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While day one focused mainly on the forces that have shaped our west coast landscape,
our watersheds are not just inert places, formed from non-biological processes. BC is the
most biologically diverse place in Canada. Understanding this living capital and the
interactions between the living and non-living components of the watershed are critical to
informing the choices we make in respect to the long-term sustainability and health of our
environment.
James Lovelock, a scientist and futurist conceived the notion of the “Gaia Hypothesis”
which proposes that the biosphere is a self-regulating entity with the capacity to keep our
planet healthy by controlling the interconnections of the chemical and physical
environment. In essence – that everything is connected and that life drives life.
Image: Barbara Schramm Rainforest Interpretive Centre Tofino
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Before we drill down into how ecosystems and watersheds are classified on our coastal
landscape let’s take a look at some of the living processes that are common to all
ecosystems. Climate, precipitation, ocean currents, species communities and habitat
interactions all drive a range of ecological processes at a number of levels.
The Pacific Northwest and more specifically BC’s coastal regions are a rich example of the
complex mosaic of biological and abiotic processes that we need to consider as we plan for
potential restoration activities. As we have seen much of the present landscape is a result
of cumulative effects from past and present forces of change – some of them being quite
unpredictable and potentially catastrophic.
However there are some universal processes that we can count on for their consistency
regardless of what watershed you call home.
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If we look specifically at the dynamics of any one of our local watersheds we can see that
those layers of interactions and processes continue to transfer out in each level of the
landscape. There is some truth to the idea that “the river never sleeps”.
Watersheds involve 4 dimensional processes - longitudinal, lateral, vertical, and temporal.
* Watersheds are ecosystems composed of a mosaic of habitat patches that are
connected by a network of streams.
* Activities can fragment and disconnect the habitat patches if not implemented from a
watershed ecosystem perspective.
* Aquatic systems are linked with terrestrial environment - riparian area represents this
interface.
• Riparian areas are vital to ecological and biological health of watershed ecosystems provide 99% of instream nutrients in the aquatic food cycle - woody debris slows water
flow and contributes to local water table.
• Healthy riverine systems are dynamic - slows water flow during flood - buries and stores
organic matter - improves biodiversity.
Timothy Randhir
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If we look at those interactions and relationships as basic connections, many of the
processes can be quite linear, but almost all of them eventually feedback to each other.
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Food webs are the key process by which energy is transferred from inorganic (soils and
other non-biological sources) to the living matter in a system.
The source of all food is the activity of what we refer to as autotrophs, mainly
photosynthesis by plants.
Autotrophs are the bottom of the food chain forming the body of producers. They are
called producers because only they can manufacture food from inorganic raw materials.
This food feeds herbivores, called primary consumers.
Carnivores that feed on herbivores are called secondary consumers.
Carnivores that feed on other carnivores are tertiary (or higher) consumers.
We know this as a food chain.
Each level of consumption in a food chain is called a trophic level. At each trophic level,
Net production is only a fraction of overall production because at each level individuals
must expend energy to stay alive. Note that the difference between gross and net
production is greater the higher up the chain you go (animals versus plants) reflecting their
greater activity.
Much of the energy stored in net production was lost to the system by decay which is
carried “downstream” or put back into the system
There are substantial losses in net production as energy passes from one trophic level to
the next.
The ratio of net production at one level to net production at the next higher level is called
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the conversion efficiency. The average is 10% conversion efficiency from producers to
primary consumers.
The Pyramid of Energy
Conversions efficiencies are always much less than 100%. At each link in a food chain, a
substantial portion of the sun's energy — originally trapped by a photosynthesizing
autotroph — is dissipated back to the environment (ultimately as heat). Energy is never lost –
it just changes form.
The total amount of energy stored in the bodies of a given population is dependent on its
trophic level.
For example, the total amount of energy in a population of toads must necessarily be far less
than that in the insects on which they feed.
The insects, in turn, have only a fraction of the energy stored in the plants on which they
feed.
This decrease in the total available energy at each higher trophic level is called the pyramid
of energy.
This pattern drives and controls the numbers of individuals that can be sustained at each
level (“Pyramid of Numbers”)
Small animals are more numerous than larger ones. This graph shows the pyramid of
numbers resulting when a census of the populations of autotrophs, herbivores, and two
levels of carnivores was taken on an acre (0.4 hectare) of grassland. The figures represent
number of individuals counted at each trophic level. The pyramid is based on data acquired
by Evans, Cain, and Walcott, and has been redrawn by permission from E. P. Odum,
Fundamentals of Ecology, 2nd. ed., © W. B. Saunders Co., Philadelphia, 1959.
The pyramid arises because;
Each species is limited in its total biomass by its trophic level.
So, if the size of the individuals at a given trophic level is small, their numbers can be large
and vice versa.
Predators are usually larger than their prey. Occupying a higher trophic level, their biomass
must be smaller.
So typically the number of individuals in the predator population is much smaller than that in
the prey population.
Source: Kimball’s Biology Pages. http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/
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Food webs occur across different ecosystems and within components of ecosystems.
The master driver of all energy webs is the sun
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But it is important to remember that everything starts at the smallest level, before we can
even see who eats who. If you lose this foundation whole webs can collapse. Example –
relationship of plankton to herring or species like sand lance and the number of species
dependent on forage fish.
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Now let’s take a step back and look at how our ecological systems are identified and
classified in Canada. This is useful as it provides a roadmap for understanding how our local
watershed fits within the bigger picture and vice versa. As with any hierarchy it is a process
of lumping and then splitting finer and finer.
At the national level we have ecozones. They consist of fifteen terrestrial and five marine
ecozones in Canada. An ecozone is a large sub-continental geographical division with
distinct representative biological and non-biological features in the ecological unit.
The Pacific Maritime Ecozone is a place of where the idea is go big or go home!: On the
west coast are found Canada's tallest trees, the most rainfall, and the longest and deepest
fjords. Our unique maritime climate and combination of striking landscape features give
our ecozone its distinctive character. As the name implies, the ecozone includes the land
bordering Canada's Pacific Coast. Covering more than 195 000 square kilometres, it
includes the Coast Mountains, B.C.’s marine islands, plus a small corner of southwestern
Yukon.
In few other areas on earth can one experience such a variety in so short a distance -- from
undersea kelp forests to alpine tundra, from the lush, flat plains of the Fraser Delta to the
massive glaciers punctuating the northern British Columbia coast.
Source: Ecological Framework of Canada
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The Ecoregion Classification system is a made in BC system used to stratify British
Columbia's terrestrial and marine ecosystem complexity into discrete geographical units at
five levels. The two highest levels, Ecodomains and Ecodivisions, are very broad and place
British Columbia globally. The three lowest levels, Ecoprovinces, Ecoregions and
Ecosections are progressively more detailed and narrow in scope and relate segments of
the Province to one another. They describe areas of similar climate, physiography,
oceanography, hydrology, vegetation and wildlife potential. Within each terrestrial
ecoregion, climatic zones occur where specific soils, plant and animal communities and
aquatic systems develop because of the interaction of climate with the land surface and
surficial materials. These zones are best defined within the Biogeoclimatic Ecosystem
Classification system.
Ecological zones in marine ecosystems are products of temperature, salinity, sea-bed
configuration and water depth. The Marine Ecoregion Classification system should be used
to define the marine ecosystems. Each ecosystem is ultimately identified by sampling
individual sites. At the lowest level in an ecosystem classification, attention is directed to
specific parameters, such as topography, surficial materials, soil development, moisture
regime, microclimate, floristics, succession, productivity and animal use. Ecoregions should
be thought of as 'big picture' ecosystems. As such the province should be viewed first for its
big, all-inclusive landscape chunks, then progressively through more detailed levels, and
finally each area of the province has to be viewed with other classifications or the
underlying geographical detail. The boundaries between units must be thought of in the
same way, broad lines for small scale ecosystems progressing to greater precision for the
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larger scale ecosystems. For convenience, however, one boundary is used to define all
ecosystem levels, from Ecodomain down through to the Biogeoclimatic or marine unit level.
The Coast and Mountains Ecoprovince is divided into eight ecoregions containing 23
terrestrial ecosections and 3 aquatic marine ecosections.
Demarchi (1996),
Image source BC MoE
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To make things even more complicated (or fine scale), the Biogeoclimatic Ecosystem
Classification (“BEC”) system was adopted by the British Columbia Ministry of Forests as a
method to classify and manage sites on an ecosystem-specific basis.
The system incorporates three distinct levels into the classification of ecosystems in BC.
“Bio” indicates the biological nature of the ecosystem. This can be observed in BEC by
looking at the vegetation potential on a site. “Geo” indicates the use of soils and geology in
the classification. We determine this aspect of BEC by analyzing soil pits and determining
the soil texture and geology of the site. Finally, “climatic” involves overriding climatic
factors in the classification. For instance, many of us have experienced that the coast of BC
is wetter, the north interior is drier and colder and the southern interior is hotter. The
combination of geology, vegetation and climate concepts form the basis for division of
Biogeoclimatic Zones in British Columbia. Together, the three levels Bio, Geo and Climatic
are used to classify any site in BC into an ecosystem. In British Columbia, there are 14
biogeoclimatic zones identified.
Together, the three levels Bio, Geo and Climatic are used to classify any site in BC into an
ecosystem. In British Columbia, there are 14 biogeoclimatic zones identified.
Derek Marcoux, Selkirk College
Image Source BC MoE
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Looking at the BEC zones as they spread across BC’s landscape with the breakdown for
Vancouver Island and the South Coast
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As we zoom down within a watershed, distinct units begin to appear, driven by more and
more site specific local conditions and variations in topography, soil and climate.
Broad Ecosystem Units: A Generalized Terrestrial Ecosystem Unit is a permanent area of the
landscape that supports a distinct kind of dominant vegetative cover or distinct nonnegative cover. A Broad Ecosystem Unit is defined as including potential vegetation and any
associated seral stages; and are amalgamation of site series contained within each
Biogeoclimatic subzone. Generalized Ecosystem Units are meant to be mapped at small
scales (1:250,000) for use in sub-regional land use planning.
Detailed Ecosystem Units: Detailed Terrestrial Ecosystem Units are developed from the site
series classification within the Biogeoclimatic system (BGC). Detailed Terrestrial Ecosystem
Units are mapped site series. These sites are classified by their potential to produce similar
plant communities when in a late successional stage. Such sites have similar soil moisture,
soil nutrients, texture and aspects. Site series are meant to be mapped at medium to large
scales (1:50,000 - 1:20,000) for landscape unit planning, or forest development planning
using the Terrestrial Ecosystem Mapping methodology.
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Sites: Each ecosystem / structural stage unit contains considerable variation. Sample sites
are established at sites that are homogeneous in terms of soil and vegetation attributes.
The measurements of physical and biological parameters such as topography, depth and
texture of soil, trees, snags, course woody debris, shrubs, herbs, mosses and lichens are
used for detailed data analysis. Sites are the basic units identified during field sampling and
are scale independent.
On the west coast of Vancouver Island the more typical types of site associations include
the CWH are redcedar-lady fern and redcedar-Sitka spruce-skunk cabbage.
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Now let’s look at the three main ecosystems that we typically deal with when undertaking
restoration and land management planning on the Coast: Forests, Riparian Zones and
Wetlands. A combination of these ecosystems is typical for most watersheds across much
of BC.
As noted, the Pacific Coast is renowned for it’s forests. While the term rainforest may seem
odd to use for Canada, the combination of precipitation, marine influences, topography
and species diversity are what has earned BC’s coast the nickname “Amazon of the North”.
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A reminder why the CWH, especially the very moist maritime zones of the west coast
support rainforest conditions!
References: RESTORATION PLAN: SALMON HABITAT AND RIPARIAN OVERVIEW WITH LEVEL
II PRESCRIPTIONS ATLEO RIVER BEDINGFIELD WATERSHED November 2012.
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Original extent of the CTR in North America and coastal BC.
Source: Ecotrust’s Inforrain, Coastal Temperate Rainforest Atlas. http://www.inforain.org/
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Present extent.
Source: Ecotrust’s Inforrain, Coastal Temperate Rainforest Atlas. http://www.inforain.org/
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As the name suggest Coastal Western Hemlock is the dominant climax species for the CWH
BEC zone. However it is not completely uniform in distribution. Within it are zones of
mountain hemlock, alpine tundra and coastal Douglas-fir whose distributions are driven by
elevation, geology and precipitation regimes (e.g. CDF in the southeast rainshadow of
Vancouver Island and dry maritime zones of the mainland).
Coastal Western Hemlock Zone: Wet, mossy, dense temperate rain forests of Western
Hemlock, Western Redcedar, Pacific Silver (Amabilis) Fir, Yellow Cedar, Coast Douglas-fir,
Grand Fir, Sitka Spruce, and Western White Pine, Big-leaf Maple, Red Alder, sword fern,
devil's club, and red huckleberry predominate on the west coast of Vancouver Island, the
west coast of the mainland north of the Fraser River delta to north of Prince Rupert, farther
inland along the Fraser and Skeena River Valleys, and on Haida Gwaii.
Coast Douglas-fir Zone: A drier region of temperate rain forest, this is the smallest and
most heavily populated biome of the province. It encompasses the southern and most of
the eastern coastal fringe of Vancouver Island, the Fraser River delta, the Gulf Islands, and
parts of the Sunshine Coast. Trees unique to this area include the Arbutus, Garry oak, and
manzanita.
Mountain Zones: At higher elevations (above about 850 m on the southwest coast, less as
one goes farther inland and north), the summers are shorter and the winters are colder.
Along the coast, the lush, diverse forests give way to more uniform stands of Mountain
Hemlock, Pacific Silver (Amabilis) Fir, and Yellow Cedar. These are interrupted by subalpine
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heaths, meadows, and fens.
Source Cameron Young, The Forests of British Columbia (North Vancouver: Whitecap Books,
1985); R.C. Hosie, Native Trees of Canada, seventh edition (Ottawa: Canadian Forestry
Service, 1969)
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Most forests are composed of structural stages:
Each may have a number of different stand ages depending on disturbance history. While
the plant communities may vary depending on the stage, a given site series will ultimately
result in one kind of climax plant community. Stand structure is usually mapped according
to Describing Terrestrial Ecosystems in the Field.
Demarchi 1996
Image source BC MoE
Successional stages are also known as seral stages. Within each stage plant communities
goes through a transference of dominance from one structural state to the next. Typically
succession is circular as forest communities go from early low structural complexity to
mature and then some event (fire, logging, disease) resets the clock. During the first two
years, grasses, heaths and herbaceous plants such as fireweed will be abundant. After a
few more years shrubs will start to appear; and about six to eight years after clearing, the
area is likely to be crowded with young hardwoods (e.g. alder or birch). These then mature
and die out and are overtaken by the maturing coniferous species that tend to grow more
slowly and have longer lifespans.
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It is important to differentiate the succession process between a natural system and a
managed one. In managed forests the system clock is rest at a specific time in succession
and with a controlled species diversity.
In a natural succession process the forest may have arisen over a very long time frame as
primary succession (plants colonize bare rock, soil accumulates and eventually trees grow).
In managed forests only secondary succession takes place, with a young forests being
installed to replace the harvested mature one but the soil structure stays intact.
While this is done to maximize harvest benefits it has implications for overall productivity
and biodiversity within forest ecosystems and subsequently the resilience and health of
those forests.
Image LTEP Forestry Research Network Pacific Northwest

http://www.fsl.orst.edu/ltep/summary.htm
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A riparian zone or riparian area is the interface between upland areas and a river or stream.
The word "riparian" is derived from Latin ripa, meaning river bank.
Plant habitats and communities along the river margins and banks are called riparian
vegetation, characterized by hydrophilic plants. These are typically plant communities that
can tolerate being submerged or inundated for periods of time, typically due to seasonal
rainfall events and subsequent flooding. Riparian zones are significant in ecology,
environmental management, and civil engineering because of their role in soil
conservation, the level of biodiversity they support, and the influence they have on fauna
and aquatic ecosystems, including grassland, woodland, wetland or even non-vegetative.
The species and structural diversity of the riparian zone can have a direct influence on its
long-term health and integrity which in turn directly influences watershed components
ranging from food webs to water quality to water quantity.
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Typically on the west coast most riparian ecosystems also have similar and overlapping
characteristics with forests. However that is not always the case (e.g. transition
communities around wetlands) and they can have low structural diversity due to saturated
conditions limiting over-story growth.
Most riparian zones have three main areas or subzones which support slightly distinct plant
species and often reflect periodic shifts and events within the stream channel over time.
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Although generally comprising a small proportion of the landscape—often less than
1 percent—riparian areas are regional hot spots that support a disproportionately
high number of wildlife species and provide a wide array of ecological functions and
values (Naiman et al. 1993, Fischer and
Fischenich 2000, National Research Council 2002). The support of high levels of
species diversity and ecological processes in these areas is due in part to regular
disturbance events, like floods, as well as to climatic and topographic variation and
the availability of water and nutrients (Naiman
et al. 1993).
Source Conservation Thresholds for Land Use Planners 2003. ELI.

In a watershed where the upland areas are in a state of permanent or periodic disturbance
die to human activities (agriculture, forestry) the role of the riparian zone often becomes
much more critical as a remaining buffer to protect aquatic health and watershed function.

During times of high water, riparian forests reduce the speed of floodwaters. The
dense vegetation and deep humus slow racing waters. Streambanks and
downstream property owners suffer less soil erosion and damage when riparian
forests are healthy. Streambanks are stabilized by riparian shrubs and trees. They
anchor banks and prevent erosion during periods of high water. Removing trees and
shrubs and substituting
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shallow-rooted grasses can lead to streambank collapse, erosion and stream
sediment.
Source: Riparian Forest Stewardship University of Montana
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What is key to minimizing the impacts of adjacent disturbance (and conversely maximizing
the ecological effectiveness and benefits of the riparian zone) is buffer or retention width.
Part of the issue is that buffer widths in most instances have for many years been based on
maintaining fisheries values, rather than overall watershed health and function and species
diversity.
As an example species like watershrew are aquatic specialists with a high fidelity for the
areas within 50 meters of the water. However their overall life history is such that they
need ~100 metres on either side of a waterbody to ensure adequate survival habitat.
Furthermore that riparian corridor needs to be contiguous for the length of the stream.
Species like bulltrout require buffers of 500 meters to protect the hydrology that influences
groundwater fed spawning sites.
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The riparian zone is the land area transitional between terrestrial and aquatic ecosystems
in which the land is influenced by proximity to water and the water is influenced by
proximity to land.
The hyporheic zone – a little recognized subsurface interface, consists of the interactions
that occur between sediments of the channel bottom and interflow and groundwater
influences and instream flows.
Main functions: Discharge of groundwater to the stream occurs through the hyporheic zone
Streamflow and groundwater interchange in the hyporheic zone
Highly active zone of biological and geochemical processes, especially critical for benthic
communities and groundwater dependent spawners like bulltrout and Coho.
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Distinguishing features:

hydric soils - flooded or saturated for long periods
plants - hydrophytes - adapted to wet conditions
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Source: Natural Resources Canada http://atlas.nrcan.gc.ca/site/english/maps/freshwater/distribution/wetlands

Wetland classes adapted from the Canadian Wetland Classification System
http://www.qc.ec.gc.ca/faune/atlasterreshumides/html/classification_e.html
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Bogs:
Characteristics: sphagnum mosses, peat.
Flow regime: high water table (restricted inflow/outflow)
Water quality: acidic, low in nutrients and oxygen
Soils: spongy, poorly drained
Plant community: Labrador tea, cranberry, bog laurel
Bog types: domed bog (Burns Bog); basin bog central drainage point), flat bog (Burns Bog
perimeter – the “lag”), shore bog (freshwater or marine influence – note shorepine
indicator species)
Global extent:
Bogs cover ~5-8% of the earth’s surface.
Canada has the largest area of bogs in the world – about 130 million hectares
(18% of our land area).
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Can be confused with grassland areas or estuaries or shrub perimeters of marshlands.
2.
Fens:
Characteristics: peatlands, but more fertile than bogs.





Flow regime: high water table (at or above surface) with some
slow drainage.
Water quality: alkaline.
Soils: nutrient-rich.
Plant community: sedges, grasses, reeds, some shrubs and
sparse tree layer.

Fen types:
Shore fen - found along the shore of a pond
or lake, stream fen - along banks or within channel of
streams
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Considered the most dominant wetland in much of N.A
3.

Swamps:
Characteristics: Transitional zone between marshes and
upland forests




Flow regime: fluctuating water levels (at or near the surface)
Soils: nutrient rich
Plant community: Dense coniferous or deciduous trees, shrubs,
herbs and some mosses

Swamp types: basin swamp, floodplain swamp, stream
swamp.
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Vernal pools are part of recovery planning for rare plant species restricted to
vernal pools in Gary oak ecosystems






Characteristics: Water covers
more than 75% of wetland
surface area in winter and often
dries up in summer.
Plant community: low growing
plants that can tolerate high
seasonal moisture variation.
Often support rare species or
species not found in connected
permanent wetlands.
33



shallow organic and minerals soils overlying bedrock as well as
depressions in poorly drained fine marine or riverine silts overlaying
clays to compact loam and till materials.

other types are the typical shallow ponds that form on the permafrost of the Arctic tundra
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4.

Marsh:





Flow regime: periodically or permanently inundated by standing or
slowly moving water which can fluctuate widely (coastal marshes)
Soils: nutrient rich
Water quality: fresh to very saline, high oxygen saturation
Plant community: sedges, grasses, rushes, reeds, cattails
bordering grassing meadows and peripheral bands of shrubs or
trees

Marsh types: saltwater, estuarine (brackish), freshwater,
stream.
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Organic or peat soils are mainly composed of organic matter in various stages of
decomposition. Organic soils are common in fens and bogs. The profiles of these soils have
an obvious absence of mineral soil particles.
10(v) Soil Classification http://www.physicalgeography.net/fundamentals/10v.html
Gleysol or gleysolic soils are formed under conditions that include long periods of
saturation. The colors indicate considerable periods of limited oxygen and the chemical
processes are primarily reduction. In this case the water would have moved up from below
as well as down from the surface to saturate the soil for extended periods. There are small
pockets of Gleysolic soils found throughout BC and they are often readily identified
because the surface vegetation tends to be water tolerant plants. If you were to dig down
through these soil layers you may find that occasionally it may be dry but that the water
table would be quite near the surface. BC Water Balance Model
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While we tend to think of succession or “seral stages” in association with riparian zones
and upland forests, wetlands and still waters go through succession as well. Often this can
be tied to colonization by an invasive species (e.g. weeping birch and domestic blueberries
in bogs or reed canarygrass in marshes or spartina and yellow flag iris in estuaries)
Diversion and disruption of water tables due to seismic activities or through alteration of
surface and sub-surface flows due to mining or development can also trigger the process.
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While it may seem a bit like a biblical story, fire, floods, storms, disease and pests are the
major natural disturbance for many ecosystems. Mean fire-return interval for the western
hemlock zone as a whole is 250 years, but may vary greatly. Major natural fires are
associated with occasional extreme weather conditions (drought, lightning and wind
storms). Fires are typically high-severity, with few trees surviving. However, low- and
moderate-severity fires that leave partial to complete live canopies are not uncommon,
especially in drier climatic areas. Occasional major windstorms hit outer coastal forests
most intensely, where fires are rare. Severity of wind disturbance varies greatly, with minor
events being extremely frequent and major events occurring once every few decades. Bark
beetles and fungi are significant causes of mortality that typically operate on a small scale.
Floods and landslides are another natural disturbance that occur in some areas. All are
closely tied to precipitation, climate, geology and the ripple effect of human derived land
use changes.
NW Habitat Institute
Image source: USDA National Forest service (Bitterroot fire Montana 2007)
Granite Falls flood - Walter Seigmund Wikipedia
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Forest fires provide an example of a system that undergoes adaptive cycles. Fires occur in
cycles that are characterized by gradual changes and abrupt transitions. Those transitions
occur following disturbances- in this case fire is the disturbance. As we have looked at
forest ecosystems develop gradually in a process of succession. Forest succession begins
usually with bare ground that is colonized by fast growing grasses and shrubs.
Since early succession species are selected for fast growth and rapid reproduction, this
corresponds to the ‘growth’ phase of the adaptive cycle. Over time scales of decades to
centuries, the system matures as forest structure (biomass) increases. However, that
structure doesn’t increase forever, due in part to the way in which energy is used in the
system. As systems mature and structure increases, the energy captured by that system
goes into maintaining the accumulated structure, as a result the system loses some
flexibility and capacity to adapt and respond to
change. The system doesn’t keep growing, but tends to reach limits (only so many trees can
grow in a given space and trees can only get so big) or a state in which the system is slowly
changing (a steady state). Once a system approaches a steady state or carrying capacity, it
is referred to in ecology as the ‘K’ phase, also called the ‘conservation’ phase of the
adaptive cycle.
The biomass that has accumulated in late-succession forests becomes vulnerable to
disturbances, such as fire. The amount of biomass or fuel in a patch, and connections
among patches across the forest are necessary ingredients for fires (along with some
ignition source and appropriate weather conditions). Once there is sufficient fuel combined
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with dry conditions and a spark, fires can destroy all or part of the existing forest structure.
This is the ‘release’ phase, also called ‘creative destruction’. Following a fire, the system can
reorganize as the system is
colonized by different species. The seed bank in forest soil is a form of natural capital that
allows the regeneration of certain plant species. These ecological investments for future
recovery that are built up during the growth and conservation phase, are critical in
determining the system’s resilience and adaptability.
The alpha (or beginning) phase sets the stage for subsequent succession and development
phase. This entire sequence is called an adaptive cycle.
Conceptual model of stand dynamics of lodgepole pine ecosystems, showing the cyclical
nature of forest disturbances and how disturbance regimes change forest structure in the
southern and central interior of BC. This differs from the natural adaptive cycle post
disturbance in that instead of allowing fire cycles to play out (i.e. working with fire as a tool
for improving ecological resiliency) as per local conditions fire is suppressed. In this situation
fuel builds up unnaturally and pest species (pine beetle) spread unchecked. When fires finally
do occur they are often extensive and catastrophic (Source: Forest Ecology and Management
257 (2009) 1874-1882).
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While we tend to associate fire regimes and issues like bark beetle outbreaks with drier
areas of the province, the effects of climate change, disease and pest outbreaks and our
understanding of long range cycle influences from El Nino effects mean that fire and pest
impacts could become more of a frequent occurrence in some of the wettest spots on BC’s
coast. With changing precipitation patterns (wetter winters, drier summers) there are
already shifts happening in the CWH (cedar die-back and Douglas-fir and Spruce
expansion).
As an example research at UBC found that a high moisture stress index in early summer in
the CWH zone was associated with the onset of visible defoliation by western hemlock
looper populations later that year. “Furthermore, a high moisture stress index over the
entire growing season (May to September) was associated with conditions two years
before visible defoliation events, thereby providing a trigger for populations to increase to
outbreak levels in subsequent years. Given predicted warmer and drier climatic conditions
during the growing season in coastal British Columbia, it is anticipated that the frequency
of western hemlock looper outbreaks will increase in future.”
Western Hemlock Looper: A biological Agent of Disturbance in Coastal Forests of British
Colombia. SHANE McCLOSKEY (2007) Ph.D. Dissertation
Department of Geography, University of British Columbia, Vancouver.
Major defoliation events leave CWH forests prone to disease and turn otherwise moist fire
resistant climate regimes into wildfires in waiting.
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But ecosystems can prove to be very adept at self-healing if we ensure the foundations for
those processes are protected. Managing for optimum ecosystem integrity and forest health
from headwaters to estuary will be critical in building the foundation for resilient watersheds
less vulnerable to climate change impacts and able to rebound faster in the event of major
fire events.
Some general guidelines for adaptation:
Increase landscape diversity -- increase large-scale resilience, size of management units,
and connectivity.
Maintain biological diversity -- experiment with species and genotype mixes, and identify
species, populations, and communities that are sensitive to increased fire and develop
conservation plans for them.
Plan for post-disturbance management -- treat fire and other ecological disturbances as
normal processes and incorporate fire management into planning.
Maintain and improve the resilience of watersheds and aquatic ecosystems by
implementing practices that protect, maintain, and restore watershed processes and
services.
Implement early detection and rapid response -- monitor post-fire conditions, and
eliminate or control exotic species early on.
Manage for realistic outcomes -- identify key thresholds and prioritize projects with a high
probability of success; abandon hopeless causes; consider even alternatives that might be
undesirable in an unchanging climate.
Incorporate climate change into restoration -- avoid trying to replicate historical
conditions, but continue to learn lessons from historical variation.
Develop regulations and policies that take climate change into account -- raise awareness
with stakeholders, and work with local stakeholders from the onset of projects.
Anticipate big surprises -- expect mega droughts, larger fires, species extirpations, loss of
resilience and system collapses, and incorporate these events in planning.
Source: USDA Forest Service Climate Change Centre
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While it rains a lot on the wet coast, major flood events tend to be somewhat rare
compared to issues like windstorms, landslides or debris torrents. However given
projections for increased winter precipitation under a warming world it is important to
understand how watersheds respond to and recover from flood events. This is especially
relevant to areas that have undergone disturbance activities such as land clearing due to
development and or resource extraction activities.
However while floods can be very destructive to human-built facilities, flooding is a natural
and very beneficial process for stream systems. Large floods contribute to the
scouring/deepening of pools for improved rearing habitat, cleaning/sorting of gravels used
for spawning, introduction of large trees as structural material, creation of "off-channel"
quiet water habitats, and distribution of fine sediment, nutrients and seeds on the
floodplain. Most native plants, fish and other organisms of the Pacific Northwest are
adapted to the short term impacts and long term benefits provided by periodic flooding.
Mount St. Helens flood and debris event USDA FS
Chum crossing road Seattle Times
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River flooding is a watershed disturbance that can often have profound effects on
riparian forest zones. In a watershed with relatively intact headwater and upland
forest cover a system goes through the similar adaptive/successional processes as
happen after fire. Recovery from floodplain scouring events is often phased in a
predictable manner. Restoration begins with deciduous species (e.g. willow, alder,
cottonwood) sprouting on the newly deposited silt and sand. Deciduous species can
dominate the riparian forest for the first 60-80 years as shade tolerant conifer
species take over. This process of plant succession continues until the next major
flood event. Then the process begins anew.
Reference/image: Forest Ecosystem Stewardship Montana State University.
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But what happens when the complex relationships needed to maintain the ecological
integrity on our watersheds breaks down, or disturbance is ongoing? While constant
‘upheavals’ can be natural (e.g. volcanic activity like Mount Saint Helens) increasingly for
areas of the west coast these disturbance factors are being driven by anthropogenic causes
(us!).
Forest clearing and development are two main drivers of watershed degradation and
failure of functional condition and upland soil stability on the west coast. If you remember
the image of increasing land clearing and impacts on stream hydrology, it is pretty
understandable the process that drives this. Stream energy continues to undergo constant
ramping up so that even small rainfall events can create significant impacts to channel
stability.
Now think if how important this is to consider when planning restoration activities.
Image source: University of Washington, BC MoE – Protecting the Greenzone.
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Ideally then we can identify the level of stability within a watershed by looking for
disturbance indicators (past lightning strikes or burn scarring), rates of deposition in

floodplains and channel conditions (e.g. lots of coarse unconsolidated bedload,
recent deposition of sediment and changes in plant communities within the riparian
area). These are indicators that tell the observer the nature of recent and past
disturbances.
Overall, in stable systems, even with regular disturbance cycles, ecosystems
rebound. Plant communities are able to re-establish and maintain critical
infrastructure to maintain soil cover, habitat features (e.g. downed wood, spawning
gravels, instream cover).
In watershed restoration this resilient state is an end goal.
Image source: Pamela Zevit, BC MoE – Protecting the Greenzone
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The wild card – climate change. While we have alluded to the impacts of climate change in
many aspects already, as a disturbance regime the actual effects have yet to play out fully
on the west coast. What we know is that rainfall patterns will change and for watersheds
like those directly draining to the sea there will be significant impacts to existing ecosystem
form and function.
A number of resources have been produced for the Pacific Northwest that look at the
impacts to coastal areas and potential mitigation and adaptation approaches. While we can
make an effort to prepare what exactly are we preparing for?
The National Wildlife Federation looked at a number of sea-level rise scenarios for the
Pacific Northwest region:
A significant sea level rise by 2100 of between 20-56 inches is predicted, with even a 2’
moderate scenario bringing large loss of coastal and estuarine habitat.
These habitats are vital to many species of commercially and culturally important fish and
shellfish species and many other estuarine dependent species.
Among the most vulnerable habitats is estuarine beach, which provides vital spawning
areas for forage fish, including surf smelt and sand lance, which in turn provide food for
birds, marine mammals, salmon, and other fish and wildlife. More than 2/3 of beaches in
the Tacoma (Washington) area are predicted to be lost by 2100.
Estuarine beaches will undergo inundation and erosion, with up to a 65% loss.
As much as 44% of tidal flat will disappear, 11% of inland swamp will be inundated with salt
water, and 61% of tidal swamp will be lost.
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13% inland fresh marsh and 25% of tidal fresh marsh will be lost.
52% of brackish marsh will convert to tidal flats, transitional marsh & saltmarsh.
Imagine then the implications for Long Beach and Clayoquot Sound?
How will this effect watershed restoration planning, recreation and tourism, salmon
production?
Image source New York Times
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Watershed restoration in the Pacific Northwest has evolved in a very salmon-centric way.
This is understandable given the cultural and economic value we place on Pacific salmon.
They are also a keystone to most coastal watershed food webs.
But we need to look beyond salmon when considering options for watershed restoration,
the who we are restoring for will dictate how we and what we plan.
Many indicator candidates are of conservation concern and typically listed under SARA and
or as Identified Wildlife. They often have life-history requirements that make them
vulnerable to even small changes to their habitat. In particular the more cryptic and
uncharismatic the species the better as these are typically the vast number of species who
are never recognized or considered in watershed restoration. But there role as watershed
health and ecosystem indicators is as equal or greater than those of salmon or large fauna.
Image source Giant Salamander (Japan) National Geographic, Western Screech Owl
(kennacotti ssp.) Gord Gadsden, Pacific Sideband snail Pamela Zevit, American Water Shrew
Roger Barbour
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Bats are one of the most under-represented groups of animals in watershed restoration
planning. BC supports at least eight bat species (resident and migratory) and with the
epidemic of white-nose syndrome wiping out bat populations across eastern North
America, the west remains a critical stronghold for bat biodiversity. On the west coast there
is a very significant relationship with bat species and the protection of Karst ecosystems.
Bats like the Keen’s Myotis, a species of long-eared bat depend on cool, wet, coastal
montane forests and karst cave features for essential roosting habitat. Bat activity appears
seasonal, with emergence (“swarming”) from mid to high elevation caves occurring from
July to September. Foraging covers a broad range of open areas from intertidal zones and
estuaries areas to upland forest clearings, edge areas, wetlands and freshwater riparian
zones.
This member of the family Vespertilionidae (“vesper bats”), also known as “evening” or
“common” bats is one of the largest and most commonly known groups of bats. Almost all
vesper bats are insectivorous, except for one or two species which have adapted to catch
fish and even small birds. Nine species of Myotis are recognized in BC. While note federally
listed Keen’s Myotis is an Identified Wildlife species.
Myotis species show high site fidelity to maternity roost and hibernacula sites. Important
habitat features include tree cavities, bark (on older decadent trees) and rock crevices, and
caves more than 100 m in length and above 400 m elevation, with stable 2.4-4°C
temperatures and 100% humidity. Forage and roost buffer requirements are typically
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between 30 and 50 ha but will depend on site-specific factors including the type of feature
(cave vs. tree), location of roosting trees, presence of wetlands or lakes, and potential
movement corridors.
BC’s Coast Region: Species & Ecosystems of Conservation Concern Keen’s Myotis (Myotis
Keenii). Pamela Zevit 2010.
Image Source Roger Barbour.
Comic Toles
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Notes on Rana aurora: A member of the family Ranidae (“true frogs”), which has the widest
distribution of any frog family. Most members of this family have smooth, moist skin, large,
powerful legs and extensively webbed feet. Endemic to the Pacific Northwest, Red-legged
Frog are divided into two species - “Northern” and “California”. Red-legged Frog are known
for their leaping ability. The California species was the source for Mark Twain’s famous
story of the “Jumping Frog of Calaveras County.” Both species were once so abundant that
they were harvested in the tens of thousands as a food source in the US Pacific Northwest
until the late 1800’s. Habitat destruction, pollution, logging, the introduction of invasive
Bullfrog and Chytrid disease have contributed to the decline of this species in a number of
areas across its range, including BC.

Northern Red-legged Frog prefer a complex mosaic of aquatic and terrestrial habitat
features. Breeding ponds may be permanent or temporary and include ponds, lake
verges, slow moving streams or river systems (3 meters wide or greater). Eggmasses were most numerous in ponds with over 30% forest cover within 200 m
from the shore. Breeding, overwintering and foraging sites can overlap; as some
frogs hibernate in water others in surrounding forests. Proximity of breeding,
foraging, and overwintering sites to each other varies, but at most locations are
likely contiguous to some degree. Dispersal distances of several kilometers from
aquatic environments into adjacent riparian and upland forests have been
observed.
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Notes on Anaxyrus boreas: A member of the family Bufonidae (“true toads”), this species is
also referred to as “Boreal Toad”. True toads are toothless and generally “warty” in
appearance and have a “parotoid” gland that excretes an alkaloid poison “bufotoxin” when
the animal is stressed. All male toads possess a “Bidder's organ”. Under the right conditions
the organ becomes an active ovary and the toad, in effect, becomes female.

This species is capable of significant overland movement between breeding ponds,
upland summer (post breeding) ranges, and overwintering areas. Adults have been
found one to two kilometers away from breeding sites during the spring and summer.
However distances of 5 km between breeding sites have been identified in some
populations, with some toads moving as much as 7.2 km. Open water, often vernal
pools are used for breeding. Female Western Toads tend to move farther upland than
males after breeding (400 to 600+ m away from breeding sites). All breeding
members of a local population tend to lay their eggs in the same location, which is
used repeatedly from year to year. Little is known about toadlet dispersal distances,
but they have been found hundreds of meters away from breeding sites. Toadlets
disperse from aquatic breeding sites en mass, forming large, post-metamorphic
aggregations. Hibernacula can be communal, but are often individual dens dug in
streambanks, under downed wood, or using burrows of other animals (e.g. rodents
and moles).
Both species are federally listed as special concern, Northern Red-legged Frog is
classified as Identified Wildlife.
Image sources: Paul Berlinguette, Patrick Lilley
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Notes on Megascops kennicottii kennicottii: A member of the family Strigidae (“typical
owls”). It is one of several arboreal or forest-dependent owl species with ear tufts. Not to
be confused with the significantly large Great-horned Owl.

While this subspecies is primarily associated with riparian or low elevation forests,
it can also be found in treed urban and suburban environments, and at the edge of
forested habitats close to wetlands or fields.
Western Screech Owl is a secondary cavity nester, dependent on other species such
as Pileated Woodpecker and Northern Flicker to excavate nesting cavities. This owl
will also readily use nest boxes. Breeding territories are closely associated with
riparian or low-mid elevation forest habitats and must contain at least two suitable
cavities which are used for both nesting and roosting. Where optimal habitat
occurs, home range sizes can be very small, and are generally assessed at 2.5–10 ha.
Young of the year disperse from the natal area, with females travelling about three
times as far as males (about 15 km vs. 5 km) in the first 3 months of dispersal. In
British Columbia, nests ranged from 1.2 to 12.2 m above ground; all nests reported
were in trees >25 cm dbh. Day roosts are usually in deciduous trees with a mean
height of 21.2 m, at an average of 4.6 m high. The tree density around roosts tends
to be greater than in the surrounding forest.
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This subspecies has been recently uplisted to Threatened federally.

Image source: Lloyd Gleneagles, Gord Gadsden
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Notes on Allogona townsendiana & Monadenia fidelis: Members of the family Polygyridae
(“land snails”) these two species are representative of the largest native terrestrial snails in
BC. As with most snails, both species are hermaphroditic (possessing both male and female
sexual organs). Both have unique reproductive characteristics. Allogona male reproductive
anatomy is unusual, from which the genus name meaning “different genitalia” is derived.
Mating clusters of several forestsnail individuals is not uncommon. Species of the genus
Monadenia create “love darts”, tiny hardened projectiles covered in a hormonal mucus
used during courtship. The dart is inserted upon contact prior to mating. Individuals that
insert their dart first tend to have a more favourable reproductive outcome as the
hormonal substance in the mucus enhances sperm survival.
Pacific Sideband not listed but of special concern, Oregon Forestsnail federally listed as
Endangered

Both species are found in broadleaf forests or mixed forests. Oregon forestsnail has
strong associations with stands that support bigleaf maple, western redcedar, red
alder, salmonberry and sword fern. A very strong correlation exists to OFS
occurrence and stinging nettle (whether native or introduced stinging nettle is
preferred is unknown). Pacific Sideband has a broader occurrence range and is
associated with marine variant and upland forest habitats including Garry oak,
Coastal Douglas-fir and other coniferous dominated forests with a range of
understory shrubs and herbaceous species. On Texada Island Pacific sideband were

49

found in association with a southwest aspect marine bluff at the edge of a Douglas-fir
forest community. Both species are commonly found on steep terrain. Oregon
forestsnail tend to utilize edge or transitional areas (“ecotones”) while Pacific
sideband are found more within interior areas of forested stands. However both
species can overlap in habitat preferences depending on time of year and moisture
conditions. Both species can be found in landscaped areas and gardens, on trails and
on road edges (within close proximity to preferred native vegetative cover).
Patterns of distribution and abundance are poorly known for both species. Even less
is known about preferences for egg deposition sites or juvenile dispersal habitats
which may vary across their range. Land snails are relatively sedentary and thought to
have poor dispersal capabilities. Both species can tolerate some level of disturbance.
However these species lack necessary mobility to easily seek new undisturbed
habitats. Oregon forestsnail has been shown to utilize variable patch sizes from as
little as 4m2 to as large as 70m2. Home range size however does not necessarily
equate to the size and complexity of habitats needed to support a given population
or populations of snail. A thick leaf litter layer (5-10cm) or moss layer is important for
providing essential, moist microclimates that protect snails during cold temperatures
and drought, as well as supporting the growth of fungal mycelium (which Pacific
sideband forage on). Ground cover such as woody debris and rock piles provide
additional foraging sites, areas for courtship and mating, summer refugia and winter
hibernacula.
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Of the 12 species of the family Soricidae (shrews) in BC, S. palustris brooksi is presently the
only documented subspecies. Genetic analysis indicates divergence from the mainland
form of S. palustris is relatively recent (~12,000 years ago during the last glaciation period).
Also referred to as “Vancouver Island Water Shrew”, “Common Water Shrew” or “Navigator
Shrew.” Much about the subspecies biology is inferred from the mainland form. Coarse

fringe hairs (1.5 mm) on the hind feet trap air bubbles and provide buoyancy, dives
can last up to 47 seconds.
Identified Wildlife, Federally Endangered
Much about its biology is inferred from its mainland form and Pacific Water Shrew.
Proximity to aquatic habitats with little or no disturbance and intact diverse riparian
communities appears more important than maturity of the overstory.

As aquatic specialists, water shrews have a high fidelity for areas within 50 m from the
waters edge. Dense, continuous riparian corridors with a diversity of shrub species and
downed wood are important habitat components. Nests/den sites can be found in downed
wood made up of shredded bark and soft grasses. Key habitat components for water shrew
both instream and in adjacent riparian areas include high levels of structural diversity, low
levels of disturbance and abundant prey items (e.g. aquatic invertebrates).
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What do all these ecosystems and species have in common?
A need for wood. Particularly dying, dead and decaying wood. Standing or downed wood is
NOT “debris” it is an essential ecosystem component.
So while it is true that salmon feed the forests on the coast, varying age classes or sizes
downed, dead, dying or standing wood feeds back into the system as a core component in
healthy terrestrial and aquatic ecosystems on the coast.
Dead wood cycling is the process of the cycling of components of wood (carbon, minerals,
moisture, and so on) in the forest ecosystem through the processes of death,
decomposition, and uptake. The changes to trees, which are the most significant structural
features of forests, during this process affect many other forest components and functions
(Maser et al. 1979; Maser and Trappe 1984; Maser et al. 1988; Hammond 1991). In the
coastal ecosystems they studied, Franklin and Waring (1979) reported that approximately
17% of all ecosystem organic matter was found within logs (coarse wood) and standing
dead trees.
'Large, fallen trees are unique, critical components of forest systems' (Maser et al. 1979;
Maser et al. 1988; Franklin and Hemstrom 1981; Franklin et al. 1981). However, in the early
days of forest harvesting, dead wood was considered a hindrance to reforestation and
stream access and quality (Triska and Cromack 1979). In the past, coarse wood was
routinely removed in an attempt to limit fuel loading (thereby minimizing wildfires) and
make replanting easier. Also, because of the slow rate at which coarse wood decayed, its
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role in nutrient cycling, and therefore its importance, was not well understood (Triska and
Cromack 1979). It is interesting that in recent years with increasing wild fire impacts in
western North America that studies are now finding that leaving downed decaying wood in
place actually reduces fire intensity and assists in recovery by retaining moisture in the soil
and providing microclimate benefits.* “Post-Wildfire Logging Hinders Regeneration and

Increases Fire Risk”. Donato et al 2006.

Standing dead and dying trees (wildlife trees) were also routinely removed during timber
harvest. They were once thought of only as fire and safety hazards that harboured insects
and that were of no marketable value (Bull et al. 1986). Despite their newly recognized
importance, standing dead or dying trees are still a threatened resource in British Columbia.
They are still potentially a declining resource because of conventional silvicultural practices,
fire prevention, firewood cutting, timber utilization standards, and worker safety regulations
(Steeger and Machmer 1994).
BC Forest Service/FLNRO
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Are all alien, exotic or introduced species bad news? No but a small percentage can mean
big trouble for watershed restoration efforts.

Invasive non-native species (also called alien, introduced, or exotic) spread quickly
and tend to display an aggressive competitive advantage over many native species.
The disrupt the ecology of natural ecosystems by displacing native species and
disrupting entire food webs, reducing nesting and foraging habitat and in some
cases leading to direct mortality or extirpation of local populations of native
species. In some areas of the world they have contributed to the extinction of
species. While we think of climate change as being a threat to our planetary wellbeing, In this century the greatest threat to our native plants and wildlife may well
come from invasive species. This is not just a problem unique to BC, next to habitat
loss over 50% of the loss of native biodiversity globally has been attributed to
introduced species, and nearly half of the species listed as threatened or
endangered under the Endangered Species Act in the U.S. are at risk due to
competition with alien or introduced rivals.
While there is still a large gap in our knowledge of the processes and relationships
that drive many of the biological invasions we are dealing with, typically they follow
three main routes:
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Direct intentional introductions (purposeful planting, replacing native species
through producing or growing).
Unintentionally as a by-product of dumping, or spreading through progressive
colonization from an adjacent area (compost piles, waste sites).
Natural dispersal from a ground zero area to distant areas through vectors such as
wildlife (fur or droppings), artificial transportation (car tires, railway cars) or wind
(blown in).
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Impacts:
Though the socio-economic impacts are just beginning to be understood, examples
from south of the border are telling. In the U.S. alone the assessed annual damage
costs from introduced plants and animals for the year 2000 was set at $137 billion,
and this is considered to be an underestimate (Perrings et al 2002). We have not
even begun to effectively determine the costs locally, and are now beginning to
recognize the scope and potential resources that will need to be invested to deal
with the issue. For those working to restore and conserve native species and
ecosystems the costs of dealing with the alien invaders may completely swallow up
resources once traditionally allocated towards enhancement or education. The
longer that invasives are allowed to spread, the greater the problem and the
exponential increase in likely costs to treat them. And that’s just for starters, it
doesn’t include the costs to re-establish native plant and animal communities
maintain and monitor them.
Generally these impacts include:
Reduced light, moisture, nutrients and space available to native species
Loss of natural habitat for native insects, birds, and other wildlife
Reduced forage potential for insects, birds, and other wildlife
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Competition with and replacement of native species
Reduced integrity and stability of slopes, hillsides and flowing water shorelines
Changes to soil chemistry
Requirement of significant costs and resources to treat
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Prevention – either proactive actions are in place to prevent introduction or the species
hasn’t arrived yet
Eradication – the narrow window when populations are small and limited in distribution
and can be eliminated
Containment – to late to eradicate but may be able to contain the problem to limit or avoid
further spread.
Asset-based Protection (manage the best you can) – point beyond no return, at this point
you either manage or give up but most likely it is going to be expensive either way. In some
cases new control mechanisms or techniques come about just when you think all is lost!
Image source Invasives Ireland.
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(Polygonum spp.)
Knotweeds (Polygonum spp.) are invasive perennials, with four species found in British
Columbia: Japanese knotweed (Fallopia japonica); Bohemian knotweed (Fallopia x
bohemica); Giant knotweed (Fallopia sachalenensis); and Himalayan knotweed (Polygonum
polystachyum). Knotweeds thrive in roadside ditches, low-lying areas, irrigation canals, and
other water drainage systems. They are also found in riparian areas, along stream banks,
and in other areas with high soil moisture. Knotweeds occur across the southwest of BC
and in the coast region as far up as Haida Gwaii.
Knotweeds have small white-green flowers that grow in showy, plume-like, branched
clusters along the stem and leaf joints. Hollow stems stand upright and are bamboo-like
with reddish-brown speckles and thin, papery sheaths. Leaves are heart or triangularshaped on all species except Himalayan, which are elongated and tapered. Stems grow 1-5
metres in height at maturity, with leaves 8-10 centimetres wide and 15 centimetres in
length. Giant knotweed leaves are generally twice the size of the other 3 species. A
distinguishing feature of Japanese knotweed is the zigzag pattern in which leaves are
arranged along the plant’s arching stems.
Knotweeds spread rapidly through root systems that may extend from a parent plant up to
20 metres laterally and up to a depth of 3 metres. They thrive on freshly disturbed soil in
moist locations. Knotweeds are dispersed by human activities or by water to downstream
areas, and are of particular concern in riparian areas and areas prone to seasonal high
water or flooding. Plants emerge in early spring and produce large leaves that can shade
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out other plant species. Infestations can dominate stream banks and reduce sight lines along
roads, fences, and rights-of-way.
Knotweeds threaten biodiversity and disrupt the food chain by reducing available habitat and
increasing soil erosion potential. They are also “ allelopathic” meaning they change the soil
chemistry to suit their preferences, often to the detriment of other species. Stream banks
are at particular risk as exposed knotweed roots break off and float downstream to form
new infestations. Knotweeds can reduce or eliminate access to water bodies for recreation
activities including fishing, swimming, boating, canoeing, and kayaking. In respect to wildlife,
they do not provide the adequate vertical structure for most species and are ecological
deserts for species that require complex understory communities (basically most species).
This species is often introduced into restoration sites through contaminated fill or soil. It is
therefore important that prior to bringing in ANY soil resources that you are able to
determine the provenance or quality assure the source. You do not want this plant to get
established.
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This once rare algae is now invading freshwater systems across North America, including
BC. Didymo has been reported at nuisance levels in a number of river systems around the
province — especially throughout central Vancouver Island, where it was first reported in
1989. It has also been found in significant quantities in the Bulkley, South Thompson,
Kettle, Columbia and Kootenay Rivers .
The dense algal mats resulting from Didymo colonization stand to negatively impact fish
and fish production in a number of ways, including reduction in habitat and food sources
for young salmon and trout by stopping oxygen movement from surface waters to gravel
egg incubation areas.
Because the algae travel easily by attaching to equipment such as hip waders, fishing gear
and boats, agencies are advising anglers and guides to clean their gear before fishing. Gear
can be disinfected by washing in hot water and detergent (5%v/v) for non-porous gear, or
soaking in a 2% bleach solution. Felt soled waders seem to help reduce the spread.
In extreme cases, didymo blooms are believed to impact stream food webs by reducing
algal diversity and altering the species composition of invertebrate communities. There are
reportedly more snails, midges, tubifex worms and caddisflies but fewer mayflies.
Furthermore, the proportional increase in caddisflies was not as great as the proportional
increase in midges and tubifex worms. If extensive, recurrent growths of didymo were to
occur in there is reason to believe that the alteration of the physical habitat and benthic
invertebrate communities composition could potentially affect fish diet. Large mats of algae
covering river beds could also cause changes in streamflow. It has been suggested that the
most important potential impact of didymo that has been studied may be the impact to pH
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during midday, at biomass levels as high as those observed in New Zealand. Cumulative
effects of elevated pH levels could impact organisms sensitive to this change.
Source: Government of Quebec.
Image: Biosecurity New Zealand,
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This frog has an olive green back and sides blotched with brownish markings and a whitish
belly spotted with yellow or grey. The upper lip is often bright green and males have yellow
throats. It inhabits large, permanent water bodies, such as swamps, ponds, and lakes,
where it is usually found along the water's edge. The male bullfrog defends a territory
during the breeding season. His call is reminiscent of the roar of a bull, which gives the frog
its common name. This frog is native to southern and eastern parts of the United States
and Canada, but has been widely introduced across other parts of North, Central and South
America, Western Europe, and parts of Asia, and in some areas is regarded as an invasive
species.
Bullfrogs are bad news for native frog species. The Bullfrog is not only a glutton, eating
native frogs, but it also reproduces rapidly and pushes other species from its habitat. A
single female frog can lay an egg mass containing up to 20,000 eggs. Bullfrogs also spread a
fungal infection (“Chytrid fungus) that doesn't harm the Bullfrog, but kills other newly
exposed frogs. In their native habitat, Bullfrogs have predators such as bass, pike and
snapping turtles that keep them in check, but in British Columbia, the usual frog predators
find the tadpoles unpalatable and the large adult frogs too big to eat. However species such
as River Otter and Great Blue Heron can tackle them.
Bullfrogs were introduced to supply a frog leg industry that never took off. Frog farms were
promoted after World War II as an entrepreneurial venture for returning veterans. The
farms, however, didn't make a profit, and the Bullfrogs were released into the wild - and
they flourished. Bullfrogs were also imported for sale by aquatic garden supply companies
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and escaped their backyard ponds. Tadpoles are sometimes inadvertently imported with
goldfish shipments and raised by well-meaning pet owners who might not realize their
impact.
Even schools can order bullfrogs and tadpoles from biology supply companies, and we can
only hope that classes do not release adult frogs when the lesson is over. On the West Coast
there are still some bullfrog free zones, but other than education and awareness there is not
a lot stopping the spread of this species to more pristine environments where they will
decimate native amphibian populations and food webs.
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If you wouldn’t drink it why should a fish or a frog have to? Although water quality
parameters for community drinking water sources are different for that of many other
species, the state of local water quality is a direct reflection of the health of a watershed.
Aquatic organisms, including salmon and steelhead, can be negatively effected by water
quality problems. Salmon and steelhead need cold water, high levels of dissolved oxygen
(>5 mg/l), a pH close to neutral (7.0) and limited nutrient and chemical pollution.
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Of course these measurements are a reflection of the state of a watershed – but it is
important to remember they are just symptoms. When water quality declines or reaches
critical levels the root causes can be direct (point source issues) or indirect or multiple
issues (non-point source or cumulative).
Fish kill Louisiana
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Typically there are a set of basic metrics or measurements that can be easily assessed and
recorded over time to assist in long-term monitoring and management of watershed
health.
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chinook salmon, coho salmon, steelhead trout and coastal cutthroat trout are all Pacific
salmon species (genus Oncorhynchus), and all require cold water. Water temperature
tolerance varies somewhat between species and also between life stages. Warm
temperatures can reduce fecundity, decrease egg survival, retard growth of fry and smolts,
reduce rearing densities, increase susceptibility to disease, decrease the ability of young
salmon and trout to compete with other species for food and to avoid predation (Spence et
al., 1996; McCullough, 1999).
Much of the data on salmonid temperature tolerance is derived from laboratory
experiments that may not reflect survival in streams. Lab experiments expose juvenile fish
to varying acclimation temperatures, then raise the water temperature at different rates
until 50% of the fish die. These tests have established lethal values for coho known as
critical thermal maxima (CTM) and upper incipient lethal temperatures (UILT).
McCullough (1999) found that adult chinook salmon and steelhead die at temperatures of
21-22° C in the Columbia River, which demonstrates that adult salmon may have less
tolerance for elevated temperatures than juveniles of the same species. Upstream
migration ceased at temperatures over 20° C. Bell (1986) defined temperatures suitable for
coho salmon adult migration as 7.2-15.6° C. The National Marine Fisheries Service (1996)
characterized properly functioning conditions for adult Pacific salmon as between 10-13.9°
C and temperatures from 13.9 to 15.5° C as "at risk." McCullough (1999) noted that egg size
and development was substantially altered when adults were exposed to temperatures
over 17.5° C.
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Bartholow (1989), however, found that air temperature above the stream surface was the
greatest factor in increasing water temperatures followed in importance by relative humidity
and shade, respectively. More extensive riparian buffer strips are necessary if optimal water
temperatures are to be maintained for salmonids and other coldwater species.
Source: KRISweb http://www.krisweb.com/stream/
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Dissolved oxygen is one of the limiting factors for fish. In general, aquatic organisms
possess highly specialized gas exchange systems that allow maximum utilization of
available oxygen. Specifically, salmonids require a sufficient oxygen gradient, (oxygen
tension gradient) between their bodies and surrounding waters to allow gas (i.e., dissolved
oxygen) exchange through diffusion across the gills and into the blood. Further, there must
be sufficient available oxygen to fulfill minimum metabolic demands – maintenance of
minimum bodily functions (Davis 1975).
Solubility of oxygen is a function of water temperature, salinity, and atmospheric pressure;
decreasing with rising temperature and salinity, and increasing with rising atmospheric
pressure.
Usually, dissolved oxygen levels in excess of 7.0 mg/l are desired to maintain aquatic
ecosystem health.
Factors that can reduce oxygen levels include biological oxygen demand (algal blooms,
bacteria from fecal waste) and chemical oxygen demand (oxygen that is consumed in order
for certain pollutants or ions to convert from one form to another e.g. nitrogen, iron).
Generally, oxygen concentrations are below saturation due to the presence and oxidation
of decaying organic matter (suspended, benthic, or sediment). In addition to the organic, or
carbonaceous oxygen demand, nitrogenous materials may exert an oxygen demand
through bacterial oxidation of ammonia to nitrate (Krenkel and Novotny, 1980). Other
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materials may likewise produce an oxygen demand on the system. Thus, variations can occur
seasonally as well as over 24-hour periods in response to temperature and biological activity.
Concentrations below 5 mg/l may adversely affect function and survival of biological
communities, and below 2 mg/l can lead to death of most fishes (Water Quality
Assessments, 1996).
Source: KRISweb http://www.krisweb.com/stream/
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pH, alkalinity, and conductivity are several parameters useful in the evaluation of surface
waters. At a given temperature, pH indicates the intensity of the acidic (pH<7) or basic
characteristic (pH>7) of the system, and is controlled by dissolved chemical compounds and
biochemical processes. In unpolluted surface waters, pH is principally controlled by the
balance between carbon dioxide, carbonate, and bicarbonate. Industrial effluents,
atmospheric deposition, as well as photosynthesis and respiration of algae can affect the
natural acid-base balance of aquatic systems (Water Quality Analysis, 1996). Changes in pH
may have a strong effect on the toxicity of metals, ammonia, and nitrite. Typical surface
waters have pH ranging from 6 to 9. Alkalinity is the base neutralizing or “buffering”
capacity of water (i.e., ability to neutralize acids). Total alkalinity is a measure of the net
effect of all cations and anions; however, it is typically approximated by carbon dioxide
(CO2(g) and CO2(aq)), carbonic acid (H2CO3), bicarbonate (HCO3), carbonate (CO3), and
hydrogen ion (H+). These species make up the “carbonate system,” one of the most
important acid-base relationships in aquatic systems.
Little information is available addressing salmonid tolerance to changes in pH, although
effects of rainbow trout appear to show that pH levels between 5.0 and 9.0 are acceptable.
The pH range that proved lethal within 24 hours to rainbow trout, roughly 10, was
independent of acclimatization pH. Extended exposure to pH above 9 or below 5 may be
harmful to rainbow trout (Colt et al 1979).
Though alkalinity has few if any direct impacts on anadromous fish, a weakly buffered
system is predisposed to fluctuations in pH if sufficient primary production (algae) occurs
(see Section 3.7 Algae, below). As noted previously, changes in pH can lead to increased
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toxicity of certain constituents/contaminants. Direct implications of conductivity on
anadromous fishes are unknown.

Source: KRISweb http://www.krisweb.com/stream/
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Excess sediment can profoundly effect the productivity of a salmon or trout stream
(Cordone and Kelly, 1961). In a healthy stream, young salmon and trout hide in the
interstitial spaces between cobbles and boulders to avoid predation . In streams that get
extremely cold in winter, young steelhead may actually burrow into the streambed and
spend the winter in flowing water down within the gravel. The area of the stream where
flowing water extends down into the gravel is also extremely important for aquatic
invertebrates, which supply most of the food for young salmon, steelhead and cutthroat
trout. If fine sediment is clogging interstitial spaces between streambed gravel, juvenile
salmonids lose their source of cover and food.
Suspended sediment in the water column causes turbidity. Sigler et al. (1984) found that
turbidities as low as 25 nephlometric turbidity units (ntu) caused a reduction in juvenile
steelhead and coho growth. High turbidity during winter likely impacts the feeding ability of
juvenile salmon, steelhead or cutthroat trout, and the longer the duration of high turbidity
the more damage is likely to fish and other aquatic organisms (Newcombe and MacDonald,
1991). Fine sediments can also have an abrading effect on gill membranes and damage
delicate tissue.
During the year they spend in freshwater, coho salmon prefer deep pools that form around
large pieces of wood. High sediment transport can fill pools and cause reduction or loss of
essential salmonid juvenile rearing habitat (Frissell, 1992).
Sedimentation of streams may also contribute to elevated water temperatures. Sediment
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can fill pools and cause the width-to-depth ratio of a stream to increase, which can facilitate
heat exchange (Poole and Berman, 1999). Hagans et al. (1986) reported that sedimentation
caused stream temperatures to increase, as dark-colored fine sediment replaced lightercolored course gravels. The darker sediment stored more solar radiation. Fine sediment may
block exchange between surface waters and intra-gravel flows, also contributing to warming.
Poole and Berman (1999) noted that large wood jams can contribute to stream cooling by
forcing more stream flow into shallow ground water, which is called the hyporheic zone. The
water drops slightly in temperature before emerging downstream. Fine sediment is also able
to bind to heavy metals and other contaminants where they can remain in suspension and
be absorbed or become part of the substrate where they can pass into benthic organisms
and into the food chain.
Source: KRISweb http://www.krisweb.com/stream/
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Biological monitoring, the study of biological organisms and their responses, is used to
determine environmental conditions. One type of biological monitoring, the biological
survey or biosurvey, is described in this chapter. The biosurvey involves collecting,
processing, and analyzing aquatic organisms to determine the health of the biological
community in a stream.
In wadable streams (streams that can be easily walked across, with water no deeper than
about thigh-high), the three most common biological organisms studied are fish, algae, and
macroinvertebrates.
Macroinvertebrates are organisms that are large (macro) enough to be seen with the naked
eye and lack a backbone (invertebrate). They inhabit all types of running waters, from fastflowing mountain streams to slow-moving muddy rivers. Examples of aquatic
macroinvertebrates include insects in their larval or nymph form, crayfish, clams, snails,
and worms. Most live part or most of their life cycle attached to submerged rocks, logs, and
vegetation.
Images: US EPA/
http://www.krisweb.com/aqualife/insect.htm
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Aquatic macroinvertebrates are good indicators of stream quality because:
They are affected by the physical, chemical, and biological conditions of the stream.
They can't escape pollution and show the effects of short-and long-term pollution events.
They may show the cumulative impacts of pollution.
They may show the impacts from habitat loss not detected by traditional water quality
assessments.
They are a critical part of the stream's food web.
Some are very intolerant of pollution.
They are relatively easy to sample and identify.
Depending on where you are in the watershed (top or bottom) various inputs, habitat
features, flow or surrounding land use effects influence the benthic community. It also
influences fish and other aquatic species diversity and distribution. Resident trout and char
may be present in the mid and upper part of the watershed where channel widths are
narrow and productivity is limited but temperature is within their limits. But lower down
where a greater diversity of benthic organisms may occur, flows, temperature and channel
complexity may be more conducive for a mix of anadromous salmonids and non-salmonid
species. Macroinvertebrates more tolerant of fine sediments, higher temperatures and
lower velocity flows are found in the lowest reaches.
So as an example stonefly nymphs - aquatic insects that are very sensitive to most
pollutants - cannot survive if a stream's dissolved oxygen falls below a certain level. If a
biosurvey shows that no stoneflies are present in a stream that used to support them, a
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hypothesis might be that dissolved oxygen has fallen to a point that keeps stoneflies from
reproducing - or has killed them outright. Typically stoneflies are found in the mid and upper
reaches of streams where larger substrate and cooler temperatures can be found. However if
the adjacent riparian zone and forested areas in the headwaters have been compromised
water quality conditions (temperature, sediment) may have exceeded the threshold for
stoneflies at some point and they may be absent – even if flows are adequate and the water
appears free of sediment.
Conversley species like freshwater leeches are perceived as being species associated with
poor water quality. However they can be found in high elevation systems with cold
temperatures and very high clarity. As well some species of caddisfly, typically an indicator of
fair to good water quality can tolerate very warm shallow still waters. As well some species
of dragonfly and damselfly are found only in certain hotsprings.
http://www.krisweb.com/aqualife/insect.htm
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Biosurveys can be used to identify problem sites along a stream. Because
macroinvertebrates are stationary and are sensitive to different degrees of pollution,
changes in their abundance and variety vividly illustrate the impact pollution is having on
the stream. Loss of macroinvertebrates in the stream, or of trees along the stream bank,
are environmental impacts that a wide segment of society can relate to. Similarly, when a
pollution control activity takes place - say, a fence is built to keep cows out of the stream-a
biosurvey may show that the sensitive macroinvertebrates have returned and a habitat
assessment might find that the formerly eroded stream banks have recovered. 0 To
determine the severity of the pollution problem and to rank stream sites. To use biological
data properly, water resource analysts generally compare the results from the stream sites
under study to those of sites in ideal or nearly ideal condition (called a reference
condition). Individual stream sites can then be ranked from best to worst, and priorities can
be set for their improvement.
Stream benthic surveys in streams in Canada apply two approaches – BiBi (Benthic Index of
Biological Integrity) a rapid assessment protocol developed in the US and CABIN (Canadian
Aquatic Biomonitoring Network) developed by Environment Canada. Both assessment
protocols have similar methods and objectives. For introductory level approaches to
surveying benthic macroinvertebrates in streams, a couple of methods can be used such as
a kick seine, D-net or Surber sampler.
http://www.krisweb.com/aqualife/insect.htm
http://www.ec.gc.ca/rcba-cabin/
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http://water.epa.gov/scitech/monitoring/rsl/bioassessment/index.cfm
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Historically the main driver for watershed restoration has been to mitigate or compensate
for impacts to local fish streams. Indeed for the most part legislative requirements have
been focused on addressing activities that effect species that constitute fisheries with legal
status (under the Federal Fisheries Act as well as requirements tied to the provincial Forest
Practices Code - now Forest and Range Practices Act). While restoration approaches are
taking a more holistic, multi-species approach, fish or more specifically salmonids still rule
the day (or the stream) when it comes to designing restoration works.
In the Pacific Northwest most coastal streams support a variety of the five Pacific
anadromous Salmon species (Coho, Chinook, Chum, Pink, Sockeye and Steelhead). All
spend part of their life history in the ocean but return to natal freshwater streams to spawn
and rear. Sockeye watersheds are mainly restricted to lake-headed systems or systems with
lake access which are required for the rearing component (fry and parr or pre-smolt stage)
of Sockeye. Coastal Cutthroat and Rainbow Trout as well as several char species and
whitefish also share the salmonid realm. There are also outliers such as Kokanee, which are
landlocked mini-versions of anadromous sockeye. All of these species show species and
localized variability in lifehistory requirements. The commonality is that as a group, salmon,
trout and char are a product of an ice age open ocean ancestry and are still a
predominantly coldwater species. The San Joaquin river in southern California supports the
southernmost population of Pacific salmon. And as we have seen with other issues, climate
change is going to be a major pot stirrer when it comes to the future of coldwater species
of the Pacific Northwest. Already populations of salmon are colonizing rivers farther north
than ever recorded.

68

As with other indicators of watershed health, salmon are not the only fish to be considered.
Most coastal watersheds in BC support a number of other families including the cyprinids
(minnows), Catostomids (suckers) cottids (sculpins), Gasterosteids (stickleback which are
perhaps the most evolutionary divergent family) and Petromyzontids (lampreys).
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Both coastal cutthroat trout and rainbow trout used to be separate from Pacific salmon but
are now considered the same genus (Oncorhynchus or “hooked nose”).
Bulltrout and their close relative Dolly Varden are not actually trout but char
Both trout and char have multiple life-history phases. They can be anadromous like salmon,
or resident (never leaving their watershed) or adfluvial (rearing in a large river and coming
back to a small stream to spawn) or lacustrine (rearing in a alrge lake and coming back to a
stream to spawn).
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Brook trout are an eastern char species that along with other non-native char are managed
as part of provincial fisheries but are considered invasive especially when introduced into
watersheds with resident genetically unique rainbow and cutthroat populations.
German brown trout are a true trout but introduced from Europe. They were brought to
British Columbia in the 1930s to improve angling in coastal rivers during the off-season - in
summer, native fish were absent or hard to catch. The Brown Trout, however, remained in
their streams all year round in their native Europe. Thus, the Canadian government
released thousands of Brown Trout into river systems on Vancouver Island and later in
Kootenay and interior rivers.
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Brook lamprey are often thought of as eels – but they aren’t Lamprey belong to an ancient
lineage of cartilaginous fishes. They have a lengthy and compelx life - history and like
salmon come back to spawn and then die after spending a number of years as larvae
buried in stream sediments. They also require very good water quality and coldwater
systems like salmon.
There are a number of sculpin species in lakes as well as streams and marine varieties that
are considered sport fish. Unlike salmon, sculpin can be catadromous – going out to marine
estuaries to spawn then returning to their freshwater streams. They can adhere there eggs
to substrate and large wood and may be able to tolerate somewhat more degraded
conditions than salmon. However they are long-lived slow breeders and prone to becoming
extirpated if watershed conditions become degraded.
Stickleback are one of the most globally distributed and diverse fishes occurring in various
freshwater and marine forms. In BC a number of populations have become isolated in lakes
and in very short time evolved into distinct pairs or groupings occupying different habitat
niches. All stickleback pairs are federally listed as species as risk due to their unique
genetics and rare occurrences. Haida Gwaii supports a number of populations of giant
stickleback found nowhere else.
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Fisheries scientists use several methods to collect data on fish populations. The most
coveted data are adult population trends but that type of information is expensive to
collect and, therefore, is often lacking. Scientists also collect data on salmon and steelhead
juveniles that is useful in determining population status. The following are the most
commonly applied methods for sampling:
• Weir/Dam Counts
• Carcass and Redd Surveys (dead ptich)
• Creel Census
• Downstream Migrant Trapping
• Diving (snorkel or float counts)
• Electrofishing, “G” trapping and seine netting
Images: Jason Caroll Wiki, Sutherlands Fisheries Trust, KRISWeb
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