& BCHydro

Bridge River Project Water Use Plan
BRGMON-2 Carpenter Reservoir Riparian Vegetation Monitoring

Implementation Year 5

Reference: BRGMON-2

Study Period: 2017

Produced by;

Splitrock Environment al Sekwbel 6was
PO BOX 798, Lillooet BC, VOK 1V0
Odin Scholz B.Sc.

Pascale Gibeau R.P. Bio.

January 9, 2019



SPLITROCK
€ cowerwis BRGMON-2 Carpenter Reservoir Riparian Vegetation Monitoring. Project ¥,e2018

Executive Summary

The2017BRGMON-2 monitoring program looked at foyears of riparian enhancement
treatments on Carpenter Reseryawrthrwest of Lillooet British Columbia Treatments dated
back to 2014 andechniquesvaried intype and locatiorirom planting, seeding and lixs&ake
cuttings trialsto machine contoung trialsin 2017 Monitoring in 2017was targeted to a select
number of treatments &ive different terrains othe western end of Carpenter Reservoir.

Results were mixed with many treatments failing or having meager rédahsing and
seedingreatmentsn 2016have met with the most succassdate Trial plantings oflakeshore
sedge Carex lenticulari3 plugs in 2015 indicated successful establishmeat possiblen the
LMF. In 2016 polygons were plantguioximateto the 2015 treatment§ polygors locatedat
640m elevation betweeBOm and 120m distance dhe Bridge River were planted. The
polygons located close to the Rivers edge (approximately 0.1ha in areageaghgxtremely
well and produced 10 times as much bionass covelas othe areas within the treatment zone.
An expansive area waaso seeded with fall ryeGereale secalein 2016, and weobserved a
higher frequency and density wéturally recruitingakeshore sedge seedlgplonizng thefall
rye seeded arethanneighboring contra@ which suggest a beneficial ffect of fall rye seeding
on sedge seedling recruitment. Bluejoint reedgr@sdafnagrostis canadengiplantings have
alsoestablishedvell in patcheson the Gun Creek Fan with early signs of vegetatimansion
and reproductiorLive-stakecuttings trials have met with mixed results with tendency for initial
successes to decline over time. Many oflihe-stakecutting sites have maintained moderate to
low survival.

New treatments were carried out in1Z0using machine contouring to create mounds and
depressions on the otherwise level drawdownezlandscape. Baseline data weodlected in
2017 to monitor effects on vegetation cover, vegetation recruitment, soil moisture levels and
lasting effect of themounding treatmentsAlthough four years ito the monitoring program
answers to the management questions will neederal moreyears of observations to be
addressedvith confidence
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OBJECTIVES, MANAGEMENT QUESTIONS and HYPOTHESES after 2015

the riparian are:
surrounding
Carpenter
Reservaoir.

H1c: There is no significant change
the relative productivity of the plar
community in thevegetated area (¢
the drawdown zone of Carpent
Reservorr.

Study Management | Year 2017 | Management Hypotheses Year 2017 (HypothesisStatus)
Objectives Questions (MQ Status)
1. To| To determine iff NOT YET | H 1: Implementation of the chos¢ NOT YET ADDRESSED
characterize | implementation| ADDRESSED | alternative will not result in g
and describg of the choser . reduction of riparian habitats in t

o : Baseline date .
the riparian| operating collected i area surrounding Carpenter Reserv
vegetatlo.n alternative hf’jwe 2013. H1a: There is no significant change
surrounding | had negative . .

Monitoring to| the spatial extent of the vegetated a

Carpenter neutral or |

. e be repeated if in the drawdown zone of Carpent
Reservaoir, positive impacts :

.. | year 10. Resrvoir.

assess changq on the quality
over alOvyear| and quantity H1g: There is no significant change
period of time| (species the species composition of the plg
and infer| composition, community in the vegetated area
relationships | biological the drawdown zone of Carpent
to water| productivity, Reservaorr.
management. | spatid area) of
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2. To asses]
impacts to the

buffer  zone
vegetation in
the event of g
year of
prolonged
flooding >56
days.

To determine if
implementation
of the choser
operating
alternative hag
had negative
neutral or
positive impactg
on the quality
and guantity
(species
composition,
biological
productivity,
spatial area) o
the riparian are:
surrounding
Carpenter
Reservaorr.

NOT
CURRENTLY
APPLICABLE

H » Incursions of less than 56 da

into the reservoir buffer do ng
significantly impact ripariar
community.

NOT CURRENTLY APPLICABLE

Baseline vegetation data was collected fr
permanent plots established in 2013.

significant incursionsnto the buffer zone fo
dafdight
incursions in 2015 prompt a closer look ir

over 56 days have occurred to

origin of Hypothesis.




3. To conduct
eva,jbll_q,];m§ of
Ve scwerwas
BRGWORKS
1 program to
assess th
degree to
which the
planting
program helps
to estabkh
natural re
colonization of
the area from
Tyaughton
Lake Road
Junction to
Gun Creek
Fan.

Does the
implementation
of a short tern
(5yr) intensive
reservoir re
vegetation
program resul
in benefits that
were equal to o
greater than thg
which were
expeted from
implementation
of the 032
operating
alternative?

Hs.
Implementation
of extensive
riparian
planting for 5
years will
provide the
bases for
continued
natural re

colonization of
the drawdown
zone betweer
the Gun Creel
Fan and the
Tyaughton

Lake Road
Junction.

Hsa: Natural re

colonization is
significantly
greater at
treated versu:
control
locations.

Hig: There is
no significant
difference in
the specie
composition of
naturally re
colonizing
species in

planted versus
control areas.

Monitoring of Year One
BRGWORKS1 revegetation trialg

was GHRERMRUtoR JateuBsnRir Rihdnshoaigethainthe fallinge sepdingdseatment

and in June of 2015. Findings

initial year show relatively low rate
of success in most trials, possik
related to the combined late proje
start in 2014, summer drought, a
relatively low full pool of Carpente
in 2014 (643.95mASL). Control
locations will be established in Ye
Two of revegetation treatment.

BRGWORKS1 treatments have bee
Monitoring observations to da

Ha:
diverse.

increased colonization by lakeshore sedge
IS unknown whether the observed sef
seedlings will survive to establish and gr
into mature f@ants. Lakeshore sedge plantin
have produced mature plants at a numbe
polygons. These plants have been obse
seeding, it is possible these stands
increase in density and spread. Bluejd
reedgrasgs establishing well andhas been
observed preading via rhizomes and
increasing native plant covern some
polygons

Hsa: The introduction of native plants
treatment polygons directly affects spec
diversity. There seems to be little effect
other recruitment to date. If planted pla
seed then this treatment can be considere
positively affect distribution, abundance
well as diversity of treatment polygon
Biomass measurements were limited
based on the results of the 2016 planting
lakeshore sedge plugs thereaatdeast asome
locations,the potential for increasing bioma
10-fold. Success at this level has been mi
and additional treatments will be required
some locations.

Hsg: For many treatment sitesvegetation
resulting from planting and seeding is 1
producirg a significant amount of natiy
vegetation cover. However, results vary fr
treatment to treatment and site to,_site. In
Low Mud Flat we see a dramatic'increase
native species cover with dense plant
treatments. Likewise, certain areas plan

with  hhiicinint raadAarace chmar a Aram 4
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1.0 Introduction

The BRGMON2 program comes out of the Brid@eton Consultative Committee
Report from2003 (B.C. Hydro and Conags Resource Management, 2003)e generalaim is
to monitor riparian vegetation surrounding Carpenter ReseBBIGMON-2 has twospecific
monitoring componentfocusedon studyingthe riparian vegetatiom the drawdown zonef
Carpenter Reservoir:

1 Component 1: Monitoring the existing riparian vegetation in the Carpenter Reservoir
drawdown zone, to be carried out in Year 1 (2013) and Year 10 (2022).

1 Component 2: Monitoring thé-yearriparian enhancemeptojectin the drawdowrzone
of the Carpenter Reservoir (BRGWORKS$ Years 3i 9 of BRGMON-2 (2015 to
2020).

The revegetation program under BRGWORKSstarted in June 2014 and continued in
2015and 2016 The Terms of Reference were revised inudan2017 to match a revision of the
TOR of the BRGWORKSL program (BC Hydro, 2017). ThBRGWORKS1 program was
modified to increaséom a fiveto asevenyearproject and include a lag year with no treatments
(2018).As a resultthe schedule for BRGMOI® Component 2vas also adjusted to include two
additional years of monitoringfor a total of seven years. The TOR added a +t&dn
comprehensive repott be compiled in 2018.

H1: Implementation of operations will not result in a reduction of riparidmtdtain the
surrounding Carpenter Reservoir.

H1 is directed at component 1 of the program and is not addressed in this report.

H2: Incursions of less than 56 days into the reservoir buffer do not significantly impact
riparian community.

H2: only appliesfithe criteriumof incursions over 56 days met. The criterium wasot met in
2016 and thereferHypothesis 2 not addressed in this report.

The management question being addressed under compooEBRGMON-2 is: does
the implementation of a shetdrm even year) intensive riparian enhancement program
expandghe quality (as measured by diversity, distribution and vigour) and quantity (as measured
by cover, abundance and biomass) of riparian habitats in the drawdown zone of Carpenter
Reservoi?

H3: Implementation of a riparian enhancement program between the Gun Creek Fan and the
Tyaughton Lake Road Junction within the drawdown zone will support the basis for continued
natural recolonization of native vegetation communities and species.

H3A: Thee is no significant difference in native vegetation establishment (based on species
distribution, diversity, vigour, biomass and abundance) at control versus treatment locations.

1
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H3B: There is no significant difference in the cover of native vegetatiocomrol versus
treatment locations.

H3C: There is no significant difference in native vegetation establishment and the cover of native
vegetation communities (based on species distribution, diversity, vigour, biomass and
abundance) arising from differervegetation prescriptions.

H3D: There is no significant difference in the species composition of naturadiglorizing
vegetation in treated versus control areas.

This reportsummarizes thenethodsand treatmentsfor BRGWORKS1 in 2016 and
2017, presentghe annual inundation pattesnn Carpenter Reservdior 2016 summarize the
annual weather patternduring the growing seaspnhighlights successful survival and
establishment of native species including ongoing colonizativve also discussvhere we
observefailures of treatments including a lack of survival and establishment of native species
propagulesand no increased colonization and establishment of negéigetation as a result of
treatments The reportmakes recommendations farture treatments aimed at enhancing the
riparian vegetationthrough an adaptive managemeipproach In addition we report a
monitoring baseline collectedn advance of the 2017 BRGWORKIS treatmentsincluding
before and aftereatmendatafor physicaltreatmers and control areas

2.0 Background

The initial element (Component 1) BRGMON-2 startedn 2013.The drawdown zone
in Carpenter Reservoir was stratified into terrain types and randomly sampled with permanent
transects designed to characterthe range ofriparian vegetatiorfound around Carpenter
Reservoir(Map 1). The terrain types were largely basedsite-specificgeomorphic conditions
and elevation (Scholz and Gibeau, 2014).

Normal operation®f CarpenterReservoir keep thevater pool level in thelrawdown
zoneabove a low of 606.55 mASL and a targeted maximune4d.00 mASL the absolute
capacityof the eservoir is achieved at 651.08 mASThe 3m zone between 648.6(ASL and
651.08nASL is considered a buffer zoméhich isinundatedonly when necessary. Bn average
year, elevations below 648ASL are exposed to the air for less than 50% of the growirgpeea
(Scholz and Gibeau, 2014ased on analysis of historic drafting and inundation timing
highly unlikely that perennial native vegetation coslarvive below 640mASL. Restoration
treatments under BRGWORKBhave been completed oved@m vertical range, betwee640
mASL and 650mASL.
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Map 1. Targeted study areas for Components 1 andBR&MON-2.

For Component 2 dBRGMON-2, & the landscape scaliéve terrain types were targeted
for re-vegetation trials undeBRGWORKS1 in 2014: Steep Beach (STB), Shallow Beach
(SHB), Gun Creek Fan East (GCFE), Gun Creek Fan West (GCFW) and Steep Alluvial Fan
(SAF) (Map 2). In 2015 treatmentsvereexpanded to include a sixth terrain type called the Low
Mud Flat (LMF), locatedat lower elevatios 639m642m) Re-vegetationtrials focused on
seeding, planting rootecbntainer plantsand planting livestake cuttingsn 2014 and 2015
Details on 2014 and 2015 treatmeate reported iBRGWORKS11 annual reports (Scholz,
2014 and Scholz 208).
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Map 2. Targeted monitoring area and associated terrain fgp€omponent 2f BRGMON-2.

In 2016BRGWORKS1-1 treatments were an expansion of treatment trials conducted in
2014 and 2015Treatmentdn 2016werediverse and included planting, seeding #nd-stake
cuttingscarried out orfour terrain typegLMF, GCFE, GCFW and SHB terrainfrablel, Map
2).
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Tablel. Summary otreatments performed 2016for BRGWORKS1 (from 2016 annual repofcholz, 2018
CUTTINGS SEEDING
No. Seed

TERRAIN No. | cuttings | Fall | S€€d C|Mech. | seed C
CODE Cuttings lenticula | treatme | Wildrye

NEE Willow | ComonW | Rye | i om?) | nt(m3) | (m?)

ood (m?)

STB SteepBeach| No Treatment
shp | Shallow 132 73

Beach

Low Mud 9.6ha | 0.4ha 0.3ha
LMF ) Fat 10312 (480kg) | (0.95kg) | 32" | (1.akg)

Gun Creek
GCFE | Alluvial 2360 | 2960 30 75

Fan East

Gun Creek
GCFW | Alluvial 9225 25 25 360 629

Fan West

SteepAlluv
SAF ial Fan No Treatment
sc Steep

Colluvium | No Treatment

TOTAL 10312 | 11585 | 2960 30 100 25 492 702
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2.1 Seeding trials

In 2016, theseeding trial$or BRGWORKS1 werecompletedacrossa 10-haarea on the
Low Mud Flatterrain(

SEED 16MECH
I_M F mechanical treatment no seeds

SEED-16 CWR
anada w1|drye seeding
PLG16-06 Seed 16FR
SBJ FaIl e treatment
,04

[12015 poly gons and plots

[ 2016, Aspen Trees

72016, CONTROL

[12016, CUTTINGS M achine

§308 2016, Cottonwood Trees b
[0 2016, FALL RYE SEEDING; 2016, FallRye Seed
E=32016, MECH TR ONLY

52016, PLUGS BJ

232016, planted lakeshore sedge plugs

I 2016, SEED C.LEN

[E=-12016, SEEDING C.W.RYE UTM Zevtel 0 blsd1 98y

e 8, 2013 Aeriad Phatogmphy
il Map Date Apal, 2018
= Cumng§ 0.Schaz
—— Contour interval 5 m Spiitack Ernviranmerial
[ = . I Meters
0 25 % 150 20 250 300 350

Map 3). The bulk of the seeded area was tredigdseedingfall rye (Secale cerea)e
Three polygon areas weceeatedas control siteswith onereceivingmechanical treatment only,
one seededvith lakeshore sedgeCérex lenticulari3, and one seeded with Canada wildrye
(Elymus canadensispll seeding was done using at tractor and seeder except for a thin band
along the river bank that was broadcast seeded with a -beaikd seeder.
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SEED 16MECH
mechanical treatment no seeds

PLG16-06 Seed-16FR
SBJ Fall rye treatment;
.04 %

[J2015 poly gons and plots

[ 2016, Aspen Trees

12016, CONTROL

[J2016, CUTTINGS Machine

§808 2016, Cottonwood Trees S
290 2016, FALL RYE SEEDING; 2016, FallRye Seed
E=32016, MECH TR ONLY

5712016, PLUGS BJ

[=512016, planted lakeshore sedge plugs

I 2016, SEED C.LEN

[E=-12016, SEEDING C.W.RYE UTM Zanet 0 Nad1 983

June 8, 2013 Aevid Phatography

| i Map Date Apdl, 2018
Cuttings O.5chdz

—— Contour interval 5 m Spiitock Erviranmerial
Meters
0 25 %0 150 200 250 0 350

Map 3. Map ofthetreatment polygons on the Low Mud Hatrain BRGWORKS1).
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2.2 Planting container stock

In 2016, rooted plugs ofontainergrownstock from locally harvested seed were planted
acrosgolygon areas othe LMF, GCFE andGCFW terrainsOn the Low mud flaterrain, six
polygonswere established and planted withkeshore sedgaugs(

SEED 16MECH
LM F mechanical treatment no seeds

SEED-16 CWR
anada wﬂdrye seeding
G16-06 Seed 16FR
SBJ _\ Fall e treatment
,04

&
)

[12015 poly gons and plots

[ 2016, Aspen Trees /
12016, CONTROL w —E
12016, CUTTINGS Machine

§808 2016, Cottonwood Trees S
S50 2016, FALL RYE SEEDING; 2016, Fall Rye Seed
E=32016, MECH TR ONLY

12016, PLUGS BJ

252016, planted lakeshore sedge plugs

I 2016, SEED C.LEN

[E=-12016, SEEDING C.W.RYE UTM Zanet0 Nad 1983

Je 6, 2013 Aerid Phatogamphy

i Map Date Apdl, 2018
[ Cuttings Lsp Date
—— Contour interval 5 m Spiitock Emviranmerial
Meters
0 25 50 150 200 250 300 350

Map 3). On the Gun Creek Fan Eas# individual polygon areas were planted with native
grasses and two polygons were planted with container rooted cottonwoodviapes ).

On the Gun Creek Fan Wesf0 polygons were planted with native grass or sedge
species one polygon was planted with trembling asp@ogulus tremuloidgs and one with
black cottonwood tree seedlinfidap 5).
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[12015 poly gons and plots

I 2016, 1 gallon CWR

[ 2016, Aspen Trees

12016, CONTROL

[J2016, CUTTINGS Machine

% 2016, Cottonwood Trees

742 2016, Cuttings bar

[EE8 2016, FALL RYE SEEDING; 2016, FallRye Seed
[E=12016, MECH TR ONLY

[&7]2016, PLUGS BJ

I 2016, PLUGS FOXTAIL

2016, PLUGS Sedge

Il 2016, SEED C.LEN <
[E=512016, SEEDING C.W.RYE UTM Zone!0 Nad1 353

June 8, 2013 Aerid Phatogmphy

[ Cuttings Map Date Auguz 312017
O.Schaiz
—— Contour interval 5 m Splivock Emvironmental

] 25 0

PLUGS BJ

HH16 = Lo
PLUGS BJ =
FF16

PLUGS BJ
G16

Map 4. Map of the Gun Creek Fan E4&CFE) showing plygons treated with rooted contairstock
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Cottonwood
Tree 16

[12015 polygons and plots

[ 2016, Aspen Trees

12016, CONTROL

[]2016, CUTTINGS Machine

075 2016, Cottonwood Trees

92016, FALL RY E SEEDING; 2016, Fall Rye Seed
[==12016, MECH TR ONLY

F252016, PLUGS BJ

5112016, PLUGS Sedge

I 2016, SEED C.LEN

2016, SEEDING CW.RYE  UTMZone10 Nad1s83

A June €, 2013 Aerisl Photography
—— Contour interval 5 m Msp Dste October 22, 2018

2 O.Scholz
2014 CUﬂlngS Splitrock Environmental

Map 5. Map of treatmentperformedon the Gun Creek Fan W&CFW) in 2016
10
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2.3Planting of live-stake cuttings

Locally harvested livstake cuttings of black cottonwoo®dpulus balsamifera ssp.
trichocarpg and willow speciesSalix sp) were planted in @L6 on the Gun Creek Fan West
side (Map 5Error! Reference source not found). Two techniques were employed in planting
the cuttings handplanting using steel planting bars and planting in trenches dug by an
excavator.Twentyfour trenches were planted aboae elevation 0646 mASL on the Gun
Creek Fan West#A polygon of mixed cottonwood and willow cuttings walso planted on the
west end of the Shallow BeaBHB) terrain (Map 6).

[12015 polygons and plots
[ 2016, 1 gallon CWR

[ 2016, Aspen Trees
12016, CONTROL
[C]2016, CUTTINGS Machine
W 2016, Cottonwood Trees
#7%% 2016, Cuttings bar

[ 2016, FALL RY E SEEDING; 2016, Fall Rye Seed
[E=52016, MECH TR ONLY
3712016, PLUGS BJ

[ 2016, PLUGS FOXTAIL
[Z512016, PLUGS Sedge

Il 2016, SEED C.LEN
(532016, SEEDING CW.RYE
—— Contour interval 5 m

> E]

Map 6. Map ofthe polygors handplanted with livestake cuttings in 2016n the Shallow Beach
terrain(SHB).
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2.4Riparian enhancementtreatments (2017)

The treatmentsin 2017 focusedon the use of an excavator to treat polygon areas
similarly to what has been callétiough and loose treatmeérapplied in terrestrial restoration
(Polster, 209). Nine polygon areas were treatibat wayin 2017 two on the LMFterrain four
on the GCFRerrain,andthreeon the GCFWterrain (Map 7). Treated polygons werabouta
half hectare in size.

3.0 Methods

Annual monitoring for BRGMORMN includes using data from BC Hydro Power records
to analyse the water levels in CarperfRaservoir anddetermine how water levels impact the
growing season for vegetation in treatment areas. Data froBarthie ridge weather station was
used to determine precipitation and temperature through the growing season.

Monitoring in 2017 also inclled sampling select fgegetation treatments established in
2014, 2015 and 2016 as well as collecting baseline data for the treatments under BRG\WORKS
that were performedlater in 2017. Due to the somewhat new approach of using machine
treatments over beal areas, the monitoring in 2017 focused on including collectitvaseéline
and establishing and monitoring control areas that were set aside adjacent to the nine treatment
polygons.

Finally, the field program in 2017 also included the monitoring obfl&he permanent
monitoring transects established in 2013 for Component 1 of BRGRIQWap 8). These data
were collected in 2013, 2016 and 2017 tovpte controls for natural background variation in
spatial distribution, diversity, and cover of vegetation throughout the study area of Component 2
(riparian enhancement area).

12
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Map7.Locations of machineworked rough and loose treatment sites and associated control
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Map 8. Locations ofthe permanent transects established in 2013 within the riparian enhancement treatm@oommsanent 1 of
BRGMON-2).
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3.1 Water levels andveather

The water levels ilCarpenteiReservoirare monitored by BC Hydro Power Recovdso
issuedaily reports Water level datavere collated and presented in a graph showing the water
levels for the studyareas in 2071 as well as the levels from previous years. In additiba,
averagevater level from 200@o 2017 wasgraphedo place the current year in context of water
level management patterns since the inception of the WUP.

Local weather patterns f@016are presnted based on data provideglthe Ministry of
Forests Range and Natural Resource OperatbitBeFire Zone weather station located on 5
Mile ridge. The SMile ridge station is within 5 km of theonitoring sites for Component 2 of
BRGMON-2. Precipitaton and temperature were summarized for 720dnd accumulated
growing degree dayfAGDD) were computeased on the BC government ramgadiness
approach(Fraser, 2006). Growing degree days were tabulated begiaftexgnowmeltand no
sooner than March 15 There must be fiveconsecutive days when the daily average
temperature exceeds 0°C before growing degree days teegccumulate.

The base temperature is ttemperaturébelow which plant growth is impeded. This
varies byplant speas and was for this study conservatively presumed to be 0°C (as in range
management). &DD are calculatedsingformula:

[daily Max.temp(°C) + Daily Min. temp(°C) ]/21 base temperatuf@(°C).

Growing degree days for many crops spemesgnize thatlants do not grow any faster
when temperatures are over 30(Rawson and Macpherson, 200&0d thereforeto take a
conservative estimate of GDIEhe mean daily temperatures were filtered to cap Hhigh
temperaturedays at 30°C Growing degee dayswere presented to highlighthe length and
proportion of growing seasorexperienced bwegetation atdifferent elevations within the
drawdown zone since 2014

3.2 Monitoring of trial plots from 2014

Fifty-one plots plamd in 2014 were selected for monitoring in 201iA. the 2016
surveys most plots hd very low to nil survival and were therefore dropped from monitoring in
2017 (Scholz and Gibeau, &)1 The plotsthat were monitored in 201Were all located on
either theSteep or ShallovBeach(STB or SHB) terrainsvhere trials had shown some survival
in 2016 (Scholz and Gibeau, &)1 The trial plots were rel@ated using 8S coordinates and,
since plots were marked with a metal pin in the center of eachapho¢tal detetor was used to
locateburied pins At eachlocation 1 m by 1 m plot frames were placem/er thecenter pingo
carry assessmenfsr seedlings and plaed plugsData collecgd in each ploincluded

I Date,

1 GPS waypoints,

15
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Unique Plot number,

Specieplanted,

Number of planted plants,

Number of plants observed surviving,
% cover of planted vegetation,

% cover of all vegetation,
Averageheight of planted plants,

Averagebase width of planted plants,

= =/ =4 4 4 -4 A - A

Plant vigor (5 classes subjective ratin@=dead, 1= poor, 2= fair, 3= good,
4=excellent)

1 Utilization (present use for browse or forage=0%, 1=1-15 %, 2= 1636%, 3=36
65%, 4= 6680%, 5=>80%)

1 Vegetative phenology of planted plar{@=without shoots above ground, 1=shoots
without unfolded leawg 2=first leaf unfolded3=2 or 3 leaves unfoldedi=several
leaves unfolded, 5= almost all leaves unfolded, 6=plant fully developed, 7=stem and
or first leaves fading, 8= yellowing up to 50%, 9=yellowing over 50%, 10=dead)

1 Generative phenology of plantgdiants (O=without blossom buds, 1=Blossom buds
recognizable, 2= Blossom buds strongly swollen, 3=shortly before flowering,
4=beginning flowering, 5=in bloom up to 25%, 6= in bloom up to 5B&yll bloom,
8=fading, 9=completely faded, 10=bearing greenit,frdl=bearing ripe fruit,
12=bearing overripe fruit, 13=fruit or seed dispersal)

Number of plants producing seed,
Wildlife sign,

Wildlife species,

Pin height relative to the ground level,

Extra notes

= =_ =2 A =

Plot data weredigitally recorded in the field usg ipadsand software made specifically for the
monitoring project via thdoforms © software. Photographs were taken for each piloinfthe
horizontal and vertical perspectives. A meter board was placed at the top (upslope) center of each

16
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plot frame of eah picture. Collected dataere transferred into MicrosofExcel for storage and
analysis.

3.3 Monitoring of trial polygons from 2015

A selection of polygonsreatd n 2015were monitoredin 2017 by sampling In by 1m plots
Polygonssampledwere plantedin 2015 with lakeshore sedgeseeded or wereontrol polygons
(Map9). The2015 polygons were located on thew Mud Flats(LMF) and the Gun Creek Fdfast
(GCFE) terrains Five plots were randomly placed within polygon areasetmrd descriptions of
planted vegetation as well as overall vegetation and wildlife within the plot. Observations included
total vegetation percent cover, planted vegetatencent cover, exotic vegetation per cent cover,
total number of species, vigor of planted vegetation, plant generative and vegetative phesology
well as notes of wildlife signs and species. Domimatitirally recruited species weaisorecorded.
Phobs were taken of each monitored plot ar@@RSlocationwascaptured.

17
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Table2. List of the 2-yearold polygons(treated in2015 sampled using Xlm plotsin
2017(Map9).
Polygon aea
Polygon ID Number of plots (m? Treatment
CLEN1501 5 152 Planted sedge plugs
CLEN1501CON 5 126 Control
CLEN1502 5 140 Planted sedge plugs
CLEN1502CON 5 104 Control
CLEN1503 5 146 Planted sedge plugs
CLEN1503CON 5 122 Control
CLEN1504 5 109 Planted sedge plugs
CLEN1504CON 5 100 Control
CLEN1505 5 141 Planted sedge plugs
CLEN1505CON 5 109 Control
CLEN1506 5 116 Planted sedge plugs
CLEN1506CON 5 90 Control
CLEN1507 5 126 Planted sedge plugs
CLEN1507CON 5 91 Control
CLEN1508 5 136 Planted sedge plugs
CLEN1508CON 5 97 Control
CLEN1509 5 108 Planted sedge plugs
CLEN1509CON 5 94 Control
Seed 1501 CL 5 100 Seeded Lakeshore sedge
Seed 15901 FR 5 100 Seededall rye
Seed 15lcon 5 100 Control
Seeded mix fall rye and
Seed 181FR/CI 5 100 lakeshore sedge
Seed 15lmech 5 100 Mechanical treatment only

18
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One of thesix seeding trial polygons established in 2015 to test the efficacy of treatments
to increase recruitment of lakeshore sedge alssmonitored in 2017 (Seed Plotilap 9). The
seeding trial polygorsampledwas the lowest in elevatioon the LMFterrain The polygon was
comprised offive sub-polygonsof approximately 2m by 50ntach of thefive subpolygons vere
sampledwith five 1m by 1m plots Transects were stretchéar the length of the 50mand sample
plots were placed at 10m intervals.

Finally, the siccess oR015planting of livestake cuttings and other plugss assessad 2017
with live tallies per polygon areaver all areas treated@olygons treated with livetake cuttings
planted in 2015 were located on the Steep B€&dIB), Shallow Beacl{SHB), Gun Creek fan East
(GCFE)terrains We were unable to moniteuttings inGun Creek Fan We$GCFW) terraindue to
time limitations

WORKS-1 LOW MUD FLAT
RE-VEGETATION SITE 2015
2015 1
1712014 Cuttings Trials

= 2014 Trial Planting Plots

5 > SeedPlot?

Seed|Plot{3’

Seed Plot/4’
Seed |Plot{l

CLENJO! CLEN[0TICONTROM

CLENNO2:

TCONT L CLEN|02/CONTROL:
22 CONTROUNIETERT0

CLEN/03

CLEN[06
Seed|Plot]5

CLENI03 CONTROLS
CLENF05

CLEN[07,

CLENIO5/control

Seed |Plot6

Map 9. Map ofthetreatment polygons establishiedLMF terrainin 2015.
3.4 Monitoring of trial polygonsfrom 2016

Treatmerd in 2016focused on an expansion of planting, seeding anesliakecuttingslargely

on the Gun Creek Fan East and WMECFE and GCFW) terrain®\s with the monitoringpf

2015 treatments (Section 3.3)nall 1mby 1m plots were used to sigamplethe 2016 polygon

areas The number of plots used to sub sample treatment polygons varied depending on the size
of the polygon area and other factors such as time in the field. The number of plots sampled in
2017 per polygon seeded in 2016 variéde3).
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Monitored polygonsincluded LMF polygons planted with lakeshore sedge as well as large
polygon areas seeded with fall rye, lakeshore sedge and Canada valulygland plotsplanted
with rooted container stockf native grasse®luejoint reedgrassCalamagrostis canaden$js
foxtail barley Hordeum jubaturhand Canada wildrye. Polygon aressre alsoplantedin 2016
with rooted blackcottonwood(Populus balsamiferasp. trichocarpaand trembling aspefPopulus
tremuloide$, andlive-stake cuttingsTree seedling and livstake cuttings were monitoréa 2017
for survival, vigor and wildlife use

Table3. Number of plots sampled in 2017 iretpolygons treated in 2016.
Polygon Plot Area | Number
of Plots
Seed 16-all rye (FR) 1mz2 15
Seed l1dakshore sedge (CL] 1m? 12
Seed 18Canada wild rye 1m? 16
(CWR)
Seed 16Viechanical 1m? 10
Treatment only (MECH)

3.5 Monitoring of 2017Machine-worked treatment polygons

Prior to the implementation @he machine workedreatments ir2017, monitoring was
carried out at thefuture prescribed treatment sites. Data collected includgabgraphic
measurementssing a laser level and measuring staffii mdsture readingsand vegetation
diversity and coverThe same type oflatawas also gathered withincontrol areasestablished
adjacent to each of the treant polygons(Map 7). All measurements were repeated both in
control and treated palpnsfollowing treatments later in the summer.

The procedure for establishing topographic data involved running a Elysen tap
approximately 100m through the center of both treatment and control polygons. A Spectra
LL30ON laser level was set up at a base location. Height measurements were taken relative to the
base station every 3m along tiape measure to establish base eiemat

Soil moisture readings wetaken at randomly selectedmspling locations within each
polygon. At each random locatiptinree sample readisgvere taken uag an Aquaterr EC 350
multimeterthat measurethe proportion of water irthe soil. Soil temperature was also recorded
at each of the sampling locatiomsterpretation of thenoisturereading scale is given ifable4.

Vegetation species ave recorded based on a general walking survey of the entire
polygon area Species diversity and a coarse estimate of coeezngcorded.
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Table4. Reading scale for thequaterr moisture metre
Per cent moisture
. Sand .
Silts (plots Interpretation *
Mw1701- | . (Plots
02) MW1703-
10)
98-100 96-100 Free water presertt.
71-97 61-95 Ample soil moisture for all plant
growth.
Water level is approaching stresg
conditions. For even drought
48-70 39-60 tolerant plantsirrigation is highly
recommended at the lower end @
this class.
Stress is apt to occur; most plant
37-47 29-38 will survive if conditions are
temporary.
26-36 11-28 Damaging stress to most plants
0-25 0-10 Permanent wilting death.

3.6 Biomasamonitoring

Biomass samples were taken usimg ldy 1m plotsoffset from permanent transects
established in 2013 including LMF01, GCF02MD, GCF02UD, GCF02LB, GCF02UB,
GCF0O3MD, GCF03UD, GCF03LB and GCFO3UHR4dp 8). All herbaceous vegetation was
clipped within each plofThevegetatiorcommunitiefound throughout theeservoirs disturbed
drawdown zone is largelsomprised okxotic specie$§Scholz andsibeau, 2014) We did not
separate out exotic from native speaidgen clipping biomassClippingswere collected in
paper bags in the field and transporfiddrying and weighingBiomass samples were also

! Reference chart from Aquaterr Instruments M, T & EC-300 and 350 user guide (https://www.forestry-
suppliers.com/Documents/2364 msds.pdf) , Coding i s meant as a reference an
optimal guide to all pl ant species and soil types duri |
% Moisture metreunit calibrated regularly in thigeld to read 100 in strait water.
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collectedfrom whatwas visually assessed as the most produtiiziesiteto date PLG1601 (

SEED 16MECH
LM F mechanical treatment no seeds

SEED-16 CWR
anada w1|drye seeding
PLG16-06 Seed 16FR
SBJ Fall e treatment
,04

[12015 poly gons and plots

[ 2016, Aspen Trees

72016, CONTROL

[ 12016, CUTTINGS Machine

§308 2016, Cottonwood Trees b
[0 2016, FALL RYE SEEDING; 2016, FallRye Seed
EE=32016, MECH TR ONLY

512016, PLUGS BJ

[=51 2018, planted lakeshore sedge plugs

I 2016, SEED C.LEN

[E=-12016, SEEDING C.W.RYE UTM Zoxtet 0 Disd 1 98y
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Map 3). PLG1601 was planted with lakeshore sedge plog2016 Four plotswere
collectedon permanent transexand three plots were collected on the east and west side of
PLG1601.

3.7 Analysis of monitoring data

Survival, cover of planted and total vegetation, dabal areaof vegetation were
summarized per treatment (plug, seeds or-sihake cuttings)year, elevation and terrain, and
results are displayed with a series of figures and maps.
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40 Results

4.1 2016 Hydrograph

The low pool water levefor 2016 was at 632.69mASL on April 19". The low pool
elevation wasaroundthe 90" percentile for low pool levels over the pastyir period. The
reservoir was held around the low pool level until late June when levels started to rise steadily.
Levels peaked miDctoberat 645.98mASL. Reservoir levelstayed below 639 mASL (the
lowest elevation oBBRGWORKS1 treatmentsfor 134 days between miéipril and the end of
July. The low mud flat areas were not fully inundated until September. Water levels peaked 2 m
below the lever edge of the buffer zone.
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Figurel. Hydrograph showinghe water levels in Carpenter Reservoir in 2014, 2015, and

2016 as well as the 1gears average
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4.2  Weather patternsin 2016

The earliest images from thieist monitoringcamera indicate that ice was gone from the
Gun Creek Fan prior to April 11, 261The calculated werage daily temperatures were above
zero degrees fd2 days prior to March 15andremained above 0°C until the faBased on tis
data March 15" was used asdate of inceptiorof the vegetation growing season and ufsed
tabulaing growing degree day@igure2).

The lowest treatedites at 639 mMASL consequently hathe shortest growing seaso
before inundation from the reservoir water levelegetation growing at 639mASL
accumulated1647 growing degree dayghrough mid-July (Table 5, Table 6). Sites at nd
elevation(between 64%47m ASL had a full growing seasowith between 2736 and 2870
AGDD and were not inundated until October 2016 The buffer zone iges (648651m)
experiencd between 2437 and a fuglowingseason of 2998GDD.
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Table5. Per cent ofvegetationgrowing seasoiper elevationbandby yearand monthin
Carpenter Reservoir in 201&reen indicategrowing season conditions that would result in
little to no negativaffect on plant growthyhile yellow=moderatampact,andred=highimpact

on vegetation.

Mid Upper
Low (LMF) Drawdown | Drawdown BUFFER

639 | 640 | 641 | 642 | 643 | 644 | 645 | 646 | 647 | 648 | 649 650
2014| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
March | 2015| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
2016 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 100
2014 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 100
April | 2015| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
2016| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 100
2014 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 100
May | 2015|23.1| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
2016| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 100

2014 275|32.3| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
June | 2015 2471 26.3| 28.4| 30.3 | 329| 100 | 100 | 100 | 100 | 100 100
2016 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100| 100 100
2014 39.1| 100 | 100 | 100 | 100 | 100 | 100 | 100 100
July | 2015 53.4 | 60.9| 100 | 100 | 100 100

2016 | 58.9| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100
2014 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100

Aug 70.6 | 100 | 100| 100
100 | 100|100 100

100 100| 100

Sept 100 100
100| 100

100| 100

Oct ol o] ol o] o] o] o | 100| 100
100| 100
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Table6. Total accumulated degree days (AGDd&d)low and mid elevationsom 2014 to
2016,as well as fothefull vegetatiorgrowing seasoandprecipitation levels.

Year | AGDD AGDD AGDD Total Precipitation Number of days
639m 645m March-Oct (mm,March 15 with minimum of
(Low) (mid) Oct31) 5mm precipitation
through growing
season.
2014 770 3032 3032 262 17
2015 987 2109 2999 260 15
2016 1647 2736 2870 244 15

During thegrowing seasoin 2016, a total of244 mm of precipitation was recorded in
the revegetation study areaver 73 days(Table 6). However, only ifteen of those day$ad
precipitationamountsgreater than 5Smr(Figure 2). Preciptation levels were slightly lower than
in 2015 and 2014.
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Figure2. Average daily temperatuig ) and total daily precipitatiogmm) over the study

area for BRGMON2 in 2016 The grey lox area representse vegetatiogrowing season.

26



SPLITROCK
€ cowerwis BRGMON-2 Carpenter Reservoir Riparian Vegetation Monitoring. Project ¥,e2018

4.3  Results of monitoring the 2014reatments

Revegetation trials in 2014vere focused on testing the efficacy manting different
native graminoidspecies at each of the main terrain types in the target riparian enhancement
area.Fifty-one 1X1m plotswere monitoredn 2017 on the Steep Beac{5TB) and Shallow
Beach(SHB) terrains Twenty-sevenof the plotsmonitored(53%) had surviing plantsthree
years post plantin¢Figure3, Figure4). Ten of 29 plotplantedwith grasse$34%)had between
oneandfour surviving plants, of poor to fair vigour. Species suigvwereFowl bluegrassKoa
palustrig in four plots, Foxtail barleyHordeum jubatumin three plots and slender wheatgrass
(Elymus trachycaulysn two plots.Seventeen of 21 lakeshore seg@s (81%) surveyed ha
betweentwo and 16surviving plants. Mostplants were classifiedsin fair vigour. Five sedge
plots were given a vigour rating of faw good.In generalplant survivalin 2017was the same
or lower than in 2016. Lakeshore sedgeplots on the Shallow beach continued to survine
2017 althoughtheir vigour rating isdecreasing over tim@&asal width growttwas on the lower
end of the growth rate observed in 2016 planting sites, where site conditions afavoorable
(see PLG1681 polygon resultsbelow).
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2014 1X1m plots,

GRASS - PL plots had 16 plugs.

RUSH 5 G plots had 9 plugs

SEED 2017 plant survival STEEP/BEACH

[71 CONTROL indicated

[T ICUTTINGS Bar

[ CUTTINGS Machine
[IPLUGS BJ

[ 1PLUGS BJ FERT
[T1PLUGS BJ and Sedge
[TT1PLUGS GR

[ PLUGS Sedge

[T SEEDFR CL

[71 SEED FR/BJ_FB

Figure3. Plots planted out in 2014nd monitored in 2017 at the Shallow Bea®HB)
terrain Yellow pointsare scaledto represenproportionatesurvival. PL plots =plots planted
with 16 plugs oflakeshore sedge, Glots planted with 9 plugs ofrgss specietsee Appendix
table for species deta)ls

28



\L SPLITROCK
\\ ,// ENVIRONMENTAL . . . . . . .
@ scowerwis BRGMON-2 Carpenter Reservoir Riparian Vegetation Monitoring. Project ¥&4118

SEDGE

2014 1X1m plots,
GRASS - PL plots had 16 plugs.
RUSH = G plots had 9 plugs
SEED 2017 plant survival

[]CONTROL indicated

[T ICUTTINGS Bar

[T I CUTTINGS Machine

[1PLUGS BJ

[ ]PLUGS BJ FERT N SHALLEOW
[T PLUGS BJ and Sedge y BEACH
[ PLUGS GR g

[T PLUGS Sedge

[ ISEEDFR CL

[ | SEED FR/BJ_FB

STEERIBEACH

Figure4. Plots planted out in 2014 and monitored in 2017 at the Steep Beach (STB) terrain.
Yellow points arescaled to represent proportionate survival. PL plots = plots planted with 16
plugs of lakeshore sedge, G= plots planted with 9 plugs of grass species (see Appendix table for
species details).

44  Results of monitoringthe 2015 treatments

4.4.1 Polygons planted with Lakeshoreedge

Survival of Lakeshore sedge plug (CLEN) within polygopianted in 2015 was high
againin 2017 Someplots even came out witklightly higher survival in 2017 than in 2016
(Figureb).
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Figureb. Variation in survival (%) in 2016 and 2017 of the CLEN plugs planted in 2015 at
nine polygons. Polygons are ordered from low (641m, CLEtOTILENOS), to mid elevations
(CLENO4 and 06 at 642m, CLENO7 at 643m, CLENOS8 at 643.5m, and CLENQ9 at 644m).
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CLENO1 CLENO2 CLENO3 CLENO5 CLENO4 CLENO6 CLENO7 CLENO8 CLENO9
Polygon

Figure®. Averagebasal width area (cm) in 2016 and 2017 of the CLEN plugs planted in
2015 at nine polygons. Polygoase ordered from low (641m, CLENO1 to CLENOS5), to mid
elevations (CLENO4 and 06 at 642m, CLENO7 at 643m, CLENO8 at 643.5m, and CLENQ9 at
644m).Error bars represe®TDev

Basal area of sedges has been observed to be a better measure of vegetatiomgrowth a
age than height of plant (A. Moody personal communication). Basal area measurements of
planted plugsin most 2015 polygonsindicatesgrowth in sedgedetween 2016 and 2017
PolygonCLEN 08 seemed to show a slight decline in groviRblygonsCLEN 03 and05 had
some of théviggestgrowth. Basal width increases were greater in polygons located belowm642
ASL (CLEN 01-02-03 & 05) than those above 642 m ASLhe plots closest to the river had the
greatest amount of growth (CLEN-Q2-03-05).

The qualitativevigor rating of planted plantsn all CLEN plots increased between 2016
and 2017; in 2016, 86% of the plugs were of fair vigour while only 2% were good and none were
in excellent conditions. In 2017, 7% were in excellent condition, 80% wefairiror good
conditions, and 14% were in poor conditions.
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Figure?. Averagecover of vegetation (%in 2017 of the CLEN plugs planted in 2015 at
nine polygons. Polygons are ordered from low (641m, CLENO1 to CLENO5), televdtions
(CLENO4 and 06 at 642m, CLENO7 at 643m, CLENOS8 at 643.5m, and CLENOQ9 at &4an).
bars represer@TDev.

There was igher cover of vegetatioon averagan some control and treated plots in
2017 Figure7) than in 2016 (see 2016 report).

Averagecover in vegetation was comparable between treatment and control plots in most
polygons in2017surveys The average cover provided by plantiEkeshore sedgalantsamong
2015 CLEN polygonsvas fairly evenin 2017 (Figure 8). Plant cover alues rangd between 1
and 8 per cent.PolygonsCLEN 03 and CEN 05 had higher average planted plant cdwer
cover ranged widely in these polygons.
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Figure8. Average cover of planted sedges in 2CLEnticularispolygon.

The vegetation coveeported in 2017or each plot includedative, exoticand (native)
planted vegetatiobut themajority of plantcover was made up of exotic spediEgyure9). The
non-plantedspecies that dominateggetationcover in CLEN plotsn 2017was a suite of small
annual exoticpecies The most common exotic speciaghe low mud flat vegetation waarsd
spurry Spergularia rubrg, but other exotic species commonly found inclddea dy 6 s t h u mt
(Persicaria maculosgp common knotweedPplygonum avicularg pineappleveed Matricaria
discoidea, and | a mb 6 €hengppodiumt atbuprsRar€¢ occurrences afative species
included marsh yellowcresRérippa palustri¥, foxtail barley Hordeum jubatury andcommon
horsetail Equisetum arven$et thehigher elevatiorpolygon CLENO9. While total vegetation
cover rarely exceeded 30 (Figure7), per centof total vegetation that was comprised rbtc
species ws consistently higher in control plats 2017and often equalled 100 % of all cover
(Figure9).
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Figure9. Proportion of total vegetation cover that was made up of exotic species 2017

the polygons treated 2015

4.4.2 Monitoring SeedPlot 01

The 2015 seeding trialgere intended to assess if seediegitmentsvould recruitnative
specis, particularlylakeshore sedgeeedlings Vegetation covewassimilar across treatments
and varied between 2 and 25 pent of total vegetatior-{gure10). The hghest and most
variable cover were ifall rye (FR) treatments. Cover of exotic species wasy high. Lakeshore
sedgeseedlings were tallied within each plot. Numbers of obserdgksseedlings was very
low with seedlingobserved ir6 of 25 plots (

Table 7). Only nine seedlings were observed in total’he polygon wherethe highest
frequencyof plots with seedlings was observedas within the FR/CIEN treatment. Although
numbers wereery low, seedlings were observed in polygons where treatment included sowing
seeds of either fall ryer lakeshore sedger a combination of both.
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FigurelO. Average cover of all vegetation (%) observed in 2017 245 seed plotOl
treatmentCON=control no treatment, FR=seeded fall rye, FR/CL=seeded fall rye and lakeshore
sedge, ClL=seeded lakeshore sedge, MECH=mechanical treatmenEooly.bars represent
STDev

Table7. Density ofLakeshore sedgseedlings observed in ZD1n theseed polygon trial
of 2015
Total
Treatment Frequency of number of Avg. No. .
Occurrence : seedlings/m¢
Seedlings
Seed 1501 CL 2 3 0.6
Seed 1901 FR 1 1 0.2
Seed 15lcon 0 0 0
Seed 151FR/CI 3 5 1
Seed 16lmech 0 0 0
Total 6 9 0.36
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4.5 Results of nonitoring the 2016 treatments

4.5.1C. lenticularispolygons

Polygons pantedwith plugs of lakeshore sedd€. lenticularig had good survivalin
2017in sevenpolygons planted in 2016-igure 11); only one plotwassampled with less than
70% survival, an@large majority of plots had 100% survival.

100 —
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Survival (%)

40

30

10

0 T T T T T T T

PLG16-01 1yr  PLG16-01 2yr PLG16-02 PLG16-03 PLG16-04 PLG16-05 PLG16-06
Polygon

Figurell Survival (%) in 2017 of thdakeshore sedgelugs planted in 2016 at seven
polygons. Four to nine plots were randomly sampled within each polygon.
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Figurel2. Average covein 2017 of lakeshore sedgéanted in2016 on the LowMud Flat
(LMF). Error bars represe&TDeV.

Plantedplugsmade up the majority of vegetation cover in all of the polygooms 2016
monitored in 2017(Figure 12, Figure 13, Figure 14). Cover of panted vegetation Q.
lenticularis) was highest in polygon PLGA®BL 2yr. The higher cover wasarkedlygreater in
this polygon than polygons P2, 03, 04, and O@-igure12).
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Figure 13. Proportion of vegetation cover (ave., %) from planted and exotic spe@€4 én

polygons sampled in 2017. The amount of vegetation cover varied by poBRigone(12, Figure
14).
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Figurel4. Total cover of vegetatiofave,%) in 2016 polygons sampled in 2Q1Error bars
represenSTDev
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Figurels. Total cover of exotic specie@ve, %)in 2016 polygons sampled in 2Q1Error
bars represer@TDev.

Exotic species cover was generally low (<3igure 15) but made up the bulk of cover
besidegplanted vegetatiorF{gure 13). Exotic species were from the same suite of exotic annuals
described irsection 4.4.1.

4.5.2 Seeding trials

Polygons treated withafl rye seed, lakeshore sedge sex€anada wildryseels,
andby mechanical treatment onhad low werall vegetation covehat differed litle between
treatment typesHigure16). Very low totalvegetation covewas noted in the sampled plots,
ranging from<1 per cento 9 per cent across all treatmemtiygons(Figure16).
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Figurel6. Total vegetation coveo) in the 2016 seeded plotsonitored in 2017. FR=Fall
Rye seeded, CL= lakeshore sedge seeded, CWR=Canada wildrye seeded, MECH= mechanical
treatment onlyError bars represe®TDev.

10
= 9
S
g 8
<
o 7
ko)
o 6 ®
o
(7]
L 5
S
s 4
tS
5 3
>
S 2
1
0
Seed 16 FR Seed-16CL SEED-16CWR Seed-16Mech
Polygon
Figurel?. Cover of &otic specis (Ave., %) in the plots seeded #0916 and monitored in

2017 Error barsSTDev
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Figurel8. Proportion of total vegetation cover made up by exotic spétithe plots seeded
in 2016 and monitored in 2017

The cover of exotic species was generally low (below 1B¥uyre 17), but comprised
close 10100 % of the vegetation cover in most pldigy(re18). The same species inthe2015
CLEN plots dominatel the exotic vegetatiotovers and spurr .y, |l ambdés quar
and common knotweed. Marsh yellow cresasthe most frequently occurring native species.
The size of b plants wastypically on thelow end ofthe speciegrowth potential (plants rarely
over 5¢cm in height)

Percent cover of. lenticularisseedlingsvas minimal andtherefore density tallies .
lenticularis seedlings wereecordedn 1X1m plots and in 3.99rtb0Om?2)diameter circular plots.
Only five ImX1m plots all located within the fall rye (FR) seed treatmdrad C. lenticularis
seedlingsNo seedlings occurden the 1X1m plots in the CWR, CL or MECH polygons.

Within the 50m?2 plots C. lenticulariscolonizaton was observed in each of the polygon
types. The area with the highest densityQf lenticulais seedlings was théall rye (FR)
treatment polygonTable8). C. lenticularisseedlings were recorded in 50% of plots within the
polygon seeded.
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was statistically significant among polygois{.2, p=0.0014

Polygon | Number Frequencyof Total numbeof | Average number
of plots occurrence (# seedlings of seedlings per
plots) polygon
CWR 4 1 3 0.75
MECH 9 1 1 0.11
CL 10 5 8 0.8
FR 8 7 140 17.5
Total 31 14 152 4.9

4.6. Results ofmonitoring the 2017treatments

Frequency of occurrence of. lenticularis seedlings and total number of
seedlings readed in the3.99m diameter (50m?2) plois 2017.The average number of seedlings

The polygons dedicated fanachinework riparian treatment 2017were characterized
prior to treatmentvith collection of site, vegetation, topographic and soil moisture ddte.
treatedpolygonsvariedin aspect and elevatipfrom a low of 639m ASL to ahigh of 650m

ASL

(Map

10,

Map

11).
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Map 10. Map ofthe polygons treated by machine work in tlmev Mud Flats(LMF) and Gun Creek Fan Eq&CFE) terrains
in 2017 along withcontrol areas.
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Map 11 Map of the polygons treated by machine work i@ @un Creek Fan West (GCFW) terrains in 2017, along with control
areas.
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Substrate and soil characteristics were gathered fortezatimentand controlpolygon
Broad differences in elevation and substrate were observed. The lowest elevbtimmp were
in the Low Mud Fla{LMF) terrain situated at 63%40 m ASL. The trendmoving fromlow to
higher elevation polygonshoweda progression fronfine silts to coarsesand textured soils
Coarse fragment conteriiso rose with elevation, and thsubstrate cmposition and ceer
changed from a dominance of mineral soil to predominantly ab¢kgher elevationéTable9).
Drainage ratings incesed and therefore ater retention capacity of soils decrehseith
increasing elevation.
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Table9. Site characteristics of control polygons and polygons treated by machine work in 2017.
Est. Soil Coarse
Site ID Soil Drainage moisture Fragment  Soil Texture Substrate Cover
regime Content
Rock Mineral Organics Water Wood Bedrock

MW1701 Imperfectly Drained Hygric <35% Silt 0 100 0 0 0 0
MW1701 con Imperfectly Drained Sub-Hygric <35% Silt 0 100 0 0 0 0
MW1702 Imperfectly Drained Sub-Hygric <35% Silt 0.2 98.8 0 0 1 0
MW1702 con  Imperfectly Drained Sub-Hygric <35% Silt 0.1 98.99 0 0 1 0
Mw 1703 Well Drained Sub-Hygric >35% <70% Loam 42 55 0 0 3 0
MW1703 con  Well Drained Sub-Hygric  >35% <70% Loam 39 60 0 0 1 0
MW1704con  Imperfectly Drained Sub-Hygric  >35% <70% Loam 43 67 0 0 0 0
MW1704 Imperfectly Drained Sub-Hygric >35% <70% Loam 35 64.5 0 0 0.5 0
MW1705 Imperfectly Drained SubXeric >35% <70% Loam 60 39.5 0 0 0.5 0
MW1705 con  Imperfectly Drained SubXeric <35% Loam 30 68 0 0 2 0
MW1706 Imperfectly Drained SubXeric >70% Sand 70 25 0 0 5 0
MW1706con Moderately Well SubXeric >35% <70% Sand 50 40 0 0 10 0
MW1708 Rapidly Drained SubXeric >35% <70% Sand 25 75 0 0 0 0
MW1708con  Rapidly Drained SubXeric >35% <70% Sand 5 95 0 0 0 0
MW1709 Rapidly Drained SubXeric >70% Sand 75 25 0 0 0 0
MW1709con  Rapidly Drained SubXeric >70% Loamy Sand | 75 25 0 0 0 0
MW1710 Rapidly Drained Sub Xeric >70% Loamy Sand | 81 10 1 0 8 0
MW1710con  Rapidly Drained SubXeric >70% Loamy Sand | 86 8 1 0 5 0
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Posttreatment results ofmonitoring vegetation species, cover and distribution across
each of thereatedpolygons indicated an overall immediate decline in spemhaessand cover
as compared taontrol polygons(Figure 19). This result is explained by the fact thdte
machined polygons were completely disturleth most of theoriginal vegetation burieduring
the mounding proces§omeplants dd howeversurvive the mounding procegsarticularly in
higher elevation polygons that had higher-2I8%) initial vegetation cover.

In total, 26 exotic and 21 native species were recorded across all polygons. Higher
elevation polygonsadincreased speaaiversity and covgiFigurel19, Figure20).
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Figurel9. Total cover of vegetation (%) following treatment in 204ithin the riparian
enhancement polygons.
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Figure20. Proportion of native and exotic species in tianian enhancement polygon
following treatment in 2017.

4.6.1 Soil moistureand temperature in machinework ed polygons

Soil moisture was recorded at polygons treated by machine and associatedsitstrol
through the growing season in 2017. Data was collected in April, May and June at as many of
the treatment sites as time would allow. April readimpgeceded treatments.
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Figure2l. Soil moisture over the three spring months (April, May and June) for each
machineworkedplot. * means sampled in AM, ** means sampled in PM, no asterisk means no
info on sampling time. Shading illustrates the water moisture interpretation (silt for MW1701
and MW1702, sand for the other plots; 3able4. Reading scale for théor interpretation of

the grey scale colours.)

Both treated and control polygs situated at higher elevations in the drawdown
(MW1706-08-09-10) had lower moisture readings than lower elevation poly@biggire 21).
This moisture trend fits with increase in coarseness of soils and substrates with increasing
elevation. By June, high elevation polygons had moisture levels considered stressful for plant

survival and growth. There tended to be a broad range of moisadmgs with both treated and
control polygons.
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Figure22. Soil temperature (°C) over the three spring months (April, May and June) for each
of the machineworked plots. * means sampled in AM, ** means sampled in PM,asterisk
means no info on sampling time.

Temperature recorded in April preceded any machiwerk treatment. Temperature
readingsdiffered by several degrees between control and treatment polygetregireent in
MW1701 andMw1702 (Figure 22). Temperatures were fairly consistent between control and
treated polygons post treatment (May and June readiimgs,e22). Temperatures were equal to
or slightly lower in treated polygons in May and June for MW1701, 02, 03, 04, 06, 08, 09, and
10. The only polygon where temperatures were equal or higher in treatment polygons was in
MW1705 in May, by up to 4.5°C. Readings the control of MW1705 were taken in the
morning while the readings in the adjacent treated polygon were taken nmdtadternoon of
the previous day. It is thugely the variationsea in May at this polygon is reflective of the
daily variation in tenperature rather than difference between the control and treated sites.
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4.6.2 Topographic change in machingvorked polygons

Elevation readings were taken before and after contothanghachinevorked polygons
Groundlevel change was typically in tleeder of 30 cm +/post machine treatmentSigure23,
Figure24). Polygon MW1702 was an exception, as it is a polygon where an effort ages tm
create much greater difference in elevation. Ground elevations in sections of MW1702 were
increased by 2m above previous levélg(re25, Figure26).
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Figure23. Difference in elevationgcm) after treatment by machimelative to ground level
(0Ocm)in MW1701in 2017
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Figure24. Difference inground levelelevations (cm) after treatment by machine relative to
ground level (0 cm) in MW1706 in May 2017
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Figure25. Difference inground levelelevations (cm) after treatment by machine relative to
ground level (0 cm) in MW1702 in 2017
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SEKW’EL'WAS

Figure26. Permanent photpoint showing before and after machiwwerk enhancement at
polygon MW1702 in 2017.

4.7  Biomass ampling

Biomass samples collected at permanent monitoring trankeat Mud flatO1 (LMFO1,
640 mASL) were verjow averaging<50kg/ha Figure27). Mid drawdown plot$sun Creek Fan
Mid Drawdown (GCFMD, 644 mASL)also producedlow but wide-rangingbiomass weights
(between 1 and 75 kg/ha). Samplegpatmanent transect Gun Creek Fan Mid Drawdown 02
(GCFMDO02 were low and likely lower than they would haveeendue to two plotsfalling
within MW 1705 machineworks treatmentpolygon Gun Creek Fan upper drawdo@CFUD
647.5 m ASL)biomass sampleseighed up to 135 kg/ha. Sample plots in the lower buffer zone
produced some of the highest biomass weights among permanent transects plots (between 150
300 kg/ha). Finally, samples froun Creek Fan pberBuffer (GCFUB)zone at the two Gun
Creek Fan site praduced a range of biomass between-1Z9 kg/ha). Overall, samples taken
within 2016 treatment polygon PLG160(b640, Map 3) producedsignificantly higher biomass
than other samplesith an averagbiomass sample weighirayer 1500 kg/ha The bulk of the
PLG sample was made up of mature C. lenticularis plants that had been plantezhtraent
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Figure27. Biomass(kg/ha)collected in P17 at permanent transect sites ahtteatment site
PLG1601 all herbaceous vegetation sampledor barsSTDev.

4.8 Live-stake attings and general gasssurvival in 2017

Polygons located at the Steep Beé8HiB), Shallow Beach{SHB), and Gun Creek Fan
East (GCFE) terrainswere monitored for survival ofive-stake cuttings and plantings of
bluejoint wildrye and or lakeshore ggin 2017

4.8.1 Steep Beach (STB)wvegetationpolygons

Survival of live-stake cuttings planted in polygon$ Steep Beacherrain (in 2014 or
2015)remained relatively stablith some slight declineketween 201@&nd2017 figure 28).
The polygons planted ir2015 and locatedat mid beach continued to sustain the best survival
with around 30 per cent. Tipwlygons on thevest end rock wall had the lowest surviiralive-
stake cuttings

Polygonsplanted with nursergrown plugs maintainech 2017 survival rates similar to
2016 thoughwith some slight declines={gure28). The sedge strip planted in 2014 had gdar
decline in survivain 2017 as compared #016,asthe numbers of live planted sedges dropped
by half.
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Figure28. Polygons monitored for survival in 2017 on tBeep BeacliSTB) terrain Yellow text boxes indicate areaonitored

in 2017.
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4.8.2 Shallow Beach (SHB)avegetation plygons

Three polygons dlive-stakecuttings have been planted since 2014 at the Shallow Beach
terrain(Error! Reference source not found). Survival was highest at the polygon located at the
est endand planted in 2016, followed hige centrally located polyggmanted in 2015Survival
at the 2015 polygodeclined by 10%rom 2016.The single survivindive-stake stenfrom the
2014 plantings observed in 2016 continued to survive in 2017.

Six polygons planted with plugsn SHB terrainwere visually monitored in 201Two
polygons planted with bluejoint reedgrdssilow suwival similar to 2016with additional slight
declines The east end polygon that was reportedly disrupted by animal activity in 2016 (see
2016 BRGMON 2 final report Scholz and Gibeau, 204t8) had very low survivalThe other
three lakeshore sedge pgbnsshowed declines in sedge survivelhe 2014 planted sedge strip
saw a 50% drop in survivath 2017 from 2016.The polygon planted across the lowest treated
elevations(642m) (SHB15CLEN 2015) maintained a relativelfigh rate of surviving plants.
Plants in the SHB18CLEN were observed to be producing sdedire29).

Cuttings trials at the Shallow Beach spanned 3 years (22046, Map 12). 2014
treatmetshad only one sur vi vi ngurvicalpér tenterlinedtbynl€% 2 01 5
from 2016 monitoring results. The 2016 planted polygon had high survival post one year since
treatment.
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58



PLITROCK
\\\L/// g‘wmowg\:crm
SEKW'EL'WAS

BRGMON-2 Carpenter Reservoir Riparian Vegetation Monitoring. Project ¥,&418

Figure29. Mature and seeding plants odkeshore sedge Shallow Beacherrain in 2017
(polygonSHB15CLEN).

4.8.3 Gun Creek Fan Eas{GCFE) revegetation polygons

Polygons planted withive-stakecuttings in 2014, 2015 and 2016 on the Gun Creek Fan
East were monitored for survival in 201@verall survivalwas either similar to or slightly
declined from 2016anging from 0 to 70%Figure 30). Live-stake attings planted below 644
MASL in 2015and 2014 hd nosurvival. Many plantings have not survived, treatments located
closer to Gun Creek and at higher elevations have had higher survival fatesjority of
surviving cuttings were willow.

Rooted black cottonwood stock was planted into two polygo2916 GCFE_Cots and
CT16_stumps and monitoring in 2017 indicated sapling survival rates of 68% and 88%,
respectively Eigure30). Sixty-three per cent of surviving cottonwoods in polygon CT16_stumps
were rated in good or excellent vigor.
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Figure30. Polygons monitored for survival in 2017 on the Gun Creek Fan(B&fE) terrain. Yellow text boxes indicate area
monitored in 2017.
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Three polygons planted with bluejoint reedgrass (HH16, FF16 and GG16) were visually
assessed for plant establishment and suruivaD17 Bluejoint plants were estashingwell in
each of these polygons witliger good to excellentHjgure 31). Polygons located to the north
werealsoobserved to have good surviv@rass planted in polygorisJ1601, BJ1602, BJ1603,
andBJ1604wereobserved to be surviving well with good vigéolygonsBJ1605 and BJ1606
were upper elevation polygsplantedwith bluejoint reedgrass, and plants in those two polygons
were struggling igure 32). Both polygons had compact coarse substrates with historic rubble
from buildings dating to Minto town days.
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Figure31. Example of survivingand vigorousbluejoint reedgrass planted in 2016 @un
Creek Fan Eagpolygon FF18.
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Figure32. Small bluejoint plaréd in 2016 struggling to grow in the coarse compact
substrate of polygon BJ4®5 in 2017
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50 Discussion
5.1  Hydrograph and climate for the growing seasorin 2016

The hydrographn Carpenter Reservowasabnormal for the 2016 growing season. The
low pool elevatiorachieved in 2016vaswell above the 90 percentilefor low pool elevations
recorded over thpast18 years but was held longer at low pool than most other yeaitisjras r
water levels did not begin to impact riparian enhancement treatment areas until July. The low
mud flat areas below 64@ASL, wheretrials of seeding and sedge planting2itil5 and 206
were situated, were affected by floodingly in late August 2016 Thus, the low mud flat
polygons had a relatively extended growing season that would have enabled mature plants to
produce and disperse seed. Moreover, the growing season of vegetalevatains above 642
MASL was notaffected by inundatioat allin 2016. Therefore, growing seasoshortened by
inundationwas not a factor affecting revegetation trials in 204éversely, plants adapted to
inundation and higher moisture levels did erperience the benefits of inundation in 2016.

A slightly lower amount of precipitation fell during the late spring and summer months of
2016 than in other treatment yearsHowever, he number of precipitation events with a
reasonable amount of rainfallas the same as in 201%oil moisture samplingndicatethat by
June vegetation aimid and upper elevatisrexperiened moisture conditionsow enough to be
classifiedas dry enough to beé Damagi ng s pt a.dtsissebident that atthigher
elevations periodic moisture stress was a key environmental faatangl the 2016 growing
seasonlt is likely this was the case on all terraimhere precipitation washe predominant
source of moisture and theeibstrate vas coarse. We observed a range spil temperature
throughout the dapy as much as 5°. Aimilar variation in soil moisturenay be exist, rther
investigationwould be required to determinegbil moisture levels fluctuatenough on aaily
basis to affect plant stress levels

Microsite moisture retentions of greater concern in the upper drawdown zone where
soils are coarse and access to surfacegamgnd water is limited to nilRiparian enhancement
trials initiated in 2017 with machine contourirglpould increasediversity of site noisture
retention South facing slopes will be warmer and drier than north facing slgpesid not
detecta variationin soil moisturewith our randomized moisture sampling.may be worth
investigating to what extend the slopes véng moisture retertion by stratifying moisture
samplingwithin slopesand aspectsp determine if therés an optimunplanting zone within the
micro-topography. It would also help to decide ddditional action is required to improve site
moisture retention such as mulahior supplemental watering.

5.2  Success of revegetation o8teep Beaclterrain (STB)

The monitoringin 2017 ofriparian enhancement treatments from 22046 onSteep
Beach(STB) terrainindicate low survival with a general decline through time. Most of the losses
were experienced in the first season after treatment (See BRGMON 2 findings in Scholz and
Gibeau, 2015 and 2016)reatmentdrom 2014 yieldecexamples okurviving lakeshore skge
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and bluejoint reedgrass plugsth plants of fair vigor. For examplegedge plants were usually
short, sparsely leavedand showing little growth(Figure 33). Without the nutrient inputs
typically contributed from decomposition of organic maitenatural ecosystemthere are few
organic inputs to support lortgrm healthy plant growtlin the STB terrain Supplemental
fertilization will likely be requiredon STB terrainto support robust growth among surviving
plants.

At the steep beach some of the 2@4lenticularisplanting trials are surviving. There
does not appear to be any elevation pattern with survival, plots at lown{&882) and uper
drawdown elevations (64MASL) have had high survivallt wasobviousagainin 2017that the
unconsolidated substrate of tsteepbeachterrainis a physical dctornegatively affectinglant
survival. Under flood conditionghe loose substratand sloping terrainof the steep beacis
mobilizedby wave and water forceSuch erosiofnas leado plugs being extruded from sa@hd
to exposure of plant roots, eventually leadingptantsdying. This is likely the cause of the
massive losses from th@® 25 polygons anted with grass and sedge plugs, a2BE5 plantings
were flooded after a short first growing sea On the contrarythe 2014 plantings were not
flooded until after two growing seasqradlowing roots to anchor planendenabling thento
withstandbetter theerosive forces of waves and water.

Figure33. Example of plantededges on STB terrain surviving with fair vigor but showing
little growth (plot PL22 at 644 mASLjeft in theinitial growing seasom 2014 rightthree years
later in2017)

Plantings of livestake attings follow a similar trend at the steep beach terrain, with
initial high losesfollowed by slow declines survival The polygon with the best survivahd
vigor (Figure 35) in plantedlive-stakecuttingswas locatd centrally on the steep beaoétween
644m and 64@. Good vigor and growth gre alsoobserved amanthe survivinglive-stake
cuttings planted in 2014t the west end of the bea@h4m649m elevation. This polygon had a
south west aspect vs a south east aspect held by the other 2014 and 2015 polygons.
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