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ABSTRACT

The primary goal of thisthesis project was to assess the potential for conducting
eelgrass (Zostera marina) restoration in the Squamish Estuary, British Columbia.
Eelgrass restoration was considered from a community-based approach as a meansto
restore critical fisheries habitat and other key ecosystem servicesin the estuary. These
processes have been negatively affected by the loss of estuarine habitat caused by past
and present industrial, commercial and residential development in the Squamish Estuary
and its surrounding watersheds. An assessment of the restoration of eelgrassin this area
must take into account the dynamic environmental characteristics of thisregion, in order
to determine if they meet the habitat requirements for eelgrass survival and growth, which
has not been previoudly studied in fjordal estuaries. Test plots of eelgrass were planted
at two sitesin the estuary, Cattermole Slough (CAT) and Stawamus Estuary (STA), in
order to assess the survivorship of eelgrass, aswell as the physical/chemical variablesin
these two locations. The sites were monitored for six months post-transplant for water
column variables, including Secchi depth, temperature, salinity, conductivity and
dissolved oxygen, as well as the particle size class distribution and organic content of the
surface substrate at both sites. Within the monitoring timeline of this project, eelgrass
survivorship was within the wide range reported for other transplant projects (CAT:
20.80% and STA: 5.33%). No significant difference was found between the two sites, in
terms of transplant survivorship, blade length or the majority of physical and chemical
variables measured. Furthermore, the range for all of the variables measured was within

that known to support eelgrass in other regions of the Pacific Northwest. Therefore, it



was concluded that transplant survival is possible in these two regions of the Squamish
Estuary. However,based on the data collected, a relationship between eelgrass
survivorship and the environmental parameters could not be established. The
establishment of atransplant and monitoring methodology and the baseline

physical/chemical information collected through monitoring provide the necessary

information to conduct future eelgrass restoration projects in the Squamish Estuary. This

protocol, along with the results and recommendations from this project, have assessed the

feasibility of conducting eelgrass restoration by community groups in the Squamish
Estuary, with relevance to similar coastal communities in British Columbia and the

contiguous Pacific Northwest.
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DEDICATION

To all the eelgrass in fjordal British Columbia — let there be light!
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INTRODUCING THE SQUAMISH ESTUARY

A Scientist’s Narrative of Place and Space

You first glimpse the Squamish Valley as your vehicle careens around the corner on
the Sea to Sky Highway. Fromits source at the head of the Sound, a plume of aqua-blue
glacial water swirlsits way into the darkness of Howe Sound. Show-clad mountain peaks
and craggy glaciers originating in the Coast Range dominate the landscape. The town of
Squamish nestles between the river channels and green flanks of a large estuary to the
west side of town.

But that is your last view of the estuary — there are more important things to watch
for on thisroad. Skiersfrom Whistler slalom at breakneck speed on their drive home to
Vancouver. Landslides are common, and the occasional bridge has been known to wipe-
out completely, sending vehicles into the ocean. Monolithic Stawamus Chief rises at the
edge of the highway, and drivers crane their heads to view climbers clambering to the
top.

On every trip through town you count the new housing developments, golf courses
and shopping centres lining the highway, spurred by the impending Olympics boom. A
new private liberal arts university is even setting up shop on what used to be a clear-cut.
The sign at the city limits welcomes you to the “ Outdoor Recreation Capital of Canada”
— echoed by roof racks of kayaks, windsurfers, mountain bikes, skis and snowboards, all
dependent on the natural capital that the region has to offer.

But, if you turn off the highway and head downtown, the legacy of a timber town is
still evident: cheap hotels, sorting yards, and the constant drone of heavy machinery.
You' ve entered the Squamish transition zone: from resource to service economy, from
freshwater water sheds to marine tides, from natural systemsto built environments. In this
economic and demographic transition, the health of the natural ecosystems of the Estuary
has been ignored at the expense of human enterprise. Yet, this estuary is pivotal to the
viability of regional marine resources and tourism, and emblematic of an emerging Sea to
Sy ethic, a sense of place fundamental to the viability of the evolving community.

At the edges of the downtown core you park the car and follow signs to the Estuary
Trail. A committed group of locals are responsible for the creation and marking of the
trail system that curves throughout the marsh and woods abutting the large estuary. They
are the stewards of thisregion, preserving the ecological treasure of the estuary from
future development and helping to restore it from an industrial past. You make your way
to the water’ s edge and search for signs of life.

vii



TABLE OF CONTENTS

AB ST RACT ..t ettt e e e e et il
ACKNOWLEDGEMENTS ...ttt e et et e e \Y
DEDICATION . . ottt ittt ettt e e e e e et e et e e e e et e e e aneeeeeens Vi
INTRODUCING THE SQUAMISH ESTUARY ..ottt e Vil
TABLE OF CONTENT S .. oottt ittt ettt ettt et et e e e e et e e e e e e n e viii

LIST OF TABLES. ... ...ttt ettt e ettt et e ae e e e ae s X
LIST OF FIGURES. ...ttt ettt et ettt nes Xi

LIST OF ACRONYMS ...ttt et e et e ettt et e e e e e Xiii
CHAPTER 1: General INtrodUCTION .......ccoiiiiiiieieeie ettt s 1
I g1 0o 8ot o) o 1SS 1
1.2 Squamish Estuary Sit€ DESCIIPLION.........coieiiireeeeie et 2
1.3 EStUANNE ManagemMENT.........c.ccoveieeieeee e eiesee e eee et ee e ae e s saeeneesneenseeneesneenns 15
1.4 Squamish Estuary Community-based ReStOration............ccoceeeieereeiieseeniensieseesieenens 17
1.5 PrOJECE OVEIVIEW ....c.eeeieeieeesieete et ee s ae e s e e eneesae e sesneesseensesneesneensesneesseenses 19
1.6 Overview Of TheSIS ChapLEr'S........cooiiiiieeieeeree e 21
CHAPTER 2: LIiterature REVIEW..........c.ouiiiiiiiiiiii it ettt et 23
P28 R 11 0o U Tox 1 oo PR 23
2.2 Eelgrass Biology and ECOIOQY .......ccvereeerreerieseeseesieseesieete e sre e esse e e eee e 24
2.3 The Functional Value Of EElgrass.........ccooouriiieriinienenesieee e 30
2.4 Causes Of EElgrass DECHINE......ccvieieee ettt 36
2.5 Eelgrass Ecology and REStOratioN..........c.cueieeriereeieesie e e 39
2.6 Environmental Controls on Eelgrass Distribution and Restoration............cccccevveenee.. 40
A == [0 €= S SR R (= (o = 1 o o 44
2.8 A Review of Eelgrass Transplant Projects..........ccoereeieneeneniie e 49
CHAPTER 3: MethodOolOgy.......coooiiiiiiiii ittt 58
T =c [0 = S SR I =11 o] = 1 58
A == [o =SSR 1Y K] 11 (] 1 oo TSRS 71
3.3 Water Column VariableS..........coerieiiiiiisise et 72
3.4 Sediment CharaCteriStiCS........uuiiiieieeie ettt 74
RS = 1S (o= AN = Y2 77
3.6 Remote Sensing and Mapping Of Eelgrass..........cccveeririnirnenie e 79
3.7 SUMIM@IY ettt ettt sttt e sse e s bt e st e e st e e aabe e e s ab e e e anseeesneessneesnneeesnbeeesaneeenns 80

viii



CHAPTER 4: RESUILS ...ttt e 82

4.1 Eelgrass TranSplantS .......ccccceieeieeiese et e e reenesneenneennens 82
4.2 Water Column Variables..........coeiieiiiieee e e 85
4.3 Sediment CharaCleriSHICS. ......ovuiriiiireriserie ettt sresre i 91
4.4 Eelgrass Mapping & Videography ..........cceieereeeiieseeie e e e se e e 95
IS 11 010 0= YRS 96
CHAPTER 5: DISCUSSION......cc ittt ettt et st e st ettt e e e e e 97

5.1 Eelgrass TranSplantS ........coceeieeieiieiieiesee et ae e sae b ae e nne e 97
5.2 PhySiCal VariablEs........cccueiieeeeece st 106
5.3 Mapping and Videography ..........cccueieerinienieie e 117
o4 0107 119
CHAPTER 6: Summary & Recommendations.............ccccvuveiveieeieeienenn i e 120
6.1 SUMMary Of ProjeCt RESUILS..........ooiiiiiiei e 120
6.2 Recommendations for Future Transplant Projects..........cccevveeerieereeceeseessseeseeeens 122
6.3 Community-based Research COMPONENLS..........ccooeeiirirreeiesee e 132
6.4 Conclusion: Realization of Project ObJECHIVES ........cccveceeveerieceeseee e 137
REFERENCGES.... ...ttt et ettt e e e et 140

APPENAIX Az PROTOS. .. .eiie i e e e et ea e e e e e e e 149
Appendix B: MONITOrNG DAta............uvvuiieniiriiii it 168



LIST OF TABLES

Table 2.1 Guidelines for actions and conditions that can increase the probability of

TrANSPIANE SUCCESS. .. .. ve et e et et e e e e e v e e e e e e 53
Table 4.1 Squamish Estuary transplant site eelgrass shoot survivorship....................82
Table 4.2 T-test for spatial, site differencesin eelgrass survivorship..............o.veenee 83
Table 4.3 Independent t-test of blade lengths at each site (January monitoring)........... 84

Table 4.4 Physical characteristics of areas where eelgrass occurs along
the North PacifiC COaSt .........c.ooiiiii e e 85

Table 4.5 ANOVA testsfor spatial (site) and temporal (date) differences
for monitored water-column variables. ..o 87

Table 4.6 Spatial and temporal variation of surface conditions at water
quality monitoring stations based on the Beaufort Scale...............ccoc.vei.e. 88

Table 4.7 ANOVA'sof spatial variability of particle size classes
aNd OrganiC CONLENT. .. ... .u it e e e e e e e e e e e e e aanaas 95



LIST OF FIGURES

Figure 1.1 Squamish River drainage basin...........ooviiiiiii e i e e e ee e 3
Figure 1.2 Diagrammatic representation of the Squamish River delta

indicating geologiCal @reas..........coviiiiii 8
Figure 1.3 Mgor sources of pollutants for the Squamish River Estuary

AN HOWE SOUNG... ...t et 11
i:i gure 2.1 Major morphological features of Zosteramarina................coooveiviinnnen 25
Figure 2.2 Mgjor processes involved in the elemental dynamics

Of SEAOIASS SYSLEMIS. .. et it et et et et e e e e e e e e e 35
Figure 3.1 SQUamish EStUAIY........ivn e e e e e e e e e e e e e eae e 59
Figure 3.2 Eelgrass Transplant Sites and Water Quality Monitoring Stations.............. 61

Figure 3.3 HOWE SOUN. ........uieiii i et et e e reee e e eee 200D

Figure 3.4 Lower Mainland, British Columbia............coouiiiiiiiii i,
Figure 3.5 Roberts Bank DONOr SITE........c.uie it e e
Figure 3.6 E&lgrass ANCIOr. ... ...v i e e e e
Figure 3.7 Secchi Disc attached tO rope. ..o i e
Figure3.8 YSI B3 Probe. .. ....cuvee i
Figure 3.9 Plastic cores with caps, and bUCKELS. ...........ooieiiiiiiii e

Figure 3.10 SeaViewer model underwater Camera..........oovevvveieiiieiiiiieieeee e

Figure 4.1 Number of eelgrass shoots planted and counted during monitoring.............

Figure 4.2 Pre-transplant frequency distribution of eelgrass
of blade lengths (all SIteS).........ccvviiii e

Figure 4.3 Post-transplant (January monitoring) distribution
of blade lengths (all SIteS).........oei i

i:igure 4.4 Spatial and temporal variation of average Secchi depths at water quality
MONITONTNG SEALTIONS. .. ...t ettt et e e e vt e e et e e aeenns

Xi



Figure 4.5 Spatial and temporal variation of average temperature at water quality
MONITONTNG SEALIONS. .. ...ttt e et e e e e e et e e e e et e e e 89

Figure 4.6 Spatial and temporal variation of average salinities at water quality
MONITONNG StALIONS. .. ... e e e e e e e ie e e e e eneeneeeeeennen e 90

Figure 4.7 Spatial and temporal variation of dissolved oxygen (mg/L) at water

quality MONItoring SEALIONS. .. ... .c. et ettt et e e 91
Figure 4.8 Between site difference in substrate size class composition...................... 92
Figure 4.9 Between site difference in organic content (by sizeclass)....................... 93
Figure 4.10 Sub-site differencesin organic content (% DW SIZ€)..........cccviviieenennen. 9

Xii



LIST OF ACRONYMS
ANOVA —analysis of variance
B.C. — British Columbia
DFO — Department of Fisheries and Oceans Canada
DO — dissolved oxygen
DW —dry weight
FREMP — Fraser River Estuary Management Plan
GPS —global positioning system
LAI —leaf areaindex
MANOVA — multiple analysis of variance
MLLW — mean low lower water
NTDB — National Topographic Database
PAR — photosynthetically active radiation
RM - repeated measures
SAV - submerged aguatic vegetation
SCUBA - self-contained underwater breathing apparatus
SECC — Squamish Estuary Coordinating Committee
SECS — Squamish Estuary Conservation Society
SEMC — Squamish Estuary Management Committee
SEMP — Squamish Estuary Management Plan
SER — Society for Ecological Restoration
SERC — Squamish Estuary Review Committee

SRWS — Squamish River Watershed Society

Xiii



	ABSTRACT
	ACKNOWLEDGEMENTS
	DEDICATION
	INTRODUCING THE SQUAMISH ESTUARY
	A Scientist’s Narrative of Place and Space
	TABLE OF CONTENTS
	ABSTRACT………………………………………………………………………………………………..…ii
	CHAPTER 1: General Introduction	1
	LIST OF TABLES
	LIST OF FIGURES
	Figure 3.8 YSI 63 probe………………………………………………………………....73
	LIST OF ACRONYMS

