
of the tree for the lower angle. Refer to a tan table as in Appendix C to look up the
corresponding height to the angle. Add the two heights together for the total height.

NOTE: Data sheets for the standardized recording of this information are included in the
appendix.
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7.2.3 Stream Bank Condition

There are many different ways to analyze the condition of the streambank,
including the slope, percent of vegetation cover, percentage of soil cover, etc. For the
purposes of this protocol, it is important to establish the necessary criteria for evaluating
the overall condition of the bank. Many Conservation Authorites and organizations
within Ontario utilize the OSAP protocols for monitoring the bank, based mainly on
assessments of vegetation, soil composition and slope (D’Elia, personal communication,
March 8, 2010). OSAP classifies streambanks as follows (Stanfield, 2005):

7.2.3.1.  Vulnerable Bank
- Steep slope of greater than 45°
The soil is composed of erodible materials
The bank shows no recent signs of erosion (such as undercuts
or slumping)
The bank is protected by a mat of vegetation

7.2.3.2. Protected Bank
Steep slope of greater than 45°
The soil is composed of non erodible materials (such as rock,
boulders, hardened clay)
Vegetation may or may not be present

7.2.3.3. Deposition Zone
Gentle slope, less than 45°

Composed of materials that have been deposited during
flooding

To determine the slope of the bank in order to utilize the classifications, OSAP
advises to create a profile of the bank. This is done by (Stanfield, 2010):

Set a level horizontal line/ tape above the bank, extending for a minimum of 1.5
metres inland from furthest protrusion of the bank into the stream.

Measure the vertical distance from tape to bank surface at 0.0 metres, 0.25
metres, 0.75 metres, and 1.5 metres from the furthest protrusion of bank into
stream.

If a vertical height within the transect is greater than 2 metres, the bank is
classified as steep and no further measurements are required.

If the bank is classified as vulnerable, then necessary precautions to prevent
erosion must be taken. Vegetation with widespread roots should be planted to anchor
the soil and help stabilize the bank. Refer to the Table 3 for a list of native tree species
that are beneficial in bank stabilization.
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7.2.4 Water Quality

The quality of water is assessed in countless ways, depending on the component
being evaluated for. Some standard components include:

* Chemical Analysis — water is assessed for harmful chemicals or pathogens
including organic and inorganic chemicals, radioactive materials and infectious
agents (Hackett & Miller, 2008).

* Dissolved Oxygen — the Dissolved Oxygen content refers to the amount of oxygen
gas dissolved in a given volume of water at a particular temperature and pressure
(Hackett & Miller, 2008).

* Turbidity —refers to the cloudiness/ clarity of the water as a result of suspended
particles. Murky water has a high turbidity and is considered to be lower quality
than more transparent water (Lenntech, 2009).

* Conductivity —refers to the ability of the water to fransmit heat, electricity or
sound (Lenntech, 2009).

* Velocity —refers to the speed at which water travels.

* Total Dissolved Solids (TDS) - refers to the measure of ions within a solution of water
(Lenntech, 2009).

* Temperature — the temperature of the water is reflective of the quality in that
aqguatic life has a set threshold of temperatures in which it can survive. If the water
is foo warm, a healthy balance of biota will not be maintained.

* Indicator Species/ Bioassessment/ Benthic Macroinvertebrates — species are
adapted to live in different conditions. For example, the presence of species such
as trout, mayflies or dragonflies indicate there is a high oxygen content in the
water, as these species require a high oxygen content for survival. The presence
of carp, midge larvae or leeches indicates low oxygen content and polluted
water (Hackett & Miller, 2008).

Many groups on the Technical Advisory Team, as well as various organizations in

Ontario follow OSAP protocols for monitoring water quality. Therefore, for the purposes
of this protocol, water quality will be assessed using mainly OSAP methods.
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7.2.4.1.

7.2.4.2.

Preliminary Measurements

According to OSAP, both the water depth and hydraulic head must be
recorded at any site in which samples are being taken (Stanfield, 2005).

At the point of measurement, hydraulic head is recorded using a ruler.
The ruler is placed so that the wide side with the markings faces
downstream, creating a barrier to flow (Stanfield, 2005). Water will climb
on the upstream side of the ruler, and the height that the water climbs in
relation to the downstream side of the ruler can be directly measured.
This measurement is the hydraulic head, and is recorded in millimetres. If
there is no difference between the sides, the hydraulic head is zero
(Stanfield, 2005).

Water depth at point of measurement is recorded using a ruler or metre
stick, depending on the stream. The thin side of the ruler is placed facing
into the current, until it touches the streambed. The water depth is
measured and recorded in millimetres (Stanfield, 2005).

Temperature

Many groups on the Technical Advisory Team rely on permanent data
loggers such as the YSI meter used by O.F.A.H (Hicks, personal
communication, April 20, 2010). These loggers are useful in the provision
of continuous, reliable data.

In situations where this is not possible, OSAP has a procedure for
determining the maximum stream summer temperature (Stanfield, 2005).
For this procedure:

o Data must be collected between July st and September 10th

between 4:00 to 4:30pm

o For two days prior to sampling, the temperature must exceed
24.5°C with no rainfall events

o The air temperature at the time of sampling must exceed 24.5°C

o Temperature can be taken manually using a thermometer, or
using a digital recording thermometer

o Measurements must be taken in the main flow portion of the
steam, avoiding deep pools or shallow areas that may provide
outlier data

o Record the temperature after 30 seconds have elapsed
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7.2.4.3. Bioassessment: Benthic Macroinvertebrate Assessment

OSAP utilizes macroinvertebrates within the stream to evaluate water
quality based on the organism’s tolerances. In order to identify the benthos as
well as their characteristics and tolerances, R.J. Voshell's ‘A Guide to Common
Freshwater Invertebrates of North America’, is used. Figure 1 illustrates some
examples of organisms present in a stream, and the conditions in which they

can survive (Hackett & Miller, 2008).
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Figure 1: Species that can reside in various conditions are indicative of the water quality. For instance,
this figure illustrates oxygen tolerances. (Hackett & Miller, 0pa.508, 2008).

In each case, samples are taken at riffles. A riffle occurs at crossover and is
characterized by relatively fast and turbulent flow (Stanfield, 2005). The
water's surface will typically appear broken and in these areas sensitive taxa
will be present. In the sample areas, the benthos are classified into three

categories (Stanfield, 2005):
o Low abundance: Less than 10%

o Common: 10-40%
o Highly abundant: greater than 40%
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The macroinvertebrate collection is conducted in three ways, according to
conditions of the stream and equipment involved (Stanfield, 2005). These methods

include

A. Rapid Macroinvertebrate Collection

The streambed is examined to determine if it is cobbled or sandy

In cobble dominated areas, ten cobbles that are greater than 100
millimetres are selected and scanned for benthos

In sandy or gravel dominated areas, a kick net is placed over an area of
1m2 for twenty seconds

The contents are transferred to a flat bottomed container for sorting and
identification

. Stationary Kick Survey

A sampling net is placed at the bottom of the stream and orientated with a
slight incline

Unsettle the substrate by kicking for approximately one minute over an area
of Tm2

Collect the largest particles in the sampling area and rub them on the net to
dislodge any invertebrates

Transfer the contents to a flat bottomed container, ensuring that no
invertebrates are left behind on the net

Process the sample as desired for the specific need, including:

Live or preserved

Laboratory or field

With or without a microscope

Specimen archiving or discarding

Weight or measurement

O 0 O O O

. Transect Travelling Kick and Sweep Survey

Unsettle the substrate for approximately three minutes to dislodge
invertebrates

Sweep the net horizontally and vertically through the water column to
catch the dislodged invertebrates

Transfer the contents info a flat botffomed container for sorting and
identification
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Section 8: Conclusions

In conclusion, the importance of Riparian Zones to the health of watersheds and
ecosystems as a whole is undeniable. Riparian Zones act as biofilters, allowing for
incoming precipitation to infiltfrate through the soil, filtering out harmful chemicals and
pathogens. The water quality is correspondingly improved by these actions, as well as
through a reduction in sedimentation and UV exposure. Vegetation anchors the soail,
reducing the rate of erosion and consequently the amount of sediment entering the
body of water. Furthermore, tall woody species overhang the stream, providing shade
and reducing the temperature of the water. This function is vital to the survival of
coldwater species. The buffer strips themselves provide shelter for terrestrial species who
have been isolated in fragmented habitats due to urbanization. Riparian Zones provide
a habitat to live in as well as a transportation route to travel between ecosystems.
Riparian Zones consequently support much biodiversity.

Despite these multiple benefits, Riparian Zones have been encroached upon and their
health has been jeopardized. Deforestation has taken place in the buffer strips for
logging and agricultural purposes as well as to clear space for expanding urban areas.
This has threatened the wildlife that resides within or depends upon Riparian Zones.
Furthermore, it has caused increased rates or erosion and consequently reduced the
quality of the water through unfiltered runoff and sedimentation.

Protocols and legislative acts exist on a local, provincial and federal basis and impact
the way groups can work within Riparian Zones. Many organizations such as the City of
Mississauga, CVC, O.F.A.H., TRCA and TUC have generalized practices for working within
Riparian Zones based on years of pragmatic experience and research. However,
parameters and methods of measuring and recording data differ in each organization.
Despite these variances, major commonalities have been determined. When replanting
areas, native plant material is utilized. When determining the percentage of canopy
cover, a densiometer is frequently used as an accurate tool. When assessing water
quality and conditions of the bank, guidelines established by the Ontario Stream
Assessment Protocol are typically utilized.

The development and implementation of standardized practices for both planting and
monitoring the health of Riparian Zones is vital to ensuring that data can be shared and
analyzed on a widespread basis. By recording data in a uniform manner, it is possible to
make comparisons between various sites and monitor successes or newly arising threats.
Monitoring the changes over tfime is important to ensuring that these diverse and
ecologically vital ecosystems remain healthy and productive.
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Section 9: Recommendations

Based on the findings of this report, it is recommended that:

Streambanks be inventoried and planted with native species to increase bank
stability, reduce erosion, provide shade, habitats and increase the water quality.

Planting practices, invasive species removal and monitoring protocols must be
conducted in a standardized way to ensure the tfransferability of the data. This is
important in terms of sharing data to make predictions and assess current frends.

Standardized measurements must be recorded on an annual basis to build a
wide breadth of knowledge and allow for more accurate data analysis.

The protocols must be field-tested through the establishment of test plots within a
Riparian Zone, in relation to control sites. This will aid in the establishment of
specific parameters based on concrete knowledge. In particular, focus on the
relationship between the bank vegetation cover to the overall quality of the
entire zone.

All conservation efforts must be integrated with various sectors, to ensure
objectives are aligned.

Planning must occur in light of environmental challenges such as climate change.
Changing environmental conditions will impact the amount of extreme weather
conditions, water levels, weather patterns, and thus the species that are able to
survive.

Local municipalities coordinate efforts with both provincial and federal governing
bodies to create multi-jurisdictional legislation ensuring the protection of Riparian
Zones. A model such as that of the Green Bylaws in British Columbia has been
effective, and has potential for Ontario.
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Appendix A: Data Recording Sheet for Young Trees

SMALL TREES DATA SHEET (<4 cm DBH) GPS
DATE: GROUP: STUDY AREA: N:
S:
NAMES:
Equipment & units used (GPSL:;‘:\ e C(ar:;r;e)rs 1'5('2 r:::;pe Calipers (mm) 1.5 Metre tape (mm)
. . : Health check (see codes below)
Tree # oo NORTH | WEST | RootCollar | TofalHeight* LS er Crown Diameter
Latin Name Ht 1.3m **Ht W1 W2
HEALTH CHECK LB: Lightly browsed
Note: A: Alive/Healthy N: No browsed
) D: Dead/Dyin S: Basal sproutin
ACE - **|f free is > 1.3 m tall, measure diameter at 1.3 m high (DBH) instead of height. HB: Heov/ilyybrgwsed Tag M: Topg missiﬁg
ALENVES *|f free is < 1.3 m tall, take height measurement and omit DBH. - Sick/Infested Tree M: Tree missing
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Appendix B: Data Recording Sheet for Mature Trees

MATURE TREES DATA SHEET (>4 cm DBH) GPS
DATE: PLOT NAME: QUADRAT #: N:

S:
NAMES:

YELLOW YELLOW BLUE

COMMON ID/ SDE# | a 5 || Dlelusser )R 2

Compass Upper Angle Lower CW Depth Total USE USE
TREE # NAME -4 | m) | m) ::r(bcfo%Tclrﬁ?)’ (?;30 ((r’T'SO Bearing (°) ) Angle (°) ) Height (m) | CODE | CODE HEALTH NOTES
HEALTH CHECK LB: Lightly browsed
Nofe: A: Alive/Healthy N: No browsed
: . . . D: Dead/Dyin S: Basal sproutin
AUVERNSE **|f free is > 1.3 m tall, measure diameter at 1.3 m high (DBH) instead of height. HB: Heov/ilyybrgwsed Tag M: qug missiﬁg
*If tree is < 1.3 m tall, take height measurement and omit DBH. I éick/lnfes’red Tree M: Tree missing
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Appendix C: Angle-Tangent-Height Table at a Horizontal Distance of 20 Metres

ANGLE - TANGENT - HEIGHT TABLE (measurements taken at eye-tree distance of 20 mefres) NOTES/CALCULATIONS
Angle Tan Height | Angle Tan Height | Angle Tan Height | Angle Tan Height
(m) (m) (m) (m)
1 0017 | 0.34 15 | 0268 | 536 29 | 0.554 | 11.08 | 43 | 0933 | 18.66 1. Find upper angle - note height.
2 0.035 | 0.74 16 | 0287 | 574 30 | 0577 | 11.54 | 44 | 0966 | 19.32 . .
2. Find lower angle - note height.
3 0.052 | 1.04 17 | 0.306 | 6.12 31 0.601 | 1202 | 45 1 |20
4 0.07 1.4 18 | 0.325 | 65 32 | 0.625 | 125 46 1.036 | 20.72 3. If your eye level is ABOVE or at BASE
5 | 0087 | 16 19 | 0.344 | 688 | 33 | 0649 | 1298 | 47 | 1072 | 2144 of free ADD upper and lower heights
to calculate total tree height.
6 0.105 | 2.1 20 | 0.364 | 7.28 34 | 0.675 | 135 48 1011 | 22.22
7 0.123 | 2.4 21 0.384 | 7.68 35 0.7 14 49 1.15 | 23 4. If eye level is BELOW base of tree
8 | 0141 | 282 | 22 | 0404 | 808 | 36 | 0727 | 1454 | 50 | 1.192 | 23.84 SUBTRACT lower from upper heights
to find actual free height.
9 0.158 | 3.16 23 | 0.424 | 8.48 37 | 0.754 | 1508 | 51 1.235 | 24.7
10 | 0.176 | 3.52 24 | 0.445 | 89 38 | 0781 | 15.62 | 52 128 | 25.6 5. Find the height of the first branch
1 0.194 | 3.88 25 | 0.466 | 9.32 39 0.81 16.2 53 1.327 | 26.54 angle and subtract it from the fotal
height to get the crown depth.
12 | 0213 | 426 26 | 0.488 | 9.76 40 | 0.839 | 1674 | 54 | 1.483 | 27.52
13 | 0231 | 4.62 27 0.51 10.2 41 0869 | 1738 | 55 1.483 | 28.56
14 | 0249 | 498 28 | 0.532 | 10.64 | 42 0.9 18 56 1.483 | 29.66
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