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1 Purpose of Report

This guide is designed to help improve the state of habitat compensation in the Fraser River Estuary by
making sound, evidence-based recommendations guided by the findings of Lievesley and Stewart
(2016), Assessing Habitat Compensation and Examining Limitation to Native Plant Establishment in the
Lower Fraser River Estuary. The findings from this study indicate that only one-third of sampled marsh
habitat compensation projects created between 1983 and 2010 are acceptably compensating for habitat
losses; and that several riparian habitat compensation projects from this same time period had
significant deficiencies.! These findings indicate that there is still much room for improvement in the
field of habitat compensation in the Fraser River Estuary.

The primary limiting factor to marsh compensation success was found to be high invasive and exotic
plant cover, and low native plant cover. This can be attributed to site location, hydrologic conditions,
waterfowl grazing, and log debris among other factors. Riparian compensation projects were most
limited by poor site design, as many projects failed to resemble natural riparian environments in their
structure, function, and connectivity to the aquatic environment. This guide is designed to assist and
improve the work of land managers, policy makers, and habitat creation practitioners by using the
findings from this study as the guiding principles for sound recommendations.

2 Background

2.1 Ecology of the Fraser River Basin and Estuary
The Fraser River is the largest river
in British Columbia (BC) and has the
fifth largest drainage basin in
Canada. The river passes through 11
biogeoclimatic zones including
alpine, interior forest, grasslands,
and coastal forests before reaching
the Pacific Ocean. The Fraser River
basin (Figure 1) hosts many species,
including 40 species of native
freshwater fish, 5 species of salmon,
and is considered the most

productive salmon river system in Fraser Thompson :
the world. Over 300 species of birds
inhabit the basin and at least 21 mompson
waterfowl species use it as their
breeding grounds. The basin also Ullooe!
contains 1446 species of vascular
2 r\n

plants.

Fr\s

The estuary portion of the river has

been recognized as a globally important Figure 1: Fraser River Basin. Scale: 1:50,000. Image credit: Fraser Basin
centre of biodiversity with intertidal Council.



wetlands alone covering approximately 17,000 hectares. Wetlands are an essential part of the estuary
environment and are of particular importance to the early life stages of many animals. The Fraser
Estuary provides essential rearing grounds for over 80 species of fish and shellfish, and over 300 species
of invertebrates. Annually, an average of more than 2 billion juvenile salmon spend weeks to months in
the estuary before beginning their ocean migration. The estuary is also very important to migratory
birds, supporting the highest concentration of migratory birds in Canada from at least 3 different
continents.?® Up to 1.4 million birds can be seen utilizing the Fraser Estuary during peak migration
times.?

Riparian habitats are the narrow ecotone between the aquatic and terrestrial environment that are
subject to frequent flooding, and are a vital component in estuary ecosystems.* Riparian habitats
provide many ecological functions including stream bank stabilization, filtering of sediments and
nutrients, storing and delaying the release of terrestrial runoff, and moderating stream temperature
through shading and evapotranspiration.>® For wildlife, riparian ecotones can serve as corridors
between habitats, provide important nesting and security cover, and produce food for birds, mammals
and insects in both the terrestrial and aquatic environment.®® Riparian vegetation is particularly
important for birds, providing habitat for more species of breeding birds than any other habitat in the
western United States, despite accounting for less than 1% of the landscape.'®

2.2 Threats to the Fraser River Basin and Estuary

The Fraser Basin is heavily populated, with two-thirds of BC's population living within it, 54% of which is
concentrated in the lower Fraser River area.? Many land use operations occur throughout the basin
including 50% of BC’s sustainable timber yield, 60% of BC’'s metal mines, 90% of BC's gravel extraction,
25 major dams on Fraser River tributaries, and 20% of BC's farmland is irrigated using water from the
Fraser or its tributaries.? Additionally, 70% of the Fraser River Estuary’s wetlands have been diked,
drained, and filled to reclaim land for development.?

Land use and urbanization have significantly impacted the biota of the Fraser River. Of the 1446 species
of vascular plants that grow in the Fraser basin, only 60% of them are native and approximately 25% of
those are rare or endangered.? Historically, the Fraser River has one of the largest salmon runs the in the
world, but annual returns have been declining on average for decades.**? Land use habits and the state
of local biota punctuate the need to preserve important habitat in the Fraser River, not just for
ecologically and economically significant species, but for the entire ecosystem.

2.3 Management of the Fraser River Estuary: 1985-2013

The Fraser River Estuary Management Program (FREMP) was established in 1985 in response to a
growing need for collaboration among resource agencies in the Fraser River Estuary. The program was
largely operated by 5 authorities (Environment Canada, Fisheries and Oceans Canada, BC Ministry of
Environment, Metro Vancouver, Vancouver Fraser Port Authority), but also had participation by more
than 30 local agencies representing governments, port authorities, and First Nations over its 28-year
existence. This partnership was mandated to protect and improve environmental quality, provide
economic development opportunities, and sustain the quality of life in and around the Fraser River
Estuary.®®

Guided by this mandate, a major responsibility of the FREMP partnership was to provide a coordinated
project review for development proposals in and around fish habitat in the estuary. Project reviews and



approval protocols were guided by the No-Net-Loss (NNL) Principle, which emerged in the 1980s as an
attempt to maintain or increase the productive capacity of aquatic habitats, while still allowing for
development.! This principle, which was introduced in the Department of Fisheries and Oceans Canada
(DFO) Policy for the Management of Fish Habitat was primarily achieved through habitat compensation;
defined as:

“The replacement of natural habitat, increase in the productivity of existing habitat, or
maintenance of fish production by artificial means in circumstances dictated by social and
economic conditions, where mitigation techniques and other measures are not adequate to
maintain habitats for Canada’s fisheries resources.” 14

In total, 151 compensation projects were completed from 1985-2013, representing a variety of fish
habitats including mudflats, intertidal marshes, riparian areas, stream channels, and offshore reefs.

2.4  Management of the Fraser River Estuary: 2013-Present

In March 2013, federal government funding was cut from the FREMP budget and the program ended.
Following the closure, the responsibility of project reviews for development proposals in and around fish
habitat fell to the Vancouver Fraser Port Authority (VFPA). However, as of January 2015 permitting in
the provincial region of the Fraser River became the responsibility of the BC Ministry of Forests, Lands,
and Natural Resource Operations (FLNRO), and project reviews are now handled by the BC
Environmental Assessment Office. As a result, proposals located in the federally-controlled region of the
Fraser River are managed by VFPA and proposals located in the provincially-controlled region are
managed by FLNRO (Figure 2).%°
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Figure 2: Modern project reviews in the Fraser River Estuary are primarily handled by the BC Ministry of Forests, Lands, and
Natural Resource Operations (green) and the Vancouver Fraser Port Authority (red), depending on the location of the proposed
project. Imagery credit: Port of Vancouver.



In 2013 the DFO Policy for the Management of Fish Habitat'* was replaced by the Fisheries Productivity
Investment Policy.'® The new policy shares similar goals to its predecessor, aiming to “maintain or
enhance the ongoing productivity and sustainability of commercial, recreational and Aboriginal
fisheries”. However, some terminology was revised, including “compensation” and “no-net-loss” being
replaced by “offsetting”. Similar to “compensation”, habitat “offsetting” primarily includes habitat
restoration, enhancement, and creation projects.

2.5 Challenges of Compensation and Offsetting

Several challenges threaten the effectiveness of the compensation and offsetting principle. First, the
guiding policies primarily value habitat for economically-important fish (e.g. salmonids), even though the
estuary is host to many species with differing habitat requirements. As a result, lost habitat is at risk of
being undervalued, while habitat gained may be overvalued. This was most evident in DFO
compensation formulas adopted by FREMP, where intertidal mudflats were considered to be 10-50%
the value of intertidal marsh, placing a greater ecological value on marsh habitat.!” Using this formula as
a guide, mudflats were often filled-in or raised to create “higher-value” compensation marsh habitat.®
Such losses and gains may have favoured salmonids, while reducing suitable habitat of other important
species, such as migrating shorebirds and shellfish.

Second, the principle of habitat compensation assumes that the structure and function of lost habitat
can be recreated, which is yet to be accepted in the scientific community.?®"2! This uncertainty was
considered in the FREMP framework, as marsh habitat was frequently replaced at a greater than 1:1
ratio to account for unforeseen stressors, time lags in vegetative establishment, and to potentially
achieve a net gain of habitat in the estuary.?? Despite these precautions, uncertainty remains as to
whether the current compensation framework is effective at recreating all elements of habitat lost,
largely due to a lack of supporting data.

Third, pre- and post-construction monitoring has not been standardized, making compensation success
difficult to assess. For several years compensation projects were approved without a commitment to
quantitative monitoring. This resulted in a reliance on the more cost effective qualitative monitoring
method, which limits the ability to compare between pre- and post-construction.?® In recent years
guantitative monitoring has been adopted, typically for only five years on intertidal marsh projects and
only three years on riparian projects.?? There are concerns as to whether compensation can be
adequately assessed within these short monitoring periods, considering it has been recommended that
salmon rearing habitat be monitored for three years prior to compensation and both marsh and salmon
rearing habitat be monitored for ten years post construction.’?*

3 Lievesley and Stewart, 2016: Study Summary

Assessing habitat compensation and examining limitations to native plant establishment in
the Lower Fraser River Estuary

3.1 Study Rationale

In light of the above challenges, this study investigated the success of FREMP habitat compensation
projects and evaluated the effectiveness of compensation in maintaining habitat productivity in the
Fraser River Estuary. The project objectives were:



1. To consolidate all compensation site monitoring information available to date, building upon the
existing database accessible via the FREMP-BIEAP (Burrard Inlet Environmental Action Program)
Habitat Atlas.’

2. Survey intertidal marsh' and riparian compensation sites and update the database using
standardized methods to show the current features and ecological functions of the sites.

3. Complete and publish comprehensive reports of the results from this study as well as evidence-
based recommendations for past, present and future compensation projects.

4. Upload monitoring and mapping data, and published reports to the FREMP-BIEAP Habitat Atlas
to allow for continued research and reference.!

3.2 Key Findings

This study focussed on marsh and riparian compensation sites in the Fraser River Estuary. Due to the
broad definition of no-net-loss (the guiding principle for most of these sites), the success criteria for
marsh habitat compensation projects were based on (1) similar studies conducted throughout North
America and (2) feedback provided by local managers and practitioners.'®>?>-30 The resulting
compensation success criteria were classified as poor (0 — 64%), fair (65 — 84%), and good (>85%). For a
complete definition of these success criteria please see Appendix | - Methods.

Due to time constraints and the more variable nature of riparian habitats (e.g. longer establishment
times, varying successional stages) riparian compensation sites were not rated for success in this study.
In lieu of defined success criteria, recommendations for improving riparian compensation projects are
based on the definition of a natural riparian habitat (see Appendix Il — Natural Riparian Habitats), as well
as visual comparisons with intact riparian habitats in the region.

3.2.1 Marsh Compensation

The study assessed compensation success based on two criteria: (1) the area of habitat established and
(2) the proportion of native species. For each site, the proportion of native species was compared to the
two nearest reference sites; providing a realistic standard of success. It was found that 65% of
compensation sites were rated as “good” for achieving their intended area, while only 50% of sites were
rated “good” for achieving the proportion of native species.

The primary reasons compensation sites were below the area goal included erosion, lack of established
vegetation, and incompletion of project objectives (e.g. only two of three compensation marshes were
constructed).

The proportion of native plant species relative to non-native species was more likely to limit
compensation site success. Contrary to the theory that habitat compensation will progress along
predictable trajectories, this study found that the age of a compensation site did not influence the
proportion of native species. Instead, the proportion of native species was found to be influenced by
several factors including:

e Distance from the mouth of the river
e Poor Lyngbye’s sedge (Carex lyngbyei) establishment

"http://www.cmnbc.ca/atlas_gallery/fremp-bieap-habitat-atlas
i The term “marsh” is exclusively used in this study opposed to “wetland” because only the vegetated marsh zone
was assessed. The term “wetland” encompasses the mudflat environment as well as the vegetated marsh zone.


http://www.cmnbc.ca/atlas_gallery/fremp-bieap-habitat-atlas

o  Waterfowl grazing
e Potentially drier conditions on compensation sites than reference sites
e Log debris accumulation

Age of a compensation site does not influence success

Time since construction did not have a significant influence on the proportion of native species. The
marsh compensation sites surveyed ranged in age from 5 — 32 years at the time of sampling (2015) and
no relationship was observed between the age of a compensation site and the proportion of native
species. This suggests that compensation sites do not improve nor deteriorate along a predictable
trajectory.

Proportion of native species decreased with distance from river mouth

The proportion of native species in a site was found to have a significant negative correlation with its
distance from the mouth of the river'; in other words, the further upriver a site is located, the fewer
native species and more non-native species there are. Literature suggests that this is likely due to the
effect of salinity, indicating that marsh plant communities are significantly influenced by their location in
the estuary.3! However, tidal inundation, river hydrology, elevation, slope, soil properties, and
urbanization are just a few other factors that may also play a role in this relationship.

Lyngbye’s sedge was half as dominant on compensation sites vs. reference sites

Lyngbye’s sedge (Carex lyngbyei) is the most common estuarine sedge in the Pacific Northwest and has
historically been the primary species planted in local compensation marshes.?? This study found that
Lyngbye’s sedge was the most dominant native species in both compensation and reference sites;
however, it was approximately half as dominant on compensation sites than reference sites".
Disturbance is linked to the spread of exotic and invasive species; therefore, it is possible that the
suppression of Lyngbye’s sedge in compensation sites may begin at the time of site creation, when
disturbed soil is most available for colonization by these competitor species.33*

Lyngbye’s sedge stem height was significantly shorter in the presence of waterfowl grazing

Waterfowl grazing may also be influencing Lyngbye’s sedge fitness. The maximum stem height of
Lyngbye’s sedge (Carex lyngbyei) was significantly shorter' at sites where waterfowl grazing was
observed. Since many invasive marsh species are not favoured by waterfowl for grazing (e.g. yellow iris
[Iris pseudacorus], purple loosestrife [Lythrum salicaria]), it is possible that waterfowl may not only
impact Lyngbye’s sedge directly through grazing, but indirectly by giving non-palatable invasive species a
competitive advantage.

Compensation sites may be drier than reference sites

The Wetland Indicator Status (WIS) rating system was used in this analysis.*® This system assigns a
numeric value to each individual marsh species that reflects its likelihood of occurring in a wetland. A
WIS of 1 reflects a plant species that only occurs in wetlands, while a WIS of 5 reflects a species that only
occurs in dry uplands.®® By multiplying each species’ WIS rating by its dominance (to account for the site
abundance of the species) and applying it to an entire site, one can infer whether a site is more

i Compensation sites: P < 0.001, R? = 0.38, N = 54; Reference sites P =0.002, R”2=0.88, N=7
VP =0.021, Cl = 95%; Compensation sites N = 45, Reference sites N = 7
VP =0.039, Cl = 95%; Waterfowl grazing N = 18, No waterfowl grazing N = 27



hydrologically representative of a wetland or an upland environment. For the purpose of this study, this
metric is called Site WIS (SWIS).

This study found that the average SWIS was significantly higher"' (indicating drier) on compensation sites
than reference sites. SWIS also had a positive correlation with exotic species on both compensation and
reference sites'’, indicating that drier site conditions favour the establishment of exotic species and
inhibit the establishment of native hydrophytes. Higher SWIS may indicate inadequate site submergence
time, which may be the result of (1) incorrect site elevation due to improper construction, (2) incorrect
site elevation due to natural aggradation or (3) poor water retention due to unsuitable site substrate.
However, further research is required to substantiate the cause of higher SWIS on compensation sites.

Log debris protection lowers amount of log debris accumulation

Log debris was observed in most compensation marshes, with varying degrees of impact. This study
found that sites containing a form of log debris protection, such as a log boom, adjacent marina, or
lattice fence, had significantly less log debris accumulation compared with sites that had no log debris
protection."i

3.2.2 Riparian Compensation
The primary issues affecting the success of riparian compensation projects included:
e Inconsistent methods in reporting compensation area
e Presence of non-native species and invasion by Himalayan blackberry (Rubus armeniacus)
e Low tree densities
e Lack of connectivity with the aquatic environment
e Designs do not mimic structure and function of natural riparian environments

Inconsistent methods in reporting compensation area

Many FREMP riparian compensation projects were measured in linear meters during project
implementation. Plants were frequently planted in a straight line, and the length of that line was
included in the site record. However, these linear meter measurements were later inputted to the 1980
— 2013 FREMP records as square meters, without any unit conversion. To add to confusion, in recent
years FREMP riparian projects were actually planted and measured in square meters. To date, the 1980
— 2013 FREMP records contain no information regarding the unit used to measure each site; as a result,
FREMP riparian compensation records in their current form are inadequate for assessing habitat gains,
losses, and the spatial success of compensation.

Presence of non-native species and invasion by Himalayan blackberry

Riparian habitats were observed to be threatened by a relatively low diversity of non-native species in
their over- and understory strata. Eighty-one percent of sites containing trees had a high proportion of
native species (81-100%) in their overstory stratum and 58% of sites had a high proportion of native
species in their understory stratum. Non-native species in the overstory included European mountain-
ash (Sorbus aucuparia), European birch (Betula pendula), and purple leaf plum (Prunus cerasifera). The
most common non-native understory shrub species were invasive Himalayan blackberry and exotic
rugosa rose (Rosa rugosa). Rugosa rose was likely planted as a substitute to native roses, as it has higher

vip =0.049, Cl = 95%; Compensation sites N = 45, Reference sites N = 7
Vi Compensation sites P < 0.001, R? = 0.30, N = 54; Reference sites P < 0.001, R2=0.52, N=7
Vil Log boom vs no protection P = 0.017, marina vs no protection P = 0.007



ornamental value, and does not exhibit the rapid expansive growth of native roses, which can prove
problematic near public trails. Himalayan blackberry typically establishes through natural seed dispersal
and is an aggressive invasive species that can dominate entire habitats.

Low tree densities

The number of tree stems per hectare observed at riparian compensation sites varied greatly, from 0 to
16,840, and the median stems per hectare was 157. The number of stems per hectare in the reference
site was 733. Seventy-four percent of the compensation sites surveyed had fewer stems per hectare
than the reference site. However, only one reference site was surveyed due to time constraints, and
therefore, comparisons to reference site conditions are not statistically significant. Overall, it was
observed that overstory density was low, which limits the resemblance of compensation habitats to that
of a natural riparian habitat (see Appendix Il — Natural Riparian Habitats).

Lack of connectivity with aquatic environment

Riparian compensation sites often occurred at the top of riprap slopes, where they have limited
connectivity with the aquatic environment and will rarely, if ever, get inundated by flooding. Some
compensation projects attempted to mitigate this by incorporating pots or pockets into the riprap slope
and planting them with shrubs and trees. Although this method increases the connectivity between the
terrestrial and aquatic environments, it has limitations. Planting mortality was high in these pockets and
trees and shrubs are not recommended on dike slopes, as root penetration may cause cracking,
loosening, wind throw holes, and seepage.?’

Designs do not mimic structure and function of natural riparian habitats

Riparian compensation sites varied greatly in design. The most common design observed consisted of a
thin strip of vegetation, often only 1 m wide, placed between a public walking trail and the top of the
riprap dike. Some riparian compensation projects had large spaces of manicured lawn between
vegetation patches. In some cases, it was observed that shrubs and sometimes trees were being
trimmed and hedged in public parks and near residential developments to maintain sightlines and
preserve aesthetic value. Hedging understory vegetation causes dense growth, limiting the ability of
birds and other animals to utilize it as habitat. It also prevents the vegetation from overhanging the
watercourse, diminishing its ability to provide shade and nutrients to the aquatic environment. Very few
sites had wide areas of vegetation resembling a natural riparian habitat (Appendix Il — Natural Riparian
Habitats).



4 Recommendations

This outline lists the habitat compensation recommendations based on the findings of Lievesley and
Stewart (2016). The recommendations have been divided by (1) habitat type (marsh or riparian) and (2)
project phase (site design for future projects, monitoring for future projects, and remedial follow-up
activities for completed projects).
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4.1 Marsh Compensation
4.1.1 Site Design — Future Projects

a. Consider river hydrology in site selection to limit potential impacts of log debris, erosion, and
sediment deposition

" e Dominant Flow Direction

i? Site Location Google

Google ea

& Dominant Flow Direction

Site Location

Figure 3: The location of a compensation site can greatly determine its longevity and likelihood of degradation: (A) scouring and

erosion at site 10-003, (B) log debris accumulation at site 10-002-B, and (C) sediment deposition at site 12-007. Image credits:
Google Earth (imagery) and Megan Lievesley (photos), July 2015.
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The location of a compensation site along the river channel can greatly determine its longevity as viable
habitat; influencing factors that can degrade a site over time, such as log debris accumulation, erosion,
and sediment aggradation (Figure 3).

High-velocity river currents were responsible for several degraded compensation sites, particularly in
outer bends of the river where currents scoured the marsh (Figure 3A) or deposited high amounts of log
debris (Figure 3B). Compensation sites along inner bends of the river (Figure 3C), were more likely to be
impacted by sediment deposition, which can potentially limit the establishment of plantings.

By evaluating flow rates and river morphology, compensation practitioners can predict where
susceptible areas will occur, and avoid or adapt their plans accordingly. Bank erosion typically occurs on
the outer bends of the river, where high-velocity currents flow into the river bank. Fluvially-transported
log debris, though variable depending on size of individual pieces, is also likely to accumulate on outer
channel bends.® Sediment accumulation is most likely to occur where river currents decrease, for
example in reaches upstream of channel constrictions, or on the inside of sharp river bends.>*

b. Install log debris protection when possible or utilize existing structures, especially if constructing an
embayed marsh

Log debris from both natural and

anthropogenic sources is extremely 12

common in the Fraser River; however, S 10

urban infrastructure such as sea-walls and 3

riprap banks have greatly diminished the Lé 8

ecological and structural role of this S

debris.* Excessive log debris build-up can % 6

severely impact plant growth and site %

productivity; however, log debris removal is fo 4

expensive, temporary, and vegetative S 5

regrowth can have limited success.* I
Therefore, prevention of log debris 0 =S
accumulation is preferable. This study found Lattice fence Logboom  Marina None
that the presence of log debris protection,

SUCh_ as Iajctlc.e. fences, log booms, and Figure 4: Mean percent cover (+ 95% Cl) of log debris with the
marinas significantly decreased the amount  presence of log debris protection. Lattice fence N = 2, log boom N =

of log debris accumulation (Figure 4). 16, marina N = 7, other N = 4, none N = 32.

Although this study did not find a significant difference™ in log debris accumulation between marsh
design types (e.g. embayed marshes vs. marshes protruding into the river), observations indicated that
embayed marshes were more prone to log debris build-up than other marsh designs. Log debris
protection should be considered when building an embayed marsh, particularly for sites that are in high-
risk locations along the river (4.1.1 a).

* No significant difference was found between marsh design types, likely due to small sample sizes between design
types and/or because the sampling method was designed for vegetation, not log debris.
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c. Ensure appropriate elevation is established and appropriate substrate is used to support marsh
vegetation

The metric, Site Wetland Indicator Status

1.8

(SWIS), was used to infer the hydrologic e
condition of each site. This was calculated using '
the numeric Wetland Indicator Status (WIS) L4

; ; ; v 1.2
value of each species present with their = P =0.049
dominance (see Appendix | - Methods for more 2 1
details).® This study found that compensation g 0.8
sites had a significantly higher (indicating drier) 06
mean SWIS than reference sites (Figure 5). Site 04
WIS was found to have a positive correlation 02
with exotic species, indicating that drier '0
conditions favour the establishment of exotic o )

Compensation sites Reference sites

species and inhibit the establishment of native

. ) . . o
hydrophytes. Figure 5: Mean Site wetland indicator status (+ 95% Cl) for

compensation sites (N = 45) and reference sites (N = 7).
Although several factors are likely responsible

for these results, high SWIS can be an indicator of inadequate site submergence time due to high
elevation. High elevation may be the result of errors in the site design, errors in design implementation,
or natural accretion, which can occur on a site over time.*! Regardless of cause, practitioners must
ensure elevational targets are correct during (1) pre-construction, acquiring target site elevation from
nearby reference sites; (2) construction, via quality monitoring and (3) post-construction, through long-
term monitoring and adaptive management. By doing so, practitioners and managers will help to ensure
that conditions are most suitable for the desired plant community, thus increasing the likelihood of long-
term project success.

d. Consider influence of salt wedge in selection of native species
Marsh compensation projects have typically been planted with plugs acquired from nearby donor
marshes and are therefore suited to the environmental conditions.?® In recent years, practitioners have
become increasingly dependent on nursery-grown plugs for their planting prescriptions. As a result
there is a greater risk that plants with poorer adaptation to variations in tidal inundation, salinity, and
other environmental factors may be selected.

This study found that the dominance of some native and non-native species was related to their
proximity to the river mouth, likely reflecting changes in salinity. The dominance of relatively salt-
tolerant species such as Lyngbye’s sedge (Carex lyngbyei) and Baltic rush (Junus balticus), significantly
decreased with distance from the mouth of the river, while slough sedge (Carex obnupta), a less salt-
tolerant species, significantly increased (Figure 6). Although Lyngbye’s sedge and Baltic rush are
relatively salt-tolerant, they are also capable of germinating and growing in non-saline conditions.
Therefore, their decline upriver is likely the result of increased competition in the freshwater
environment from less salt-tolerant species.?!
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In light of this, practitioners should 100

{ ]
exercise care when selecting 9% ° o Lyngbye’s sedge
native species for compensation 0. % Sloush Sed
. . ° ® Slough Sedge
site planting. If transplanted plugs 80 ° ° '
are being used, donor sites should | — 79 ® ° ° ® Baltic Rush
. = ° o ©

be selected based on their T 6o ° °

. . . . . . o
proximity and their similarity to E
the site, considering factors such £ 20
as salinity, tidal inundation, and 8 10
elevation. If nursery stock is used, f'zj 20
practitioners should favour salt- <

o=
tolerant species such as Lyngbye’s 20
sedge and seacoast bulrush 10
(Bolboschoenus maritimus) in sites 3
0 @ @

near the estuary mouth, as they
are best suited to establish under
these conditions. Upriver,
plantings should be representative
of nearby reference habitats, likely
including a greater diversity of salt-sensitive species such as slough sedge (Carex obnupta), beaked
sedge (Carex utriculata), and Sitka sedge (Carex sitchensis). By carefully considering the environmental
factors that influence community composition, practitioners are more likely to select species that are
capable of establishing long-term.

0 10 20 30 40 50
Site Distance from River Mouth (km)

Figure 6: Relative dominance (%) of Lyngbye’s sedge, slough sedge, and Baltic
rush in relation to site distance from the river mouth (km) (N = 54).

e. Select marsh design appropriate for target vegetation
The design of marsh compensation sites can influence the establishment and composition of plant
communities.*>** Most compensation marshes in the estuary are built as elevated marsh benches with a
protective riprap berm bordering the foreshore (Figure 7A). Although design specifics vary, these
marshes are typically capable of supporting target sedge communities.

A less-frequent design used in the Fraser River Estuary are excavated basins built into the existing
shoreline. These typically function as tidal lagoons that are connected to the river via one or two tidal
drainage channels (Figure 7B). Several of these lagoons were surveyed during this study, and it was
noted that excavated marsh basins were more likely to be dominated by cattails (Typha spp.) than
sedges (Carex spp.). In one example, a site that had been designed as “an intertidal sedge basin” was
instead dominated by non-native lesser cattail (Typha angustifolia; 93% relative dominance), despite
having been planted with Lyngbye’s sedge (Carex lyngbyei) at the time of site creation in 1994. The
findings were consistent with many studies, which indicate that poorly-drained, and/or hydrologically-
stable wetlands are often more susceptible to cattail establishment, and less-suitable for sedge
communities. It has also been found that cattails are highly productive in eutrophic conditions, which is
typically the result of nutrient loading and/or waterlogged soils; whereas the productivity of native
graminoids (e.g. sedges, grasses, rushes) remain unchanged.**

14



Figure 7: Illlustrations of (A) elevated marsh bench and (B) excavated marsh basin compensation designs used in the Fraser River
Estuary. lllustration credit: Daniel Stewart.

Considering this, and factors raised in previous sections (4.1.1 a — d), practitioners should consider the
influence of abiotic processes on vegetation when designing a project. If the project goal is to produce a
sedge meadow, then only sites that mimic and facilitate the natural conditions of sedge meadows are
likely to have long-term success.

f. Integrate marsh and riparian compensation habitats
Riparian buffers have been associated with increased aquatic ecosystem health, improving habitat
complexity (large woody debris, vegetation), temperature moderation (vegetative cover), primary
productivity (detrital inputs), and water quality (pollutant buffering)**. Therefore, combining marsh
compensation projects with existing riparian habitats, or incorporating a riparian buffer into marsh
compensation designs may improve the quality and functioning of marsh habitat compensation.

Several existing compensation projects contain both riparian and marsh compensation; however, the
two habitats are isolated from each other by a steep riprap slope (Figure 8A). Future projects should
consider new designs that better integrate riparian vegetation into marsh interface (Figure 8B).

A

Figure 8: Marsh and riparian habitats are often separated by a riprap slope in compensation designs, limiting the influence
of the riparian habitat on the aquatic environment (A). An alternative to this design is a terraced slope, which would improve
the integration of habitats (B). lllustration credit: Daniel Stewart.
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g. Consider mitigating the effects of waterfow! grazing to protect Lyngbye’s sedge during early
establishment

Waterfowl grazing, particularly by Canada
. , 140
Geese, may influence Lyngbye’s sedge
(Carex lyngbyeij) fitness. This study found S 120
(8]
that the maximum stem height of E
Lyngbye’s sedge was significantly shorter 2 100
. . <
at sites where evidence of waterfowl < 80
grazing was observed (Figure 9). Canada e P=0.039
geese grazing has been known to reduce gn 60
Lyngbye’s sedge revegetation efforts to 0% &’ 40
survival following the initial year of 3
0
establishment.?>*> However, grazing may oo 20
also indirectly affect Lyngbye’s sedge = 0
fitness by giving invasive plant species a Waterfowl grazing Waterfow! grazing
competitive advantage as many invasive evidence observed evidence not observed
marsh species are not palatable to Figure 9: Mean maximum stem height of Lyngbye’s sedge (+ 95% Cl) in
waterfowl (e.g. yellow iris [Iris sites with evidence of waterfowl grazing observed (N=18) and not

pseudacorus], purple loosestrife [Lythrum ~ °bserved (N=27).

salicarial). Implementing mitigation measures such as exclusion fencing, sightline obstructions, or scare
devices may reduce the impact of waterfowl| grazing.

4.1.2 Monitoring — Future Projects

a. Establish baseline data prior to compensation actions
The Practitioners Guide to Habitat Restoration states:

“where existing habitat is enhanced, practitioners must recognise that the existing habitat has
intrinsic value to be considered when determining the amount of habitat gain through
compensation. Only the difference in productive capacity between the before and after
scenarios can be considered as compensatory gains.”*®

Although this statement acknowledges the importance of pre-impact data, the guide does not state
what type of data should be used (quantitative or qualitative) nor how the data should be collected.
Quantitative data collection, not qualitative, is generally required to compare pre- and post-construction
conditions; however, it is more time consuming and costly. As a result, quantitative baseline data has
often been avoided by habitat compensation practitioners.? This lack of baseline data limits the ability
to evaluate the success or failure of a project, and to conclude if no-net-loss/offsetting has been
effectively achieved.?¥3%47% |t js recommended that quantitative, pre-impact assessment surveys be
conducted prior to any habitat disturbance, and that inventory methods be repeatable during post-
construction monitoring to enable comparability of data.

For quantitative habitat assessment methods please refer to Appendix | - Methods or to the methods
section of Lievesley and Stewart (2016).}
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b. Apply adaptive management and mitigate stressors
The Canadian Environmental Assessment Agency defines adaptive management as:

“[...]a planned and systematic process for continuously improving environmental
management practices by learning about their outcomes. Adaptive management provides
flexibility to identify and implement new mitigation measures or to modify existing ones
during the life of a project.”*°

Adaptive management relies on sound planning and methods to allow for the identification of
inadequate or undesirable outcomes. Using consistent methods to measure habitat area, community
composition, and proportion of native and non-native species (outlined in Appendix | - Methods) allows
practitioners the ability to detect inadequate or undesirable outcomes and adapt the monitoring and/or
mitigation strategy.

c. Accurately map projects to facilitate future monitoring and research
Compensation site areas in GIS shapefile format were provided by the 1980 — 2013 FREMP records for
this project. Although these records were useful in physically locating most compensation sites, they
lacked precision and were often incomplete. This proved problematic for discerning between created
and natural habitats for vegetation sampling.

Of the 54 compensation sites visited in 2015 during this study, only 32% had precise enough shapefiles
to confidently determine the area of the site. The remaining 68% required some degree of investigation
and assumption to estimate the boundaries of the compensation area. Estimating project boundaries
threatens the quality of data and increases field work duration.

For example, compensation site 10-004
contained both a marsh and riparian habitat
compensation component; however, upon
retrieval of the existing GIS shapefiles only a
single red line existed (Figure 10). Upon
investigation, the site boundaries of the
marsh and riparian compensation were
estimated and are shown as blue polygons
(Figure 10). The large discrepancy between
the existing shapefiles and the ground-
truthed data emphasizes the need for
accurate mapping at the time of site creation.

Future habitat compensation practitioners ] ] ] o = )

. . Figure 10: Mapping data included in 1980 - 2013 FREMP records
should accurately map compensation sites were often inadequate for precise sampling. In this example,
using the most robust GPS technologies and historic site boundaries (red) differed greatly from ground-truthed

protocols available, as well as adhering to the site boundaries (blue). Image credit: Bing Maps, Community

Mapping Network website.
Sensitive Habitat Inventory and Mapping pping

(SHIM) GPS standards.® To improve the quality of future research and monitoring data should be
shared. Sharing will increase the opportunities for practitioners and managers to enhance and/or
mitigate habitats in the future and provide a platform for research. The Community Mapping Network is
a valuable source to facilitating such data sharing opportunities (Section 5).
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d. Monitor establishment of plant communities
Monitoring methods should be standardized between compensation sites and reference sites, as well as
between pre-construction and post-construction phases. They should allow for plant communities to be
(1) assessed over time, (2) compared to pre-construction and/or reference site conditions, and (3)
assessed to compare the proportion of native and non-native species. This study found that
compensation sites had notably-less native species than reference sites and that Lyngbye’s sedge (Carex
lyngbyei) had significantly lower dominance on compensation sites than reference sites. Standardized
monitoring methods (Appendix | - Methods) allow practitioners to identify issues such as those
mentioned above and apply adaptive management.

e. Actively control invasive species that tend towards monotype stands
In a review of marsh habitat compensation Matthews and Endress (2008) found that sites that failed to
meet legal standards of native species dominance were frequently dominated by reed canarygrass
(Phalaris arundinacea) and lesser cattail (Typha angustifolia).’® Lievesley and Stewart (2016) found
similar results in the Fraser River; of the twelve sites that ranked poor for proportion of native species,
eight were dominated by reed canarygrass and two were dominated by lesser cattail and the hybrid
version, blue cattail (Typha x glauca) (Figure 11). Controlling these species in compensation sites is
recommended, as they can tend towards monotype dominance and degrade habitat quality and
functioning.?* Sites completely dominated by these species may only benefit from a complete
reconstruction.

Figure 11: Compensation sites dominated by invasive reed canarygrass (A) and lesser or blue cattail (B). Image credits: Megan
Lievesley, July-August 2015.
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f.  Increase monitoring of Lyngbye’s sedge and actively control invasive and exotic species during initial

years of compensation
Lyngbye’s sedge (Carex lyngbyei) is
the most common estuarine sedge in 80
the Pacific Northwest and has been £ 70
the primary species used in habitat § o
compensation in the Fraser River e
Estuary.’? However, this study found E 50 p=0021
that Lyngbye’s sedge was ; 40
approximately half as dominant on B 30
compensation sites compared with E
reference sites (Figure 12). Disturbed g 20
habitats are more susceptible to the = 10
colonization of exotic and invasive 0

species than intact habitats.3334
Suppression of Lyngbye’s sedge in

compensation sites may begin at the ~ figure 12: Mean relative dominance (+ 95% Cl) of Lyngbye’s sedge in
. . . . compensation sites (N = 54) and in reference sites (N = 7).
time of site creation, when disturbed

Compensation Sites Reference Sites

soil is most available for colonization by invasive species. If unmanaged, several exotic and invasive
species may compete with and displace native plant communities over time.

Diminished Lyngbye’s sedge dominance on compensation sites is not fully understood; however,
invasive and exotic species competition likely plays a significant role. Lyngbye’s sedge survival and
fitness should be monitored during the initial years of establishment, and problematic invasive and
exotic species be controlled.

g. Adapt site monitoring frequency and invasive species management to conditions of surrounding
habitats

This study found that the proportion of native species decreased significantly with distance from the
mouth of the river (Figure 13) and the proportion of non-native species increased. This strongly suggests
that compensation projects farther east in the Fraser River will require more monitoring and non-native
species mitigation to achieve desirable results. Other environmental factors, such as proximity to
invasive species or hydrological forces, may also influence the success of a compensation project.
Consideration of a compensation site’s distance from the river mouth and surrounding conditions can
help predict budget considerations during the planning stage; however, mitigation measures should be
addressed through adaptive management strategies.
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h. Increase monitoring period
Upon investigation of 54 marsh compensation sites ranging in age from 5 to 32 years at the time of
sampling (2015), this study found that neither the proportion of compensation site area nor the

proportion of native species
correlated with time (Figure
14). Additionally, a number of
other studies criticize the
assumption that restored and
compensated marshes progress
along predictable
trajectories.?>%>* The lack of
age-related trends suggests
that other factors may have a
greater influence on site
success. This indicates that
adaptive management and
longer-term monitoring is
required to mitigate on-going
influences.

® Proportion of Target Habitat Established
® Proportion of Native Species
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Figure 14: Regression of compensation assessment criteria used in this project
(proportion of target habitat established [N = 54] and proportion of native species [N
=54]) over time.

The need for longer monitoring periods was affirmed in a 2016 poll of practitioners and government
agencies, where 78% of respondents stated that marsh compensation monitoring periods should be
greater than the current five-year standard.* The current five-year monitoring period should be
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revisited, and where necessary, increased. Increased monitoring is more likely to identify (1) novel
stressors that emerge several years after site creation (e.g. introduction of invasive species), and (2)
chronic stressors that can gradually degrade a site over several years (e.g. erosion or sediment
deposition).

4.1.3 Completed Projects That Did Not Achieve Objectives

a. Control invasive species
This study found that 83% of the marsh compensation projects that ranked poor for proportion of native
species were dominated by either reed canarygrass (Phalaris arundinacea), lesser cattail (Typha
angustifolia), or blue cattail (Typha x glauca). Controlling invasive species that tend towards monotype
stands as soon as they are identified is recommended. Unchecked, these species will dominate sites and
degrade habitat quality and functioning.3* These species can be difficult to control once established, and
as a result heavily dominated sites may require extensive restoration, or creation of replacement
compensation habitat elsewhere. Invasive species in surrounding areas should also be controlled to
minimize invasion of susceptible compensation sites.

b. Remove log debris from impacted sites
Log debris accumulation is a
very common occurrence in
the Fraser River. Even though
the wood originates from
both natural and
anthropogenic sources, urban
infrastructure such as sea
walls and riprap banks greatly
diminish the ecological and
structural role of natural log
debris accumulation (Figure
15).>° Log debris removal is
common practice to address

concerns regarding boat Figure 15: Accumulation of wood debris can greatly impact the productivity of
safety and marsh health; compensation marshes. Due to a failed log boom, 16% of this marsh was covered by log
7’

. debris. Image credit: Daniel Stewart, August 2016.
hOWEVEI", revegetatlon post—

removal has yielded mixed results. One study found that removal of log debris from the Fraser River
Park marsh resulted in poor regrowth in the high marsh.*

The highest percent cover of log debris observed in this study was 53%; however, most sites were not
considered to have excessive log debris accumulation. Where removal efforts are required, it is
recommended that well-embedded logs in the high marsh zone be left, because bare ground
encourages the colonization of non-native species. Removal efforts should be focused in the low- to
mid-marsh zone where Lyngbye’s sedge (Carex lyngbyei) dominates and is more likely to re-establish
quickly.
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4.2 Riparian Compensation
4.2.1 Site Design — Future Projects

a. Create wide riparian strips and limit edge habitat
This study found that the most common riparian
compensation design, a 1 m strip of vegetation
placed between a public walking trail and the
riprap dike, failed to accurately resemble natural
riparian habitats (see Appendix Il — Natural
Riparian Habitats)(Figure 16). Though narrow,
linear plantings possess some ecological value,
these habitats contain a high edge-to-interior
habitat ratio, and subsequently lack habitat for
species that are sensitive to edge habitat
microclimates (e.g salamanders), human
disturbance (e.g. nesting songbirds), and space Figure 16: By design, many riparian compensation projects
constraints (e.g. trees). These narrow, linear are unable to replicate natural riparian habitats due to

. X . space limitations, species selections, and human
plantings instead support edge-adapted species interference. Image credits: Daniel Stewart, August 2016.
that are often non-native (e.g. European Starling

[Sturnus vulgaris], noxious weeds).

To replicate natural riparian processes, Environment Canada recommends a 30 m vegetated riparian
area on both sides of streams to provide for and protect aquatic habitat.>® Agriculture and Agri-Food
Canada recommends a 5 m buffer width for bank stability, 10 — 30 m buffer for sediment removal, and
10 - 300 m for wildlife habitat.>” Establishing Fisheries Management and Reserve Zones in Settlement
Areas of Coastal British Columbia recommends a 50 m riparian management on both sides of fish
bearing channels, and 30 m on land next to wetlands in order to protect habitat features, functions and
processes.>® Though recommended buffer widths vary from source to source, it is widely accepted that
wider buffers offer greater ecological benefit.>’

It is recommended that future riparian compensation projects be designed wider to limit the amount of
edge habitat and better replicate the ecological functions of a natural riparian habitat.

b. Improve integration between aquatic and terrestrial environment
Riparian buffers surrounding wetlands have been associated with increased wetland health.*® Therefore,
combining riparian compensation with existing marsh habitat or incorporating riparian and marsh
compensation projects together may improve the quality and functioning of both habitats.

Although several compensation projects observed in this study contained both riparian and marsh
habitat compensation, these habitats were often located in separate locations or were isolated from
each other by a riprap dike; thus, reducing the interactions and benefits associated with habitat
connectivity.

One common designs observed in this study included the installation of pots or “pockets” into the riprap
slope which were then planted with trees or shrubs. Although this method better integrates riparian
vegetation with the aquatic environment, planting survival was low (Figure 17A). Additionally, trees and
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shrubs are generally discouraged on dike slopes, as root penetration may cause cracking, loosening,
wind throw holes, and seepage.’’

Figure 17: Habitat pockets showed varied success, such as Site 04-005 (A), where plants were stunted and desiccated by mid-
summer, and Site 09-013 (B) where vegetation remained vigorous throughout the growing season. Image credits: Megan
Lievesley, July 2015.

To increase the integration of terrestrial and aquatic habitats, it is recommended that novel or improved
designs be tested and implemented in future compensation projects. Novel designs, such as a terraced
dike (Figure 18) may increase the integration of habitats, while maintaining dike integrity. Additionally,
learning from successful riprap dike plantings may provide useful information that can be incorporated
into future designs (Figure 17B).

Figure 18: Example of a terraced riparian
compensation design, in which a terrace is
incorporated into the riprap slope and planted with
riparian vegetation to improve integration between
the aquatic and terrestrial environment. lllustration
credit: Daniel Stewart.

c. Design compensation with a balance of anthropogenic and habitat values
This study observed that shrubs and even sometimes trees in compensation sites were being trimmed
and hedged. This generally occurred in public parks and near residential developments to maintain
sightlines and preserve aesthetic values. There are several reasons why hedging should be avoided. First,
hedging causes shrubs to grow dense, limiting the ability of birds and other animals to utilize them as
habitat. Second, hedging does not allow vegetation to overhang the watercourse, diminishing its ability
to provide shade and nutrients to the aquatic environment. Third, hedging causes the trajectory of the
habitat to remain static, limiting the ability of plants to form the structural diversity of mature riparian
environments.?
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It is recommended that habitat and anthropogenic values be better integrated. This can be achieved
through measures such as alternating hedging and non-hedging of the vegetation to provide pockets of
views and strategically planting trees to limit sightline loses. It may also require that riparian habitats be
compensated at a >1:1 ratio, accounting for human values that may inhibit the natural processes within
compensation sites.

d. Plant riparian compensation with native plants only, incorporating a high diversity of species
including fruit-bearing plants
It was observed in this study that riparian compensation plantings included, on average, a low diversity
of species and often non-native ornamental species were favoured in place of native species (Figure 19).
Although non-native species can provide structure, shelter and food for native fauna, it is recommended
that practitioners favour native species, regardless of the hardiness or aesthetic value of non-native
species.

Figure 19: In place of native species, many riparian plantings included ornamental exotic species, such as European mountain-
ash (Sorbus aucuparia) (A) and rugosa rose (Rosa rugosa) (B). Image credits: Daniel Stewart, August 2016.

Several reasons support this recommendation. First, native plant communities are known to benefit a
greater diversity of native fauna, as native fruit-bearing plants are a high-value food source for many
animal species.®®5! Second, planting native species is in-line with the underlying principle of habitat
compensation, which aims to replicate the assemblage of lost habitats. Third, low native species
diversity inhibits a site’s resilience to ecological threats and changes over time.®%%3 Therefore, it is
recommended that riparian compensation sites be planted with a high diversity of native riparian
species that include fruit-bearing plants.

e. Initial understory plantings should be dense
Himalayan blackberry (Rubus armeniacus) was the most prolific invasive species encountered in riparian
compensation sites in the Fraser River Estuary, with one site containing 75% total cover. Blackberry is
known to aggressively invade disturbed sites as well as riparian habitats making early successional
riparian compensation sites highly susceptible to invasion.®* It has been suggested that dense plantings
of native species at the outset of habitat compensation may limit the establishment of Himalayan
blackberry.®®

f. Plant trees
Over 70% of the riparian compensation sites surveyed during this study had a lower stem density of
trees than in the reference site, and 16% of riparian compensation sites contained no trees at all. Other
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studies have found that aquatic systems in forested watersheds are the healthiest with 45 — 65% forest
cover in the overstory.® It is recommended that riparian compensation projects be planted with a high
enough density of trees to aim for 45 — 65% cover in the mature overstory.

g. Include and/or preserve existing wildlife trees where possible
During this study, it was observed that very few snags '

| Figure 20:
and/or wildlife trees were present in riparian compensation W Tree swallow
sites. Snags and wildlife trees provide habitat for cavity d feeding young

. . . . 4 in wildlife
nesting species (Figure 20) and forage for many different | tree. Image
species of wildlife. Existing snags and/or wildlife trees credit: Craig
should be salvaged and maintained in compensation Wallace,

2000.

projects as long as they do not pose a safety hazard to the
public or compensation practitioners. In the absence of safe
existing snags and/or wildlife trees, nest boxes should be
constructed, or artificial wildlife trees be imported to
increase the biological productivity of the site.

4.2.2 Monitoring — Future Projects

a. Establish baseline data prior to compensation actions
The Practitioners Guide to Habitat Restoration states that,

“where existing habitat is enhanced, practitioners must recognise that the existing
habitat has intrinsic value to be considered when determining the amount of habitat
gain through compensation. Only the difference in productive capacity between the
before and after scenarios can be considered as compensatory gains.”4®

Similar to marsh habitat compensation (4.1.2 a) riparian compensation projects should collect
guantitative baseline date prior to compensation actions. Quantitative baseline data improves the
ability to assess the success or failure of a project, and to conclude if no-net-loss/offsetting has been
effectively achieved.193047-49

For quantitative riparian habitat assessment methods please refer to Appendix | - Methods or to the
methods section of Lievesley and Stewart (2016).1

b. Apply adaptive management and mitigate stressors
The Canadian Environmental Assessment Agency defines adaptive management as:

“a planned and systematic process for continuously improving environmental management
practices by learning about their outcomes. Adaptive management provides flexibility to
identify and implement new mitigation measures or to modify existing ones during the life
of a project.”*°

Adaptive management is reliant on sound planning and methods to allow for the identification of
inadequate or undesirable outcomes. Using consistent quantitative methods to assess the habitat
increases practitioners’ ability to detect inadequate or undesirable outcomes and adapt the monitoring
and/or mitigation strategy.
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c. Accurately map projects to facilitate future monitoring and research
Compensation site areas in GIS shapefile format were provided by the 1980 — 2013 FREMP records for
this project; which remain publicly available on the Community Mapping Network (CMN) website.X The
records were useful in physically locating most compensation sites; however, similar to the marsh
compensation, the actual precision of these digital areas was often insufficient. Unlike marsh
compensation sites, the available riparian data was almost entirely comprised of digital lines rather than
polygon areas, resulting in the inability to determine intended site area.

Future habitat compensation practitioners should accurately map compensation sites using the most
robust GPS technologies and protocols available, creating GIS shapefiles wherever possible. They should
also adhere to the Sensitive Habitat Inventory and Mapping (SHIM) GPS standards.> To improve the
quality of future research and monitoring data should be shared. Sharing will increase the opportunities
for practitioners and managers to enhance and/or mitigate habitats in the future and provide a platform
for research. The Community Mapping Network is a valuable resource that facilitates long-term data
sharing opportunities (Section 5).

d. Ensure all areas are reported in Square Meters
This study observed that the unit of measure used to describe habitat area was inconsistent. While all
sites were reported in square meters in the 1980 — 2013 FREMP records, further investigation found
that many sites were originally measured in linear meters at the time of compensation and not
accurately converted to square meters. For example, a site may be reported as 100 square meters;
however, upon field inspection it is found to be 100 linear meters by 4 linear meters resulting is 400 m?2.
It is recommended that all riparian compensation projects measure and report in square meters.

e. Actively control invasive species
Himalayan blackberry (Rubus armeniacus)
was the most prolific invasive species
encountered in riparian compensation sites
in the Fraser River Estuary. Blackberry is
known to aggressively invade disturbed
habitats as well as riparian habitats making
early successional riparian compensation
sites highly susceptible to invasion.®* If
Himalayan blackberry remains un-checked it
can create dense thickets that can prevent
the establishment of native trees and shrubs,
and inhibit natural colonization by other

native species (Figure 21). Although Figure 21:Example of a riparian compensation site dominated by
Himalayan blackberry can provide some invasive Himalayan blackberry. The site was planted in 2003 and
blackberry now occupies 90% of the habitat (sampled August 2015).
Image credit: Megan Lievesley, July 2016.

habitat value, it is a less-preferred riparian
species, as it creates a monotype stand with
lower species diversity, does not contribute large woody debris, and does not provide sufficient shade to
the aquatic environment.®® Himalayan blackberry should be actively controlled if discovered in riparian
compensation projects.

X http://cmnbc.ca/atlas_gallery/fremp-bieap-habitat-atlas
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f. Increase duration of monitoring protocol

Riparian habitats have a long establishment time and progress through various
successional stages before reaching maturity (Figure 22). Riparian compensation
projects should be monitored, utilizing adaptive management,
for upwards of 20 years or more. Effective monitoring plans
will reduce monitoring frequency over time if
the habitat is establishing well and
invasive species are under

control. Figure 22: Forest successional stages. Image credit: North Carolina Forestry Library.

4.2.3 Completed Projects That Did Not Achieve Objectives

a. Plant trees
Over 70% of the riparian compensation sites surveyed during this study had a lower stem density of
trees than the reference riparian site and 16% of compensation sites contained no trees at all. Forty-five
to 65% forest cover in the overstory has been found to be the optimal forest cover to benefit both the
terrestrial and aquatic ecosystem.% It is recommended that riparian compensation projects that have
failed to achieve a sufficient density of trees should receive additional plantings, keeping in mind the
above cover recommendation.

b. Control invasive species
Himalayan blackberry (Rubus armeniacus) was the most prolific invasive species encountered in riparian
compensation sites. Sites that were found to be significantly degraded by this species or other invasive
species should receive treatments to control the spread.

c. Alter landscaping methods
It was observed in this study that some shrubs and trees in compensation sites were being trimmed and
hedged. This generally occurred in public parks and near residential developments to maintain sightlines
and preserve aesthetic value. Hedging understory vegetation causes the plants to grow dense, limiting
the ability of birds and other animals to utilize them as habitat. It also prevents the vegetation from
overhanging the watercourse, diminishing its ability to provide shade and nutrients to the aquatic
environment.?

It is recommended that riparian compensation projects currently receiving this treatment be revisited
and new vegetation maintenance plans, aiming to better integrate habitat and anthropogenic values, be
designed and conveyed to all relevant landscaping authorities. Prior maintenance methods may be
improved through measures such as alternating hedging and non-hedging of the vegetation to provide
pockets of views and strategically planting trees to limit sightline losses.
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5 The Community Mapping Network: A Data Repository

The Community Mapping Network (CMN) has been and continues to be an invaluable resource for
managers, policy makers and businesses operating in the Fraser River Estuary. For several years, the
CMN has hosted BIEAP-FREMP program data on a Habitat Atlas; which most notably includes a 2006-
2007 habitat inventory, shoreline colour coding, FREMP compensation project records (1980-2013), and
revised project records (2015) (Figure 23); which were authored as part of this study. The importance of
these data makes the Habitat Atlas a vital information resource for many parties; and we recommend
that the Atlas be increasingly utilized in the future. To access these data, visit the CMN Habitat Atlas
website: http://www.cmnbc.ca/atlas_gallery/fremp-bieap-habitat-atlas.
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Figure 23: All revised FREMP compensation project records completed for this study are publicly available on the FREMP-BIEAP
Habitat Atlas; including detailed mapping (inset photo), site reports, and raw field data.

In the absence of BIEAP-FREMP, no agency has formally adopted the role of data collator. As a result, (1)
researchers are now at greater risk of committing redundancies in their studies, as they may be unaware
of similar research being conducted and (2) compensation site monitoring has become increasingly
difficult, as many compensation site records, personal comments, and original site designs have
disappeared. Agencies, students, and practitioners should use the CMN as a resource for sharing future
compensation project information, as well as other relevant estuary monitoring data.

To inquire about CMN, and how project data can be integrated into the Atlas, contact the Program
Directors listed below:

Brad Mason, CMN Director masonb12@telus.net
Rob Knight, CMN Director rknight@telus.net
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6 Closing Statement

This guide, drawing upon the findings of Lievesley and Stewart (2016), outlines evidence-based
recommendations for improving marsh and riparian habitat compensation in the Fraser River Estuary.
The marsh compensation recommendations provided aim to mitigate the impacts of site location,
invasive species, hydrologic conditions, waterfowl grazing, and log debris on the diminished proportion
of native species on compensation sites. Though riparian compensation sites did not have defined
success criteria like marsh compensation, many deficiencies were observed. The recommendations in
this report aim to improve riparian habitat compensation by using the definition of a natural riparian
habitat as well as legislative regulations as guiding principles. By utilizing these recommendations, it is
expected that the work of land managers, policy makers, and restoration practitioners in the region will
be improved.

This study did not survey all compensation sites in the region and cannot address concerns such as sea-
level rise and climate change, but the recommendations in this report should serve as a starting point
for continued research and improvement. It is paramount that the ecological condition of the estuary as
well that the effectiveness of compensation efforts be well understood to mitigate existing and
emerging threats. This will ensure that the governments, managers, and practitioners are equipped to
preserve the health and integrity of the estuary for future generations.
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Appendix | - Methods
Study Area

Between July and October, 2015 fifty-four marsh compensation sites and 7 reference marshes were
sampled in the Fraser River Estuary from the mouth of the estuary to the Pitt River and Golden Ears
Bridges (Appendix | - Figure 1). Additionally, 21 riparian compensation sites and 1 reference riparian site

were sampled throughout the same region.
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Appendix | - Figure 1: Marsh compensation and reference sites surveyed, July-October 2015.

The sites were selected for surveying using a semi-random process. The Fraser River Estuary is separated
in 15 habitat management zones by Fisheries and Oceans Canada. By randomly selecting a different
zone to survey each day, equal representation across the estuary was ensured throughout the sampling
season. Once a zone was selected the potential sites within each zone were scrutinized using satellite
imagery. Due to time constraints, sites that appeared easy to locate and access were favoured.

Site Boundary Delineation

The compensation site boundaries included in the 1980 — 2013 FREMP records vary in precision;
therefore, establishing accurate site boundaries was necessary to collect relevant data. Where possible,
project proponents were contacted to confirm compensation boundaries. In lieu of this, site boundaries
were defined by considering a number of factors, such as the age and composition of vegetation in
relation to that of neighbouring habitat, anthropogenic barriers (e.g. piers, riprap, trails), and any
relevant information provided in the 1980 — 2013 FREMP site record (e.g. size of habitat created).
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Reference Site Selection

Reference sites are ideally selected for their ability to represent the state of an environment
undisturbed by human activity.®” Such undisturbed environments are absent in much of the Fraser River
Estuary. Thus, within the framework of this project the term “reference site” refers to least-disturbed
environments that represent reasonable target conditions for successfully-established habitat creation
projects in the region.® Though replicating reference site conditions is not mandated by law, local
reference sites provide comparable targets for evaluating the success of established habitat creation
projects, as they share similar environmental conditions and external stressors. Using these criteria,
seven marsh reference sites and one riparian reference site were identified and sampled.

Marsh Compensation Study Methods

Field Sampling

Prior to sampling compensation site boundaries were mapped using a Trimble Geo 7x. If distinct
vegetation communities, marked by distinct changes in environmental factors ®°, were observed then
these would also be mapped. In most marsh habitats, the distinct communities would be representative
of either an estuarine marsh or mudflat habitat. The transition from marsh to mudflat communities was
often abrupt, allowing for easy delineation for sampling and mapping. Where communities transitioned
along a gradual gradient, boundaries between communities were established by walking through the
middle of the transition zone. By delineating distinct communities, the compensation site was sampled
using a stratified-random sampling method. Sample plot points were generated using a random point
generating tool (Appendix | - Figure 2).7°

Appendix | - Figure 2: Example of stratified random sampling methods used in marsh sampling, July - October 2015. Methods
included (A) identification of site and community boundaries and (B) randomly generated sample points within the communities.
Imagery credit: Google Earth.

Given enough space, a minimum of 20 sample plots, spaced > 2 m apart, was the target sample size for
each vegetation community. A 1 m X 1 m quadrat was used to sample the vegetation at each sample
plot. All vascular plant species within the plot were identified; assigned an origin class of native, exotic,
invasive, threatened, or unknown; and percent cover was estimated. The same two field personnel were
used for the entire study to minimize observer bias. Bare ground was also estimated as seen from above
and any wood debris captured within sample plots were estimated for percent cover.

Stressors such as waterfowl grazing and wood debris were not well represented by the sampling
methods; in such cases, stressors were recorded qualitatively. Evidence of waterfowl grazing included
(1) the ‘mowing’ or uniform height reduction of sedge meadows; (2) the widespread absence of leaf
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tips, specifically in palatable species; and (3) direct waterfowl observations (specifically Canada Geese
[Branta canadensis]) that were seen grazing and/or using the site.

Wood debris was documented in sample plots in the form of percent cover; however, in some cases
large areas would be completely covered in wood debris, preventing any vegetation growth. When this
was encountered the entire area of wood accumulation would be mapped.

Data Processing and Analysis

Basic habitat analysis started with determining the mean percent cover, frequency, and relative
dominance of each species as well as determining the relative percent cover (e.g. proportion) of each
species origin category (native, non-native, invasive). Mean percent cover was determined by obtaining
the average across all sample plots in each vegetation community.

Absolute dominance for each species was calculated by multiplying the species’ mean percent cover by
its frequency. Frequency was determined by counting the number of times each species occurs in the
sample plots. For each species, the relative dominance was then calculated by dividing its absolute
dominance by the sum of all absolute dominances, excluding any unvegetated cover such as bare
ground, log debris, or rock:

absolute dominance (species x)

relative dominance (species x) = - -
(sp ) Y. absolute dominance of all species

Species origin was analysed similarly. For each plot the sum of the percent cover for each origin class

was determined and the mean percent cover was calculated based on those sums. The relative mean

percent cover for each origin class was calculated by dividing the mean percent cover by the sum of all

mean percent covers.

Each species has a numerical Wetland Indicator Status (W!IS) assigned by the US Army Corps of
Engineers, under the National List of Wetland Plants® which reflects its likelihood of occurring in a
wetland. A WIS of 1 reflects a species that almost always occurs in wetlands, while 5 reflects a species
that almost never occurs in wetlands.?® By using each species dominance and its WIS and applying it to
an entire site the hydrologic qualities of a site can be inferred. For the purpose of this study this was
called Site WIS (SWIS) and it was calculated as follows:

species relative dominance .
swis =y (2 x species WIS
-1 100

By using the above basic analysis, a number of questions can be addressed using statistical analysis. To
compare means one-way ANOVA analysis was used when variances were homogenous. If a significant
difference was detected between one or more groups, then a post-hoc test was used to determine
between which groups the difference occurred. When variances were not homogenous a non-
parametric Kruskal-Wallis test was used. If a significant difference was detected between one or more
groups using the Kruskal-Wallis test then a Mann-U-Whitney test was used to determine between which
groups the difference occurred. To detect a correlation, regression analysis was used. If two regressions
were to be compared; for example, if a correlation was detected for both compensation and reference
sites, and you wanted to determine if the regression of the compensation and the reference sites
differed significantly; an ANCOVA test was used to detect a difference.

Determining Marsh Compensation Success
Compensation site success was determined based on two criteria: (1) the area of habitat area
established and (2) the proportion of native plant species. Success was broken up into three categories:
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poor (0-64%), fair (65 — 84%), and good (85% and higher). Criterion 1 (the area of habitat established)
was determined by delineating marsh habitat from other non-target habitats, (e.g. unvegetated
mudflat), and comparing the area of marsh habitat to the area required in the conditions for project
approval. Criterion 2 (the proportion of native species) success categories had to be flexible due to
varying conditions throughout the Fraser River. Therefore, the percent categories were normalized to
the two nearest reference sites. For example, if the proportion of native plant species at the two nearest
reference sites average out to 80% then the target (100%) for the compensation site becomes 80%, and
the success categories are shifted accordingly (see Appendix | - Table 1).

Appendix | - Table 1: Example of success categories and their percent parameters used to evaluate the success of marsh
compensation projects in this study. The normalized target for Criterion 2: Porportion of Native Species is 68-80% in this example

site.
Success Ranking Categories
Poor Fair Good
Standard Success Percent Range: 0-64 65-84 85-100
Criterion 1: Proportion of Target Habitat Established
Normalized Success Percent Range: 0-51 52-67 68 - 80+
Criterion 2: Proportion of Native Species
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Riparian Compensation Methods

Field Sampling

Riparian habitat assessment methods were adapted from Provincial Riparian Assessment and
Prescription Procedures.”* Where possible, 50 m? circular plots were used to sample overstory (i.e. tree)
and understory (i.e. shrub) species. Similar to marsh surveys, sample plot locations were randomly
generated. These methods were flexible however, as many riparian sites were too narrow to allow for
circular plots or too small to achieve a minimum sample size. When riparian habitats were linear strips,
50 m? sample plots were created by dividing 50 m? by the average width of the strip to obtain a sample
block length (see example in Appendix | - Figure 3). The location of the beginning of the sample length
was determined using a random number generator. In cases where the riparian habitat was too small to
be randomly sampled (e.g. less than ~150 m?), absolute surveys were conducted.

Randomized Circular Plot Survey

**O * *

Randomized Linear Plot Survey ~8m

* A ‘;** B <

Absolute Survey

e W "=

Appendix | - Figure 3: Sampling design methods used for riparian habitat assessments, July - October 2015. lllustration credit:
Daniel Stewart

Vegetation that originated outside of the sample plot was not included in data, regardless of whether a
portion of the plant was overhanging the sample plot. Overstory vegetation was assessed based on

diameter at breast height (DBH) classes, where the number of trees of each species and an estimate of
height for the tallest tree in each DBH class were recorded. All understory shrub species were recorded
along with their % cover, which was estimated using the same methods as marsh species (see page 31).

As with marsh habitats, some stressors were identified, but not well represented by the sampling
design. Stressors such as illegal dumping, hedging, and site design were qualitatively described for each
compensation site.

Data Processing and Analysis

The most important indicator of species abundance in the overstory is the number of stems per hectare.
This is calculated by multiplying the stem count for each 50 m?2 plot by 200. If an absolute measure of
riparian habitat was taken, 1 ha was divided by the area sampled, then the number of trees for each
species was multiplied by this number.
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The mean percent cover and confidence interval (95%) for the understory vegetation were calculated
using the same method as for the marsh habitat if plots were used. If an absolute measure of riparian

habitat was taken, then the estimated percent cover for each species is reported and there is no
confidence interval.

Species origin for understory riparian vegetation was analyzed the same way as for marsh habitat. For
each plot the sum of the percent cover for each origin class was determined and the absolute mean
percent cover was calculated based on those sums. The proportion of each origin class was calculated by
dividing the mean absolute percent cover by the sum of all mean absolute percent covers.
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Appendix Il — Natural Riparian Habitats

Riparian habitats are the narrow ecotone
between the aquatic and terrestrial
environment that are subject to frequent
flooding, and are a vital component in estuary
ecosystems. Riparian habitats provide many
ecological functions including stabilization of
stream banks, filtering of sediments and
nutrients, stream flow rates and ground water
levels through evapotranspiration, and the
moderation of stream temperature through
shading and evapotranspiration.*® Riparian
habitats also provide movement corridors for
various animals, nesting and cover habitat, and
food for birds, mammals and insects in both
the terrestrial and aquatic environment.®®
Riparian vegetation is particularly important for
birds, providing habitat for more species of
breeding birds than any other habitat in the
western United States, despite accounting for less than 1% of the landscape.'®

Appendix Il - Figure 1: Riparian area processes. Image credit:
Ministry of Forests, Lands and Natural Resource Operations

In the Lower Fraser River region, healthy riparian habitats typically have a mixture of shrubs, deciduous
trees, and coniferous trees, decreasing in moisture tolerance with distance from the watercourse. The
reference site surveyed as part of this study had a mean 52% cover of mature shrub vegetation in the
understory and a stem density of 733 stems/ha in the overstory. Other studies have found that 45 to
65% forest cover in the overstory of riparian habitats provides the most benefit both the terrestrial and
aquatic ecosystem.%®

The Ministry of Forests, Lands and Natural Resource Operations provides many documents regarding
BC'’s Riparian Area Regulations at:

http://www2.gov.bc.ca/gov/content/environment/plants-animals-ecosystems/fish/riparian-areas-
regulation

including a detailed revegetation guide for riparian habitats:

http://www2.gov.bc.ca/assets/gov/environment/plants-animals-and-ecosystems/fish-fish-
habitat/riparian-areas-regulations/rar_reveg_guidebk_sept6_2012_final.pdf
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