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EXECUTIVE SUMMARY

Under project GMSWORK (Williston Reservoir Trial Wetland8)C Hydro selected two
Wetland Demonstrations Sites (WDS) for detailed design and constructima Rarsnip Arm

of the Williston Reservoir to improve foreshore habitat for fisheries, wildlife, and riparian
areas. The two sites are identified as Airport Lagoon and Beaver RoAdport Lagoon,

two 1200 mm diameter culverts with an invert elevatiohapproximately 664.5 masl, along

a causeway at the southern end of the lagoon, were replaced with new 1200 m diameter
culverts with staggered invert elevations, starting a6®®to 66705 masl. The objective of

this treatment was to create 27 to 34 ld permanently wetted habitat upstream of the
causewayAt Beaver Pond, a water control structure was constructed, approximately 3 m in
height with an invert elevation @67.25masl, at the inlet to the pond. This created &8 Ba
inundated area when reservoir levels are bel667.25masl.Monitoring the effectiveness

of these wetland demonstration projects in improving fish and wildlife habitat on the
reservoir is being completed under GMSM®B Williston Reservoir Wetland Hégdti
Monitoring. GMSMOML5 is a 16/ear monitoring program designed to determine the
response of selected indicator groups (i.e., waterfowl, songbirds, amphibians, and
vegetation) to the wetland enhancements. Fish populations were also identified for
monitoring as fish were observed at both of the selected demonstration sites.

Four management questions and associated hypotheses were developed at the
commencement of GMSMORb to direct the study design and monitoring program. This
report presents the resultsf the ninth year ofthe program The ability to observe possible
effects of wetland enhancement depends upon the availability of robust occurrence data
(i.e., multiple confirmations of species identifications over multiple years). 18, Xjiecies

from al indicator groups were observed.

Vegetation: Terrestrial habitat classifications at Airport Lagoon, generated in 2016 have
remained relatively stable over time, with little change in species composition of each
community (i.e., the same dominargpecies can be used to define each community)
However, the area and coverage of these communities has changed in the past two years
The biggest changes were a decrease in the area coverage for Basin Moss and Basin
Smartweed and an increase in the covggaof Shoreline Driftwood (i.e., coarse woody
debris) The predominant changes in habitat structure between 2016 and 2018 at Beaver
Pond included small increases in the area of Basin Crypantha and the coverage of water
surface (i.e., streams and ponds).isThesulted in small decreases in other habitat classes,

but most notable was the 1.7% reduction in the area of shoreline clay

At Airport Lagoon, % herb species were recorded acros® &urveytransects.The most
common species detected weRersicaria amphibi@water smartweed)Potentilla norvegica
(Norweigan cinquefoil) an€alamagrostis canadens{bluejoint). Three species of moss
were recorded omine of the transects with the highest coverage beprgsent on transect
AL-4 whereDrepanocladus aduncisommon hook moss) was prese@hrubs species were
predominantly willow $alixsp.) and their coveragalongthe transects was relatively law
Trace amounts of sapling regeneration #®inus contorta(lodgepole pine) andPopulus
tremuloideqtrembling aspen) was present on two transeétsBeaver Pondi5herb species
were recorded across the five transectfie most common species detectedre Potentilla
norvegica (Norweigan cinquefoil),Equisetum ar@nse (common horsetail), andCarex
lenticularis(lakeshore sedgelrourspecies of moss were recorded on the transects with the
highest coverage being present on transBé&t1l. Threeshrub species were recordedhich
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were predominantly willow specie®©ne Pinus contorta(lodgepole pine) seedling was
recorded.Vegetation speies identifiedin the terrestrial components of the wetlandan be
classified as both terrestrial plant species and aquatic plant species, which provides evidence
of annual and/or frequent flooding. This flooding likely influences the density, diversity a
spatial extent of vegetation at the enhancement sites.

At Airport Lagoon the aquatic macrophyte community is relatively well developed in the
shallower portions of the wetland; however, this community type remains poorly developed
at Beaver PondEleven species of aquatic plants were recorded at Airport Lagoon. The
frequency ranged from I% for Hippuris vulgaris6 Y I NB Qi a high af8000% for
Myriophyllum sibiricun{Siberian watemilfoil). Sampling depths were between 20 cm and
240 cm.Fouraquatic plant species were recorded at Beaver Pond ir9:2Batamogeton
foliosusand Ranunculus aquatilibas the highest frequencie$he majority of the aquatic
vegetation samples were collected at depths between 50 cm and 100 cm.

Waterfowl and Shorehids: Three replicates of waterfowl and shorebird surveys were
completed at Airport Lagoon and only two replicates were completed at Beaver Pond. At
Airport Lagoon, 2 individuals fromfive species of shorebirds and3 aterfowl species,
totaling 690individuals were recorded. At Beaver Pond4 ihdividuals from four species of
shorebirds and onlywo waterfowl speciesvere recorded. Species diversity for shorebirds
was highest in June, whereas it was highest for waterfowl! in April. Likewise, for the number
of individuals observed; more waterfowl were using the Airport Lagoon in April and numbers
declined in May and June. Conversely, shorebird numbers were highest in June compared to
the previous months. It is expected that waterfowl would use Airport Lagsostopover
habitat in subsequent years.

Songbirds:At Airport Lagoon, Zsongbird species3g5 detections of473individuals) were
recorded. The ten most frequently detected species accounted f@% af all detections

and comprised representatives from five bird families: sparrofvspecies), swallows (1
species), warbler®(species), thrushefEpecies) and keos (1 speciespavannah Sparrow
(Passerculus sandwichensigas the most frequently detected songbirdQ(detections).
Forest habitat types had higher species richness and diversity than the drawdown zone or
shrub habitats. At Beaver Porzi3 species 4 detections 0f86 individuals) were recorded.
Eightbird families were represented by observations at Beaver Pond including warblers (7
species), sparrows (species), flycatchergl gpecies), thrushes3(species)yireos kinglets,
swallows, and chickads (each withl species)Drawdown zone habitat types had lower
species richness and diversity than forest or shrub habitats, neither of which significantly
differed from each other.

Amphibians:In 2019, three species of amphibian were recorded: Westerad Anaxyrus
boreag, Columbia Spotted FrogRéna luteiventrisand Wood FrogL{thobates sylvatica
Only onespeciegWestern Toadyvasrecordedat both Airport Lagoon and Beaver Pond. At
Airport Lagoonamphibianswere detected at the northern most section of the wetland
where water is shallower and aquatic macrophyte species are more prevaleBeaver
Pond amphibians were detected in both per and lower wetlands (above and below beaver
dam) Qualitatively, it appears that the productivity of Western Toads is consistent between
years, as egg masses ajuvenilesadults have been repeatedly detected at the same
locations each year.

Fish:Minnow trapsand nets were deployed at Airport Lagoon in May and 201%9,and the
reach at Airport Lagoon was electrofished each month. At Beaver Pond, minnovaiépas
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EXEQTIVE SUMMARY

fyke netwere deployed in Maynd July 2019Water levels were too shallow to eteafish.
Eleven fish species from five families were captured in Airport Lagoon @ RP0tbtal, 7,348
fish, predominantly adultsyere captured, with most (77%; 5,682) sampled in May. Minnows
(Cyprinidag¢ dominated catches, followed by sucke@afostonidae), Prickly sculpinottus
aspel and Rainbow trout Oncorhynchus mykissAt Beaver Pond, two minnow species
(Northern Pikeminnow and Lake Chub) were captured with minnow traps.

Data collected in 20.for the GMSMOML5 project showed that species from all indicator
groups continue to be present at both wetland demonstratiprojects. The methods
implemented to date will enable the collection of an adequate amount of data that can be

used to address each management question and associated hypothesis.

Management Question

(MQ)

ManagementHypothesis

Year9 (2019) Status

MQ1: Are the enhanced
(or newly created)
wetlands used by fish?

Ho1: Fish species

composition and density i
wetland changes following
enhancement.

Fish species were present in both
wetlands in 209. Species composition
appears to be relatively consisteatross
monitoring yeardut will be fully assesseq
at the conclusion of Year 10 of the
monitoring program.

MQ2: Are the enhanced
(or newly created)
wetlands used by
waterfowl and other
wildlife?

Hoz: The species
composition and density
of waterfowl and
songbirds changes
following enhancement.

Both wetland continue to show use by
waterfowl and shorebird specieas do
the upland habitats in terms of songbird
use. Annual variation is evident, so a full
assessment of this hypothesis will be
prepared at the conclusion of Year 10 of
the monitoring program.

Hoa: Amphibian abundance
and diversity in the
wetland changes following
wetland enhancement.

Annual differences in amphibian species
composition have been observed to date
Speciesomposition appeato change
throughout themonitoring programA full
assessment of this hypothesis will be
prepared at the conclusion of Year 10 of
the monitoring program.

MQ3: Isthere a change
in the abundance,
diversity, and extent of
vegetation inthe
enhancement area?

Hoz: The density, diversity
and spatial extent of
riparian and aquatic
vegetation changes
following enhancement.

Changes in habitat classification and
spatial extent have been observed to
date. There have also been chasge
species composition and abundance of
both terrestrial and aquatic vegetation.
The significance of these changes will bg
assessed at the conclusion of Year 10 of
the monitoring program.

MQ4: s the area and
quality of fish and wildlife
habitat created by the
wetland enhancement
maintained over time?

The area of wetland habitat at Airport
Lagoon and Beaver Pond appears to be
remaining stable. A full assessment of th
management question will be prepared &
the conclusion of Year 10 of the
monitoring program.
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1.0 INTRODUCTION

11

The annual reservoir cycling in WillistdReservoir creat a drawdown zone of
approximately 450 krthat was unproductive in both the inundated state as aquatic
habitat andthe drawdown state as terrestrial habitat (BC Hydro 2008 Peace Water
Use Plan Committee (hereafter known as the Conaa)t recognized that the largely
unproductive drawdown zone on Williston Reservoir contrilbbteo low fishery
productivity, a lack of riparian and wildlife habitat, and potentially increased predation
risk for wildlife. To address this issue, the Committeeommended the Riparian and
Wetland Habitat management plan to improve foreshore habitat for fisheries, wildlife,
and riparian areasThe components of the plan were an inventory of sites that were
potentially suitable for enhancement, selection of sitésr implementation of
demonstration wetland enhancement projects, and a monitoring program to test their
effectiveness in improving riparian and foreshore habitat for wetland species over the life
of the project.

Under GMSWORKIS WillistonReservoir Wetlands Inventanga total of 42 candidate

sites in the Parsnip Arrof the Williston Reservowvere surveyedas potential wetland
enhancement sites by Goldassociates Ltd2010).Candidate sites were assessed based
on biological, geotechnicahd archaeological considerations as well as factors including
cost, feasibility and potential benefits to wildlife. Through this work, the list of candidate
sites was narrowed to five Wetland Demonstration Sites (Gofdmsociates Ltd2010).

BC Hydro dected two Wetland Demonstrations Sites (WDS) for detailed design and
construction: WDS @ (Airport Lagoon) and WDS 34 (Beaver Pond). This phase was
completed underGMSWORKS? Williston Reservoir Trial Wetlandt Airport Lagoon,

two 1200 mm diameter cukrts with an invert elevation of approximately 664.5 masil,
along a causeway at the southern end of the lagoon, where replaced with new 200 m
diameter culverts with staggered invert elevations, starting 8&.88to 66705 masl. The
objective of this tratment was to create 27 to 34 ha of permanently wetted habitat
upstream of the causeway. At Beaver Pond, a water control structure was constructed,
approximately 3 m in height with an invert elevationGf7.25masl, at the inlet to the
pond. This created 03 ha inundated area when reservoir levels are be@v.25masl.
Monitoring of the effectiveness of the wetland demonstration projects in improving
wildlife habitat on the reservoir will be completed under GMSMTEWillistonReservoir
WetlandHabitatMonitoring.

Study Species

This effectiveness monitoring program is designed to determine the response of selected
indicator groups to the wetland enhancements and to increase knowledge of wildlife use
of the drawdown zone for the selected groupsarticularly birds and amphibian3.o
provide some indication of wildlife response to the wetland enhancent&@t Hydro
(2008) identified waterfowl, songbirds, amphibians, and vegetation as the wildlife
indicator groups to be used for monitoring in GMSM®@B Fish populations were also
identified for monitoring as fish were observed at both of the selected demonstration
sites GolderAssociates Ltd2010, 201). While improving fish habitat is not one of the
goals of the wetland enhancement projects, little known about the fish species
composition and distribution at the selected locations (BC Hyd@8R20
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2.0 STUDYOBJECTIVES

2.1

2.2

In 2011, BC Hydro initiated a lortgrm monitoring programGMSMONL5) to assess the
effectiveness of wetland enhancement ineeting the objectives of the Riparian and
Wetland Habitat management pldBC Hydro 2007If wetland enhancement is deemed
successful by this monitoring program, additional sites may be enhanced in the future.

Study Design

The generaktudy designis to collect annualdata oneach of the indicator groups at
locations within the core areaf the enhancement treatments and in peripheral riparian
areas.The multiyear timeseries dataset, which includes data on the indicators groups
both before and akr the enhancements were in place, will healyzedto assess the

LINEINF Y&aQ YIylF3asSySyid ljdSadizya FyR KeLRGKSa$

Management Questions and Hypotheses

BC Hydro developeur management questions (MQs) smdress theeffectiveness of
wetland enhancementd improve fish and wildlife habitat

MQ1: Are the enhanced (or newly created) wetlands used by fish?

MQ2: Are the enhanced (or newly created) wetlands used by waterfowl and other
wildlife?

MQ3: Is there a change in the abundance, diversity, extent of vegetation in the
enhancement area?

MQ4: Is the area and quality of fish and wildlife habitat created by the wetland
enhancement maintained over time?

Based on the management questions, the study was designed to test the following
alternatehypaheses stated in the Terms of RefererfB& Hydro 2008)

Ho1 Fish species composition and density in wetland changes following
enhancement.

Hoo The density, diversity and spatial extent of riparian and aquatic vegetation
changesfollowing enhancement

Hos The species composition and density of waterfowl and songbirds ckange
following enhancement

Hos Amphibian abundance and diversity in the wetland chanfm@lowing
wetland enhancement.

These questions and hypothesae tested directly by this monitoring prograno test
the effectiveness of wetland enhancement to improve fish and wildlife habitat as well as
maintain this habitat over the life of the project.
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3.0 STUDY AREA

3.1 Williston Reservoir

Williston Reservoir idocated in northeastern British Columbia and was created by
construction of the W.A.C. Bennett Dam at the head of the Peace River Canyon, about 20
1Y 6Said 27 | dzBRERydr@2b). THe t&dSeRoir.extenhds for about 260 km
along the Rocky MountaiTrench from the Finlay River in the north to the Parsnip River

in the south(Figurel). The reservoir is generally divided into three geographicoregi

(from north to south): Finlay Reach, Peace Reach and Parsnip B&aktydro 205).

Since 1971reservoir elevations have ranged between 684nd 672 m, with reservoir
elevations fluctuating from year to year, driven by inflow and system generation needs.
Inflows to the reservoir are primarily driven by snowmelt in the Peace River watershed
and are much higher in summer than in wint@he resevoir is typically ice covered
between the end of January and the beginning ofyMad generally reaches an annual
minimum elevation in April or May, followed by reservoir refilling in the spring freshet.
The reservoir generally reaches the maximum elewvain July or August and is then
drafted through the winter as generation is increased to meet peak wietegrgy
demands The Normal Maximum Reservoir Level (NMRL) is 6@aaBC Hydro normally
maintains a minimum elevation of approximately 655BC Hyob 2015)

3.2 Physiography

The Williston Reservoir is nestled between the Hart Range of the Northerg Roaktains
on its east and th®©minecaMountains on its west, which lie innorth-northwest to south
southeast orientation The Finlay an®arsnip Reaches lie within the wide, flaittomed
Rocky Mountain Trench and the former stream channels are deeply incisethldll ishe
most abundant surficial deposit the region.

The reservoir is located within the S&8oreal Spruce and Boredlhite and Black Spruce
biogeoclimatic zones (Meidinger and Pojar 1991). The-B2uwbal Spruce zone is the
dominant zone and occurs as two subzones and variants at lower elevations along most of
the reservoir (Meidinger and Pojar 1991). The Boreal WhiteBladk Spruce zone occurs
only at the northern end of the reservoir in the Finlay Arm (Meidinger and Pojar 1991). The
drawdown zone consists of large areas of mud, sand, and gravel flats with stranded large
woody debris. Limited amounts of vegetation ocawen following extended periods of
drawdown.
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3.3 Climatology

Daily weatherin the regionis influenced by middiatitude cycloneswhich typically

move from southwest to northeast British Columbia that respond to large scale features
of the Rocky Mountains (Whiteman 200Rlock and Mullock 2001). These lows tend to
move over mountains and produce a widespread area of precipitation as well as unstable
air where bands of clouds and showers develop. The midtikeide cyclones dominate

the weather during the fall through sipg, while convection dominates during the
summer months. The lows can become very slow moving and result in large amounts of
precipitation in one place (Klock and Mullock 2Q0d@mbined with moist air that
originates over the Pacific Oceavhichmakesits way eastward through the narrow and
deep valleys that occur through the Rocky Mountaivickers et al. 2001)rhe region
experiences long, cold winters and ice formation on the reservoir begins as early as
November and can extend into the beginning MAy. Annual precipitation ranges
between 40cmto 50 cm with snowfall accounting for 3%% of the annual precipitation.
TheWilliston Reservoireceives and stores most of its hydrologic infraim snowmelt
Thelarge spring runoftypically begins inmid-May and peaks in Jun@&tockner et al.
2005)

3.3.1 Study Locations

The two locations identified for the wetland demonstration projects are both located on
the east side of the Parsnip Rea€ligre2). The unigueness of both sites, along with the
completed enhancementsneans there are no associated control or reference dies
this program As such, pe-construction baseline dataill be used to assess the post
construction changes associated with eacthancement

Airport Lagoon

The Airport Lagoon site (WDS2P is located approximately six kilometres south of
Mackenzie and is an approximately 75 lit@ ®n the upstream side of a forest service
road causeway. Except for two culverts at the base of the causeéhawnreaisisolated
from the main reservoir. Water supply to the lagoon is primarily from two unnamed
streams located at the north end of tHagoon.Prior to the enhancemenisvaterlevels

in the lagoon corresponded to the reservoir level when water levels wé62.5 m To
create a larger area of permanently flooded habitat and reduce water level chkahge
existing culverts were removed May of 2013and two new culverts were installed at an
elevation of 66.99 m for the west culvert and 667.05 m for the east culveaising the
pond elevation by ~2.5 riGolderAssociates Ltc2013).

Beaver Pond

The Beaver Pond site (WDS 34) is located approximately 22 km northwest of Mackenzie
at the end of a narrow inlet on Heather Poi#it this site here were two beaver ponds
located at the head of the inlet with a small stream draining the pohd2014 a berm

was constructedpart way upthe inlet at an elevation of 667.25 m, which created a
wetland of approximately 0.3 h@older Associates Ltd. 2ZB)1When reservoir levels are
above this measure, the wetland is directly connected to the reservoir; howevere

stable water levels remain in the enhanced area as the reservoir levels réGeter
Associates Ltd. 2@).
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4.0 METHODS

Thefield sampling methodemployedin Yea9 of the GMSMOM.5were consistent with
those used in the previous years of the monitoring prograime sampling methods for
each of the indicator groups are described below, along withaaliystments that were
required due to reservoir elevation or weather conditions at the time of sampling.

4.1 Environmental Conditions

Daily reservoir elevations were provided by BC Hydro (BC Hydro Commercial Resource
Optimization (CRO) databasahd daily meanair temperature and precipitation data

prior to and during the survey period weownloaded from the Environment and

I tAYLGS /KFEYy3AS [/ FYFRFQa KAAG2NROFE OfAYIGS F
Change Canada 28]l Accumulated degree days were @lsalculated using a base
temperature of 5°C as an additional method to compare environmental conditions
between yearsAccumulated degree days are used to measure the passage of time and
temperature simultaneously, which came used as an indicator of delepmental
activities. The base temperature of 5°C was selected as an indicator of activity for
breeding amphibiansthe minimum nighttime temperature of 5°Gvas used as an
indicator for the timing of early season call surveys (Weir and Mossman Bb@5tudies
Canad&018).

Specific data was compiled from tivdackenzie Airport weather station (Station name:
Mackenzie Airport AutoDaily environmentaparameters specific to each survey type,
were recorded at the start of each survey and periodjcdlliring the surveysThese
parameters included temperature, precipitation, cloud cqveglative humidity, wind
speed and directiofAppendix 91).

4.2 Vegetation Surveys

A combination of ground sampling of terrestrial vegetation and sampling for aquatic
vegdation was used in 2 to address the following management question and
associated alternative hypothesis:

1 MQ3: Is there a change in the abundance, diversity and extent of vegetation in
the enhancement area?

1 Ho: The density, diversity and spatial extent of riparian and aquatic vegetation
changes following enhancement

4.2.1 Habitat Classification

Habitat class descriptions and their spatial distribution were reviewed in Year 6 (2016) of
the monitoring program. Twelve habitat classes were identified at Airport Lagodsix
habitat classes were identified at Beaver Pdiased on aerial imagery taken 2014
(Maclnnis et al2017) Each habitat class was based on the common plant species
assemblages and elevation within the drawdown zone.

High resolution orthomosaiicnagery of Airport Lagoon and Beaver Pond were obtained

in May 2018 (Teri Neighloo, pers. comm.)The habitat class polygons delineated in 2016
were updated using a heads up (i.e., on screen) approach where each polygon was
assessed relative to the 201@agery.Based on the visugomparison of 208 to 2018,
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polygons delineated in 2@lwere either leftunchanged, modified to fit the extent of
vegetation cover on the 2@limages, odeleted Imageryinterpretation was completed
in QGIS (Version 3.4.1).

4.2.2 Ground Sampling ofTerrestrial Vegetation

Ground sampling of terrestriéile.,riparian) vegetation was conductegetweenJune 25

29, 2019 alongl7 belt-transects athe study siteqi.e., 12 transects at Airport Lagoon and
five transects at Beaver Poh@elttransects were 20 m in length and consisted of ten 2
m by 0.5 m quadrat® allowfor subsampling and to increadbe accuracy of vegetation
cover estimategFigure3). Each transect was laid out using a 30 m measuring tape and a
2 m measuring rod. Transegtart and end coordinates were recordeshd photographs
were taken at both thestart and end points. Within each quadrat, vegetation was
identified to species and the percent cover of each species was recorded.

All vegetation within or overhanging each quadrat was identified to species,samniie
cases to genus. Per cent coygertical crown projection) of each taxon wassually
estimated and rounded as follows: <t%aces; 110%- rounded tonearest 1%; 1-B0%
- rounded to nearest 5%; 3100%- rounded to nearest 10%.

Water Edge

Figure3. Schematiof belt transect surveydesignfor the ground sampling of terrestrial vegetation at
Airport Lagoon and Beaver Pond.

In 2019, four of the previously established transedtsvo at Airport Lagoon and two at
Beaver Pondyere flooded during the time of the survey 99 y 4 SO0 a & GKS
were establishedFigured).

Siteand soil characteristics for each transeererecorded on provincial ecosystem field
forms Province of British Columbia 2010’ he ground cover (per cent area) of each
guadrat was pportioned amongsubstrate classes as follows: organiatter, coarse
woody debris, rock, mineragoil, and water (standing and flowinghdditional field
observations on vegetation composition and structure made during ground inspections
of the study sits assistd with groundtruthing the polygon mapping and with updating
habitat class abundance and distribution.
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Airport.llagoon

Vegetation Transect

Figure4. Location of belt transects surveyed for the ground sampling of terrestrial vegetation
Airport Lagoon and Beaver Porid 2019
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4.2.3 Sampling of aquatic vegetation

Samplingof aquatic vegetatioroccurredat the end of Jun€019 and was based on a
systematic desigiHawkes et al. 2011, Miller and Hawkes 20dsing transects spaced
at 100m to 400 mintervalswith sampling points located eveBb mto 50 malong each
transect (Figure5). Transect length and spacing ieat depending on the width of the
wetland and environmental conditions at the time of the survegeographical
coordinates corresponding to the sample poimtsre loaded into a hanéheld GPS unit
to facilitate navigation from point to point in the field.

Aquatic macrophyte species composition and relative abundavas recorded atach
sample pointusing abenthic rake drags.€., using a doubldheaded rake @iached to a
rope). At each location the rake was dropped to the bottom aimdgged for a distance

of 1-3 m.A cluster sampling approach was used in which two samples were taken at each
location. The volume of each sample was estimated basedaategyorical scale from 1

to 3 (Tablel). Alsoeach macrophyte species in the samplasassigned a relative cover
class(Table2). Water depthswere measured by dropping a weighted tape measure to
the bottom at each surface sample point.

Tablel. Volume classes for vegetation samples collected during the sampling of aquatic vegetation in
2019.

Volume Sample Volume  Definition
Class
1 Trace Sample is restricted to one or very few strands of vegetation
2 Small Sample fills less than half of the tines of the sampling rake
3 Large Sample fills half or more of the tines of the sampling rake

Table2. Cover class for vegetation samples collected during the sampling of aquatic vegetation B 201

Cover Class Definition

T Species is present but contributes negligibly (< 1 per cent) to the sample volume
1 Speciesontributes less than 10 per cent of the sample volume

2 Species contributes 20 per cent of the sample volume

3 Species contributes 250 per cent of the sample volume

4 Species contributes §¥5 per cent of the sample volume

5 Speciesontributes 76,100 per cent of the sample volume
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Figure 5. Locations of transects and sampling points used in 20t the sampling of aquatic
macrophyte species at Airport Lagoon and Beaver Pond.
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4.3 Waterfowl and Shorebird Surveys

Data on waterfowl and shorebirdsvas collected to address the following management
guestions and hypothesis:

1 MQ2:Are the enhanced (or newbreated) wetlands used by waterfowl and other
wildlife?

1 MQ4: Is the area and quality dish andwildlife habitat created by the wetland
enhancement maintained over time?

1 Hos: The species composition and density whterfowit changes following
enhancement.

Three replicate ofwaterfowl and shorebirds surveys were conducted between Apdl
June 209. Survey methodsrere consistent with all previous years of the project (Mclnnis
et al. 200Z R Q9 y i NB Y 2 )aid fofloiived brbvitcialnstamigrds forelative
abundancdnventories (RIC 1999&8urveg were conducted afive observation stations
at Airport Lagoon and ongbservation statiorat Beaver Pon@igure6). Dataon flock or
individual number, species, sex, behaviour, and general hakitgt,ihid pond, in water
near pond edge, standing on shore in water, on sheveje recordedon a modified
Resource Inventorydhmittee data form (RIC1999a)and their corresponding location
was recorded on enap with an orthophoto background of each sit&eather conditions
were recorded at the beginning and end of each survey, and any unusual conditions or
circumstances that potentially affemtl waterfowl and shorebird presence in the wetland
areas were noted.

4.4 Songbird Surveys

Data on songbirdsvas collected to address the falwing management questions and
hypothesis:

1 MQ2:Are the enhanced (or newly created) wetlands used by waterfowl and other
wildlife?

1 MQ4: Is the area and quality dish andwildlife habitat created by the wetland
enhancement maintained over time?

1 Hos: The species composition and densityvedterfowl and songbirdshanges
following wetland enhancemeht

Songbird surveys were conductedldte May/early June 209 and wereconsistent with

previous years of the project @dInnis et al. 20,7RQI9 Y G NBY 2y §, wilé | £ @ wHn
following provincial standards and established proted®alph et al. 1995, RIC 1999b,

Bird Studies Canada 2008pint count surveys were conducted at 17 stationgiaport

Lagoon and three stations at Beaver P@rigure7) during acceptable weather conditions

according to modified standards (RIC 1999b; Hentze and Cooper .2B06)eys

commencedat dawn andended within four hours to capture the most stable song period

1 Shorebirds have been included in the surveys since Year 2 (2012) of the monitoring program to provide additional detail
on bird use of the enhancement areas.

2 Hypothesis Hs originally did not include reference to songbirds (BC Hydro 2008); however, the annual report from Year 1
includes songbirds in the hypothesis (Maclnnis et al. 2012).
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Metres

Figure6. Waterfowl and shorebird survetations at Airport Lagoon and Beaver Pond sampled
2019.
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Figure7. Point count station locations at Airport Lagoon and Beaver Pond sampled ir920he
yellow circlesrepresent the 100 m detection radius.
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4.5

(Ralph et al1995).At each stationcounts were conducted for a duration of 5 minutes,
during which all birds detectedererecorded. Each detectiomasassigned to gemporal
category based on the time of detection8and 35 minutes), and the species, sex, age,
detection distance from the point count centre, direction to the bird, detection type, and
habitatwasrecorded.Additional comments, such as breeding evidengete also noted.
Each point counstation at Airport Lagoorand Beaver Ponavas surveyedn three
separate visitgi.e., replicates)

Amphibian Surveys

Amphibian surveys were conductém address the following management questions and
hypothesis:

1 MQ2: Are the enhanced (or newly created) wetlands used by waterfowl and
other wildlife?

1 MQ4: Is thearea and quality of fish and wildlife habitat created by the wetland
enhancement maintained over time?

1 Hos: Amphibian abundance and diversity in the wetland changes following
wetland enhancement

Amphibian surveysccurred ovethree sampling intervalf.e., replicatespetween April
and June 209 Two main methods were employediisual encounter surveys and
nocturnal surveygAirport Lagoon only)n 2019, three replicates of amphibian surveys
were completed at Airport Lagoon and two replicates weoenpleted at Beaver Pond
(Table3). Access to Beaver Pond at the end of April 2019 was not possible due to the ice
conditions on Williston Reservoir tite time of the survey.

Table3. Dates for the amphibian surveys at Airport Lagoon and Beaver Pond in 2019.

Site Survey Dats

Airport Lagoon April 24, 2019 May 24, 25,2019 May 31, June 4, 2019

Beaver Pond May 26, 2019 June 2, 2019

Visual Encounter Surveys (VES) followed the inventory methods for-lpeeding

amphibians (MELP 1998) and the study design of Maclnnis et al. (2017). At Airport Lagoon

11 transects distributed along the periphery of the inundated aresse sampled;
whereas, at Beaver Pond the entire site was considered a single trafsgete8). The
search area included shallow water (< 1 m de#m@ shorelines, and areas within 3 m of
the shoreline. A zigag search pattern was applied to areas above the waterline.

ANocturnal Call/Road Surveyasconducted on May 24, 2019 along Airport Lagoon Road
to detect species of amphibian moving in/out of thehancement arealong the main
access road. The nighuryvey was completed between 21:00 and 24:00, whan
temperature was above 5°C and wind note&ding 15 km/hr

Observational data was recorded @mimal observation forms modified frofMELP
(1998) Environmental conditions were recorded at the start and end of each transect.
Species, developmental stage, behavior and habitat variables were retdodesach
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5 Amphibian Transect

50
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Figure8. Amphibian survey transect locations at Airport Lagoon and Beaver Pond sampled i&. 2
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adult, larvae and egg mass observefiggregations of tadpoles and metamorph
amphibianswere treated as a single detectioand the total number of individuals was
estimated

Amphibian survey work was conducted under Wildlife Act PermitdPMB9635 which
was valid from April 25, 2@to July 31, 209

4.6 Fish Surveys

Fish surveys were conducted address the following management questions and
hypothesis:

1 MQZ1:Are the enhanced (or newly created) wetlands used by fish?

1 MQ4: Is the area and quality of fish and wildlife habitat created by the wetland
enhancement maintaing over time?

1 Hox: Fish species composition and density of waterfowl changes following
enhancement.

Fish survey methods and effort were consistent with the Terms of Reference (BC Hydro

2008), previous years of the project (Mclnnis et al. 2RI Y G NBY2y)ijand i |t & H.
provincial standards (RIC 2Q®igure9). Two sampling sessions were completed, one in

May 20D and the second in JuB019. A combination of methods &re used tocapture

andsample both large and small fish.

At Airport Lagoon]2 minnow traps were deployed, one reach was electrofishedjand
fyke nets were deployedin May and in Julg019(FigurelOand 1J. At the Beaver Pond
site, samplinglsooccurred in Mayand July 2019yhensix minnow trapsvere deployed
Given the size of the Beaver Pond, only one fyke net was depltymdficient water
levels prevented effective electrofishirfigurel2and 13.

When catches were high for a species and method, the first 50 fish were measured for
length (mm) and the remainder were enumerated without measurement. All salmonids,
cyprinids, and suckers were measured for fork length and total length was recorded for
saulpins.

Fish sampling was conducted under Scientific Fish Collection PérP@19464955
issued by the Ministry of Forest, Lands and Natural Resource Operations.

I-SIE Page]| 17
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Airport/llagoon

Fish Traps 2019
> Minnow Trap, 23/05/2019

Minnow Trap, 26/05/2019
Minnow Trap, 19/07/2019
Minnow Trap, 15/07/2019
Fyke Net, 24/05/2019
Fyke Net, 26/05/2019
Fyke Net, 17/07/2019
Fyke Net, 16/07/2019
Fyke Net, 19/07/2019

Electrofishing Transect
26/05/2019 and 18/07/2019

100 200 ’X
e ‘
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M1
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MT;12:
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Figure9. Fish sampling locations by data and method at thegrt Lagoon and Beaver Pond sites
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Image 1: Airport Lagoon conditions (July 16, Image 2: Airport Lagoon minnow trap installi
2019).

(May 23, 2019).

Image 3: Looking upstream at Electrofishing  Image 41ooking upstream at Electrofishir
reach (Part 1; May 26, 2019). reach (Part 2; May 26, 2019).

T ———————

\ 5 .
Image 5: Fyke net selp (Part 1; May 24, 2019) Image 6: Fyke net seip (Part 2; May 24, 201

Figurel0. Conditions at Airport Lagoon for samplirfgsh in May 20D.
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...... .

-

Image 7: Airport Lagoon conditions (July 16, Image 8: Airport Lagoon minnow trp (July
2019). 2019).

; o34

Image 9: Looking donstream at Electrofishin Ige 10: Looking downstream Blectrofishir
reach (July 18, 2019). crew (July 18, 2019).

Image 11: Fyke net sep (Part 1; July 16, 2019’ Image 12: Fyke net seip (Part 2; July 16, 20:

Figurell. Conditions at Airport Lagoon for sampling fish Joily2019.
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Image 14: Looking upstr
Pond impoundment (M

eam from the Bea
ay 26, 2019).

Image 1: Looking dwstream fom the eav
Pond impoundment (May 26, 2019).
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Image 15: Looking east at the Beaver Pond Image 16: Looking east at the Beaver Po

impoundment with fyke net (May 26, 2019). impoundment with fyke net (May 26, 2019
g B i N

- SR G R, e L i I

% = Thk 9 - s ’ Y L3 Uy

Image 17: Looking upstream from the upstreal Image 18: Looking downstream from the

portion of the Beaver Ponmnpoundment (May upstream portion of the Beaver Pond
26, 2019). impoundment (May 26, 2019).

Figurel2. Conditions atBeaver Pondn May 201.
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Image 19: Looking north at tiigeaver Pond Image 20: Looking upstream from the
impoundment (July 19, 2019). downstream portion of the Beaver Pond
impoundment (July 19, 2019).

Image 21: Looking north at the Beaver Pond Imge 22: Looking west at the Beaver o
impoundment with fyke net (July 19, 2019). impoundment with fyke net (July 19, 2019

)

Image 23: Lookig upstream from the upstreal Image 24: Looking downstream from the

portion of the Beaver Pond impounekent (July upstream portion of the Beaver Pond
19, 2019). impoundment (July 19, 2019).

Figurel3. Conditions atBeaver Pondn July2019.
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4.7 DataEntryand Analysis

Data was collected oprinted data forms in the field and transcribed into Microsoft Excel.
GPS waypoint and photographs wel@vnloaded andabelled accordingly.

Other than the results of the habitat classificatiomta analysipresented in this report
is for data that wasollected in Yea9 only. The comprehensive report, prepared at the
conclusion of Year 10 of the monitoring prograsil] test the null hypotheses of no effect
or difference.

4.7.1 Vegetation

Presence/not detected data was used to assesssihecies diversity and abundanoé
terrestrial and aquatic plant species. The average percent cover of terrestrial species
across the 10 quadrats in each transect was calculated. These averages were used to
calculate an average per cent cover by vegetation layer (e.g., moss, herb, shrub, tree) for
each transect. Species richness (i.e., the number of spbgieggetation laydracross

each transect was calculated.

Aquatic macrophyte frequency (defined as th@woportion of sample plots in which a
species or group of species was detected) was compared agagbssite Macrophyte
frequency (a proxy for overall covaesjascalculated as the number of sample points in
which a species was detected divided by thiatmumber of sample pointé:or analysis,
macrophyte abundancevas estimated for each species and sample point as volume
multiplied byrelative cover (Miller and Hawkes 2§)1

Volume classes ranged from 1 through 3, egldtive abundance classes rangeai 0.1

(for trace) to 1 through Tablel, Table2). For each sample point, the values were
averaged across two rakgabs. Thusthe minimum possible volume value was 0.5 and
the minimumpossible relative cover value was 0.05. The minimum possibleZ@ia)
value for the volume x cover metric was then 0.5 x 0.05 = 0.025, and the maximum
possible value for the volume x cover metwas 3 x 5 = 15.

4.7.2 Waterfowl and Shorebirds

The total counbf each species at a survey site, during each survey, was used as the basic
statistical unit. These data were used to infer relative abundance and species composition
on a seasonal basis. Seasopeatiods included early spring (i.e., Apri§te-spring (i.e.,

May) andearly summeli.e., June)Field maps of waterbird observations were imported

into GIS andecific locationsand the relative abundance of each speaiessused to
document the distribution of waterfowl and shorebird species in each study site.

4.7.3 Songbirds

Songbird data were summarized for 20d9a component of the alternate hypothesis to

test if the compositionand density (abundance) of songbirghanges following
enhancement.Songbirddata summariesvere based on the point count station as the

basic sampling uniPoint count datavereconstrainedtd.Jt 8 A SNAY S O0A PSP aazy
hummingbird detections withi@5m of the point count centre. Birds detected asdlyers

were excluded, as these individuals may not utilize the treatment area containing the

point count; excephg swallows which were iluded as they are aerial foragers and are

almost exclusively detected in flight, and hummingbiiiseach point count stationhe
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total number of individuals was determined by taking them ofcountsfor a species over

all visitsduring the field seasu Individuals in this sense refers to the number of birds
detected over allvisits anddoes not imply population size as the same individual birds
may be recorded over multiple visits.

Habitat was defined based on the midnabitat that an individual bit was utilizing at the

GAYS 27 20aSNBF A2y 1 IFoAdGl Ga Of r aaAFASR |
aA ESRg 22 Ré =grogttNJcoriféraug, yelétiduous or mixed) were labelled as
GC2NKBaxGrGa OfF23aATASR |a daRNleeRBelegasi 2y Sé 3 ¢
G55%¢é> YR KFIoAGlFIGa Ofla3aAFTASR a4 daKNHzmé S|
unknown habitat classifications were excluddm summaries involving habitdi.e.,

boxplots and Venn diagrams)

At each point counstation, ®ngbird richness was defined as the number of species
LINSaSyds YSSUiAy3a GKS 162085 RSGSOGA2Yy ONXRUGSNX
function in the vegan package (Oksanen et al. 201 7¥tatitical programming language

(R Development Ge Team 201p { 2 Y 30 ANR RAGSNBAGE O0{KIyy2y Qs

RSGUSNN¥AYSR dzaAy3a GKS WRAQGSNEAGEQ Fdzy OGA2y AY
0 n1 "G

whereqis species richness apds the relative frequency or proportion (on a 0 to 1 scale)

of observations of speciésHis maximum when the observations are equally distributed
among theq speciesH is lower when one or a few species exhibit stronger dominance,
andH=0 when theres only one species detectedincreases with the number of species
and thus, has no predefined maximum. That is, diversity is related to richness but
accounts for species abundance. Using both richness and diversity indices together
provides insight intdhe composition of the communities. Both songbird richness and
diversity were examined through boxplots.

Richness and diversityased oneach point count statiorfwith visits toa point count
station summedlwere summarized using box plgtsince thesalisplay the differences
between groups of data without making any assumptions about their underlying
statistical distributions and show their dispersion and skewn8s&dl and Rohlf 1995
Massart et al. 2005Krzywinski and Altman 2014Boxes represent between 25 percent
and 75 percent of the ranked data. The horizontal line inside the box is the median.
Whiskers are drawn from the top of the box to the largest observation within 1.5
interquartile range of the top, and from the bottoof the box to the smallest observation
within 1.5 interquartile range of the bottom of the box. Outliers beyond the whiskers are
LX 20 0SR a4 K2ftft2g¢ R20Gad omntheAlrpoK Safobndata? E LI 2 ( &
allowing for direct comparisons of group difégices with visual examination; where
notches do not overlap between groups there is strong evidence that their medians
significantly differ (Chambers et al. 1983). Notched boxplots were not used for Beaver
Pond sites due to graphical anomalies resultimgrfra small sample size, and instead the
distribution of data was explored using regular boxplots. Box plots are recommended for
a sample size of at least five, which makes them useful for sampling designs with low
replication (Krzywinski and Altman 2014).
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The similarity of songbird communities was assessed using Venn diagrams, \eititethe
package in R.

4.7.4 Amphibians

Total survey time per persomasrecorded to calculate detection rates (a proxy for catch
per unit effort time or CPUE) for each survey site, field session and species. Detection
rateswere calculatedfor each siteby dividing the total number of observations by the
time spent searchinthe site.Comparisons of species richness (i.e., the number of species
per study sitevere made by standardizing capture datahich wascorrected for total

time surveyed per areae(g.,number of observations per hourdfinally, #e occupancy
wasassessd by the presence of anljfe stageof a species a site.

4.7.5 Fish

To assess fish composition and densityh abundance datavas standardized to the
number of individuals per trap hoyCatch Per Unit of EffofCPUB, which accourgd
for the differences in trap effort betweethe May and Julyeplicates.

5.0 RESULTS

Our ability to observe possible effects wetland enhancemendepends upon the
availability of robust occurrence data (i.e., multiple confirmations of species
identifications over multiple years), which for thimonitoring programrelates to
vegetation,waterfowl and shorebirds, passerines, amphibians and fish018, Zpecies
from all groups were obserdethe results of which are presented below.

51 ReservoirConditions

During the 209 field seasonthe elevation ofWilliston Reservoiranged from adaily
averagdow of 65628 m ASLin late April b adaily averagdnigh 0f668.83 m ASLin the
middle of July Table4). Reservoir elevations reached the height of the enhancement
structures onAugust 222019at Airport Lagoon and oAugust 25, 201t Beaver Pond.

Table4. Dates and reservoir elevations of ea@®19 field session.

2019 Reservoir Elevation (m ASL)

Start End
Feld Session Date Date Min Max Mean

Waterfowl / Amphibian Aprzd  Aprd 65628 65632 65630
Waterfowl / Amphibian May25 May26 659.76 ~ 66001  659.88

Fish May24 May27 659.51 660.27 659.89
Songhirds May 31  Juné 661.35 66247 66198
Waterfowl / Amphibian Jun2 Juns 661.84 66235  662.11
Vegetation Jn2s5  Jin29 66432 66459  664.46
Fish Jul B Jul20 66548 66569 66558

*elevations where the wetland features begin to get inundated: Airport Lagoon=666.99 masl; Beaver Pond = 667.25 masl.

Reservoir elevations in 20ivere lowest inApril, hitting the lowestdaily averag€656.48
m ASL) or\pril 6, 2019 (Figureld). Water levels increased after that, peaking@atober
7, 2019 (668.58 m ASL)In 201, during thesurveyperiodsthe reservoir levels were
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approximately 2 mlower than the previous year Over the monitoring period for
GMSMONL5, the reservoir elevation in 2018as one of the lowest overdlFigurel4).
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Figurel4. Williston Reservoir elevations for 20Lto 2019. The shaded area represents the 10th
and 90th percentile for the period011to 2018; the horizontal red line is the normal operating
maximum. Vertical dashed lines indicated start and end dates of sampling 201

5.2 EnvironmentalConditions

Theaverage daily temperatures in 28Wwere within the range of variabilitgf the daily
mean temperatures during the previous years of monitorifigre 15). Daily mean
temperatures werewarmer during the surveys in Mayapidly increased irarly June
but remained cooler in July

Cumulative precipitation during the survey period in 2019 was more extreme compared
to the range of variabilityneasured during the previous years of monitorikig(rel6).
Conditions in April 2019 appeared to be wetter than normal, whereas conditions in May
and June of 2019 appeared to be drier. Likewise, conditions in July 2019 appeared to be
much wetter than the other montts.

In regard to accumulated degree days, Year 9 of the monitoring program was the third
warmest during the survey period. While warmer than the loggn average, the
accumulated degree days in vere cooler than what was experiencad 2015 and
2016, but were similar to 2017 and 20Hdurel?).
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Figurel5. Daily mean air temperature for 2.(black ling in the study region for the monthly
periods when field surveys occurredhe shaded area represents the standard deviafiok) of
the daily mean air temperatures for Year8 {2011-2018) of the monitoring programThe

dotted line represents thaverage mean temperature from 19&m10.
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Figurel6. Cumulative monthly total precipitation for 209 (black line) in the study region for the
monthly periods when field surveys occurredhe shaded aregepresents the standard deviation ¢)lof
the cumulative monthly total precipitation for Years312011-2018) of the monitoring programThe

dotted line represents the average cumulative precipitation from 1280Q0.
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Accumulated Degree Days
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Figurel7. Accumulated degree days {6 base temperature) and the lorgrm average (198€2010) in
the region.The shaded area represents the 10th and 90th percentile for the p@@dd to 2018.
Calculated from Environment and Climatea@9e Canada daily maximum and minimum temperatures
observed at the Mackenzie Airport (Station names: Mackenzie A and Mackenzie Airport Auto).

53

531

Vegetation

Plant species identified in Ye@wof the monitoring program are presented here. These
results are ued to characterize the vegetation coverage in ttiparian areaand
characterize the dominant species in the aquatic macrophyte communitabitat
classification for Beaver Pond was not presented in the Year 8 report thiacspatial

data for the previous years was not provided to LGL Limited until after the submission of
the Year 8 final reportdabitat classification for Year 8 at Beaver Pond is presented below
plus the habitat classification for Airport Lagoon that wampleted in 2018 is repeated
here forreference

Habitat Classification

The vegetation data collected at eashe was used tadetermine whether the species
composition of those communities changed otiere.

Airport Lagoon

Theclassifications generated in 26 at Airport Lagoorhave remained relatively stable
over time, with little change in species composition of each community (i.e., the same
dominant species can be used to define each communhypwever, the area and
coverage of these communities has chanpetiveen 2016 and 2018 ableb5).
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Table5. Habitat classiftation summary, area for habitat classes identified during photo interpretation
for the Airport Lagoon site in Yed@ compared to the previous results from YearBefer to Appendix9
2 for detailed descriptions of the habitat classes

Habitat Habitat Class Year8 Year8Per Year6 Year6 Per Difference Difference
Class Description Area cent of Area cent of between between
(ha) total area (ha) totalarea  Year8and Year 8 and

Year 6 Year 6 (%)
(total area)

BM Basin Moss 14.6 22.3% 18.0 27.6% -3.4 -5.3%
BS Basin Smartweed 3.1 4.7% 4.8 7.4% -1.8 -2.7%
Fl Floating Island 0.0 0.0% 0.1 0.1% -0.1 -0.1%
SD Shoreline Driftwood 11.0 16.8% 8.1 12.4% 2.9 4.4%
SG Shoreline Grassland 2.2 3.3% 0.4 0.7% 1.8 2.7%
SP Streams and Ponds 27.0 41.3% 26.1 40.0% 0.9 1.3%
SS Shoreline Sand 0.7 1.1% 1.2 1.8% -0.5 0.7%
SW Shoreline Willow 3.9 6.0% 3.6 5.6% 0.3 0.4%
WD Wetland Dead Trees 0.2 0.3% 0.2 0.3% 0.0 0.0%
WH Wetland Horsetail 0.7 1.1% 0.8 1.2% 0.0 0.0%
WS Wetland Sedge 11 1.6% 11 1.6% 0.0 0.0%
ww Wetland Willow 0.9 1.4% 0.9 1.4% 0.0 0.0%

The biggest changes were a decreased in the area coverage for Basin Moss (BM) and Basin
Smartweed (BS) and an increase in the coverage of Shoreline Driftwood (i.e., coarse
woody debrisFigurel8).

Beaver Pond

The predominant changes in habitat structure between 2016 208 at Beaver Pond
included small increases in the areaBafsin Crypantha and the coverage of water surface
(i.e, streams and pond3able6). This resulted in small decreases in other habitat classes,
but most notable was the 1.7% reduction in the area of shoeetiay(Figurel9).

Table6. Habitat classification summary, area for habitat classes identified during photo interpretation
for the Beaver Pondsite in Yeal8 compared to the previous results from YearBefer to Appendix-2
for detailed descriptions of the habitat classes.

Habitat  Habitat Class Year8 Year8Per Year6 Year6 Per Difference Difference
Class Description Area cent of Area cent of between between
(ha) total area (ha) totalarea  Year8and Year 8 and

Year 6 Year 6 (%)
(total area)

BC Basin Crypatha 1.2 25.5% 0.9 21.6% 0.2 3. %
SC Shoreline Clay 1.6 35.1% 1.6 36.8% >0.1 -1.7%
SE Stream Sedge 0.0 0.2% 0.0 0.7 >-0.1 -0.4%
SP Streams and Ponds 0.4 8.3% 0.3 7.8% >0.1 0.4%
R ShorelineGravel 0.2 3.3% 0.2 3.6% >-0.1 -0.2%
S Shoreline Driftwood 0.9 20.5% 0.9 22.0% >-0.1 -1.4%
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Habitat Class
BM
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Figure 18. Spatial extent of habitat classes delineated at Airport Lagoon based on upda
orthophoto imagery acquired in May 2018
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Figure 19. Spatial extent of habitat classes delineated at Beaver Pond based on updat
orthophoto imagery acquired in May 2018
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5.3.2

Drawdown Zone Vegetation

At Airport Lagoonterrestrial vegetation surveys were completed dume 25, 27, 28 and
29, 2019. Twelvebelt transects thatvere surveyed in 2@were also surveyed in 201
As in previous years, transects-Rland A2 were not surveyed due to the water levels
at Airport Lagoon.

Five belt transects were surveyed dume 262019 at Beaver PondAll five transects were
also suveyed in 2018.

Airport Lagoon

Vegetation transects at the Airport Lagoon were generally located on moist, organic rich
soils, with slight to gentle slopehat are subjecto annual floodingand are therefore
dominated by graminoid specieSverall the arface substrate was dominated by organic
matter; a subset of the transects were covered with a large proportion of mineral soil
(sand) and coarse woody debris (driftwood). The amount of surfeater on most
transectswas relatively lowat the time of the surveyOnly transect A4 had any
substantial amount of water prese(itable7).

Substantial tree cover was absent on all transettowever, trace amounts of sapling
regeneration forPinus contorta(lodgepole pine) andPopulus tremuloidegtrembling
aspen) was present on transects-BAL and ALL5. Average per cent cover of herb species
ranged from a low of 3.43% (Al to a high 0B4.10% (Al6). A total of 59 herb species
were recorded across the 12 transects. The most common species detected were
Persicaria amphibi@wvater smartweed)Potentilla norvegicdNorweigan cinquefoil) and
Calamagrostis canadengtduejoint). Threespecies of moss were recorded oime of the
transects with the highest coverage being present on transeet Where Drepanocladus
aduncus(common hook moss) was preset8hrubs species were predominantly willow
(Salixsp.) and their coveragalongthe transects was relatively lowr éble8).

A summary of the terrestrial plant species and percent cover for each transect will be
prepared for the finateport.
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Table7. Site characteristics for vegetation transects sampled in Y®at the Airport Lagoon.
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g 3 = Z¢& 85 =0 g © %) °=s e = g 2= S 3
~ © ol B S o 3 7 < 5 s = L8 S a S
= 2 » o W 53 = i
AL-3 P 2 A DC 2b 677 15 30 53.9 0.0 41.1 11.7 0.0 r A
Al-4 F 7 - - - - - - 799 0.0 0.0 6.0 28.6 v A
AL5 P 3 B DC 2b 679 15 169 46.2 0.0 16.1 36.6 0.0 r AF
AL-6 F 7 E DC 2b 673 1 - 99.8 0.0 0.0 2.0 0.0 p F
AL-7 F 7 E DC 2b 676 3 260 100.0 0.0 0.0 0.0 0.0 v F
AL-8 F 7 C DC 2a 674 3 260 99.1 0.0 0.0 15 0.0 i A
AL-9 P 6 E DC 2b 675 6 272 60.7 0.0 2.3 39.5 0.0 i A
AL:-10 F 7 E DC 2b 675 2 284 73.0 0.0 0.0 27.2 1.0 v AF
Al-11 G 6 E DC 2a 676 0 - 99.0 0.0 0.0 0.0 0.0 v A
AL:-12 G 6 E DC 2a 666 0 - 98.8 0.0 0.0 6.0 0.0 - -
Al-14 P 6 E DC 2b 676 5 272 84.4 0.0 0.0 19.8 0.0 i A
AL-15 P 6 - - - - - - 100.0 0.0 0.0 1.0 0.0 -

1 P=Precipitation, G=Groundwater, S=Snowmelt, F=Strearrrggdition and flooding, M=Mineral spring, T=Tidal, freshwater, E=Tidal, saltwater, Z=Permafrost
20=Very Xeric, 1 = Xeric, 2 = Subxeric, 3= Submesic, 4= Mesic, 5= Subhygric, 6=HygridriZEsubjdric

3 A=Very poor, B=Poor, C=Medium, D=Rich E=Very rich, F=Saline

4DC = Disclimax

52a= Forb dominated includes norgraminoid herbs and ferns; 2b= Graminoid dominatedcludes grasses, sedges, reeds, and rushes

6 Values represent observations in 2016.

7 Area of transect covered by surface water.

8 v=very poorly drained, p=poorly drained, i=imperfectly drained, m=moderately well drained, w=well drained, r=rapidly drainedy rapidly drained

9 A=annual floodD=occasional flooding, F=frequent flooding
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Table8. Vegetation cover summary for transects sampled in Y&at the Airport Lagoon

No. herb Average % No. moss Average % No. shrub Average %
Transect species herb cover species moss cover species shrub cover
AL-3 12 3.51 0 0.00 0 0.00
Al-4 7 3.43 1 76.20 1 0.11
AL5 16 21.12 0 0.10 0 0.00
AL-6 24 94.10 1 26.80 1 0.01
AL-7 17 55.10 1 95.10 3 8.83
AL-8 23 27.67 0 0.00 1 0.53
AL-9 15 20.50 2 1.46 0 0.00
AL-10 13 18.40 2 27.10 2 0.50
ALl-11 15 12.90 2 47.00 3 3.80
ALl-12 12 72.56 1 3.81 0 0.00
Al-14 10 42.70 1 047 0 0.00
AL:15 14 23.00 1 49.01 3 1.01
Average 32.92 30.50 1.23

Beaver Pond

The five egetation transects at thé&eaver Pondvere located on clay rich soils with
gentle to moderate slopes angere frequent to annual floodingTable9). Overall the
surface substrate wadominated by mineral soil, except for transedBP4 and BR5,
which were dominated by organic matter. None of the transects had any surface water
at the time of the survey in 201

OnePinus contortglodgepole pine) seedling was present on transecBPree cover

was absent on all other transects. Average per cent cover of herb species on all transects
was higher than what was recorded in 2018 but remained considerably less than Airport
Lagoon. Adtal of 45 herb species were recorded across the five transects. The most
common species detectedere Potentilla norvegicgdNorweigan cinquefoil)Equisetum
arvense(common horsetail), anc€Carex lenticulariglakeshore sedge)our species of

moss were recorded on the transects with the highest coverage being present on transect
BR1. Three shrub species were recordeavhich were predominantly willow species
(Tablel0).
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Table9. Site characteristics for vegetation transects sampled in Y®@at the Beaver Pond
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BR1 P 4 D DC 2b 673 - - 31.9 2.8 74.3 0.6 0.0 m A-F
BR2 P 3 B DC 2b 675 - 3.5 4.7 95.6 0.3 0.0 r A-F
BR3 P 3 B DC 2b 675 25 230 1.0 291 70.1 0.6 0.0 r AF
BR4 G 7 D DC 2a 673 5 227 87.9 1.4 121 4.4 0.0 m A
BR5 P 4 D DC 2a 685 20 44 54.6 0.0 51 39.5 0.0 m AF

1 P=Precipitation, G=Groundwater, S=Snowmelt, F=Strearrrggdition and flooding, M=Mineral spring, T=Tidal, freshwater, E=Tidal, saltwater, Z=Permafrost

20=Very Xeric, 1 = Xeric, 2 = Subxeric, 3= Submesic, 4= Mesic, 5= Subhygric, 6=HygridriZEswdric

3 A=Very poor, B=Poor, C=Medium, D=Rich E=Very rich, F=Saline

4DC = Disclimax

52a= Forb dominated includes norgraminoid herbs and ferns; 2b= Graminoid dominatgdcludes grasses, sedges, reeds, and rushes

6 Values represembservations in 2016.

7 Area of transect covered by surface water.

8 v=very poorly drained, p=poorly drained, i=imperfectly drained, m=moderately well drained, w=well drained, r=rapidly draimedy rapidly drained

9 A=annual flood, O=occasional fland, F=frequent flooding
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Table10. Vegetation cover summary for transects sampled in Y&8at the Beaver Pond

No. herb Average % No. moss Average % No. shrub Average %
Transect species herb cover species moss cover species shrub cover
BR1 28 7.21 1 21.60 2 0.81
BR2 21 8.78 2 0.53 3 0.06
BR3 14 394 0 0.00 1 0.01
BR4 22 6.50 0 0.00 1 0.49
BR5 20 11.67 3 7.80 0 0.00
Average 7.62 12.09 0.27

5.3.3 Aquatic \egetation

Data on aquatic plants was collected at Airport Lagostmveen June 228, 2019 Beaver
Pond was sampled ajune 2820109.

Airport Lagoon

Elevenspecies of aquatic plants were recorded at Airport Lagoon i® ZDdblell). The
frequency ranged from .I% forHippuris vulgarisd Y I NB ®@oda high dt8D.@6 for
Myriophyllum sibiricun§Siberian watemilfoil). The other most commonly encountered
species wereDrepanocladus aduncugommon hook mogsand Stuckenia pectinata
(fennel pondweedl. Sampling depths were between 20 cm and 240 cm.

Tablell. Per cent frequency and average volumabundance metric of aquatic macrophyte species
detected in random samples (rake grabs) at Airport Lagoon in201
Frequency  Average volume x

Scientific Name Common Name (%) Abundance
Ceratophyllum demersum common hornwort 28.3 2.01
Chara sp. stonewort 13.3 0.46
Drepanocladus aduncus common hook moss 367 2.37
Hippuris vulgaris mare's tail 17 0.08
Myriophyllum sibiricum Siberian watemmilfolil 80.0 6.58
Potamogeton foliosus closedleaved pondweed 25.0 1.54
Potamogeton praelongus long-stalked potamogeton 117 1.16
Ranunculus aquatilis whitewater buttercup 10.0 0.21
Stuckenia pectinata fennel pondweed 36.7 0.86

Beaver Pond

Four aguatic plant species were recorded at Beaver Pond ir02B1 foliosusand R.
aquatilishad the highest frequencie®. praelongusvasalso fairly common at the site
(Table12). The majority of the aquatic vegetation samples were collected between 50 cm
and 100 cm in depth.
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Tablel2. Per cent frequency and average volume:abundance metriagdiatic macrophyte species
detected in random samples (rake grabs) at Beaver Pond in 2019.

Frequency  Average volume x

Scientific Name Common Name (%) Abundance
Potamogeton foliosus closedleaved pondweed 50.0 2.37
Potamogetomatans broadleaved pondweed 6.3 0.23
Potamogeton praelongus long-stalked potamogeton 43.8 156
Ranunculus aquatilis whitewater buttercup 50.0 1.38

54

Waterfowl and Shorebird

In 2019, three replicates of waterfowl and shorebird surveys were completedlirqtort
Lagoon and only two replicates were completed at Beaver Roablle13). Access to
Beaver Pond at the end of April ZDWvas not possible dueotthe ice conditions on
Williston Reservoir at the time of the survdyata was collected on multiple days at
Beaver Pond during the June 2019 visit, so the maximum count of species recorded on
these days was used in the analysis.

Tablel3. Dates for the waterfowl and shorebird surveys at Airport Lagoon and Beaver Pond i8.201

Site Survey Dats
Airport Lagoon April 24, 2019 May 25, 2019 June5, 2019
Beaver Pond May 26, 2018 June2, 3, 4 2018

5.4.1 Airport Lagoon

At AirportLagoon, all five of the survey stations were visited during each of the replicates.
Survey effort (i.e., observation time) ranged fror@ thinutes to 3 minutes at each
observation stationAtotal of 27 individuals from the shorebird group were recorded fo
five species: Greater Yellowleg&RYETringa melanoleugan=9), Spotted Sandpiper
(SPSAActitis macularius n = 9),Killdeer KILL,Charadrius vociferousn=5), Lesser
Yellowlegs KEYETringa flavipesn= 2), andSolitary SandpipefSOSATringa solitaria

n=2) (Figure20).
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Figure20. Species composition of shorebirds observed at Airport Lagoon duringstimeeys in April,
May and June 2019

Thirteenwaterfowl species and a total 620individuals were recorded at Airport Lagoon.
Waterfowl species observed at Airport Lago@figure21) included American Wigeon
(AMWI,Mareca americanan=303), Mallard (MALLANnas platyrhynchqgs=137), Green
winged Teal GWTA,Anascrecca n=131), Canada Goose€CAGO Branta canadensis
n=49), Northern Pintail (NOPAnas acutan=42) Gadwall (GADW\arecaStreperan=6),
Common Merganser (COMBergus mergansem=5),Bluewinged Teal (BWTBpatula
discors n=4), Lesser Scaup (LESGithya affinis n=4), Bufflehead BUFF Bucephala
albeolg n=3), Trumpeter SwanlRUSCygnus buccinatpn=3), Ringnecked Duck RNDU,
Aythya affinisn=2), andEurasian WigeoreEUWIMareca penelopen=1).
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Figure21. Species composition ofiaterfowl observed at Airport Lagoon during the surveys in April,
May and June 204

Speciesichnesdor shorebirds was highest in June, whereas it was highest for waterfowl
in April. Likewisgfor the number of individuals observed; more waterfowl weseng the
Airport Lagoon in April and numbers declined in May and June. Convehsetyymber

of shorebirdspeciesvashighest in Juneompared to the previous month&igure22).
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Figure22. Speciegichnessfor shorebirds and waterfowl at Airport Lagoon in 2019.

The majority of shorebird and waterfowl observations were recoridetie northern half

of the Airport LagoonOther waterassociated birds recorded at Airport Lagoon during
the replicate surveys werBelted Kingfishe{Megaceryle alcyann=1) Common Loon
(Gavia immern=2F . 2 y I LJI(GhibiSd@ephalDsighiladelphia=2) California Gull
(Larus californicu=15), Herring Gul{Larus argentatusn=2) and Ringpilled Gull Larus
delawarensisn=7). Three additional waterfowl speciemnd two shorebirdspeciesvere
recorded at Airport Lagoon during the Songbird Survey in Jun®. Z0dese included
Northern Shovele(Spatula clypeatan=10) Common GoldeneyeRucephala clangula
n=1) Redbreasted(Mergus serratorn=1F 2 A f & 2 Gdliago dglitata6=2) @nd
WilsoQa t K I Phdladpusd8colom=1).

Nesting activity was recorded for two waterbird species (Common Looi andpeter
Swan) during the June survey.

5.4.2 BeaverPond

Survey effort at Beaver Pond wa8 minutes in May antbetween 20 ad 33minutes in
June. A total ofl4 individuals from the shorebird group were recorded floree species:
Spotted Sandpiper (n 8), Killdeer (n5), and Greater Yellowlegtn=3). Two waterfowl
species were recorded in Mayanada Goose (n=8) and Bufflehead2]n®©nly one
waterfowl speciesvas recordedn June Bluewinged Teal (n510ne Solitary Sandpiper
was recorded at Beaver Pond during the Songbird SuNeyew waterfowl spcies were
documened at this time.
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Figure23. Distribution of shorebird detections by survey date at Airport Lagoand Beaver Pond
in 2019.
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