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Friends of Semiahmoo Bay Society (FOSBS)
FoSBS is a transboundary, project-focused stewgrdgsbup working to conserve marine,
estuarine and watershed ecosystems in the lowseFRiver Delta and Boundary Bay.
Project partners include non-profit groups, Firatibihs, business, schools and government
agencies to share resources to achieve commonreatisa and educational goals. For
further information visitwww.birdsonthebay.ca

Margaret Cuthbert, volunteer Executive Director gadt President of FOSBS first became
enthused about forage fish and their importane aftending one of Dan Penttila’s
presentations in 2000.
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SECTION ONE:

Background to the Project

Forage fish species are small, schooling fishesifig, sand lance, surf smelt and
capelin) that are important prey for fish (eg. sabmrockfish, and lingcod), marine
mammals (including the endangered humpback whaey seabirds (eg. Marbled
Murrelets, puffins, auklets and others). In tdorage fish predators like salmon, ling cod
and rockfish become prey for larger animals sucbeass, sea lions, killer whales and form
commercial fisheries important to the economic ausbility of coastal communities.
From their eggs, larvae to adults, forage fish tuel coastal marine food chain and may be
important to the recovery of local salmon runs.irfjifive percent of the diet of juvenile
salmon and 60% of the diet of Chinook are comprigeRacific sand lanceA(mmodytes
hexapterus) Surf smelt Klypomesus pretiosushake up an important part of the diet of
our provincially listed coastal cutthroat trout émdl trout .

Throughout the Strait of Georgia, fish stocks hdraamatically declined. Lingcod,
rockfish and some Pacific salmon species are omigesof the major commercial fish
species in decline. Seabird populations throughgnitish Columbia and Washington
State are also decreasing. As well, marine spestiel as the southern resident killer
whale, dependent on salmon runs, have been listeth@angered. Many of these species
depend on bait or “forage” fishes as prey. Spawhabitat of forage fishes is located in
nearshore marine environments, an environment lyeawpacted by human development
and recreation.

Documenting and protecting forage fish spawningitags is a priority for the
Friends of Semiahmoo Bay Society. In Boundary Bhgre is little information on the
current extent and health of the spawning habuétserring and no information on the
spawning habitat of surf smelt and Pacific san@ddarsurf smelt and sand lance spawn in
gravel/sand beach habitats in the upper one tliitdeointertidal zone (Figure 1)Current
spawning habitats of surf smelt and sand lance bae&s documented throughout the US
coasts of the Juan de Fuca Strait, San Juan Island€Puget Sound (Penttila 2000, 2001).
In Canada, eelgrass beds are protected as cifisbahabitat under Fisheries and Oceans
Canadd‘'no-net loss policy (FederdFisheries Act).Protecting forage fish spawning and
rearing habitats will have positive benefits bytpoting a vital food source for numerous
marine predators. Fisheries and Oceans Canadgmiges the need to obtain information
on the habitat requirements of forage fishes inriglauy Bay.



FORAGE FISH SPAWNING HABITATS IN THE
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Figure 1: Forage Fish intertidal and subtidal spawning zones (sketch D. Penttila)

Boundary Bay is part of the Fraser River estuany the Strait of Georgia (Figure
2). It is designated a Site of Hemispheric Impactaon the Pacific Flyway for migrating
shorebirds, is the top rated Important Bird AreaCanada of 597 designated sites by
Birdlife International and is a BC Wildlife Managemt Area. Important marine habitats
found in Boundary Bay include eelgrass beds, sand/ftats, gravel beaches and five
large estuaries. Historically, surf smelt spawaémhg the shores of White Rock (Hart
and McHugh 1944) and were abundant year round énstbuthern Strait of Georgia
(including White Rock) (Therriaulet al 2002). From 1886 to approximately 1956,
significant commercial fisheries for surf smelt wdocated in White Rock and other areas
of the Lower Mainland (Levy 1985, Therriawdt al 2002). Recreational smelt fisheries
continue throughout areas of the Lower MainlandefTiault et al 2002). Over the last
100 years, however, the backshore and intertidgbns throughout Boundary Bay and the
Lower Mainland have been extensively modified. 8hoe modifications can negatively
impact the nearshore marine food web in numeroyswaut this report will focus on the
effects of such modification on the spawning halfasurf smelt and Pacific sand lance.
Shoreline modification is the primary threat tofsmelt and sand lance spawning beaches
(Penttila 2005).



Boundary Bay

Figure 2: Map of Boundary Bay. Source: GeoBpgain Habitat Atlas: Boundary Bay
Website: www.georgiabasin.net



Diversion of sediment-bearing streams through entdy and the backshore and
intertidal placement of railway beds, seawallsfallpipes and riprap armouring interrupt
natural coastal processes (such as erosion) thatysterrestrially-borne gravel sediments
to beaches crucial to spawning surf smelt and as#ind lance. Seawalls and railway
beds are physical barriers that block the seawargport of eroding gravels from feeder
bluffs. Impediment of the long-shore transportsefliments by groins, outflow pipes,
piers, boat ramps and docks have all contributethéosediment-starved state of some
Boundary Bay beach faces.

In general, the placement of seavalls riprap armouring in the backshore and in
the intertidal continues the process of sedimemfprigdation due to the action of wave
scouring. Wave scouring can result in the losérngf sands and gravels (appropriate for
spawning) and the dominance of coarser (largenyeigaand cobble beaches inappropriate
for use as spawning gravels for both surf smeltRacific sand lance. Seawalls are often
placed in the backshore, supralittoral and higkrtidal zones (the uppermost portion of
the high tide range) which can result in the loksgawning habitat area, a decrease in
beach elevation, an increase in beach slope, uptgon of the sediment-transport drift
cell, and the loss of sediment retaining logs. Noly are these “hard” approaches to
storm protection negatively impacting forage fisipplations, but they can fail to deliver
the protection intended. Around the world and llgcdhere are growing incidences of
seawalls and other armouring failing to protectllawners.

Modern engineering approaches, ort*sgfproaches work with coastal processes
to provide safety for human populations and indestias well as maintaining marine
ecological functions. While this report will noddress this topic in detail, several
informative websites and consultants include wweegishores.ca, www.coastalgeo.com,
www.herrarainc.ca and www.sanjuans.org.

The presence of overhanging vegetation in maiijerian zones is important for
the ecological function of nearshore marine habi(aévings and Jamieson 2001; Brennan
and Culverwell 2004) including having a positivdeet on surf smelt spawn survival
(Penttila 2001). The loss of overhanging vegetafdue to shoreline hardening measures)
in the marine riparian zone has several ecologmpglications not only for marine fish and
invertebrates, but the loss of shade cover inceetise mortality of incubating surf smelt
eggs (Penttila 2001, Rice 2006). Summer beachmssditemperatures are moderated by
overhanging vegetation.

Surf smelt eggs are typically anchotedsurface gravels but are also buried
between interstitial spaces within sediments lay@snttila 2001). Surf smelt eggs
deposited in summer months likely encounter highrtatiies on the surface but eggs
buried deeper in spawning substrates can avoigmetrsurface temperatures and drying
resulting in an increased survival rate (Pentt®D). The loss of shading, however,
increases thermal stress and desiccation to inicigbaiggs as temperatures within the
sediments rise resulting in increased mortalityeeén buried eggs (Penttila 2001, Rice
2006). Vegetation buffers the drying effect of dsnand where beaches have lost riparian
zones, eggs can also suffer a higher mortality thaetural” due to wind-induced
desiccation effects.



This loss of spawning habitat and negative imp&x#xisting spawning habitat is
evident not only in Boundary Bay but also throughthe Fraser River Estuary and
Burrard Inlet including Tsawwassen, Roberts anddeion Banks, areas of Wreck Beach,
English Bay, Burrard Inlet, West Vancouver and HoB@und (personal observation).
While it is unknown how many unique genetic popolas of surf smelt are found from
Puget Sound to Howe Sound, it is likely that thandatic loss of spawning habitat
throughout the area has reduced population sizémtbf surf smelt and the Pacific sand
lance.

A reduced prey base has likely plagerble in the reduction of populations of
animals that forage on these crucial ‘bait fishes?orage fish expert and Washington
Department of Fish and Wildlife fish biologist, Dé&enttila has pioneered methods to
research and inventory surf smelt and Pacific dande spawning habitats throughout
Washington. Upon inspecting the backshore andtidéd zone of White Rock in 2005,
Mr. Penttila commented that,

“shoreline development and the railway causewayehpxobably impacted the

species’ uppermost intertidal sand-gravel spawrbegches very heavily, which
would make it all the more important to preserveatihleft by any regulatory or

non-regulatory means possible. Justification cdagddrawn from the rationale for
no-net-loss spawning habitat preservation measusesl in US waters for these
species, whose ecological value to the food clsredognized along with its harvest
value.” (D. Penttila, pers. comm. 2005)

In Washington State, sand lance, surf smelt andrdtrage fish species such as anchovy
are protected due to their importance to upperhimfevels of the food chain to support
commercial fisheries (such as salmon, rockfishlg Bod) and for ecosystem function (as
advocated in WDFW principles of ecosystem managémen

In general, surf smelt and Pacific sand lance a@épan healthy nearshore and
beach habitat, and they are vulnerable to impaots shoreline development. Beaches
with natural erosion processes supplying approprgazred gravels and extant riparian
zones are an optimal state for spawning surf sameltsand lance. Winter spawning stocks
of surf smelt may avoid desiccation stress and imaye evolved to exploit beaches
lacking overhanging vegetation (D. Penttila, penm. 2007). Of primary importance
for spawning is the mixture of gravels with a sdvabe. Cobbling beaches for heavy
equipment operation, bulkheads, seawalls, outflowegp and structures impeding
sediment-transport drift cells are threats to naamimhg these crucial spawning beaches.

With Mr. Penttila’s assistance and training, Fderof Semiahmoo Bay Society
undertook a pilot study to assess and inventorynBaty Bay beaches for spawning of
these crucial forage fish species. The contenhisfreport summarizes the data acquired
from July 2006 to June 2007 (with mention of spangniesults to September 07).



Protocol Development

Using the protocols and training provided by Mr.. Penttila, WDFW,
identification of potential spawning habitat in Balary Bay was conducted using two
methods. The first entailed field surveys of beaddas to find appropriate gravels at the
correct tide height. Secondly, some areas, sudhuasBay, were assessed using shoreline
inventory data and photographs available on ther@g@@&dasin Habitat Atlas: Boundary
Bay from a 2004 Coastal Shoreline Inventory Mapgi@§IM) inventory conducted by M.
Pepin for Friends of Semiahmoo Bay Society (FOSBS).

While information on the spawning times of bothrfssmelt and sand lance in
British Columbia is sparse, information on spawniimges and spawning locations of BC
Pacific sand lance were obtained from Blaseektial (2002), Thuringer (2003), and US
spawning information from Penttila (2000). Informoat on surf smelt spawning
populations, spawning times and location were abthifrom McHugh and Hart (1944),
Levy (1985), Morgan and Levings (1989), Blaseckteal (2002), McPhail, JD (pers.
comm.. 2005), Levings, CD (pers. comm. 2007), \affis, J (pers. comm. 2007), and US
spawning information from Penttila (2000, 2001) &mgénds of the San Juans (2004).

Sampling beaches for spawning activity was comaésd on Boundary Bay beach
areas that:

a. had appropriate gravels and were contiguotsheaches identified as

spawning habitat by WDFW in the US (TsawwasseacBeDelta shores
and Peace Arch border beaches);

b. following identification during a beacdhrgey, had appropriate gravels;
and

C. were in areas historicallyatdsed as surf smelt spawning habitat (White
Rock).

The beach areas sampled were: Tsawwassen Beaalwassen; Centennial Park
(Boundary Bay Regional Park) and “Delta Shores”|td)eCrescent Beach and Blackie
Spit, Surrey; Semiahmoo Bay, White Rock; Little Qudoall River Estuary, Semiahmoo
First Nation; and Peace Arch Park, Surrey (Fig@tes and 5).
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Figure 3: Map of sampling locations along Tsawwads8each, Delta Shores, and
Boundary Bay Regional Park, British Columbia.
Source: Georgia Basin Habitat Atlas: Boundary Bay
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Figure 4: Map of sampling locations along BlacB@t and Crescent Beach,
Surrey shores (British Columbia). Source: GeoBgain Habitat Atlas: Boundary Bay.
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Figure 5: Map of sampling locations along WhiteckRand Surrey shores (British
Columbia). Source: Georgia Basin HabitabétlBoundary Bay.
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SECTION TWO:
Results:
Field and Sampling Surveys

From July 2006, to October, 21fulk samples were collected from eight beach
areas. This represents a sampling area of appabeiyn6.5 kilometres (each sample
encompasses 30 metres of beach face). Samplieg datl GPS locations are given in
Appendix A. Field surveys were conducted every @#eks. Along with sediment
samples, data were collected of the backshorerdadidal beaches following the WDFW
protocols. Across-shore profiles at represergaghations of sediment banding (including
width and vertical height of intertidal component®re also prepared.

In Puget Sound, Pacific sand lance are known swsepfrom November 1 to
February 15 (Penttila 2001). Eggs spawned in [xeember may still be detected in
January surveys as the incubation period is appravaly four weeks. On December 28,
2006 and January 4, 2007, Pacific sand lance egge detected at several sampling
stations along Centennial Beach (Figure 5A). Thgsewere examined by WDFW for
their developmental state to determine spawning@.tifihe approximate spawning dates
calculated are December 21, December 23 (Decenthe2@6 sample), and December
29, 2006 (January 4, 2007 sample).

At five sampling stations at Crescent Beach, Sursairf smelt spawning was
detected on June 20 and 24, 2007 (Figure 5A). Egge very abundant in the June
samples; however, at least 95% of the eggs frosetkarveys were dead. The viable eggs
from the June 20, 2007 sample likely resulted feospawning event of June 15-17, 2007.
The viable eggs from the June 24, 2007 sample developed to the ®1coiled” stage
and were likely 3-5 days old indicating spawningely took place June 19-21, 2007 (D.
Penttila May 30, 2007). At three sampling statiahsCrescent Beach, Surrey, surf smelt
spawning was detected on August 9, 2007; and atsba@on on August 17, 2007.
Approximate spawning dates, to be confirmed by Rémnttila, are August 2 and August 9
(August 9, 2007 sample) and August 11 (August 10Q72sample).Unlike the June
samples, the majority of the eggs detected in Augigse viable although the density of
eggs (in the winnowed sediment) was consideralsly. I&Surf smelt spawning was found at
the Canada/United States Border Station on Septe@thand 28, 2007 and at the Fred
Gingell Station on September 25, 2007 (Figure $A)er 95% of these eggs were viable.
Approximate spawning dates, to be confirmed by BirPenttila, are September 11 and
14, 2007. Sampling at the Fred Gingell station vaged to edges of the area due to the
presence of excavating equipment digging up thelbdace and eliminating any egg
samples present.

Habitat Mapping

The objectives for mapping the shoreline of BougdBay were: (1) to access
beach habitat as potential for spawning by surflsemed Pacific sand lance; and, (2),
access the level of shoreline alteration and huimaact.
(1) Potential Spawning Habitat

Mapping of the shoreline for habitat (sedimentg)rapriate for sand lance and surf
smelt spawning followed Resource Inventory Comraijaidelines. An extra element
was added to reflect the WDFW grading system farvgrsand sediment character at
representative stations at the surveyed beaches.

13



Tsawwassen Beach, Delta, BC
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Figure 5A: Pacific sand lance and surf smelt SpagvBeaches detected from
2006 to 2007.
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Representative stations were profiled by acrosseshertical components. Coding of
sediment sizes in the across-shore banding prafiége recorded as follows: when only
one sediment size was dominant, only that sizere@sd meaning, for example, “(4)”,
>75% of the sediment in that band was of a graatgory 4; (3, 2) means 50-75% of
gravel category 3 and the rest of gravel size 22(3) means 25% of each gravel
category.

(2) Shoreline Alteration and Human Impact
The shoreline of Boundary Bay was mapped anditilegslepending on backshore
features (such as natural, railway bed, armouned oghers) and human impact.

Potential Spawning Habitat and Spawning Habitat

The distinction between beaches that look suitédmespawning and those that
actually show evidence of spawn is an important olmePuget Sound, it has been found
that some beaches appropriate for spawning byssuelt and sand lance are not used by
these fishes, at least at a density of spawn adtlecby sampling methods and sampling
intervals (Penttila 2005). In Washington Stateytg@ction is afforded to beaches where
spawn is found underscoring the importance of imginindividuals in the proper
methodologies from field to laboratory screenindscAof importance is characterizing
beach sediments in both summer and winter dueesdlasonal changes. Some beaches
that appear to have finer gravel sizes in summetafde for sand lance spawning) coarsen
by winter due to storms shifting them from a seditmeharacter suitable for sand lance to
one suitable for both sand lance and surf smelDFW protocols and codes were used to
access spawning habitat (Appendix B).

Data Management and Storage

The data collected will be incorporated into fardgh GIS layers on the Georgia
Basin Habitat Atlas: Boundary Bay. The map and @#Babase will allow numerous
calculations including the spatial area suppor@apgropriate sediments, spawning area,
riparian vegetation, and shoreline area impactedalbgration of the shoreline by the
railway bed, seawalls, private residential develepthand others.

Due to the momentum of this project and other camitg groups on Vancouver
Island initiating forage fish spawning projectsshéries and Oceans Canada has recently
advised the author of their willingness to devedo1S database for Pacific sand lance and
surf smelt spawning projects. Our data and WDFVdluise management software will be
used to assist with the development of this da@bas

Recommendations:
Sampling:

Results from the first year of sampling are extbmuseful to inform further
sampling and, in fact, Mr. Penttila recommends tbampling for forage fish spawn
encompass at least a 24-month time period to lomilshformation gained as well as the
biology of the fish in question. Surf smelt anddd&ance may not use beaches every year
so sampling for two years usually yields findingsaogreater spawning area than can be
detected in only one year.
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Further sampling for sand lance should be undentakn 2006, winter storms and
evening tides excluded some sampling. 2006 spawaétg indicated possible spawning
events from December 21, 23 and 29, 2006. Usiegigta obtained from the first year of
the study is important to inform further samplinghe standard protocol for sand lance
surveys suggests sampling in the upper one thitheofntertidal zone (+7 feet to 11 feet)
(see Moulton and Penttila 2000However, at locations such as White Rock, mucthe
upper intertidal zone favourable for spawning isidal under riprap and seawalls. Sand
lance may spawn a few feet (or one metre) lowehénintertidal zone on moderate wave-
energy sand flats. It is recommended that whermpbagfor sand lance spawn, survey
stations be added to test the hypothesis of samzk latilizing a slightly lower elevation
spawning area and to detect eggs which may have dispersed due to waves. This was
done at Crescent Beach in November 2006 — Jan@y. 2Sampling in November and
December at locations such as Sullivan Point (@m@sBeach) to the Blackie Spit pier and
White Rock may reveal further locations of sanctéaspawning.

Restoration of Spawning Habitat:

As communicated by Dan Penttila, fisheries biadbgWashington Department
Fish and Wildlife, any beaches in Boundary Bay tbtm be_supporting spawning, suitable
for beach spawnersr able to be restorezhould be given high priority due to the crucial
importance of these forage fishes to the local fobdin and the health of our marine
waters. In contrast to historical reports of largeatial areas of spawning habitat in
Boundary Bay, currently little spatial area reméimst was shown to have detectible levels
of spawn or was unimpacted. Acting on opportusiti@ cooperate for the protection of
known spawning areas and restoration of suitabb@dtas critical Recommendations for
protection and restoration of beach sites will beegorized by the type of impact to the
spawning habitat.

Structures:
Seawalls and Riprap Armouring

In the majority of cases, seawalls and riprap amng both impede the shoreward
movement of terrestrially borne sediments and ereatscouring effect due to wave
energies. Depending on the direction of the deft, groins and outfall pipes can retain
sediments limiting distribution of sediments to tdisshores. Mr. Penttila states:
“Shoreline armouring may be the primary threat wof smelt and sand lance spawning
habitat” (2005, p. 7).

Sediments on gravel beaches used for spawningitrer supplied from feeder
bluffs located directly behind the beach (TsawwasBeach and White Rock) or from
sediment-transport drift cells moving sedimentsrireroding bluffs along shore lines (eg
Delta and Centennial Park being fed by the blutf®a@int Roberts). Interruption of the
along-shore, sediment-transport drift cell can eaagoarsening of sediments to cobble or
a starved sediment condition where sediments akoshor non-existent. Alteration and
shoreline development has led to the loss of soargops of the upper intertidal zone
where sediments would accumulate and wave enedggsgpated. Waves hitting vertical
seawalls tend to scour beaches resulting in laapk/cobble beaches. There are
alternatives to these ‘hard” approaches to pratgcthoreline properties as advocated by
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Washington coastal geologist Mr. Jim Johannessezbgite www.coastalgeo.cojnand
Greenshores (www.greenshores.ca).

It should be noted that these are general statsnadiout hard armouring that may
not be applicable at the fine-scale due to diffeesnin beach configuration and aspect.
There is a need to examine individual situationshwaare. This was apparent in a
localized situation near Boundary Bay Regional PBrdta. While many areas of beach
are indeed scoured due to the presence of seamradlgiprap, a stretch of beach near
Boundary Bay Regional Park with riprap has suitagdiments for forage fish spawning.
A resident of Delta Shores advised the authorftiratnany years, the beach in front of his
seawall was comprised of large cobbles. Receditig,to a failed seawall, he placed riprap
in front of the seawall. The sediment type in frohthe riprap is now of a character that
would support spawning; however, the riprap hasaowaed the width of the spawning
zone, decreased the beach elevation, and togettiethe seawall resulted in the loss of
the upper spawning zone. However it is interestmgote that in this case, the rip rap
created a slope <80(rather than the 90vertical condition of the seawall) which allowed
sediments and eelgrass/seaweed wracks to accumulBhés is an important lesson
learned.

Outfall Pipes
Outfall pipes placed along a beach berm and béaoh can have considerable

effects on the along-shore, sediment-transport deif interrupting gravel nourishment to
beach areas distal to the cell. For example, até\Rock, near the White Rock Museum
and Archives, and near the Peace Arch stationalbpipes were documented to have finer
grained gravels and a beach face with a decredspd en the western side of the pipe
while larger, coarse gravels/cobbles and beaclsfacth a steeper slope on the eastern
side of the pipe. At the Peace Arch station, thdadl pipe is located near the sampling
station. It is recommended, especially at the @éach station where the pipe is broken,
that these outfall pipes be engineered not to dismovement of sediments and interrupt
shoreline processes.

Where transport of terrestrial sediments from ewdbluffs/cliffs has been
interrupted by bulkheads (eg. seawalls and raillags), maintaining the sediment-
transport drift cell to distal areas is very impmttto the health and ecological function of
gravel beaches as spawning habitat. Structureseglaerpendicular to and on top of
beaches can compound the severe consequencesvaflsemd bulkheads. Where beaches
in Boundary Bay have maintained functional gravels beach spawnerseven in the
presence of railway beds, seawalls, pier pilingsd groins, the practice of placing
structures such as outfall pipes on top of beacksfahould be reconsidered.

Other Structures

Pier pilings, jetties, and docks can interrupt ratgediment transport. Placement
of these structures should be evaluated with fubvwdedge of “down beach” effects to
shoreline morphology and sediment transport. Céarnig sand flat character (slope,
elevation, sediment grain size) can impede burrgvay adult sand lance due to reduced
oxygen levels in the sand (used by fish for resioind. By reducing the oxygen available
for these unique sand dwellers, the usable hatutaddult Pacific sand lance decreases,
and by default, the spawning population also desg®a
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Along Tsawwassen Beach, a new private pier wastoeeted this summer/fall.
This private development of the shoreline compodnruaethe almost continuous stretch of
seawalls and other shoreline alterations by ressdaiong this beach is a trend detrimental
to the health and ecological function of our nearsiwaters. Because Tsawwassen Beach
is a surf smelt spawning area, the trend towandafeipiers and docks on top of the beach
face is a concern to the productivity of the regidn White Rock, the historic pier/jetty
has already changed the elevation of the sanéhfieg proximity.

Present Sediment Conditions:
Potential Spawning Habitat

The majority of the shoreline of Boundary Bay bagen altered by the railway bed,
seawalls and riprap and gravel/sand beaches Iposbrage fish spawning. However, the
majority of the remaining gravel/sandy shorelineBolundary Bay present sediments with
potential for spawning surf smelt and sand lancekealgh the majority of even these
areas are impacted by human activities and alteratiThis is an important distinction.
Along a short section of Crescent Beach, althoughlackshore is heavily altered and
groins are present, the appropriate grained sedamstifl attracts surf smelt to spawn. Itis
important to remember, however, that 95% of thesdggnd at Crescent Beach were dead.
The coarse nature of the gravels at Crescent Besciited in eggs that were anchored on
top of gravels on the sediment surface and in trecidsunlight on a beach lacking the
protection of shading vegetation that usually ptsteggs from desiccation. In some ideal
sediment conditions, smaller “pea gravels” are gmesvhich allow anchored eggs to fall
between the coarser gravels to incubate in a coolenid environment a few centimeters
below the sediment surface. Alterations to beackdgeg removal of vegetation and the
lack of eroding sediments) and other disturbaneesresult in high egg mortality perhaps
to the point where few individuals from these spagnrevents survive to become adult
spawners. This can produce “sink” populations (pajons with mortality rates higher
than survival rates); and these sink populatiohsae immigration into the spawning pool
from neighbouring “source” populations (populatiomgh survival rates higher than the
mortality rate).

Human Impacts and Available Shoreline for Spawning

Only a small percentage of potentially availalgawsning habitat was used by sand
lance and surf smelt in 2006 and 2007 (as detebtedbur sampling methods and
schedule). Other than small stretches of nearralabeach as found at Centennial Park
(BBRP) and at, Tsawwassen Beach, the Fred GingdllGanadian/United States border
stations, the majority of the shoreline of Bound&gy has been heavily impacted by
human activity. Kilometers of the upper intealidat an elevation appropriate for sand
lance and surf smelt spawning, has been buriedruhderailway bed (and its associated
armouring) and seawalls (examples include Tsawwad$3each, Tsawwassen; Beach
Grove, Delta; south of Crescent Beach to extermigas of White Rock). Upper intertidal
habitat along the railway bed from Crescent Beacth¢ West Beach Boat Ramp (Figure
6) and near the Little Campbell River estuary (Fegid) have been completely buried
under the railway bed, cobbling, boulders, andappr Other areas, even with an intact
supralittoral zone and beach berm have been heawggcted due to sediment starvation
as continuous seawalls and the railway bed conipleteerrupt the flow of crucial eroding
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sediments from feeder bluffs to the beaches (sachrsawwassen Beach and White Rock).
In Washington State, beaches have been re-engthénemedy this loss. In areas of
Boundary Bay where sediments were found to be eoamnsl of a narrow width, beaches
could be enhanced by providing appropriate spawrgrayels and as often seen in
Washington State restoration projects.

Figure 6: Shoreline hardening, Coldicutt Ravindhitd@ Rock, BC
Photo Credit: R.C. de Graaf
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Figure 7: Shoreline hardening, near the Little @hell River Estuary, Surrey, BC.
Photo Credit: R.C. de Graaf

Beach Sediment Enhancement

A few of the areas of Boundary Bay that could Inbanced with addition of
sediments include: the historical White Rock Beaalf smelt spawning area of West
Beach, Semiahmoo Bay (from the boat ramp area $b adathe Pier); The Rock, White
Rock; East Beach, Semiahmoo Bay (Finlay Streehé&nouth of the Little Campbell
River); and from the Peace Arch border west toraa approximately 500 metres east of
the little Campbell River. These areas are sedimstarved due to the interruption of
along-shore sediment transport and diversion afdeereeks by culverts.

The Crescent Beach area sampled did support swelt spawning; however, the
sediments are tending toward being coarse andyli&e only maintaining a spawning
condition due to entrainment of sediments by soméhe intertidal groins (Figure 8).
Sources of these sediments are unknown due to itlesvalk areas and the loss of
sediments in Semiahmoo Bay. Mortality of the eggsy be reduced by enhancing the
sediments to provide for finer pea gravels in tihavgl mixture and providing shading
vegetation. As mentioned previously, pea gravidsvaanchored eggs to fall between the
coarser gravels providing a cooler, more humid rmvnent in which to incubate rather
than on the surface of the large, coarse gravelemly found on Crescent Beach. The
position of the riprap armouring and other backsh&tructures may not be conducive to
the long-term persistence of spawning gravels éenlting term. Alternatives to armouring
such as the placement of and anchoring of logsnaaidtenance of reduced beach slopes
and beach berms are a few of the modern, effectaadt approaches” to engineering
beaches for ecological function and storm protectidhe sediment grain sizes present at
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Crescent Beach should be monitored to maintainr thesent condition or even be
enhanced. The majority of surf smelt eggs foun@rascent Beach were dead (over 95%),
and the mortality may have been due to the lackhaiding vegetation along this beach
area. In light of the bigger picture of the exteetnss of spawning habitat throughout
Boundary Bay, this small area of spawning habitatCeescent Beach is of crucial
importance and should be managed with care. ltldvéwe advisable to employ the
services of a coastal geologist, such as Mr. Jimadiwessen, and surf smelt expert Mr. Dan
Penttila. Mr. Penttila has seen the beach spawanieg at Beecher Place, Crescent Beach,
Surrey, BC on two occasions. These experts cammesihon the location of sediment
inputs, how best to maintain and improve the Cmeis&each sediment conditions, and
how to provide shading vegetation to maintain teadh for future spawning and reduce
the current incidence of high mortality of surf dtreggs. It is important to note that the
deteriorated condition of sediments at CrescentcBeaay not be at an end point as
coarsening of beaches can be a process takingatedmades. Crescent Beach sediment
conditions may worsen in the future leading tolthes of this small, isolated area of vital
spawning habitat in an otherwise altered landsdhpé no longer has the capacity to
support spawning.  In Washington State, beaches supporting surf smelt spawning
have coarsened over several decades resulting iditinished capacity of the beaches to
support spawning (Penttila pers. comm.)

Figure 8:  Shoreline hardening, Crescent Be&alrey, BC. An example of multiple
groins, riprap armouring in the upper int&l zone and foreshore dyking.
Note the southerly flow of the drift cel aediments accrete on the northern
side of the groin. Photo Credit: R.C Glaaf.

High-value forage fish spawning habitats in Bouydaay

It is strongly recommended that areas of Boundzay and Tsawwassen Beach
with the best potential spawning habitat (that edoconsistently high by having intact
feeder bluffs, overhanging vegetation, wide suficall zones, and low human impact) be
protected from development and maintained in thedsent state in accordance with the
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“precautionary principle”. These beach sectiongum® no restoration only protection
from development. Tsawwassen Beach near the Chuwitked States border; Fred
Gingell Park (English Bluffs); and Tsatsu Shoresehanany crucial attributes of near
“natural” spawning beaches. There are very fevasdeft for surf smelt to spawn in
Boundary Bay and the rest of the Lower Mainland} exdeed, there are few options left to
us for the conservation of these species in thigcak, and globally significant region of
British Columbia.

Pacific sand lance was found to spawn along th@eshof Centennial Beach,
Boundary Bay Regional Park. This is a popularryeand destination for beach goers
and dog walks. The importance of Centennial Pagk imtertidal beaches as spawning
habitat is significant as sand lance spawn was datécted in other Boundary Bay
locations. Every effort should be made to proteetspawning area in Nov-January. It is
also recommended that GVRD staff be trained toinkdadiment samples for ongoing
monitoring of sand lance spawning in Boundary BaggiBnal Park. Interactions with
beach goers in the summer of 2006 and 2007 wasragBneositive. However, some
visitors expressed their desire for concrete sitksydoat ramps, and more access for
wheelchairs along the shoreline. None of thessifdg’ by the public are compatible with
protecting the forage fish link in the nearshoregimeafood chain of Boundary Bay.

Shade-Providing Vegetation:

Almost all of the surf smelt eggs found at Cres&sach in June and August 2006
were dead. There are a number of papers suppdtimdypothesis that the lack of
riparian shade leads to a high mortality of sumspawned surf smelt eggs (Penttila 2001,
Rice 2006). South facing beaches, like CrescemicBeare exposed to the sun for the
entire day. Combined with the longer intertidatation common in the summer and the
lack of shade providing vegetation, the high mdstaif the spawned eggs at the Crescent
Beach location was not surprising. As so muchhefdurrent, potential spawning habitat
in Boundary Bay has been impacted by developmbetpteaches at Crescent Beach are
crucial spawning habitat. In contrast to Cresddch, spawn bearing samples collected
at a west facing, shaded beach at Wreck Beach,oda&ec, in August 2007 were found to
contain a high percentage of living eggs (over 90%)

At Semiahmoo Bay, stretches of beach as foundaat Beach, Surrey, provide a
good opportunity to restore shading vegetationis Bkretch of beach is on First Nations
land and is part of an area being activity restdrgdrriends of Semiahmoo Bay Society
and numerous concerned partners groups. Alsotined&eace Arch Park, some deciduous
trees and shrubs already provide a partially shaded to the beach, and together with
sediment restoration, could provide an opportutotyestore shading vegetation without
too much public opposition (relative to the popudaach area of White Rock).

In 1997, a map of Semiahmoo Bay shores was prodpoaviding a sensitivity
coding. This map, by Terra, is lacking in sevenaas but especially with respect to the
issue of forage fish beach spawning habitat. Amyrenmental assessments of the marine
habitats and resources of Semiahmoo Bay should itatke consideration the present
habitat assessments for forage fish as well agtbbseighbouring US waters at Drayton
Harbor and Semiahmoo Spit.
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SECTION THREE:
Site Descriptions

General Overview

Gravel/sand beaches of the natural tidal elevamhappropriate spawning gravels
have been impacted throughout Boundary Bay. Whpopriate spawning gravels do
exist, many of these shoreline areas are heavipaated by human activities and alteration
of the backshore and intertidal zone. For examible, historical spawning beaches of
White Rock area have been significantly impactedbst to the degree that no spawning
activity was detected in this study. Also, the diearea of Crescent Beach has been
altered (see section below) or lost due to riprag ¢the railway bed occupying the
backshore and the upper one third of the interzdak.

Due to the presence of vegetated eroding bluiis,three stations at Tsawwassen
Beach are the finest examples of natural surf ¢sagitl lance spawning habitat in the
region. Surf smelt spawn was detected at two e$dhstations. The next area of natural
surf smelt/sand lance spawning habitat is the afe@entennial Beach, Boundary Bay
Regional Park, Delta. Sand lance spawn was det@tt€entennial Park. The beach area
of Crescent Beach was found to support spawningunfysmelt and measures should be
taken to enhance and protect this beach as spawihabitat (see section
“Recommendations”).

Opportunities for enhancement, protection, antbrason of gravel/sand beaches
for forage fish spawning in Boundary Bay do exidbue to the crucial importance of
forage fish in the marine nearshore food web, gmmite actions to conserve spawning
habitat should be considered in the near future.

Site Descriptions

Latitude and longitude coordinates of all sampads are given in Appendix A.
Higher high water was calculated using the neaedstence or secondary port according
to the Canadian Hydrographic Service calculatiangie day.

Shoreline Mapping and Station Classification

Shoreline mapping followed the basic requiremesis set out in the British
Columbia Resource Inventory Committee and Commuiiggpping Network Sensitive
Habitat Inventory Mapping manuals. For surf smaell Pacific sand lance, gravel position
and sediment grain size within the upper intertidahe is a primary determinant of
spawning habitat suitability. The RIC methodologys adapted to provide for fine-scale,
site-specific classification of gravel bands al@agd/gravel beaches. Within a beach face,
several horizontal gravel bands of different graige is common. The shoreline
component methodology was adapted to allow an tovgnmethod to subdivide the
“beach face” shore-line component (B) into smalleits to classify the sediment grain
size of gravels and width of spawning habitats.
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This allows the researcher to classify potentiavaming habitat and the degree of negative
impact to the beaches surveyed. Sediment sizescaxdethose used by Mr. D Penttila,
WDFW (Moulton Penttila 2000)(Appendix B). Withinbeeach location, sampling stations
were chosen on the criteria of the position of glan the upper intertidal and suitability
of gravel sizes. Stations classified for beachrattar were chosen that best represented
the general condition (slope, sediment grain s&ejach of the eight beaches. Sediment
samples were collected in the upper intertidal delaw the log line and to one metre
below the high tide vegetative drift lines.
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Station Classifications and Beach Profiles

Tsawwassen Beach

West of the US Point Roberts surf smelt spawniagch (Penttila 2000, 2001)
three sites were routinely sampled along TsawwaBsach. The first site was located
west of the Canada/US border; the second alongshioeeline of Fred Gingell Park,
English Bluffs; and the third and most western siteTsatsu Shores condominiums
(Tsawwassen First Nations). On occasion, sevéed svere sampled in between these
targeted areas. The finest gravels occur at tlstlishores location. From July 2006 to
June 2007, no stations yielded surf smelt/sandelapawn. The backshore along the
beach is dominated by beach houses and seawadlsge Inumbers of private boats are
anchored directly on top of the sand/mud flatsis Bummer, a new private pier was built
extending along the beach face with a dock locatethe intertidal flat.

Surf smelt spawning activity was detected on Separ 25 and 28, 2007 at the
Canada/US border and Fred Gingell Stations.

Canada/United States border Station

The beach at the Canadian/United States bordersswest facing and exposed to
the Strait of Georgia. This beach is contiguoushwihe surf smelt spawning area
document by Penttila (2000, 2001Dther than nominal foot traffic, this beach recsive
little human traffic. The bluffs are largely intagnd there is no backshore development
and no structures located in the intertidal zonel{sas seawalls, piers or groins) impeding
the movement of eroded gravels to the beach. Aeshere banding profiles (including
vertical profiles of the across-shore transect withvations) of a station representative of
the beach are in Figures 9 and 10 and Table 1. sfimn is coded as an uplands (1)—
natural intertidal (0% impact). A freshwater stres nearby. While vegetation (short and
tall shrubs; deciduous and coniferous trees) isgme little of the vegetative canopy
shades the upper intertidal. The beach charactsupport spawning by surf smelt or
Pacific sand lance is excellent and is largely cosed of deep, medium gravel (3) with
pea gravel (2) and a sand base. This stationhendrea contiguous (approximately 0.5 km
west and 1-2 km east) is exceptional habitat fof sonelt and sand lance spawning. It
represents one of the few opportunities in Boundgay to preserve spawning habitat in
near natural condition

FoSBS Positive Samples: On September 25 and 28, 2urf smelt spawning activity
was detected at this station.

Recommendations Summary: Due to the high quadlitiiis habitat, its value as a surf
smelt spawning beach, and the rarity of this habit&oundary Bay, its natural attributes
should be protected. Protection of this area efach from the detrimental effects of
development is highly recommended.
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Table 1: 2007 Across-shore banding profiles Catid@d@order Station,
Tsawwassen Beach:

Station Location : Tsawwassen Beach, Canada/US Border
Wave Exposure :  Exposed; west facing
Backshore : Primarily forested cliff (eroding); unimpacted shoreline; some residential development

and seawalls to the west of the site
Shading : no shade is provided by the dliff face forested canopy to the B2 and B3 components
Zone/ Horizontal
Compon *Tide  Distance
ent Band (form)  Substrate (material) \egetatior/Invertebrate Species *Slope Height/Width Height m  from HHW m
Al beachberm Clastic: sand, rock (4) logs; plants; shrubs; 55° 271cm29m 4.67m 29m
Bl  beachface  Castic: rock (4), sand arift seaweed/eelgrass 8 37cm2.8m  44m Om
B2 (+) beachface  Castic: rock (3,2,4) sand arift seaweed/eelgrass 7.3°  85cm6.7m 403m 57m
B3 (+) beachface  Castic: rock (4), sand 72 628cm50m 318m 12m
Clastic: rock (4,3), gravel (2),
B4  beachface  cobble thatched barnacles, Littorina spp. 78 448cm33m 255m  17m
Uva sps, Enteromorpha sp, thatched
B5top beachface  Clastic: rock (4), mud barnacles 5° 17cmy2m 21m 20m
B5 bottom 19m 227m
B6  tidal flat Clastic: sand, mud Zostera japonica, Zostera marina not measured

Overall slopeis<1°
(+)Spawning habitat at 5.7-12.4 m horizontal

*measured from band height and width measurements
*using 4.4m as maximum tide height

Figure 9: 2007 vertical beach profile of theass-shore transect with
elevations, Canada/United States Border Statiomyisssen Beach.
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Figure 10: Tsawwassen Beach, Canada/United Sateker Station: across-shore

transect location and 200mMmer sediment characteristics.
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Fred Gingell Park Station

The beach at the Fred Gingell site is south-washf) and exposed to the Strait of
Georgia. Located at the base of a public beacksacdhis beach receives heavy foot
traffic and human use relative to other locatior@ther than the BC Hydro station and
service road, the bluff is intact and there is a@Kshore development and no structures
located in the intertidal zone (such as seawaidssmr groins) impeding the movement of
eroded gravels to the beach. Across-shore bamfges (including vertical profiles of
the across-shore transect with elevations) of Bostaepresentative of the beach are in
Figures 11 and 12 and Table 2. The station isd&@ebeing an uplands (1)—natural
intertidal (0% impact). While vegetation (shordaall shrubs; deciduous and coniferous
trees) is present, little of the vegetative canspgdes the upper intertidal. The beach
character to support spawning by surf smelt orfleagand lance is excellent and is largely
composed of deep, medium gravel (3) with pea gré¥eland a sand base. There are
seawalls present at residential properties on bualis of this site. Samples were usually
collected in a bulk sampling procedure sometimaseding 30 metres in length. Two
samples at this location would encompass the elativgth of the beach protected by this
BC Hydro right-of-way. In September 2007, replaeatmof submarine power cables will
commence resulting in trenching of areas of theclheface. This station and
approximately 300 metres of beach is excellenstof smelt and sand lance spawning and
represents one of the few opportunities to presarngpawning beach in a near natural
condition

FoSBS Positive Results: On September 25, 2007 smglt spawning was detected at this
station.

Recommendations Summary: As with the borderastathe importance of this beach
station as surf smelt spawning beach and the egisttural attributes found, protection of
this habitat from detrimental development is higldgommended. Planting of marine
riparian vegetation to provide shade for incubatng smelt eggs would improve the
habitat.
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Table 2: 2007 Across-shore banding profiles offired Gingell Park Station

Location : Fred Gingell Park, Tsawwassen
Wave Exposure : Exposed; west facing
Backshore : Primarily forested cliff (eroding); unimpacted shoreline
residential development and seawalls to the east and west of the site
Shading : no shade provided by the forested, cliff face canopy to the B1/B2 components

Horizontal
Zone/Com **Tide Distance
ponent Band (form)  Substrate (material) Vegetation/Invertebrate Species *Slope Height/Width Height m  from HHW m
logs; shrubs, salt tolerant plants, maple
Al beach berm  Clastic: rock (3), sand and alder trees 4.2° 44.1cm/6.0m 4.84 m 6m
B1 (+) beach face Clastic: rock (3, 2, 4), sand  drift seaweed/eelgrass; logs 8.9° 109.3cm/8m 4.4 m om
B2 (+) beach face Clastic: rock (5, 4), sand none 8.9° 88cm/6.4m 331m 14 m
Ulva sps., Enteromorpha sps, mussels,
B3top  beach face Clastic: rock (4), mud thatched barnacles 5.9° 16.5cm/1.6m 2.43m 20.4m
B3 bottom  beach face 2.27m 22m
B4 tidal flat Clastic: sand, mud Zostera japonica, Zostera marina not measured

(+) Spawning habitat at 6-14 m horizontal

*measured from band height and width measurements
**using 4.4m as maximum tide height

Figure 11: 2007 vertical beach profile of theoas-shore transect with
elevations, Fred Gingell Station, Tsawwassen Beach.
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Figure 12: Fred Gingell Station, Tsawwassen Beaanoss-shore transect location
and 2007 summer sedinclatacteristics.
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Tsatsu Shores Condominiums Station

The beach at the Tsatsu Shores site is southgfasid exposed to the Strait of
Georgia. Sampling stations were at two locatiorth the first being in the area of the bay
directly in front of the condominiums and a secaitd south of the small, rocky outcrop
(Figure 13). At the condominium site, foot traffeclow (relative to the Fred Gingell site).
The backshore area has been altered by the condmonsina paved parking area and
roadway which would impede the seaward movemesediments to the beach area. The
intertidal area is not impacted by any structusesll as seawalls, piers or groins) allowing
natural transport of sediments. However, theisiteounded on the northern edge by the
Tsawwassen ferry causeway and in fall and wintngd amounts of deep, vegetative
debris (eelgrass and seaweed) accumulates cowgppey beach gravels and creating an
anoxic condition. In front of the bay, the backsharea is largely sand, low shrubs, dune
plants and logs at the high tide line. Naturallgetated bluffs are present in the backshore
but no vegetation shades the upper intertidal bgaaVels. This station is coded as being
an uplands (1)—natural (0% impact). The finesivgls along Tsawwassen beach occur
at this site likely due to the direction of sedimmgransport. The beach character to support
surf smelt and Pacific sand lance spawning is éxteand consists of deep pea gravel (2)
and medium coarse rock (3) with a sand base. Sm@@mponents were not measured.

At the southern station, natural bluffs continleng the backshore and most of the
area is unimpeded by seawalls except at the extsenttiern edge of the station where the
first beach front properties begin (owned by thawwassen First Nations). Other than
the seawalls at the rental properties, there arstnmtures to impede the movement of
eroded gravels to the beach. A dirt tract from¢bedominiums to the southern edge of
the Tsawwassen First Nations rental propertie®used over the upper intertidal gravel
beaches and service vehicles have been observegl thes dirt tract to the rental homes.
The site is coded as uplands (2)—25% impacted-taltiee dirt tract and high tide seawall
along approximately 25% of the length of this stati While vegetation (short and tall
shrubs; deciduous and coniferous trees) is aloegbtitkshore, none of the vegetative
canopy shades the upper intertidal. The beaclactearto support spawning by surf smelt
or Pacific sand lance is excellent and is largelymposed of deep, medium gravel (3) with
pea gravel (2) and a sand base. Shoreline coenp®mwere not measured.
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Figure 13: Condominium and Southern stations shg\@D07
summer sediment conditions.
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Delta and Boundary Bay Regional Park Beaches

North of the US Point Roberts surf smelt and dande spawning beach (Penttila
2001), three stations were routinely sampled aDalga Shores and three-five sites within
Centennial Beach, Boundary Bay Regional Park. Bbébeaches of Delta Shores and
Boundary Bay Centennial Beach are heavily usedhkypublic. The spawning habitat
within the park boundaries is heavily impacted layious human activities (digging, sun
bathing, beach fires, movement of large woody deflori constructing huts), and spawning
attributes are impacted. Along Delta Shores, teaapling stations were located north of
the largest, most prominent seawalls near thetidétrwaste-water outfall to the park
border. The finest gravels/rock occurs in the €enial Beach location. Three stations
within Centennial Park yielded sand lance spawrDenember 28, 2006 and January 4,
2007.

Delta Shores Station

The representative station at the Delta shoresisiteast facing and exposed to
Boundary Bay. This beach is used for various huamgivities including boating, beach
combing, dog walking, as a golf driving range, aeceives high human impact. Seawalls
exist in front of residential properties and thexen engineered wide, sandy storm surge
beach berm with dune plants. Across-shore barghofijes (including vertical profiles of
the across-shore transect with elevations) of @ m@presentative of the beach are in
Figures 14 and 15 and Table 3. There are no stegtocated in the upper intertidal zone
(such as seawalls, piers or groins) impeding thgem@nt of eroded gravels to or along
the beach. The site is coded as being an upldndsn@atural (0% impact). There is no
vegetation to shade the upper intertidal beach. aréae beach character to support
spawning by surf smelt or Pacific sand lance iss#&nt and is largely composed of deep,
medium gravel (3) with pea gravel (2) and a sarsgba

Recommendations Summary: Due to the high usei®tbiach area, backshore seawalls,
and pressure to enhance storm water protectiommesatl conditions should be monitored
to ensure beach character is maintained as pdtspfaning habitat.
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Table 3: 2007 across-shore banding profiles ofXeka Shores Station

Location : Delta Shores, Delta [N49.00.523/W123.02.122]
Wave Exposure : Semi-Protected; east facing
Backshore : wide low lying berm, grasses, plants, sand; unimpacted shoreline; extensive backshore residential development & low seawalls

Shading : no shade

Horizontal

Zone/ **Tide  Distance
Component  Band (form) ~ Substrate (material) Vegetation/Invertebrate Species *Slope  Height/Width Height m from HHW m
Al beachberm  Clastic: sand salt tolerant grasses;, sand not measured >60m
A2 beachberm  Clastic: sand salt tolerant grasses; logs; sand 29° 36cm/7m 476m 7m
Bl beachface  Clastic: sand drift seaneed/eelgrass; logs 88 38m/25m 44m Om
B2 (+) beachface  Clastic: rock (3,4,2), sand drift seaneed/eelgrass 6.3° 659cm5.9m 4.02m 95m
B3 (+) beachface  Clastic: rock (34,5), sand  thatched barnacles, Batillaria sps. 6.5° 29.3cm26m336m 154m

Ulva sps, Enteromorpha sps, thatched
B4 top beachface  Clastic: rock (4), sand, mud  barmacle, Littorina spp. 18 HAcm/30m 307m 18m
B4 bottom 213m 48m
B5 tidal flat Clastic: sand, mud Zostera japonica, Zostera marina not measured

Overall slope: 3.1°

(+) Potential spawning habitat 9.5-13.6 m horizontal distance

*measured from band height and width measurements
*sing 4.4m as maximum tide height

Figure 14:

elevations, Delta Shores, Delta, BC.

2007 vertical beach profile of theogs-shore transect with
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Figure 15: Delta Shores Station, Delta, BC: assi®ore transect location
and 2007 summer sediment characteristics.
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Centennial Beach Stations, Boundary Bay Regional Park

The beach at the Centennial Beach site is eastgfand exposed to Boundary
Bay. This beach is contiguous with the US surflsrard sand lance spawning area
documented by D. Penttila (2001). The park beadresused for various human
activities including sunbathing, swimming, beachmbing, dog walking and receives
heavy human impact due to the high numbers of paitors. The backshore area is a
wide, storm-surge beach berm of sand and dunesplaftross-shore banding profiles
(including vertical profiles of the across-shor@ansect with elevations) of a site
representative of the beach are in Figures 16 d@nahtl Table 4. There is no backshore
development and no structures are located in tiegtital zone (such as seawalls, piers or
groins) impeding the movement of eroded gravelen@long the beach. The site is
coded as being an uplands (1)—natural (0% impalhere is no vegetation to shade the
upper intertidal beach area. The beach charastsupport spawning by surf smelt or
Pacific sand lance is excellent and is largely cosed of deep, medium gravel (3) and
pea gravel (2) with a sand base.

FOoSBS Positive Samples: Pacific sand lance spawmas detected at these stations on
December 28, 2006, and January 4, 2007.

Recommendations Summary: Due to the high useigfatiea for recreational activities
within the park and its value as crucial spawnirapitat, continued monitoring to
maintain sediment character is recommended. Ak maintaining the natural values of
the park is crucial to overall conservation of lagand lance populations.
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Table 4. 2007 across-shore banding profile Cemi¢Beach Station,
Boundary Bay Regional Park, Delta

Location : Boundary Bay Regional Park, Centennial Beach
[N49.00.950/W123.02.365]

Wave Exposure : Semi-Protected; east facing

Backshore : low lying berm, grasses, plants, sand; protected park area

Shading : no shade; unimpacted shoreline

Horizontal
Zone/Compo **Tide Distance
nent Band (form)  Substrate (material) Vegetation/Invertebrate Species *Slope Height/Width Height m from HHW m
Al beach berm  Clastic: sand salt tolerant grasses; sand not measured >60m
A2 beach berm  Clastic: sand salt tolerant grasses; logs; sand 4.9° 51cm/6 m 491m 6m
B1 (+) beach face Clastic: coarse sand logs; drift seaweeds and eelgrass 6.4° 36.7cm/3.2m 4.4m om
B2 (+) beach face Clastic: rock (3,2,4) drift seaweeds and eelgrass 7.9° 33cm/2.4m  4.03m 9.2m
B3 beach face Clastic: rock (4,3) barnacles, snails (Battilaria) 1.8° 57.8cm/17.8m 3.7 m 11.6 m
Ulva, Enteromorpha, barnacles,
B4top beach face Clastic: rock (3) Littorina scutulata 2.2° 23cm/5.8m  3.12m 29.4m
Ulva, Enteromorpha, barnacles,
B4bottom beach face Clastic: mud Littorina scutulata 29m 352m
sand flat; tidal ponds with various
B5 flat Clastic: sand/mud invertebrates; Zostera spp not measured
B6 flat Clastic: sand/mud Zostera marina_beds not measured

Overall slope 3.3°

(+) Potential Spawning Habitat at 0-5.6 m horizontal distance from B1

*measured from band height and width measurements

**using 4.4m as maximum tide height

Figure 16: 2007 vertical beach profile of the asrghore transect with elevations,
Centennial Beach, Boundary BayiBeal Park, Delta
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Figure 17: Centennial Beach, Boundary Bay Regi&aak, Delta: across-shore
transect location and 2007 summer sediment chaistats.

38



Crescent Beach and Blackie Spit, South Surrey, BC

At Crescent Beach, Surrey, BC two stations wengimely sampled and two
stations at Blackie Spit. At Crescent Beach, st §tation was located at Beecher Place
and the second approximately 300 metres north-efeBeecher Place. At Blackie Spit,
two stations were routinely sampled with one staba either side of the Spit.

At Crescent Beach, five sampling stations yieldad smelt spawn on June 20
and 24, 2007. Surf smelt spawning activity wae astected on August 9 and 17 2007.
Surf smelt spawn was found along the south-westdaaeach from Sullivan Point to the
end of the main foot path east of Beecher Pladee Highest spawn density was found
near Beecher Place.

Beecher Place Station, Crescent Beach Station, Surrey, BC

Crescent Beach is south-west facing and exposekettrait of Georgia. This
site is used for various human activities includbaating, beach combing, sun bathing,
dog walking, and is heavily impacted by human &otis. Backshore development
includes a side walk, residences and extensivagipr the area. Groins in the intertidal
are evident from Sullivan Point to past Beecherc®laThe presence of the backshore
structures and intertidal groins will impede theveiment of eroded gravels to and along
the beach. Slope, sediment characteristics andzambal distances of shoreline
components are in Figures 18 and 19 and Tablehe BEecher Place station is coded as
being an uplands (3)—50% impacted by groins ancypipn the upper intertidal zone as
well as highly modified supralittoral zone. Theaseno vegetation present to shade the
gravel beach. The beach character to support spgvlay surf smelt or Pacific sand
lance is good and is largely composed of deepseo@) and medium gravels (3) with a
low amount of pea gravel (2) with a sand base.

FOoSBS Positive Samples:  Surf smelt spawn wéescted on June 20, 24, August 9 and
August 17, 2007.

Recommendations Summary: Protecting and enharwagat attributes at this surf
smelt spawning beach is cruciahppropriate experts should be consulted to controe
sediment conditions particularly if sediment ch&eacis continuing to deteriorate.
Shoreline alteration includes intertidal groinsprap and extensive backshore
modification. The current political reality of tharea of beach is recognized. However,
due to the importance of this spawning beach toldhger area of Boundary Bay, the
entire stretch of beach (east and west of BeeclmeRo Sullivan Point) should be
examined for current sediment transport mechanisiiso, the City of Surrey should
consider re-engineering storm protection measusagyunodern “soft shore” techniques
to provide for the protection required for beaabntr property owners as well as
maintaining the crucial ecological functioning bfg beach. At the minimum, sediments
should be enhanced with smaller sediments so tindtssnelt egg mortality can be
decreased. The possibility of planting marine nga vegetation should be considered
and discussed with relevant interest groups.
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Table 5: 2007 across-shore banding profiles, Beeelace Station, Crescent Beach.

Location : Crescent Beach, Beecher Place

Wave Exposure : exposted; south-west facing

Backshore : grass lawns; gravel side walk; residential housing
Shading : no shade; impacted shoreline

Horizontal
Zone/Compo *Tide Distance
nent Band (form)  Substrate (material) Vegetation/Invertebrate Species *Slope Height/Width Height m from HHW m
Al beach berm  Clastic: sand; rock (4) salt tolerant plants 6° 117.8cm/11m 5.8 m 11m
B1 (+) beach face Clastic: rock (4,3) rock; sand; logs; drift Zostera spp 9.7° 50.2cm/3m  4.6m Om
B2 (+) beach face Clastic: rock (4,3,2) rock 8.0° 80.9cm/6m  4.1m 3m
B3 top beach face Clastic: rock (4) rock; barnacles; Ulva 5.0° 43 cm/5 m 3.3m 9m
B3 bottom beach face Clastic: cobble (5), rock (4) rock, sand 29m 14 m
B4 sand flat sand not measured
B5 sand flat sand; Zostera spp not measured

Overall slope 6.7°
(+) Potential spawning habitat 0-6 m horizontal distance from B1

*measured from band height and width measurements
**measured against a tide height of approximately 2.9 m at the beach face B3-bottom

Figure: 18: 2007 Vertical beach profile of theass-shore transect with elevations,
Beecher Place Station, Crescent Beaaine BC.
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Figure 19: Beecher Place Station, Crescent Beaainey, BC: across-shore transect
location and 2007 summer sediment characteristics.
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Blackie Spit Stations, Surrey, BC

Blackie Spit stations face north-west and soust-and are wave-protected beach
faces. The areas sampled were within the birdtgancarea but are still used by beach
and dog walkers. The area is a flat, wide, samityvsith sediment characteristics being
different on either side of the spit. The area Ibesn restored for wildlife values. There
are no structures in the backshore or the intdrtmlampede the movement of eroded
gravels along the beach. These stations are casléeing an upland (1)—natural (0%
impact). There is no shading vegetation pres@nt.the north-west face, the beach
sediments are very shallow and largely comprisecheflium gravel (3) and some pea
gravel (2) with shell hash and a sand base anddcswpport spawning surf smelt or
Pacific sand lance. Surf smelt in Washington Shketee been observed to use coarse
gravel spit beaches. The sediment condition atdtation is poor and sources of gravel
input from terrestrial sources is uncertain. Om sbuth-east beach, the gravels are likely
deposited from the Nicomekl River outflow and tleabh character is mainly coarse sand
(1) and shell hash conducive to support sand lapegning (Figure 20). The minimal
wave action in the area is more indicative of anamme area. Shoreline components for
these stations were not measured.

A. Blackie Spit, south-west station B. Blackie Spit, south-west station
Along beach looking south-west. Sediment:shell-hash; coarse sand.

Figure 20: South-west station, Blackie Spit, B&pring 2007 sediment conditions.
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White Rock and South Surrey, British Columbia

Historically, White Rock beaches were used by sarélt for spawning (Hart and
McHugh (1944), Dr. J.D. McPhail, pers. comm. 2003pday, from Crescent Beach to
the Canadian/United States border, the upper idé&trzone has been heavily impacted
by the railway bed/riprap armouring either by plaeat of these structures within the
upper intertidal zone (and the subsequent lossief Zone) or disrupting wave action
leading to beach scour and a coarsening of sedenterlte size of cobbles.

Few locations in White Rock were suitable for shngp In White Rock, almost
all of the upper intertidal has been lost and mafctine sloping, high intertidal beach face
replaced with riprap or large cobbles and boulderscations sampled or suitable for
sampling included West Beach (White Rock Boat RanMyseum station (near the
White Rock Museum and Archives), The Rock (WhitekgpEast Beach including two
stations west of the Little Campbell River Estuaand three stations along Beach
Road/Peace Arch Park. The coarsest beaches weaedioin White Rock. Sediments
more conducive to surf smelt spawning charactessticcurred on the west side of the
Little Campbell River and near the Canadian/Unigtdtes border (Peace Arch Park).
The area of Peace Arch Park is near surf smelt sipgnvand sand lance spawning
beaches in Blaine, WA, near Semiahmoo Spit andhBPaint (Penttila 2000, 2001). The
beaches near the Peace Arch Park/Beach Road avié/hegacted by the railway bed.
This has resulted in a shallow surface sedimenvglepnlikely to be conducive to surf
smelt but which may support sand lance spawning.
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West Beach Boat Ramp Station, White Rock, BC

The beach is south/south-west facing and expas#tketStrait of Georgia. In the
past, a recreational surf smelt fishery occurretthiagtsection of beach, and it was heavily
used for spawning. Human activity is high at thesach area and includes boat/kayak
launching, beach combing, sun bathing, and othereational activities (Figure 21).
Like other areas in White Rock, the backshore s leveloped into parking lots and
grassy lawns. The upper intertidal zone was replaby the railway, promenade,
seawalls, riprap, and outfall pipes placed perpardr to and on top of the beach face.
The placement of a concrete boat ramp extendingageavould likely impede sediment
movement and degrade the sediment character teaii¢o the state of a coarseness not
useable for forage fish spawning. Some sectionthisfbeach, such as at the museum
area, have a beach berm with natural large woodyigi€¢logs). Outfall pipes may
impede the movement of eroded gravels along thehbe@n inspection beach slope and
gravel character on either side of an outfall pipanarkedly different. On the west side
of the pipes, the beach character is that of aseo@) and medium gravel (3) with a sand
base and a higher beach elevation and slope (intkoaf collection of sediments due to
the impeding pipe). On the east side of the pifheshbeach character is that of cobble (5)
with no smaller gravels and a lower beach elevaindicative of a sediment starved
condition). The West Beach Boat Ramp station idedoas being an uplands (5)—
intertidal (100% impact). There is no shading tagien. The beach character area near
the west beach boat ramp is highly degraded withiseo(4) and medium gravel (3) and
cobble (5) and the sediment bands are narrow (Hesgythan 1 metre in width). The
sediments are shallow and with a minimal fractiérpea gravel. After sieving to 2.0
mm, little gravel sediment remains. Like otheraasrén White Rock, the beach is likely
starved of smaller, eroding terrestrial gravels doethe parking lots, railway bed,
promenade, and grass lawns. Shoreline componeagurements of this station were not
taken.

Recommendations Summary: Shoreline modificatidoagathis stretch of beach are
numerous. However, along a beach section from\Wast Beach Boat Ramp to the
White Rock Pier opportunities exist for restorateomd enhancement. At the minimum,
sediments should be enhanced by adding gravel b@sveemoving outfall pipes laying
on the beach face to promote sediment transpdantiRg of marine riparian vegetation
would also enhance the spawning potential. Altlolagge areas of the upper intertidal
are lost to the extensive riprap and armouringgtiaee several available lengths of beach
that, after restoration, would be long enough teaet surf smelt to spawn, restoring a
historical legacy of this area both for ecologiftaiction and recreational use. One area
Is near the first outfall pipe east of the West @eBoat Ramp and a second is near the
outfall pipe just west of the White Rock Museum ahahives. Exact spatial data of
these locations can be provided.
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Figure 21: West Beach Boat Ramp Station, WhitekRBE. Across-shore transect
location and 2007 summer sediment charatts.
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The Rock Station, White Rock, BC

The beach at the Rock is south, south-west faaimd) exposed to the Strait of
Georgia.  This beach is heavily used as WhitekRadtracts a very high number of
visitors to the BC Wildlife Management Area. Thtesdgs heavily impacted by human
activities. Backshore development includes parkiotg, grass lawns and the upper
intertidal was likely buried or replaced by thelway bed, riprap, grass lawn. At tide
heights below maximum high tide, the tide linetishee riprap structures indicating a loss
of upper intertidal elevation (being spawning haibfor surf smelt and sand lance). In
the intertidal, waste-water pipes, the White Roalr Rnd jetty impede the transport of
beach sediments along the beach as is evidenttfierhigher elevation of the sand flat
behind the jetty/pier structure. Across-shore bagdgirofiles (including vertical profiles
of the across-shore transect with elevations) efRbck Station are in Figures 22 and 23
and Table 6. The station is coded as being anndpl§5)—intertidal 100% impact.
There is no shading vegetation. The beach characseipport spawning by surf smelt or
Pacific sand lance is of a moderate quality withllskv, medium gravel (3) with pea
gravel (2) and a sand base. Little gravel sedinemetained after sieving to 2 mm.
Much of the habitat to the east of the Rock is ghallow veneer of pea gravel until the
beach face is lost to the riprap piles which cargieastward.

Recommendations Summary: Shoreline modificatidnagathis stretch of beach are
numerous. East of the White Rock Pier, few locetialong the White Rock beach are
suitable for enhancement (although large re-engimgeprojects would likely be
possible). At the Rock station, the sediments khbe, at the very least, enhanced with a
mixture of smaller gravels to improve the sedimemracter and increase the width of
potential spawning zone. Also, planting of marinparian vegetation would be
advantageous. By improving stretches of beachigarea as well as areas of beach near
the West Beach Boat Ramp and near the Little Cathpldeer Estuary, may provide
enough spatial area to attract surf smelt backh&r thistoric White Rock spawning
grounds.
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Table 6: 2007 across-shore banding profiles, ToekFStation, White Rock, BC.

Location : White Rock, The Rock Station

Wave Exposure : exposed, south south-west facing
Backshore : grassy lawns, promenade

Shading : no shading; heavily impacted/altered intertidal.

Horizontal
Zone/Componen *Tide Distance
t Band (form)  Substrate (material)  Vegetation/Invertebrate Species *Slope Height/Width Height m from HHW m
Backshore grass lawn; promendade not measured
Al beach berm  Clastic: sand, rock (4) logs; sand, coarse gravel 4° 74cm/11.95m5.14m  11.95m
B1 top (+) beach face Clastic: rock (4,3) logs; coarse gravel 9.5° 118 cm/7.3m 4.4m om
B1 bottom (+) beach face Clastic: rock (4,3) logs; coarse gravel 3.2m 7.3m
B2 sand flat Clastic: mud, sand various invertebrates, Zostera spp not measured
B3 eelgrass beds Clastic: sand Zostera marina beds not measured

Overall slope 5.5°
(+) Potential spawning habitat at 0-7.3 m from B1

*measured from band height and width measurements
**using 4.4m as maximum tide height

Figure 22: 2007 vertical beach profile of the asrghore transect with elevations,
The Rock Station, White Rock, BC.
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Figure 23: The Rock Station, White Rock, BC: asfsBore transect location and
2007 summer sediment characteristics.
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Little Campbell River Estuary Station, East Beach

The beach to the west of the Little Campbell Riigersouth-west facing and
exposed to the Strait of Georgia. Throughout #erylarge amounts of vegetative debris
is present and mainly located in the upper inteftigrea. This beach is heavily
impacted by human activities similar to other areéasWhite Rock. Backshore
development includes the railway bed which woulthghe movement of gravels to the
beach. There are no structures located in thetiok zone (such as seawalls, piers or
groins) impeding the movement of eroded gravelsgtbe beach. Across-shore banding
profiles (including vertical profiles of the acresisore transect with elevations) of the
LCRE Station are in Figures 24 and 25 and TableTfe station is coded as being an
uplands (2)—25% impact. While vegetation (shor &l shrubs; deciduous trees) is
present, none of the vegetative canopy shadespiber intertidal. The beach character to
support spawning by surf smelt or Pacific sandéasanoderate and is largely composed
of coarse gravel (4). Little medium gravel (3) asmiall amounts of pea gravel (2)
remain after sieving to 2 mm(*). Due to the coansgure of the sediments and the
narrow width of the potential spawning zone, sanplstations along this stretch of
beach are limited.

Recommendations Summary: This area of beach haspotential for enhancement due
to the wide beach berm and lack of riprap armourifighe sediment character can be
improved by supplying a mixture of smaller grav8ls(
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Table 7: 2007 across-shore banding profiles,d_i@ampbell River Estuary Station,

Surrey, BC

Location :Little Campbell River Estuary Station

Wave Exposure : exposed, south west facing

Backshore : railway bed

Shading : limited shading; heavily impacted/altered intertidal.

**Tide Horizontal
Zone/Com- Height  Distance from
ponent Band (form) Substrate (material)  Vegetation/Invertebrate Species  *Slope Height/Width ~ (m) HHW m
Backshore
Al beach berm Clastic: sand shrubs, decidious trees not measured
B1(+) beach face Clastic: rock (3,4) logs; no vegetation ~7.1° 95.7cm/7.7m  44m Om
B2 top beach face Clastic: rock (5) ~4.2° 91.5cm/12.7m 344m 7.7m
B2 bottom  beach face 252m  20.4m
B3 mud flat mud/sand not measured

Overall slope ~5.2°
(+) Potential spawning habitat at 5.3 - 6.5 m from B1

*measured from band height and width measurements
*ysing 4.4m as maximum tide height

Figure 24: 2007 vertical beach profile of the asrghore transect with elevations,

Little Campbell River Estuary Station, Surrey, BC.
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Figure 25: Little Campbell River Estuary Stati@ast Beach: across-shore transect
location and 2007 summer sediment charatiesi
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Peace Arch Park/Beach Road Stations

The beach at the Peace Arch Park location is faestg and exposed to the Strait
of Georgia. This beach has been heavily impactedewelopment. Other than nominal
foot traffic, this site receives little human adiyy The backshore and part of the upper
intertidal has been impacted by the railway bed @m@p. The upper beach component
(“A”-beach berm or supralittoral) and likely somé the uppermost B1 component is
buried under the railway bed and riprap. Wasteewatitfalls extend into the intertidal
and pipes are laid on top of the beach face perpelad to the shore. These waste-water
outfalls impede the shoreward transport of sedimemackshore development and the
outfalls may impede the movement of eroded gratelsand along the beach. The
resulting beach is in a starved sediment conditizels an overall decreased beach
elevation (and increased slope), and deep eelgeasgéed wracks are deposited on top
of the narrow spawning zone which remains.

Across-shore banding profiles (inchglivertical profiles of the across-shore
transect with elevations) of the Peace Arch Bokation are in Figures 26 and 27 and
Table 8. The station is coded as being an uplands (4)—id&r{75% impacted) (Figure
27). While vegetation (short and tall shrubs;ideous trees) are present on the railway
bed, little of the vegetative canopy shades thesupmertidal. A few crab apple trees
and shrubs are present with a canopy that wouldesB&% of the station. In the fall of
2007, it was noted that these shrubs were cut dowhe beach character to support
spawning by surf smelt or Pacific sand lance is enai@ to poor and is largely composed
of a narrow spawning width with shallow surface a&pof medium gravels (3) with a
sand base and a veneer of pea gravel (2). Littheed sediment remains after sieving to 2
mm(*). The beaches are suitable for sand lapeg/sing, but spawning by surf smelt
may be limited due to the sediment character, omarspawning zone width and
proximity of the mud flat. This area is close tnfirmed sand lance and surf smelt
spawning areas located in Blaine, WA at Semiahmub&hd Birch Bay (Penttila 2000,
2001).

Recommendations Summary: The beaches at thisrsi@te starved of sediments likely

due to interruption of along-beach sediment trartspond the railway bed blocking the

transport of eroding sediments. Removal of oufgdes lying on top of the beach face
may improve movement of sediments to this beach. ar®ediments enhanced can be
achieved by adding a mixture of smaller gravels(*).
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Table 8: 2007 across-shore banding profiles, PAecie Border Station, Surrey, BC

Location : Peace Arch Border Station
Wave Exposure : exposed, west facing
Backshore : riprap; railway bed
Shading : limited shading; heavily impacted/altered intertidal.

Zone/Compon *Tide Horizontal Distance
ent Band (form)  Substrate (material) Vegetation/Invertebrate Species *Slope  Height/Width  Height (m) from HHW m
Backshore not measured
Al beach berm  Clastic: sand, rock (3) Himilayan blackberry, shrubs, sea vetch ~7.7° 48.5cm/3.8m 4.9m 3.8m
Clastic: rock (3), shell
B1(+) beach face  fragments ~8.3° 81lcm/5.7m 4.4m Om
Clastic: rock (4), no sand
B2 top beach face  base ~6.6° 37cm/3.3m 3.59m 5.7m
B2 bottom beach face 3.22m 9.0m
B3 mud flat mud/sand not measured

Overall slope ~7.5°
(+) Potential spawning habitat at 3.3-9.0m from B2(bottom)

*measured from band height and width measurements

**ysing 4.4m as

Figure 26: 2007 vertical beach profile of the asrghore transect with elevations, Peace

Arch Border Station, Surrey, BC.
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Figure 27: Peace Arch border station, East Béaahrey, ,BC: across-shore transect
location and 2007 summer sediment charstiesi
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Appendix A — Dates and GPS Locations of Bulk Sasple
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-75/-1 +2 23 -- 466 054 5 047

-350-/ +0 23 -0 -6/ 054 -5 477

-350-/ +0 23 -0 1. 054 -5 43.
-350-/ +5 23 -0 -4- 054 -5 476

-350-/ +5 23 -0 102 0%4 -5 472
-350-/ +4 23 -- 30. 054 -5 46-

-350-/ +4 23 -- 170 0%4 -5 454
-350-/ +2 23 -- 770 054 -5 454

-350-/ +2 23 -- 1-3 054 -5 534




* + " % % %

-354-/ +0 23 -5 3 055 64 -3
-354-/ +0 23 -5 35 0%5 64 -1l
-354-/ +5 23 -5 05% 64 -62
-354-/ +5 23 -5 04 0%5 64 -7
-354-/ )10 23 -- 04. 055 26 2.
-354-/ )10 23 -- Q2/ 055 26 27.
-354-/ )5 23 -- a/0 055 26 6-0
-354-/ )5 23 -- 5/7 055 26 5/
-354-/ )4 23 -- 24/ 055 26 3-/
-354-/ )4 23 -- 4/2 055 26 -
0--.-/ +0 23 -- 76+ 054 -5 4-3

0--.-/ +0 23 -- 77 D54 -5 404

0--.-/ 15 23 -- 3/0 054 -5 a7

0--.-/ 15 23 -- 3./ 054 -5 4..
0--.-/ +4 23 -0 -32 054 -5 420

0--.-/ +4 23 -0 D36 054 -5 603
0--.-/ 40 23 -0 4.4 D54 -/ 0./

0--.-/ 40 23 -0 417 D54 -/ 065

0--.-/ 45 23 -0 4/4 D54 -/ 047

0--.-/ 45 23 -0 40, D54 -/ -22

0-57-/ )10 23 -- 066 055 26 233
0-57-/ )10 23 -- Q46 055 26 2.4
0-57-/ )15 23 -- 5-7 035 26 665
0-57-/ )15 23 -- 550 055 26 6.-
0-57-/ )4 23 -- 4.6 095 26 .75
0-57-/ )4 23 -- 44, 095 26 -
0-53-/ +0 23 -- 1- 054 -5 57.
0-53-/ +0 23 -- 1-5 054 -5 535
0-53-/ +5 23 -- 112 054 -5 402
0-53-/ +5 23 -- 17- 054 -5 45-
0-53-/ +4 23 -0 163 0%4 -5 43-




|23

321

0$4

0-53-/ +4 -0 -5 4/-
* +" % % %
-354-/ +0 23 -5 .3 055 64 -13
-354-/ +0 23 -5 35 0%5 64 -1
-354-/ +5 23 -5 05% 64 -62
-354-/ +5 23 -5 04 0%5 64 -7
-354-/ )+0 23 -- 04. 055 26 2.
-354-/ )+0 23 -- 02/ 055 26 27.
-354-/ )#+5 23 -- a/0 055 26 6-0
-354-/ )#+5 23 -- 5/7 055 26 /5/
-354-/ )4 23 -- 24/ 055 26 3-/
-354-/ )4 23 -- 4/2 055 26 -
0--.-/ +0 23 -- 76 054 -5 4-3
0--.-/ +0 23 -- 7 054 -5 404
0--.-/ 15 23 -- 3/0 054 -5 4/7
0--.-/ 15 23 -- 3./ 054 -5 4..
0--.-/ +4 23 -0 -32 054 -5 420
0--.-/ +4 23 -0 D36 054 -5 603
0--.-/ 40 23 -0 4.4 054 -/ 0./
0--.-/ 40 23 -0 417 054 -/ 065
0--.-/ 45 23 -0 4/4 054 -/ 047
0--.-/ 45 23 -0 40. 054 -/ -22
0-57-/ )+0 23 -- 066 055 26 233
0-57-/ )+0 23 -- 046 055 26 2.4
0-57-/ )+5 23 -- 5-7 035 26 665
0-57-/ )+5 23 -- 550 055 26 6.-
0-57-/ )t+4 23 -- 4.6 0395 26 .75
0-57-/ )4 23 -- 44. 055 26 --
0-53-/ +0 23 -- 1- 054 -5 57.
0-53-/ +0 23 -- 1-5 054 -5 535
0-53-/ +5 23 -- 112 054 -5 402
0-53-/ +5 23 -- 17- 054 -5 45-




0-53-/ +4 23 -0 163 054 -5 43-
0-53-/ +4 23 -0 32/ 0%4 -5 4/-
* + ' % % %

00-6-/ +0 #3$ 23 - 2/0 054 -6 660

00-6-/ +0 #$ 23 - 2.7 054 -6 62

00-6-/ +5 #$ 23 - 2.- 054 -6 626

00-6-/ +5 #$ 23 - 6-5 054 -6 62

00-6-/ +4 #$ 23 - /6 054 -6 /10

00-6-/ +4 #$ 23 - 77 054 -6 /.0

00-6-/ +2 #$ 23 -0 53. 054 -/ -0/

00-6-/ +2 #$ 23 -0 4-2 054 -/ -4-

0057-/ +0

0057-/ +5

0057-/ +4

05-6-/ +0 1 23 -- 04/ 034 -6 212
05-6-/ +0 23 -= 02/ 094 -6 2/5
05-6-/ +5 1 23 -- 5-/ 054 -6 23-
05-6-/ +5 23 -= 554 054 -6 23/
05-6-/ +4 23 -= 4-/ 054 -6 653
05-6-/ +4 23 -= 44. 094 -6 64-
05-6-/ H2 # 23 -- 223 054 622

05-6-/ H2 23 -= 230 054 -6 624
05-3-/ )+0 23 -= 476 055 26 702
05-3-/ )+0 23 -= 407 055 26 -7
05-3-/ )+5 23 -= 476 055 26 702
05-3-/ )+5 23 -= 24/ 0395 26 3-5
05-3-/ )4 23 -- 046 055 26 2.3
05-3-/ )4 23 -- a/. 05% 26 23/
05-3-/ )2 23 -- a/. 05% 26 23/
05-3-/ )2 23 -- 037 055 26 64
0557-/ +0 23 -- 234 054 -5 053




0557-/ +0 23 -- 656 054 -5 054

0557-/ +5 23 -- 63 054 -5 067

0557-/ +5 23 -- /-6 054 -5 o//
* + " % % %

* " " * " "

0557-/ +4 23 -- 367 054 -5 4/g
0557-/ +4 23 -- 34. 054 -5 46/
0557-/ +2 23 -- 746 054 -5 40%
0557-/ +2 23 -- 7/0 054 -5 40.
054--/ )+0 23 -- 1- 055 2/ 766
054--/ )+5 23 -- 47 055 2/ Wi
054--/ )+5 23 -- g7 055 2/ .5/
054--/ )+4 23 -- 047 055 26 270
054--/ )+4 23 -- 06. 055 26 6-0
054--/ )+2 23 -- 5-/ 05H 26 66/
054--/ )+2 23 -- 54- 055 26 670Q
054--/ )+6 23 -- 454 055 26 .5-
054--/ )+6 23 -- 33- 055 26 1.5
-0-2-. +0 23 -0 4.4 054 -5 750
-0-2-. +0 23 -0 4.6 054 5 724
-0-2-. +5 23 -0 4/3 054 -5 755
-0-2-. +5 23 -0 4/. 054 ) 755
-0-2-. +5 23 -0 4/3 0%4 -5 720
-0-2-. +5 23 -0 4.- 054 -5 72/
-0-2-. +4 23 -0 b5. 0%4 -5 66/
-0-2-. +4 23 -0 43 054 -5 6.4
-0-2-. +2 054 -5 0.7
-0-2-. +2 23 -0 /0 054 -5 477
-0-2-. +6 23 -- 747 054 -5 404
-0-2-. +6 23 -- 725 D54 -5 40-
-0-2-. +6 23 -- 723 054 -5 40.
-0-2-. +6 23 -- 76. 054 -5 40.
-05--. +0 23 -0 460 054 -/ 045
-05--. +0 23 -0 422 054 -/ 0o/




-05--. +5 23 533 054 -/ -56

-05--. +5 23 570 054 -/ -0.
-05--. +4 8 #$ 23 - 37. D54 -6 14

-05--. +4 23 3.- 054 -6 .60




)]

223
220
22,

266

-03

’
&

63

6.7

167
1.4

072

0.5
520
567

%

2.0
2.0

-6
-6
-6

660

644
66-

664
27

055

65

65

65

65

64

64

055

64

64
53.
535

402
4-6

5.4

523
032
556

055

0%

006
0-2
0-0

054

054
054

054
054
054
054

D66

0%5
0%5
0%5
0%5

095

46

60
27

22

D72
45-
4.2

0%

0%5

054
054

054
054

054

054

054

273
253
263
247

-4

054

054
054

054

0.4
023

23
23
23
23

23

23
23
23
23
23
23
23
23

7-0

.30

722
740

.20
/5/
/6.

607

%

23

23
23
23
23

23
23
23
23
23
23
23
23
23

+0
+0
+5
+5
+4
+4
+2
+2
+6
+6

#$
#$
#$
#$

+0
+0
+5
+5
+4
+4
+2
+2
+6

-054-.

-054-.

-054-.

-054-.

-054-.

-054-.

-054-.

-054-.

-054-.

-054-.

{o
{o
is
is
10
10
15
15
4
4
12
12

-052-.

-052-.

-052-.

-052-.
-05/-.
-05/-.
-05/-.
-05/-.
-05/-.
-05/-.
-05/-.
-05/-.

-05.-.

-05.-.

-05.-.

-05.-.

-05.-.

-05.-.

-05.-.

-05.-.

-05.-.




-05.-. |+6 23 -- 23/ 054 -5 056 ‘ ‘
* +", % % %

-057-. )10 23 -- 027 0%5 26 270
-057-. )+0 23 -- G 05% 26 642
-057-. )+5 23 -- 5/6 055 26 /53
-057-. )+5 23 -- 525 055 26 /-4
-057-. )t+4 23 -- 5/6 055 26 /53
-057-. )t+4 23 -- 532 055 26 [7-
-50/-. +0 23 -0 D25 054 -5 267
-50/-. +0 23 -0 D56 054 -5 224
-50/-. +5 23 -0 100 0%4 -5 472
-50/-. +5 23 -- 330 0%4 -5 470
-50/-. +4 23 -- 143 0%4 -5 405
-50/-. +4 23 -- 76- 054 -5 40.
-507-. +0 23 -- 036 0%4 -6 27-
-507-. +0 23 -- 5-3 054 -6 277
-507-. +5 23 -- 26/ 054 -6 624
-507-. +5 23 -- 2 054 -6 622
-55--. )40 23 -- 024 0%5 26 27,
-55--. )40 23 -- 0/0 055 26 6-6
-55--. )45 23 -- 4-4 0595 26 /130
-55--. )45 23 -- 534 055 26 1.4
-55--. +0 23 -4 505 055 64 07-
-55--. +0 23 -4 b4, 0%5 64 036
-40--. )40

-40--. )40

-40--. 10

-40--. 10

-40--. +0

-410.1-. +0 23 - 3 054 5 45

-410.1-. +0 23 - 322 054 5| 463
-410.1-. +5 23 - 75/ 054 5 40

-410.1-. +5 23 -- B3- 054 -5 53/




-410.1-. +4 23 -- .56 054 -5 563

-410.1-. +4 23 -- /8- 054 -5 525
* + " % % %

-41021-. +0 23 -0 47 054 -6 324
-41021-. +0 23 -0 567 054 -6 374
-41021-. +5

-41021-. +5

-41021-. +4

-41021-. +4

-402-. +2 #

-402-. +2

-21-/1-. 10 1 23 -- -7 054 -6 203

-21-/1-. 10 23 -- -80 054 -6 245
-21-/1-. 15 # 23 - 2.6 054 -6 625

-21-/1-. T5 23 -- 273 054 -6 622
-21-/1-. T4 23 -0 40. 054 -/ -27

-21-/1-. T4 23 -0 400 054 -/ -46
-21-/1-. 12 23 -0 56/ 054 -@ 3.6

-21-/1-. 12 23 -0 54/ 0%4 -6 327
-21-71-. +0 23 -- 62- 054 -5 056

-21-71-. 2B -- 664 054 -5 045
-21-71-. +5 23 -- /56 054 -5 037

-21-71-. 23 -- 147 054 -5 5-7

-21-71-. +4 23 -0 043 054 -5 26.

-21-71-. 23 -0 D-3 054 -5 253
-21-71-. +2 23 -0 -04 054 -5 47/

-21-71-. 23 -0 332 054 -5 47
-21-31-.

-21-31-. +0 23 -4 .22 055 65 /-

-21-31-. +0 23 -4 64 0%5 65 67%
-21-31-. +5 23 -4 -3 055 55 .5/

-21-31-. +5

-21-31-.  )+0 23 - 05/ 055 26 2/6

-21-31-.  )+0 23 -- 04- 035 26 2.7




-21-31-.  )}5
-21-31-.  )}5 23 -~ 04 055 26| 66
-21-31-. )45
* + % % %

« om W | . y
-210-1-. % &+0 23 ~- 74 045 2/| 325
-210-1-. % &+0 23 -~ 702 055 21 771
-61-41-. +0 23 - 276 054 -5 057
-61-41-. 23 - | 600 054 -5 |052
-61-41-. +5 23 ~- 02 054 -5 04
-61-41-. 23 —- | B 054 -5 03-
-61-41-. +4 23 - 725 054 -5 406
-61-41-. 5
-61-41-. +2 23 - 5, D54 5 473
-61-41-. 98
-61-21-. |0 23 -0 506 0%4 6| 33/
-61-21-. |0
-61-21-. |5 23 -0 57 0%4 4 -6
-61-21-. |5
-61-21-. |4 23 - 04 054 -6 267
-61-21-. |2
-61-21-. |2 23 - 220 054 6| 645
-61-31-.  )}0 23 - 53 055 26/ 1.0
-61-31-.  )}0
-61-31-.  )}5
-61-31-.  )}5 23 - 076 055 26 642
-61-31-.  )#4
-61-31-.  )}4
-61021-. +0 23 -4 054 055 64 047
-61021-. +0 23 -4 000 055 64 053
-61021-. +5 23 -4 10 055 64| 00/
-61021-. +5 23 -4 16l 055 64 06
-61021-. % &+0 23 - 75 055 21| .6
-61021-. % &+0 23 -2 055 2/ | .25




-/1031-. +0 23 -- 746 054 -5 400

-/1031-. P3 - 762 054 -5 4-,
-/1031-. +5 23 -- 376 054 -5 474

-/1031-. p3 -0 -7 054 -5 4.4

* + " % % %

-/1031-. +4 23 -0 513 054 -5 643

-/1031-. P3 -0 553 054 -5 667
-/1031-. +2 23 -- 472 054 -5 042

-/1031-. 23 -- 4/0 054 -5 043
-/1031-. +6 23 -- /05 054 5 0.-

-/1031-. +6 23 -- /52 054 5 072

-/15-1-. +0 23 -4 D/6 0%5 64 062
-/15-1-. +0 23 -4 D32 055 64 0.1
-/15-1-. +5 23 -4 57/ 0%5 64 506
-/15-1-. +5 23 -4 40/ 0%5 64 544
-/15-1-. 10 23 -4 0. 055 65 .07
-/15-1-. 10

-/15-1-. %| &+0 23 -- 13. 095 2. 0.5
-/15-1-. %| &+0 23 -- 172 055 2. 053
-/15-1-. %| &+5 23 -- 147 055 2/ 3.3
-/15-1-. %| &+5

-/1521-. +0 23 -4 46- 055 64 52.
-/1521-. +0 23 -4 43/ 0%5 64 5/3
-/1521-. +5 23 -4 21/ 055 64 50/
-/1521-. +5 23 -4 262 055 64 52-
-/1521-. +4 23 -4 D54 055 64 047
-/1521-. +4 23 -4 13/ 035 64 004
-/1521-. +2 23 -4 1.0 035 64 004
-/1521-. +2 23 -4 12 055 64 0-3
-/15.1-. 10

-/15.1-. 10 23 -- 026 0%4 -6 2.0
-/15.1-. 15 23 --

-/15.1-. 15 23 -- 0.5 054 -6 2/




-/15.1-. 4 23 - 267 0%4 -6 6/0
-/15.1-. 4 23 - 24/ 094 -6 62/
-/15.1-. 2 23 - 236 0%4 -6 62.
-/15.1-. 2 23 - 2.5 054 -6 647




%

%

%

-/14-1-.
-/14-1-.
-/14-1-.
-/14-1-.
-/14-1-.
-.1-01-.
-.1-01-.
-.1-01-.
-.1-01-.
-.1041-.
-.1041-.
-.1021-.
-.1021-.
-.1021-.
-.1021-.
-.1021-.
-.1021-.
-.1061-.
-.1061-.
-.1061-.
-.1061-.
-.1061-.
-.1061-.

p—
+
S o U o1 o o » o o o O

=+ =+ =+ =+
(¢)] (63} o o

% &+0
% &+0
+0

+5
+5
+4

+4

23

23

23
23
23
23
23

23
23
23
23
23
23

43/

244

073
4-5

0/6

056
00-

-3
0/4
023

055

055

055

055
055

055
055

055
055
055
055
055
055

27

23

27

26
26

26
26

64
64
64
64
64

64

075
1.2

232

043
053
007

062
026



%

%

%

-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-.10.1-.
-71-31-.
-71-31-.
-71-31-.
-71-31-.
-71-31-.
-71-31-.
-71041-.
-71041-.
-71041-.
-71041-.
-71061-.
-71061-.
-71061-.
-71061-.
-71061-.
-71061-.
-71061-.
-71061-.

#$
#$

N N

23
23
23
23

23

23
23

23

23
23
23
23
23
23

23

23
23
23
23
23
23
23

654

36-

- 3/6

024
04-
02-
06-

054
054
054
054

—- 27-
-~ 24

-4 055
-4 022
-4 25
-4 466
-4 40/

-- 760

-- 76/

-0 -06

-0 0.0

-0 07
600

054

054
054

055

054
054
054
054
054
054
054

OT

64

64
64

64
64

27

055

4/6

4.4

624
62/
053
025
5/.
527
545



%

%

%

-710.1-.
-710.1-.
-710.1-.
-710.1-.
-710.1-.
-710.1-.
-710.1-.
-710.1-.
-710.1-.
-710.1-.

-71071-.
-71071-.
-71071-.
-71071-.
-71071-.
-71071-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.
-71401-.

~— N~ ~—~ ~—~
m m

+0
+0
+5
+5

1o
H0
5
ig
+0
+0
+5
+5
+4
+4
+0
+0
+5
+5
+4
+4
+2
+2
+0
+0
+5
+5

#$
#$

23
23

23
23

23

23

23

23
23
23
23

23

23
23
23
23

23

-4 055
-4 00/
-4 004
-4 050
-0 030 05§
-0 557 05§
-- 065
-- 2.4
-- 272
-- 5-2
-- 57.

024 054
062 054
-4 0-6 05
054

06.
04.

10 2-4 055
-0 2-3

-0 50- 05

27
055

5 27

64 020
64 040
64 05/
64 04-

26 235

-6 625
-6 666
-6 23-
-6 2.2

055
04.
023
043

713
27 73/
526



%

%

%

-31521-.
-31521-.
-31521-.
-31521-.
-31521-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31561-.
-31571-.
-31571-.
-31571-.
-31571-.
-31571-.
-31571-.

+0
+0
+5
+0
+0
+0
+0
+5
+5
+4
+4
+4
+2
+2
+6
+6
+0
+0
+5
+5
+4
+4

#$

#$

23

23
23
23

046

050

.50

5-7
07.

044

055

055
055
054

64 046
65 137
65 .53
-6 276
230
2.2
26.



%

%
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-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-31571-.

-314-1-.

-314-1-.

-314-1-.

-314-1-.

)

)
)

+0

+0

+5

+5

+4

+4

+2

+2

+6

+6

+/

+

+0

+0

5

5

#$
#$
#$
#$

23

23

23

23

543

404

536

4-4

054

054

054

054

233

65/



Appendix B: From Field Protocols of Moulton and Pattila

Field Records and Physical Data:

Data Fields : Environmental characteristics of the sampled location are recorded
to help analyze results of sampling. These records are entered on the field data
sheet, which is completed at the time of sampling (Figure 14). Personnel involved
in sampling need to be listed on the bottom of the sheet in case there are
guestions regarding the data. The data sheet will be reviewed after the crew has
returned from the field. The reviewer will indicate that the sheet has been
completed by signing the space labeled "Reviewed by".

The data fields should be filled in as follows:

Last High Tide: Time and elevation of the last high tide - can be obtained from a
current tide chart.

Island: Island Sampled

Date of Sampling:

Beach Number: Assigned Number for Beach being sampled.

Sample Number: Sample number from Sample Label.

Time: Time sample label is removed from the beach (0000-2400 hr)

Latitude/Longitude: Latitude and longitude in degrees, minutes, seconds

Beach: Character of the upper beach:
0 = mud,
1 = pure sand,
2 = pea gravel (fine gravel) with sand base,
3 = medium gravel with sand base,
4 = coarse gravel with sand base,
5 = cobble with sand base,
7 = boulder with sand base,
8 = gravel to boulders without sand base,
9 - rock, no habitat

Uplands: Character of the uplands (up to 1,000 ft):
1 = natural, 0% impacted (bulkhead, rip-rap, housing, etc.);
2 = 25% impacted; 3 = 50% impacted; 4 = 75% impacted, 5 = 100% impacted

Sample Zone: Distance of collection parallel from a land mark in feet to the
nearest % foot. Used to determine the tidal elevation of the spawn deposit

Land Mark: Land mark for sample collection:
1 = down beach from last high tide mark

2 = up beach from last high tide mark

3 = down beach from second to last high tide
4 = down beach from upland toe



5 = up beach from waterline at the time noted

Tidal Elevation: This is determined in the office using the location and time data.

Smelt, Sand Lance, Rock Sole, Herring:  subjective field assessment of spawn
intensity:
0 = no eggs in field,
1 = very light, observed in field,
2 = light, observed in field
3 = light medium, observed in field
4 = medium, observed in field
5 = medium heavy, observed in field
6 = heavy, observed in field
7 = very heavy, observed in field
8 = eggs observed in the winnow

Width: Width of the potential spawning substrate to the nearest foot

Length: Length of the beach up to 1,000 feet (500 feet on either side of the
station) or "C" if continuous.

Shading: Shading of spawning substrate zone, averaging over the 1,000 foot
station and best interpretation for the entire day:

1 = fully exposed,
2 = 25% shaded,
3 =50% shaded,

4 = 75% shaded,
5 =100% shaded

Comments: additional information to be entered into the computer, evaluated on
a station by station basis.

Samplers: Names of personnel participating in the sample collection

Photo Taken: indicate number and direction of photographs

Prepare a map of each location sampled using a 1:25,000 scale nautical chart.
Mark each sample location on the map with appropriate sample number so that
the exact site can be re-visited, if needed. Use a GPS to obtain latitude and
longitude of each sampled location, but priority should be placed on an accurate
map.



