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Introduction:

The following report has been prepared for Island County to aid the process of satisfying elements of the
WDOE Grant No. SEANWS-2014-1sCOPH0Q02, Item 2.1, “Conduction of forage fish spawning surveys...”.
Summaries of the history of surf smelt (Hypomesus) and Pacific sand lance (Ammodytes) spawning
habitat surveys within Island County, the spawning ecology of those beach-spawning forage fish
species, specific details of beach-spawning forage fish spawn survey protocols and other considerations
for the successful undertaking of such surveys by local volunteers, existing gaps in the current smelt/
sand lance spawning habitat survey database that might represent priority areas for renewed survey
effort, application of forage fish spawn survey data to restoration projects in general, and the
monitoring of the recent shoreline restoration project in Cornet Bay, Whidbey Island, will be presented.
Attached appendices will feature various publications and information sources that may serve to
expedite the forage fish habitat survey task noted above.

Forage fish spawning ecology:

Surf smelt:

The surf smelt, Hypomesus pretiosus, (Figure 1)isa common and widespread, near-shore dwelling,
ecologically-important forage fish known to occur throughout the Puget Sound Basin/Salish Sea region.
Since the species was first described in the scientific literature in 1855, it has been known to be an
obligate upper intertidal beach-spawner, depositing and incubating its adhesive eggs on sandy-gravel
beaches in the upper third of the intertidal zone, from Alaska to California (Figure 2). A small, short-
lived, densely-schooling fish , it contributes to the prey base of the local near-shore marine ecosystem’s
foodweb, and also supports significant local sport and commercial fishery harvests in many areas of the
state, including Island County (Penttila 2007).

The eggs of the surf smelt are about .8 mm in diameter and tightly adherent to particles of beach
material (Figure 3). Spawning can occur at frequent time intervals at any given spawning site, resulting
in a more or less continuously-occurring spawn deposit of egg of mixed age, that may persist at a site
for the entire several-month length of the local spawning season. The eggs of the surf smelt are of such
a small size and often in such low densities in the beach substrate that their visual detection by naked
eye in the field is no-longer an acceptable method of spawning habitat documentation and mapping,
especially by inexperienced volunteers. Thus was developed the “bulk substrate sampling “ protocols
for surf smelt/sand lance spawning habitat surveys.

Incubation periods of any particular brood of surf smelt eggs depends on the ambient seasonal
terrestrial temperature at the site, and can vary from 2 weeks during warm summer weather to 6 weeks
during freezing winter weather. Surf smelt spawn is vulnerable to mass-mortalities during sunny
summer weather at sun-exposed spawning sites, where surface-exposed eggs are soon killed by thermal
shock and desiccation. Smelt egg survival is greatly enhanced during the summer by the presence of
overhanging shade from “marine riparian” trees lining a natural shoreline(Penttila 2001, Rice 2006).



The species is currently known to spawn on about ten percent of the shoreline of the greater Puget
Sound Basin, with additional spawning sites still being found wherever suitably-detailed spawning
habitat surveys are conducted in the region. Since the early 1970s, the Washington Department of
Fisheries/Fish and Wildlife, the Washington Department of Natural Resources, suitably-trained NGOs
and teams of volunteers have been undertaking surf smelt spawning habitat surveys in the Puget Sound
Basin. The driving force for this effort has been the proper documentation of all existing surf smelt
spawning sites, so as to protect them from any additional harm from human shoreline development
activities of various sorts.

Regional surf smelt spawning seasons are complex and variable, depending on the geographic locale of
observations. State-wide, spawning is year-round in some localities, including a subset of the known
spawning areas in Island County. The majority of Island County surf smelt spawning beaches receive
spawn in the “summer” (April through September). A few sites on southern Whidbey Island appear to
receive spawn largely in the “winter” (October through March).

The customary location of the surf smelt’s spawn deposition/incubation on fairly-specific types of mixed
sand-gravel high on the beach near the MHHW line places its critical habitat in jeopardy of degradation/
destruction from almost any human development activity that intrudes seaward of the extreme high
tide line. The species’ vulnerability to development impacts, and its ecological/societal importance, has
led, in recent decades, to inclusion of surf smelt-specific protective language in various regulatory
frameworks governing land-use in Washington State, including the WAC Hydraulic Code Rules, the State
Shoreline Management Act, and the State Growth Management Act, including that act’s resultant local
Critical Area Ordinances.

Pacific sand lance:

The Pacific sand lance , Ammodytes hexapterus, (often mistakenly referred to as the “candlefish” by
local salmon anglers) is also a common and widespread, ecologically-important, near-shore-dwelling
forage fish of the Puget Sound Basin/Salish Sea region (Figure 1). While it is an important element of
the local marine foodweb, serving as prey for many species of birds, fish, and mammals, it has never
supported significant human sport or commercial fisheries in our region.

While the species was scientifically described in 1811, details of its spawning habits were virtually
unknown until it was serendipitously discovered to be an upper intertidal beach-spawner in late 1989 in
and around Port Gamble Bay, Kitsap County, by the writer. Subsequent development of a new “bulk
substrate sampling” survey protocol and the establishment of a Puget Sound-wide synoptic beach
survey program by WDFW in 1991 soon led to the discovery that Pacific sand lance spawning activity
was about as widespread in the Puget Sound region as that of the surf smelt (Penttila 1995a, 1995b).



While surf smelt and sand lance are taxonomically quite unrelated, they have apparently undergone a
“convergent” evolution of their spawning habits and “preferred” habitats. Both species use fine-grained
beaches in the upper third of the intertidal zone, with sand lance spawning tending to occur somewhat
lower on the beach, on somewhat finer-grained material dominated by sand-sized particles (Figure 4).
Unlike surf smelt, Pacific sand lance consistently spawn during November-February throughout the
Puget Sound Basin.

If surf smelt eggs are difficult to visually detect in handfuls of beach substrate, those of the sand lance
are virtually impossible to detect in that manner. The writer surveyed visually for surf smelt eggs on the
beaches of the Puget Sound Basin for nearly 17 years before he stumbled upon deposits of what proved
to be sand lance eggs, dense enough to detect visually on the beach surface, and in such numbers that
they could be distinguished as “different” from surf smelt and in quantities sufficient to be reared-out to
yield identifiable sand lance larvae. Sand lance eggs are about .6 mm in diameter, significantly smaller
that surf smelt eggs, and acquire a coat of small adherent sand grains during deposition that render
them virtually invisible to the naked eye (Figure 5). Details of their visual characteristics are such that,
under magnification during routine lab analyses, they can be readily distinguished from surf smelt eggs
in those many areas of Puget Sound where winter-spawning surf smelt and winter-spawning sand lances
co-occur and use the same beaches at the same time.

Sand lance spawn deposits have been observed consistently and frequently on upper intertidal beaches
throughout Puget Sound since 1989. The sand lance spawning act, creating the subsequently-observed
“spawn pits”, has been photo-documented on Island County beaches in mere inches of water at high
tides on a number of occasions in 2009-2010. The persistent notion that sand lances spawn on subtidal
sediment bottomlands, held by many from times before the 1989-onward intertidal spawn discoveries,
remains unproven at this time.

Because Pacific sand lances spawn high in the intertidal, like surf smelt, their critical spawning habitats
are as vulnerable to negative human shoreline development impacts as those of surf smelt are thought
to be. Thus sand lance-specific language has also been added to the same set of Washington State
land-use regulatory frameworks to prevent further net losses of spawning habitat for this species into
the future.

As with surf smelt, site-specific spawning habitat protection is based on prior documentable
observations of spawn in-situ on or near the site in question. Because so much of the outwardly
“suitable looking” beach habitat in Puget Sound cannot be proven to be surf smelt or sand lance
spawning habitat by observations of eggs on-site, steadfast no-net-loss protection cannot be based on
“potential” habitat value at this time. In some permitting cases, potential negative impacts to “likely-
looking” potential spawning sites may trigger one-time forage fish spawn surveys by trained consultants
(hired by the permit applicant) prior to permitting. However, it is highly advisable for habitat managers



to develop comprehensive spawning habitat databases for as much of the shoreline as possible prior to
future resource-protection needs in vulnerable areas subject to development.

For the sake of completeness, it should be noted that two other important marine forage fishes occur
throughout Island County. The Pacific herring (Clupea) spawns its eggs on marine vegetation beds at a
number of sites during late winter and spring within the county. The northern anchovy, Engraulis, sheds
its planktonic eggs into the local waters at a number of sites in the county during the summer months.

Brief History of Forage Fish Spawning Habitat Survey Effort in Island County:
WDF/M.B. Schaefer, 1930s:

In the early 1930s, WDF biologist M.B. Schaefer published a lengthy report on the biology and spawning
ecology of the surf smelt in Puget Sound (Appendix A). This report included much information
gathered on surf smelt spawning beaches within Island County, especially the beaches around Utsaladdy
on northérn Camano Island. The report included hand-drawn charts of then-known surf smelt
spawning beaches, apparently based on the existence of sport or commercial smelt fishery harvests.
These are depicted on figure 1 of Appendix A. Spawning seasons are also estimated. Note that this
report did not depict any surf smelt spawning beaches in the south half of Island County. This 65-page
report is probably long out-of-print, but | have a loose-leaf copy, if there is a need for modern-day Island
County to have a copy for project files.

WDE/Penttila, 1972-1991:

Within months of the start of my forage fish-related career with WDFW/WDFW, | began my first surf
smelt studies in the Puget sound Basin, based in the Schaefer (1936) report. Very little had been done
regarding surf smelt by WDF in the interim, while a small number of surf smelt-related theses had been
undertaken by graduate students at the University of Washington.

| used the Utsaladdy area as a surf smelt habitat training ground during the first years of my studies,
accessing the beach west of Utsaladdy Point, via a county park that no longer exists. | gradually
expanded spawn survey coverage as | became more familiar with the characteristics of surf smelt
spawning habitat, and began using boats to access more of the shoreline than | could on-foot. About
280 individual sampling sites were undertaken within Island County during this period. Penttila (1978)
summarizes surf smelt spawning habitat observations and biological sampling of spawning surf smelt on
N. Camano Island and Penn Cove during this period. -

Appendix B is a set of 4 charts outlining the summer/winter, north/south distribution of WDF surf smelt
spawn survey sampling stations in Island County during the 1972-1991period. During all of this time,



surf smelt spawning habitat mapping was undertaken using visual detection of eggs in the field as the
only available method. Summer sampling was emphasized during most of this period, with only a small
amount of winter sampling undertaken after late 1989, when it was considered that Island County
shorelines might aiso support winter sand lance spawning activity. Sand lance spawning habitat
documentation was limited by the continued usage of field-visual egg detection techniques.

WDFW/Penttila, 1991-1998:

At the beginning of this time period, the writer had developed the current “bulk substrate sampling”
survey protocol, in response to the advent of the “Intertidal Baitfish Spawning Beach survey Project”
(IBSBSP), a multi-year synoptic survey of all the sand-gravel upper intertidal beaches in the greater Puget
Sound Basin, eastward from Neah Bay Penttila (1995a), and the clear need for a beach habitat/forage
fish egg sampling methodology which would no longer depend on visual spawn detection in the field,
given that it was now apparent that “invisible” sand lance eggs might be widespread within the survey
area (Penttila 1995b). The new WDFW protocol was developed in-house in late 1991 and put to use.
Some years later, it was formalized into a manual for use in San Juan County, which then was revised
and put to use as a guide to all such studies elsewhere in Puget Sound {(Appendix C: Moulton and
Penttila, (2001) rev,. (2006).

Appendix D is a brief report produced in about 2000, with summer/winter, north/south charts of Island
County illustrating the distribution of about 1100 forage fish spawn survey sampling stations undertaken
by WDFW in the 1991-1998 period, all using the new protocol. Sampling coverage now was much more
widespread over space and time within the county, as our surveys sought new sand lance spawning sites
in the winter months.

WDFW/Penttila/Island Co. MRC, 2001-2003:

The WDFW's synoptic forage fish spawning habitat survey, IBSBSP, was de-prioritized out of existence in
1998. The 1991-1998 sampling site chart package also served to illustrate remaining forage fish spawn
survey sampling gaps for the pending WDFW/island Co. MRC “interlocal agreement” that was agreed-
upon in 2001. This agreement allowed the writer, with MRC financial support, to resume forage fish
spawning beach surveys within Island County for the purpose of completing the forage fish habitat
inventory work that still remained.

Included in the balance of Appendix D are several seasonal reports that summarized forage fish
spawning habitat survey work in Island County during the course of the interlocal agreement, which
spanned three “summer” season and two “winter” seasons of sampling coverage. Charts indicate
locations of new survey sampling sits, superimposed on the prior sampling coverages, with new
spawning habitat documentations noted for each fish species in each season. All sampling was



undertaken using the new survey protocols. A total of about 1780 individual sampling stations were
undertaken during the interlocal agreement era.

Two comprehensive reports were produced by Gary Wood of the Island County MRC during the course
of the interlocal agreement. Excerpts of these informative reports area included as Appendices E and
F. In case these reports in their entirety are no longer able to be located within Island County, | have full
copies which | could loan to county staff for the purposes of reproduction.

WDFW/Penttila/Camano Island Forage Fish Study, 2007-2010:

After 2003, directed forage fish spawning habitat surveys largely ceased within Island County, and the
WDFW staff formerly involved in surf smelt/sand lance spawning habitat surveys were dispersed to
other agency positions. In 2005, surf smelt/ sand lance spawning habitat surveys were again
resurrected within WDFW, when the writer was transferred to the WDFW Habitat Science Division, with
funding support from the Puget Sound Action Team. Spawning habitat mapping surveys then proceeded
in areas of Puget Sound other than Island County, which it was felt had gotten sufficient survey coverage
during the time of the MRC interlocal agreement, compared to other sectors.

In September 2007, it was decided that all such exploratory forage fish spawning habitat surveys in
Puget Sound would be put “on hold”, in favor of an intense concentration of field sampling effort,
pertinent to forage fish spawning ecology questions, around the perimeter of Camano Istand.

Fifty one fixed sampling sites were erected at about 1500’ intervals around almost the entire perimeter
of Camano Island. These 51 sites were to be sampled at two-week intervals for an entire calendar year.
Bulk samples of beach substrate were to be collected at +8’ and +10’ in elevation, to investigate the
distribution of spawh across the beaches. Over the course of the year, field data would also be taken on
beach slope, LWD abundance and composition, overhead shade, sediment grain sizes, beach subsurface
temperature profiles over time, and other factors, in far greater detail than had ever been routine
during the course of previous forage fish spawning habitat surveys.

During the 2007-2008 period, a total of 2,225 individual substrate samples were collected for this
project. in 2009-2010, a subset of the sites on the north end of Camano Island were sampled partially to
gather more data for statistical applications. A summary report of this project, Quinn, et al, (2012) is
included in full as Appendix G. Within this report, Figure 1, on page 1216, charts the locations of the
sampling sites, virtually all of which had already been documented as forage fish spawning sites in
previous years, as the cumulative spawning habitat data suggested that every sand-gravel beach around
the perimeter of Camano Island had been documented as surf smelt and/or sand lance spawning habitat
at one time or another.



Forage Fish Spawn Survey Protocols and Procedures:

Original IBSBSP protocols:

Surf smelt and sand lance spawning habitat surveys since 1991 have followed the existing protocols
outlined in Appendix ¢ ,Moulton and Penttila (2001) rev. (2006), which were developed with the advent
of the WDFW’s IBSBSP synoptic spawn survey program and the introduction of the “bulk substrate
sampling” technique, to replace the documentation of forage fish spawning sites by naked-eye detection
of eggs in the field, which in turn had been found to be totally ineffective in detecting sand-covered,
visually cryptic sand lance eggs in the field. Screening and winnowing of the egg-sized portion of bulk
sediment samples (.5 to 2 mm in diameter), and skimming of the lightest material of this size fraction
would produce a preserved lab subsample. Microscopic examination at 10X of the lightest portion of
the lab subsample enhanced the likelihood of detecting and identifying surf smelt/sand lance eggs when
they occurred in typically low densities on the beaches after normal wind-wave dispersal of the
incubating spawn after deposition.

The IBSBSP protocols were developed and used by already-very-experienced forage fish spawning
habitat surveyors from the beginning. However, WDFW succeeded over the years in training a number
of NGOs and volunteer groups in the application of these field and lab protocols for use in regional
grant-funded forage fish surveys that supplemented the ongoing WDFW survey work, and many new
forage fish spawning sites were documented by their efforts. The results of non-WDFW forage fish
spawn surveys were accepted into the growing state-wide forage fish spawning habitat mapping
database by arrangements to have all new non-WDFW spawning sites confirmed by WDFW lab
egg/species identifications of picked-egg samples from the sites. In some cases, local forage fish
surveys by NGOs received cooperative assistance from WDFW staff, through interlocal agreements, who
did the original lab work-up of samples recovered from the field by the NGOs. In more recent years, the
writer, as a sole-praprietorship consultant, undertook the lab work for several NGO surveys for a per-
sample fee. So far in the history of Puget Sound forage fish spawning habitat survey programs, there
has never been a case of an independent NGO having sufficient facilities and equipment to undertake all
necessary phases of field and lab activities for a successful survey outcome, totally independent of
WDFW participation in field training and/or lab QA/QC.

The key for NGO forage fish surveys is to have sufficient adherence to protocols and QA/QC of lab
findings that the data can be vouched-for by credible forage fish experts, and thus be accepted into the
1972-present database, for use in land-use decisions and as expert -witness exhibits in sworn-
testimony/legal settings.

Effective surf smelt/sand lance spawn surveys require a certain amount of experience in recognition of
likely potential spawning habitats for the two species. They also require a knowledge of the likely
elevation on the upper beach where eggs might most likely be found, given that each sampling site’s



habitat value on any given survey will likely be determined by the results of an analysis of a single
several-pound bulk substrate sample. Ideally, the initial phases of a new forage fish spawn survey
program staffed largely by inexperienced volunteers should allow for field training and sample
processing training by experienced agency staff or consultants, with funding for these outside-experts.

Under certain special circumstances involving a single sampling site being targeted as goal for a project
in the field, samples might be taken at multiple elevations on the beach, increasing the chances that the
proper elevation for eggs might be found during the process. However, ordinary surveys are intended
collect samples at many sites spaced-out along long reaches of shoreline per day, often to different
shores day after day during opportune low-tide series. Thus there is usually only limited processing
time and sample-container number and storage capacity for samples to allow accumulations of bulk and
preserved lab samples over time.

New WDFW Forage Fish Survey Protocols Under Development:

For the past year, WDFW Habitat Science Team staff in Olympia has been developing some changes in
the forage fish spawning habitat survey protocols. To the writer’s knowledge, the new protocols are still
being tested. They may involve a process for randomization of sample site placements in the field, and a
new procedure for processing egg-sized fractions of bulk sediment samples for extraction of eggs and
other light/low density material.

For information on the current protocol testing and future acceptance of data produced by the older
protocols, survey organizers are urged to contact: Phillip Dionne, at: Phillip.Dionne@dfw.wa.gov, office
tel.: (360) 902-2641. WDFW may also be able to offer field training in these new procedures.

Any pending forage fish spawn survey program in Island County may have to coordinate and cooperate
with an on-going initiative to begin new forage fish habitat survey programs in the greater northern
Puget Sound area as a whole. For more information on this new initiative, questions should be directed
to Caroline Gibson, Northwest Straits Commission, Port Townsend, at: gibson@nwstraits.org .

WDFW state-wide forage fish spawn survey database:

For a number of years following the massive data entry process to prepare all known forage fish (surf
smelt/sand lance)spawning habitat survey data collected in Washington State dating from 1972, the
database and its attendant by-station survey records and spawning habitat distribution charts , were
available to the public for downloading on the WDFW Salmonscape Database, available on the WDFW
Habitat Program homepage.

Recently, this statewide forage fish survey database has been transferred to the Arc GIS system
addressed below:



http://www.arcgis.com/home/webmap/viewer.htm|?webmap=19b8f74e2d41470cbd80bl1af8dedd6b3

It appears that users now need arc-gis technology to access this new site. The writer would advise
consulting with Phillip Dionne, WDFW, Olympia, if difficulties in access arise.

In the event that renewed forage fish spawning habitat surveys in Island County find wholly new
spawning sites, a real possibility, arrangements should be made to transfer this new information to the
WDFW Habitat Science Team in Olympia for inclusion in the state-wide forage fish survey database.

General Forage Fish Spawning Habitat Survey Issues:

Training of surveyors:

Issues of necessary training for field samplers and lab technicians has been mentioned above. Un-
trained staff cannot be expected to undertake effective surveys, sample processing, nor production of
acceptable data. All aspects of the survey procedures can be properly trained-for. There simply needs
to be funding for outside experts to be able to impart appropriate knowledge, with refreshers as
necessary through the span of the program.

Boat-based surveying:

The vast majority of the data currently residing in the state-wide forage fish database was acquired by
wide-ranging boat-based surveys. By this method, long reaches of shoreline can be efficiently and
effectively sampled on a daily basis, including vast areas that cannot be sampled from on-foot accesses.
If programs are confined to on-foot surveys, then little more than spawn-monitoring programs can
probably be undertaken. All the “easy” survey sites have already been sampled many times over the
years.

Suitable low tides for forage fish spawn surveying:

Although forage fishes spawn in the upper intertidal zone, the tides have to be at a certain low elevation
for effective sampling. During the summer months of surf smelt spawning activity, any tide as low as
about +7’ in elevation will expose most of the likely smelt spawning zone for sampling. Daylight tides of
this elevation or lower are very common during the summer months, affording many workable field
days.

During the winter months during the sand lance spawning season, suitable survey tides should ideally be
about +5’ in elevation, which occurs during daylight hours only a few days a month from November
through January. Theoretically, easily and safely-accessible sites could be sampled during night hours
during the winter, but such has never been routinely done by WDFW over the years.
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Access to Private Properties:

The majority of the data currently in the state-wide database was collected by WDF/WDFW staff during
an era when state agency staff were protected from liability for trespass on private shorelines by RCW
laws while “on state business” (ie: resource data collection). Over the years, we had ailmost no
complaints about our brief sampling visits to private shorelines. Most citizens are largely ignorant of
any forage fish spawning activity that might be occurring on their properties. Once made aware of our
purpose in visiting their beaches, they almost invariably become very interested in our documentation
of fish spawning on their sites.

As for free access to private property by agency staff, such is no longer the case. A number of years ago,
a particularly sensitive Director of Fish and Wildlife responded to a singular case of property-owner
“outrage” over a state biologist attempting to assess salmon spawning on his property by declaring the
trespass non-liability statute no longer applicable to agency staff. Since that time, WDFW forage fish
spawn surveys have been ham-strung by the need to publicize upcoming forage fish survey programs in
local newspapers, asking that anyone objecting to brief staff sampling visits to certain beach sites to
send in their name and address, after which time, those sites would not be sampled, In reality, very few
landowners objected to such visits when notified in advance.

Seeking express permission to visit each private shoreline land-holding in Island County for forage fish
spawn surveys is impractical, especially if sampling sites are going to be randomized on short notice in
the field. Perhaps announcements of pending spawn surveys in Island County’s weekly community
newspapers, and responding to those objecting to sampling visits might suffice. WDFW has been
undertaking boat-based spawn surveys through broad areas of southern Puget Sound in the past year.
Perhaps Phillip Dionne can explain how access to private beaches is being handled in the present day,
although state agency rules would likely not apply to surveys being staffed by NGOs.

Forage Fish Spawn Survey Expenses:

Over and above hypothetical expenses arising from the use and maintenance of boats and tow-vehicles,
there are a number of “consumable” items and products that will be necessary to purchase for effective
forage fish spawn surveying:

e Wide-mouth plastic jars, screw- cap, 500ml capacity, surveys should probably have 100 or
more on hand. Jars are available at any number of scientific supply companies

e Stockard’s Solution Preservative: a 5% mix (each) of formaldehyde, glycerol, and glacial
acetic acid. TOXIC. The routine preservative for forage fish eggs for 40+ years, it turns
embryos white while leaving the yolk-sac translucent, aiding in egg aging. Added in small
amount to the eventual lab subsample, one gallon will preserve about 30 samples. A
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stockpile of one gallon of each ingredient will make about 8 gallons of preservative. Local
source: BBC Biochemical, in S. Mt. Vernon, WA, at: www.BBCus.com, tel.: (800) 635-4477.

e Plastic sample bags: 8”X 24”(tall) X 2 mil thickness, for collecting bulk sediment samples in
the field, tied-shut, one-use only, should have about 1000 on hand. Local source: Aurora
Plastics, Lynnwood, WA , at: info@auroraplastichags.com, tel; 1-888-898-2247.

The survey manual in Appendix C has lists of field gear needed for surveys using the older protocols.

Data Gaps and Priority island County Spawn Survey Areas:

Despite the fact that several thousand surf smelt /sand lance spawning habitat survey stations had been
undertaken in Island County from 1991 through 2003 (not counting the array of fixed sites repeatedly
sampled on Camano Island in 2007-2010), there still remains some sectors of shoreline that had been
relatively infrequently sampled over that time. Given the nearly universal distribution of “potential”
forage fish spawning substrates within the county, these sectors might be considered “priority” survey
sectors for any future forage fish spawn survey program.

To generate a picture of total spawn sample site distribution, summer/winter, north/ south, the existing
charts of sample site distribution from 1991through 2003 were overlain by blank charts of the county on
a light table, and the distribution of site symbols marked. In the end, a number of relatively un-marked
shoreline sectors, summer/winter, north/south could be discerned. These are described briefly below,
and outlined on accompanying chart-figures.

North County/Summer:  (Figure 6)

1. West NAS-Whidbey area: This sector will presumably require USN clearance and field escorts
for sampling on-base. Such clearances and escorts were arranged for beach surveys on NAS
property in 2003,

2. Ala Spit to central Dugualla Bay: Through a likely surf smelt spawning area, judging from known
spawning to north and south. Sampling may involve monitoring of surf smelt spawning habitat
damage? in recent years from the alteration of the south end of Ala Spit.

3. Mavylor Point peninsula: This sector like also presumably need USN clearance and escort for
shoreline access. Sampling should include any restored beaches on the north shore of the
peninsula, on inner Oak Harbor.

4. North Camano Island: The area from central Utsaladdy Bay east to English Boom was heavily
documented as surf smelt spawning a area prior to 1991, and during the 2007-2010 Camano
project.




5.

Livingston Bay- Juniper Beach: An area bounded by broad tide flats and thus difficult to
approach by boat in the past.

Point Partridge south to Ebeys Landing: Far from launch ramps and subject to ocean swell from
the Straits of Juan de Fuca, some of this sector may lie within the WDNR-sampled Smith-Minor
Marine Reserve. None of the samples collected in the Reserve have been included in this
analysis.

South County/Summer: (Figure 7)

1.

Mutiny Bay east to central Useless Bay: Only 21 samples tallied. Convenient access for minus-
tide summer sampling hikes.

Maxwelton south and east to Possession Point: Only 13 sites tallied. Mix of massive armoring,
salt marshes and coarse feeder bluff beaches.

Sandy Point south to Clinton: Public accesses unknown. Launch boats at Langley Marina ramp.
Holmes Harbor: This very likely-looking potential surf smelt spawning beach/larval rearing area
has yielded unusually sparse signs of smelt spawning amidst dense sand lance spawning activity
in winter.

North County/Winter: (Figure 8)

1.

NAS-Whidbey-Swantown area: This sector may lie partially within the Smith-Minor Island
Marine Reserve.

East Polnell Point west to Biowers Bluff: Parts of this sector will likely require USN clearance
and escort for beach access. Some sites, such as Oak Harbor Beach Park, have been adequately
sampled.

Juniper Beach west 1o Triangle Cove: This sector would be somewhat easier to access by boat
during the high low daylight tides of winter, but that leaves less time to travel along the beach.

South County/Winter: (Figure 9)

1.

e

North Admiralty Bay South to Lagoon Point: Only 33 sites scattered over a long distance of
entirely suitable-looking habitat.

Double Bluff east to Deer Lagoon: Access on-foot from the public park in the middle.
Glendale west to Maxwelton: Difficult to access by any means in the winter.

East Point west to NE Holmes Harbor: Should be able to extend the documented sand lance
spawning beaches through here.

Much of Island County has not had forage fish spawning habitat surveys conducted through it for 10 or
more years. In other parts of Puget Sound, it was not uncommon for surveys conducted at such long
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intervals would yield additional documented spawning habitat polygons between the previously
documented spawning sites. Spawn-site discovery rates are entirely dependent on the relative
abundance of the local spawning stocks. Both surf smelt and sand lance are relatively short-lived fish
subject to marked variations in relative abundance over short periods of time. At any given time chosen
for spawn survey programs, the relative abundance of stocks cannot be known ahead of time. Sampling
at multi-year intervals increases the chances that at least some surveys will occur during periods of
relatedly high abundance, thus increasing the chances of discovering more spawning sites more easily.

Forage Fish Spawn Monitoring:

From the above, it could be viewed that , after such a long period since the last spawn surveys on many
of Island County’s beaches, all of the county’s shorelines may be deserving of some re-sampling during
the course of the pending survey program. What forage fish “spawn monitoring” will not be able to do
is provide data for the purposes of deducing stock abundance trends, over and above triggering am
deep concern if spawn in a large number of frequently-used spawning sites disappears entirely. This
would probably be a rare event, so far as we can know, given that smelt spawning beaches mapped in
Puget Sound in the 1930s are still all still functioning where they are still largely intact. A few heavily-
and consistently used spawning sites might be adopted as index areas, but there is no way at present to
know if such sites would be representative of the spawning area as a whole.

Forage fish spawn densities found on beaches are vulnerable to many different unpredictable and
largely undocumentable weather impacts that modify their densities greatly. Thus stock abundance
information from spawn density monitoring data may be tenuous at best. There are presently no other
sampling or analytical tools available to otherwise assess surf smelt or sand lance spawning population
abundances in real time to give spawn density trend data meaning.

Major sudden environmental perturbations, such as massive oil spills, might trigger localized extinctions
of beach-spawning forage fishes, as spawning beaches soak up oil and are contaminated with lethal
substances for years on-end, beyond the maximum life span of the fish species. Then forage fish spawn
data as we have collected should serve to form the basis for damage assessments.

Requests for non-herring forage fish spawn survey measures ( or larval/fish surveys) that would yield
relative abundance data have been voiced in recent years, but | see it as unlikely that such will be
possible under present budget constraints. You may wish to consult with WDFW or other regional
forage fish researchers to see if progress has been made in this investigative direction.

Monitoring of Restoration Project Sites for Forage Fish Spawning:
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Both surf smelt and sand lance are known to use “restored” beaches for spawn deposition. Until recent
years, beach restoration projects on Puget Sound shorelines were not designed with the intent of
mitigating or enhancing forage fish spawning habitat. The fish seemed merely to move over onto
restored beaches of the “preferred” grain size from adjacent natural spawning sites. in recent years,
however, many restoration and mitigation actions are purposely attempting to restore forage fish
spawning habitat, or mitigate for perceived potential damage to forage fish sites by project actions,
often as a stipulation for permitting. Many of the restoration projects are still highly experimental, and
long-term success is not assured. More is being learned all the time, but it should be realized by all
concerned that restoring shorelines, at least by means of “beach nourishment”, (ie: humans “becoming
the feeder bluffs” otherwise incapacitated by armoring), is a long-term action in need of refurbishing
from time to time in perpetuity.

There is still a great need for complete forage fish spawning usage data, both prior to and following,
restoration actions, to gain knowledge in support of such actions, in the face of often considerable
expense, or to adjust future designs for better results. In my view, if plans can be known far enough
ahead of time, pre-project forage fish spawn monitoring should be undertaken at a prospective project
site for at least two years in advance of the project action. It should be noted that forage fishes do not
use their entire documented spawning area every year, and annual gaps in usage are to be expected.
Two years of spawn monitoring increases the chances of encountering spawn, if in fact, the site is within
a documentable spawning area.

In most of Puget Sound, where surf smelt stocks of mixed spawning season and sand lance stocks of
winter spawning seasons are in close proximity of each other, it would not be unreasonable for
restoration site spawn sampling to be undertaken monthly. If budgets were tight, then core spawn
survey periods might be: June-August for summer-spawning smelt , and November-January for winter-
spawning surf smelt and sand lance. Post-project monitoring periods depend somewhat on the size and
scale of the project and its impacts, ranging up to 5 years of post-project monitoring in some recent
cases.

Within a project site, standard forage fish spawn sampling protocols can be modified. Commonly,
spawn sampling transects can be shortened and lateral spacing compressed, so as to allow for the
collection of a number of individual samples scattered along the affected shoreline at few-hundred —
foot intervals. There may also be a need to sample at a number of tidal elevations within the impact
zone to discern details of the usage of the site by spawning forage fishes.

Given the distribution of known forage fish spawning beaches throughout the Puget Sound Basin, there
is probably no project site that would not be within a few miles of a known forage fish spawning site,
and often the distance may be just a few hundred feet. At distances of miles, it cannot be presumed
that a perfectly “functional-looking” fine-grained restored beach will automatically attract spawning
forage fishes merely by its sudden presence. Such a project should not be publically advertised as being
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in support of spawning forage fishes prior to actual spawn observations on-site. How forage fish have
chosen those beaches they now spawn upon is unknown.

However, at the other end of the distance spectrum, a suitably fine-grained restored beach established
amidst nearby documented spawning habitat polygons will almost assuredly be found and used by
spawning fish within a shore period of time (from hours to months). Where funding and geomorphic
parameters permit, it should generally be the case that a beach restoration project proposed for
anywhere in Puget Sound should routinely be designed to include establishment of an upper intertidal
zone of fine-grained sediments, just in case heretofore undocumented forage fishes are in need of
spawning habitat. Project sites where there is a probability of summer surf smelt spawning should also
be designed to establish a zone of marine riparian trees (not low shrubs) that might provide shading
canopies extending over the spawning habitat.

Cornet Bay Restoration Project:

Pre-project forage fish spawn monitoring of the Cornet Bay beach restoration project was initiated in
2009. The writer conducted on-site forage fish spawn sampling training for a select group of Island
County Beachwatchers in April 2009, while still with WDFW. An interlocal agreement between Island
County and WDFW supported the writer’s lab analyses of the monthly set of bulk substrate samples
from 6 fixed sites in the project area from July 2009 through August 2011.

Sand lance eggs had been found at the sampling site #3, just north of the State Park maintenance pier
on a single occasion in about 1993. While surf smelt were caught in abundance off the State Park
moorage pier just offshore of the project site, no surf smelt eggs were ever found during the pre-project
spawning habitat sampling. The closest surf smelt spawning habitat known was at Hoypus Point, about
% miles north of the project site. No smelt eggs were ever found at sampling site #1, a quite suitable-
looking natural beach north of the area impacted by the project’s restoration actions.

Restoration actions at Cornet Bay, including removal of the then-existing creosote timber bulkheads
from the upper intertidal zone, with subsequent re-grading and beach nourishment with potential surf
smelt spawning substrate occurred on the full length of former creosote bulkhead during September-
October, 2012.

At the end of the restoration actions on the site, the writer was contracted by the Northwest Straits
Foundation to undertake post-project forage fish spawn surveys at the same 6 fixed sampling sites in the
project area. Three forage fish spawn surveys were conducted from June through August of 2013. A
summary report was produced in September 2013, and distributed to the Northwest Straits Foundation.
It is reproduced in full as Appendix H .
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NWSF-funded post-project forage fish spawn surveys continued with four “winter’ surveys conducted
between November 2013 and February 2014, and a second “summer” series of three spawn surveys
conducted in July-August, 2014. No forage fish eggs were found on any of these surveys.

The Cornet Bay beach restoration project enhanced near-shore habitat values and more human-user-
friendly beach, regardless of whether or not it produced evidence forage fish spawning activity on the

project site.

The Cornet Bay restoration site is amenable to continued sampling by Island County volunteers if that is
thought to be advisable. The 2013 report includes GPS lat-lons for the fixed sample sites, if they need to
be re-established for use by future sampling teams.

Conclusion:

To the best of my knowledge and records, | believe | have addressed the various questions and
comments regarding pending forge fish spawning habitat survey programs planned for Island County. |
can make myself available, pro bono, to address any further questions or comments that might arise
form Island County staff review of this document.
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SAN JUAN COUNTY FORAGE FISH ASSESSMENT PROJECT

FIELD MANUAL
FOR SAMPLING FORAGE FISH SPAWN IN
INTERTIDAL SHORE REGIONS

INTRODUCTION

With the listing of many Puget Sound salmon stocks as threatened or endangered, the issue of
maintaining salmon forage fish stocks has been identified as a high priority by the San Juan County
Marine Resources Committee (SJC MRC). All the important forage fishes, i.e. surf smelt, Pacific
sand lance, and Pacific herring, depend on nearshore habitats for spawning and rearing. Protection
of nearshore habitats utilized as spawning and rearing areas for forage fish will be needed if salmon
recovery is to be successful. Recovery of bottomfish within SJC was also identified in 1996 as a
key priority by the SJC MRC. These species have since become a high priority throughout Puget
Sound because six stocks have been identified for potential listing as threatened or endangered
species. The same forage fish species of interest in salmon recovery will be vital for the success of
any program to restore bottomfish stocks.

Washington Department of Fish and Wildlife (WDFW) presently attempts to protect all known,
-documented Pacific herring, surf smelt, and Pacific sand lance spawning sites from impacts of
shoreline development. “No net loss” regulations for the protection of known spawning sites of
these species are included in the wording of the Washington Administrative Code “Hydraulic Code
Rules” (WAC 220-110), which are applied by WDFW marine habitat managers during
considerations for granting Hydraulic Permits for in-water shoreline development proposals.
However, the forage fish habitat protection regulations only apply to shorelines where spawn has
actually been detected by WDFW or other qualified surveyors. Thus it is critical for overall
protection of these habitats that spawn deposition site inventories be complete and comprehensive.
Not all outwardly suitable-appearing shorelines seem to be used by spawning forage fishes. On the
other hand, large areas of formerly productive spawning habitat have been degraded or destroyed
by shoreline practices in the absence of a database (or concemn) regarding forage fish spawning
activity.

Surveys to identify spawning areas were conducted by WDFW between 1989 and 1999, which
documented 14 surf smelt spawning beaches, and 8 Pacific sand lance spawning beaches (Penttila
1999). WDFW was conducting a systematic survey of forage fish spawning beaches from 1991-
1996 throughout Puget Sound, but lost funding for the effort in 1997, just as the San Juan County
beaches were to be surveyed. "As a result of the diminished program, only a small portion of the
potential beach spawning habitat has been surveyed (Penttila 1999).

Surf smelt in the San Juan area spawn year-round, with no particular spawning season more
dominant than another (Penttila 1990, 1999, Figure 1). Eggs, about 1 millimeter in diameter, are
deposited in the upper intertidal zone on mixed sand and gravel beaches (Figure 2). After
spawning, the eggs are dispersed across the beach by wave activity, so more of the beach is used for
incubation than is used for actual spawning. Surf smelt can spawn on the same beach through the
year, so eggs are likely to be present at any time. For example, at Hunter Bay and N. Shaw Island

1



index sites, smelt eggs were found during 13 of 16 visits from February 1989 to May 1990 (Penttila
1990).

WDFW conducted field surveys of spawn visible to the eye from 1989 to 1990 and “bulk
sampling” (i.e., composited sediment samples from potential spawning beaches) from 1993 to 2000
to identify surf smelt spawning areas within San Juan County. The bulk sampling method consists
of collecting beach samples and subjecting the sample to laboratory examination for egg presence.
This method is considered a much more accurate measure of spawning activity than the visual
method. A total of 208 visual samples and 286 bulk samples were taken during the survey periods.
Most of the visual surveys were on Orcas, Lopez and Shaw islands, while bulk sampling was
primarily on San Juan, Orcas and Lopez islands (Penttila 2000). The distribution of sampling is
illustrated in Figure 3. As presented above, fourteen beaches within San Juan County have so far
been identified as supporting spawning by surf smelt (Penttila 1999, Figure 4). The visual
sampling method is considered relatively inefficient for identifying spawning locations, thus
WDFW recommends that the locations surveyed in 1989-1990 that did not yield eggs should be re-
surveyed using the bulk method (Penttila 2000).

Results of bulk sampling indicate that not all beaches with appropriately-sized sand and gravel are
used for spawning. Usage appears greatest on beaches with over-hanging vegetation. . Over-
hanging vegetation provides shade, which reduces egg mortality caused by desiccation. The

shading is likely to be particularly important for the portion of the stock that spawns from late

spring to early fall, when low tides are during the day and exposure to warm, dry air is greatest.

The intertidal nature of Pacific sand lance spawning was not known until 1989 (Penttila 1999).
Pacific sand lance appear to use the same spawning substrate as surf smelt, as eggs from both
species are often in the same sample. Pacific sand lance, however, will also use pure sand beaches
that are not utilized by surf smelt. Fresh spawn appears as shallow, circular pits on the upper beach
(Figure 2). The pits disappear rapidly after spawning as wave action re-works the beach sediment.
Spawning by Pacific sand lance is during the winter, from early November through February
(Figure 1). Development of the 0.6-0.8 mm eggs takes about 4 weeks, depending on temperature,
thus incubating eggs could be present into late March.

The bulk sampling method described for assessing surf smelt spawning is also used to document
Pacific sand lance spawning. The visual method is virtually useless for detecting Pacific sand lance
eggs because these eggs are covered with sand grains and are essentially undetectable with the
naked eye. Eight Pacific sand lance spawning areas were found during the bulk sampling
conducted from 1993 to 2000, with the distribution as depicted in Figure 5.
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STUDY DESIGN CONSIDERATIONS

Project Objectives

The primary objective of the SJC forage fish assessment is to identify county beaches that are
utilized as spawning areas by surf smelt and Pacific sand lance. A secondary objective is to
identify subtidal regions supporting Pacific herring spawning,.

Sampling Scheduie

Planning for surveys needs to consider spawning time when designing surveys intended to identify
spawning locations (Figure 1). In the San Juan Islands, surf smelt spawn year-round (Penttila
1999). Pacific sand lance begin spawning in November, continuing through February.

SURF SMELT AND PACIFIC SAND LANCE SPAWN ASSESSMENT

Sampling for surf smelt and Pacific sand lance eggs consists of 1) obtaining a bulk sample of mixed
sand and gravel from the upper intertidal region of an appropriate beach, 2) condensing the bulk
sample to a manageable volume, and 3) examining the condensed sample under a dissecting
microscope to determine the presence or absence of eggs.

Site Selection

Not all beaches represent potential surf smelt or Pacific sand lance spawning areas. Potential
spawning areas are composed of a mixture of sand and small gravels, usually with fine shell
fragments mixed in. Spawning and incubation areas are normally in the +7 to +9 foot MLLW tide
zone. Areas that are shielded from direct sunlight by over-hanging vegetation are often more
heavily used than areas where vegetation has been removed. Examples of spawning areas are
shown in Figure 6. Note that in Blind Bay, only a portion of the potential habitat appears to be
actually used for spawning and that the utilized area corresponds to the area with most over-
hanging vegetation. Close-ups of areas containing appropriate substrate are in Figure 7. Eggs can
sometimes be seen through a visual assessment (Figure 8).

Field Equipment
Equipment needed for collecting bulk beach samples to assess surf smelt and Pacific sand lance:

¢ 16 ounce plastic jar

¢ 8 inch x 24 inch polyethylene bags (to hold bulk sample)
¢ waterproof labels

¢ Pencil w/#2 lead

e  Waterproof marker (fine tip)



e FElectrical tape

Equipment needed for condensing samples:
)
¢ Rack of sediment screens, sizeAZ ,and 0.5 mm, preferably Nalgene mstead of the more
traditional brass screens,
s 2 -5 gallon buckets modified to act as drain for screen rack,
e« 2 Wash buckets, '
¢ Plastic dishpan,
¢ 16 ounce plastic sample jar
e Stockard’s Solution:
50 ml formalin (37% formaldehyde)
40 ml glacial acetic acid
60 ml glycerin
850 ml . fresh " water

Equipment needed to establish sample location:

¢ Chart or map of beach to be sampled, 1:24,000 scale
e Integrated digital camera/GPS system
e 100 ft fiberglass tape for measuring distances

Field Records

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 questions 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,
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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 2 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 NOAA nautical chart or 1:24,000
scale USGS topographic sheet. Mark each sample location on the map with appropriate sample
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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.

Relevant nautical charts are:

18429 - Rosario Strait — Southern Part

18430 - Rosario Strait — Northern Part

18432 - Boundary Pass

18433 - Haro Strait — Middle Bank to Stuart Island
18434 - San Juan Channel

Relevant USGS topographic sheets are:

Blakely Island, Wa.  48122-E7-TF-024
Eastsound, Wa.- 48122-F8-TF-024
False Bay, Wash. N4822.5-W12300/7.5
Friday Harbor, Wa.  48123-E1-TF-024
Lopez Pass, Wash. ~ N4822.5-W12245/7.5
Mt. Constitution, Wa. 48122-F7-TF-024
Richardson, Wash.  N4822.5-W12252.5/7.5
Roche Harbor, Wa.  48123-E2-TF-024
Shaw Island, Wa. 48122-E8-TF-024
Stuart Island, Wa. 48123-F2-TF-024
Waldron Island, Wa. 48123-F1-TF-024

General Guidelines for Collecting Bulk Beach Samples

Examine the beach to evaluate the most likely zone to contain eggs (+7 to +9 feet MLLW). This
zone will be in the upper third of the beach, near the upper tidal limit. Typically, this zone is 1 or 2
vertical feet below the log line. For surf smelt eggs, the zone is characterized by mixed sand and
small gravel. For Pacific sand lance eggs, the zone is similar, but can extend into pure sand. Mud
or muddy sand are not acceptable substrates, nor are larger gravels, cobbles or solid rock and talus
shores.

The sample is composed of four (4) scoops of gravel evenly spaced along a 100 ft stretch of beach
(see Figure 10).

¢ Identify an approximately 100 ft stretch of beach to be sampled.

e Obtain location information for the transect by reading position information from a GPS or
marking the location carefully on a large scale (1:24,000) USGS topographical sheet.

¢ Prepare a Sample Label to allow identifying the location (Beach Number) and collection
time of the sample, deposit the label in the plastic bag (Figure 11).

¢ Start at one end of the transect, scoop a jar full of sand from the top {-2 inch of beach and
dump the sand into the plastic bag. The scooped area will likely be 3-4 ft long — the idea is
to skim the eggs developing in the surface one-inch of substrate.



¢  Move 10 paces along the transect, obtain another scoop sample and place in the bag with
the previous scoop.

e Repeat pacing and scooping until the four scoops have been obtained — this constitutes the
bulk sample for the chosen transect.

e Seal the bag securely and place in a cool location. This is particularly important in warmer
weather because high temperatures can cause mortality and decomposition in the eggs.

e Store in a secure location to ensure that the bags are not damaged during transit from the
field.

e Take one or more photographs of the sampled beach. The photograph should be taken from
one end of the sampled transect, looking towards the other end, so that the view 1s paralle]
to the beach. The photograph should show the sample relative to the last high tide line, if
possible, and any other land marks that will help to establish the sample location. The
direction of view (looking north, south, etc.) should be recorded on the field data sheet.

Condensing Bulk Samples

The bulk egg samples can be processed in the field to remove most of the sand and reduce the
volume of the sample. This is done by washing the eggs from the sand and discarding the barren
sediment (Figure 12). The eggs are lighter than the sand and grave] and will move upward during
the washing process, allowing them to be skimmed from the surface of the material (Figure 13).
The washing is conducted as follows:

¢ Assemble the Nalgene screens on top of the drain bucket, with the largest mesh on top,
grading to the smallest mesh on the bottom.

e Remove the sample label and place it in a 16 ounce sample jar.

¢ Mark the Beach Number and Sample number on the outside of the jar with the fine-tip
marker pen.

¢ Add a portion of the sample to the top screen, thoroughly wash the sediment through the
screen set with either salt or fresh water, which ever is readily available.

¢ Discard the sediment in the top screens, retain only the material in the bottom (0.5 mm)
screer.

¢ Dump the material retained in the 0.5 mm screen into the dishpan.

e Add water until the material is covered by 1-2 inches of water.

¢ Swirl the water around the pan, adding rocking and bouncing motions to allow the eggs to
migrate to the top of the sediment. The idea is similar to gold panning, try to winnow the
eggs to the surface of the material.

¢ After swirling for 1-2 minutes, work the lighter fraction of material to one corner of the pan.
Carefully dry up the lighter fraction by tipping the pan so that the water drains away, and
skim the lighter fraction from the surface of the sand with the sample jar.

e Repeat the winnowing process two more times.

e Process the remainder of the sample in a similar fashion, each time adding the retained
lighter fraction to the sample jar.

e Fill the sample jar with Stockard’s Solution to preserve the eggs. Seal the jar securely,
invert carefully several times to ensure that the preservative reaches all the eggs.
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¢ Tape the jar shut with electrician’s tape so that the preservative does not evaporate during
storage.

Laboratory Examination

Laboratory examination begins with a further condensing of the sample. The winnowing process
conducted in the field is repeated using a shallow tray to separate eggs from sand. Final separation
is performed under a dissecting microscope at 10-20x, where surf smelt eggs become quite visible.
Pacific sand lance eggs are surrounded by sand grains, thus it is necessary to search for clumps of
sand grains, then tease off the sand with fine-tipped forceps or dissecting needles to reveal the egg.

Eggs will be counted by species and the counts entered on the lab data form (Figure 13). The lab
data form will only be used by those individuals specially trained in lab processing of samples and
identifying eggs.

Eggs found during the smelt/Pacific sand lance spawn assessment will be archived for confirmation
of species and spawn age analyses. Up to 100 random eggs of each species present will be labeled
and preserved in Stockard’s Solution in a vial, to be forwarded to WDFW staff, or other
knowledgeable experts, for inspection. A number of non-egg objects may be encountered in
preserved upper intertidal substrate samples that may be misidentified as forage fish eggs or empty
egg shells, including invertebrate eggs, algal fruiting bodies, flatworms and their egg cases, certain
thecate or arenaceous foraminifera, decalcified gastropods, and fragments of annelid worm tubes.
Relative abundance and ages of forage fish eggs in the samples will be recorded, as these provide
information of the relative frequency and density of spawning.

QUALITY ASSURANCE/QUALITY CONTROL

Primary concerns for quality control include:
¢ sampling appropriate habitat,
e accurate identification of sample location,
e careful screening and winnowing of the bulk sample to retain the maximum number of
eggs, and
¢ accurate identification of sampled eggs.

The best way to ensure quality of the data is to make sure samplers are appropriately trained and
understand the importance of careful sample processing and complete recording of sample-related
information. Accuracy of screening and winnowing procedure can be measured by seeding a sand-
grave] sample barren of eggs with a known number of eggs, then processing the sample to see how
many eggs are actually detected.
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DATA REPORTING

Data reporting should include all information collected during sampling. Usually, this reporting is
in the form of summary tables that present information recorded on field and lab data sheets. The
format of the tables can be similar to that of the data sheets to simplify reporting. Reporting should
include: ’

1. alisting of all sites sampled, whether eggs were found or not,

2. detailed location information so that any site can be re-sampled, if necessary,

3. a summary of sampling at each site, including environmental conditions and number of samples
taken,

4. a summary of findings for each site, including number of eggs by species found in each sample.

REFERENCES

Penttila, D.E. 1990. Summary report, San Juan Co., surf smelt spawning beaches, February 1989
through May 1990. WDF Memorandum to Greg Hueckel, July 3, 1990. Seattle, WA. 7p.

Penttila, D.E. 1999. Documented spawning areas of the Pacific herring (Clupea), surf smelt
(Hypomesus), and Pacific sand lance (Ammodytes) in San Juan County, Washington. Washington
Dept. of Fish and Wildlife, Marine Resources Division. Manuscript Report. LaConner, WA. 27p.

Penttila, D.E. 2000. Previous surf smelt/sand lance beach sampling sites in San Juan County.
Washington Dept. of Fish and Wildlife, Marine Resources Division. WDFW Memorandum to L.
Moulton, February 14, 2000. LaConner, WA. 1p.
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Shaded Months Indicate Spawning Season

Species

Surf Smelt t ;"““ i'! 0 ,”A T
P st R —
ucitororos RSN

Longfin Smelt e

Figure 1. Spawning time of forage fish species in San Juan Islands (data from WDFW).
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a. Surf smelt spawn deposit outlined to show extent of spawning activity — note proximity of
spawn deposit to the high tide mark.

b. Pacific sand lance spawn deposit with characteristic pitting (pits are circled to highlight).

Figure 2. Fresh surf smelt and Pacific sand lance spawn deposits (photos by D. Penttila, WDFW).
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4 WDFW Bulk Sample
® WDFW Visual Sample

Figure 3. Distribution of intertidal sampling by WDFW to identify surf smelt and sand lance spawning beaches, 1989-2000.
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Figure 4. Results of WDFW sampling for evidence of intertidal spawning by surf smelt, 1989-2000.
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Figure 5. Results of WDFW sampling for evidence of intertidal spawning by Pacific sand lance, 1989-2000.



a. Surf smelt spawning area (patterned area) at Hunter Bay, Lopez Island (note that
spawning area has been reduced by dock and launch ramp construction).

o T 2

b. Surf smelt spawning area (arrow to patterned area) in Blind Bay, Shaw Island (note
relationship of spawning area to over-hanging vegetation).

Figure 6. Representative surf smelt spawning beaches in San Juan County (aerial photos from
WDOT, 1986).
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b. Mud Bay, Lopez Island, surf smelt spawning area.

Figure 7. Examples of surf smelt spawning beaches in San Juan County (photos by D. Penttila,
WDFW).
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a. Surf smelt eggs - 2 eggs are on the large black stone at the tip of the forceps. Eggs are
approximately 1 mm in diameter (photo by L. Moulton).

b. Heavy deposition of surf smelt eggs in sifu (photo by D. Penttila, WDFW).

Figure 8. Examples of surf smelt eggs in field conditions.
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b. Adding subsample to composited sample in bag.

Figure 10. Sampling mixed sand/gravel beach for surf smelt and Pacific sand lance eggs
(photos by L. Moulton).
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San Juan County MRC
FORAGE FISH PROJECT

SAMPLE NO:
FFP-000 1

DATE: TIME:
BEACH NO:
SAMPLER:

Figure 11. Label used to identify each bulk sample
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C i trevens

a. Standardized screens (4 mm, 2 mm, and 0.5 mm) are used to remove excess large material
from the sample.

b. Sample is washed carefully to ensure eggs are removed from the large gravels and are
deposited in the smallest material.

Figure 12. Screening bulk sediment sample to separate egg-bearing sediments from larger
material (photos by L. Moulton).
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WDFW Forage Fish Spawning Habitat Survey Protocols:

Procedures for recovering “winnowed light fraction” subsamples of forage fish egg-sized
material from bulk samples of beach surface substrate.

1. Wet-screen material through set of nested 4 mm/2 mny/.5 mm
screens, using buckets of shore-side water at site or fresh-water
hose elsewhere. Screens should be carefully cleaned between
samples

2. Discard material retained in 4 mm and 2 mm screens.

3. Place material from .5 mm screen (“egg-sized material”) in
rectangular dish-pag,and cover with 1 inch of water. ik discavded

4. Rotate/tilt/yaw dish-pan of material to impart rotation to water, and cause lighter materiel to
rise to surface and accumulate toward center of deposit in pan. Observe behavior of shell
fragments and organic particles to get indication of behavior of forage fish eggs.

——

Lghter mafnd A cendeved
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5. Tilt/swirl/agitate pan contents to move lighter material
accumulated at center down to lower left corner of
pan deposit.

light wagdtrip! worded 2oy

juk covrnes of fen

6. Carefully tilt pan to decant water to opposite corner of
pan, slowly exposing lower left corner material above
water’s surface.

l\‘jhl maderiad
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7. Holding pan in this tilted position, carefully scoop
surface 1" of material from lower left corner into
wide-mouth sample jar.

AYU» ’60m b\l‘/\lot\
Surfre- ch,of,'{— of b}h‘f miferis]

\

1T SHimmed -off ink Jar

8. Repeat steps 4-7, about 3 more times, until sample jar is about 2/3 full of material.

9. Top- off sample jar with Stockard’s Solution preservative, and shake well to distribute
preservative to all material.

10. Preserved samples will emit carbon dioxide as acidic preservative dissolves shell material in
the samples. Lids should be loosely-fitted initially to allow escape of gas.

11. Escaping gas will also result in preservative escaping jars. Samples should be stored in leak-
proof containers, and stored in well-ventilated areas to prevent accumulation of carbon
dioxide in enclosed spaces.

12. Preserved samples may be archived for 10+ years without loss of data.
Bulk substrate sample processing materials:

Nested set of 4 mm/2 mm/.5 mm screens (Nalgene preferred over brass which bends/distorts over
time)

buckets for discarded gravel

1-2 gallon plastic dish-pans

400 ml wide-mouth sample jars

Stockard’s Solution preservative (one gallon will preserve about 30 winnowed-light-fraction
samples

freshwater hose work-area with sufficient drainage

area to discard waste gravel



WDFW Forage Fish Spawning Habitat Survey Protocols:

Laboratory procedures for recovering forage fish eggs from preserved “winnowed light
fractions”(screened beach substrate subsamples).

1. Stir winnowed light fraction sample-jar contents with spoon.

2. Swirl jar in clockwise manner to impart rotation
to fluid and surface layer of contents, causing light
material to move to center of material in jar.

3. Carefully tilt jar, slowly scoop center-mound of light
material with spoon into oval microscope dish.

4. Repeat steps 1-3 four times, accumulating about 400
grams of light material in microscope dish.

5. Add water to microscope dish, swirl/tilt/yaw dish to suspend lightest
material and concentrate it along a feathered edge of the deposit in the dish.
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7. Reverse dish, repeat steps 5-6 three times or until eggs cease to be detected around feathered-
edge of deposit of material in dish.

8. If single egg is recovered in steps 1-7, repeat with second sample of material from jar of
winnowed light fraction.

9. Identify eggs accumulated in watch-glass, count and/or record number of eggs in each
embryological-stage category on data sheet

Lab materials:

Fume hood (alternatively, carefully rinse preservative from winnowed light fraction samples
before processing).

Paper-towels

lab-gloves (keeps preservatives off skin)

Microscope with 10-20X

buckets/pans (to catch drips, accumulate completed samples, etc.)

Oval microscope dish

watch-glasses/small petri dishes

fine-point (watchmakers) forceps

table-spoon

tally sheets/multi-place counter

27
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SURF SMELT

single pedestal-like attachment site;
non-self-adhesive; entirely in beach
sediment particles.

PACIFIC HERRING

almost entirely deposited on marine
vegetation; distinct shell attach-

ment sites; self-adhesive in layers
or clumps.

ROCK SOLE

egg_perfect]y spherical; very clear; no
visible attachment sites; non-self-adhesive.

PACIFIC SAND LANCE

relatively small; multiple sand grain
attachment sites; egg off-round/milky;
1 large o0il droplet in yolk.

DER

CHARACTERISTICS OF THE EGGS OF FOUR SPECIES OF INTERTIDAL-SPAWNING
MARINE FISHES FROM THE PUGET SOUND BASIN.
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A
TWO-WEEK WDFW SURF SMELT EMBRYOLOGICAL-STAGE CATEGORIES 6
SUMMER

INCUBATION
TIME LINE
“I-CELL-MORULA"; Very fresh eggs,
l_:ll-s 1-cell to roughly 30-cells
ours
"BLASTULA": granular-caps
6-12 through start of gastrulation
Hours
14-20 "GASTRULA": yolk-plug stage
Hours

through start of neurulation

“"ONE-HALF COIL": distinct notochord
axis to 7/8 coil embryo

ONE-COIL": nose nearly to tail tip
to 1- 1/4 coil, more or less, eyes white

“"ONE AND ONE-HALF coIL": more or
less, preserved eyes gray

">ONE AND ONE-HALF COILS": to 2+ coil,

10 Preserved eyes black to slightly metallic
—
Days
" i I gut spots are “dashes”,

LATE-EYED": preserved eyes metallic, ventra ( ¢
“tight fit” in shell, includes loose larvae hatched during preservation

13-14

Days

"DEAD": opaque-white/without discernable embryo/ fungus-covered eggs/ collapsed egg-shells/ empty egg-shells
' 29
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“NON-FORAGE FISH EGG-LIKE"” OBJECTS ENCOUNTERED IN PUGET SOUND
BEACH SUBSTRATE SAMPLES

These objects may be mis-identified as forage fish eggs with the naked eye, but can be easily
distinguished from them under microscopic examination.

Gromia protozoan: benthic protozoan with 1-4 mm spherical , soft shell, contents granular and
brown in color, no attachment sites.

Worm? egg cases: wrinkled-ovoid, 1 mm in length, purple/brown transparent in color, filled
with round eggs or oval larvae, may have sand grains attached, could be mistaken for sand lance
egg shells when empty.

Sand-covered beach worms: a 1-2 cm annelid, plain in form and white in color, is common in
gravel beaches; when disturbed, they may coil-up tightly and secrete mucus, collecting coats of
sand grains and thus resembling sand lance eggs to the naked eye.

Annelid sand-tube fragments: irregular fragments or sections of chitinous worm tubes with
sand grains attached, could be confused with sand lance eggs.

Coiled-up flatworms: a 2-4 mm white flatworm may be common on Hood Canal beaches: when
disturbed, it may coil-up into a globular shape resembling a loose, dead smelt egg to the naked
eye.

Plant seeds/flower parts: a variety of shore-zone plant seeds and miscellaneous parts find their
way onto the beach, none closely resemble forage fish eggs under a scope.

Conifer pitch droplets: often perfectly spherical, variable in size, clear to red-brown in color, no
embryo-like internal structure, either deform un-elastically or shatter into fragments when
forcepped.

Algal fruiting bodies and fragments: certain red algae shed fragments, ovoid-roundish in
shape, variable in size, pink/green in color, no embryo-like internal structure under scope.

Coiled-up sphaeromiid isopods: can common on estuarine beaches, juveniles can be 1-2 mm in
diameter when tightly coiled, gray in color, obviously a segmented arthropod under a scope.

Ostracods: 1-2 mm ovoid crustaceans with “bivalved” carapaces, light-brown in color, a central
eye-spot and swimming legs are distinguishable under a scope.

Mites: 2-3 mm arachnids, light brown in color, body segmentation and walking legs obvious
under a scope.

Assiminia snails: a globular gastropod, 1-3 mm in size, common in upper intertidal gravel. The
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decalcified protein “ghost” of the shell with the coiled animal, can be distinguished from fish
eggs under a scope.

Lacuna snail egg masses: 1-3 mm hemispherical jelly masses, white to yellow in color,
commonly clustered at tips of eelgrass blades and other marine vegetation: distinguished from
herring eggs by shape, texture, and presence of large numbers of tiny eggs imbedded in them
under magnification.

Slag pellets/agates: Some eroding rock formations will yield tiny spherical translucent-quartz
inclusions onto beaches; beaches in the area of old mills may have spherical slag-droplets formed
when burning material was dumped into the water, obviously neither will deform when
forcepped.

Carbonized spheres: spherical solid objects of unknown origin, flat-black in color, no internal
structure, shatter to fragments when forcepped.

Invertebrate? fecal pellets: variety of ovoid/cylindrical brown objects, shatter to earthy
fragments when forcepped.

“Non-forage” marine fish eggs: a few other marine fish species deposit benthic adhesive eggs
on marine vegetation and other solid surfaces in the near-shore zone. While they may not be
identifiable to species themselves, all are distinguishable from forage fish eggs by density or area
of total deposit, size, color, embryo structure, or occurrence context.

Dan Penttila
WDFW Habitat Program
LaConner
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Washington Deparcmenl. of Fish and Wildlife
Marine Resources Division
LaConner, Washington 98257

SURVEYS FOR SURF SMELT AND SAND LANCE SPAWNING HABITAT
IN ISLAND COUNTY, WA, BY WDEF/WDFW, 1991-1998.

PLUS:

Memos summarizing results of additional WDFW-led forage fish spawning habitat

inventory surveys undertaken on the shorelines of Island County during the following
periods:

June-September, 2001
November 2001-February 2002
April-September 2002

November 2002-February 2003
May — September 2003
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The surf smelt, Hypomesus pretiosus, and Pacific sand lance , Ammodytes hexapterus, are
common and widespread nearshore marine forage fish species in the Puget Sound basin,
including the waters of Island County. These species are unique among Puget sound marine

fishes in their usage of upper intertidal sand-gravel beaches upon which to deposit and incubate
their eggs. :

The position of these critical spawning habitats near the high water mark Sound-wide, their
apparent vulnerability to a variety of shoreline development activities, and these species’
importance in the local marine food webs led the Washington Department of Fisheries/Fish and
Wildlife to include them in the Washington Administration Code Hydraulic Code Rules as “salt
water habitats of special concern”, with no-net-loss rules governing development activities on
those beaches where surf smelt and/or sand lance spawn have been found. These enhanced
habitat protection rules do not apply to beaches where WDFW or other bone fide spawn

sampling survey effort have not found spawn, or where no sampling effort has been under taken
at all by WDFW or other properly trained personnel. '

Virtually the entire marine shoreline of Island County includes an upper intertidal zone
comprised of the type of sand-gravel beach commonly used by spawning surf smelt and/or sand
lance. Only those shorelines comprised of salt marsh/mud flat or solid rock outcrops would be
unlikely to include potential surf smelt/sand lance spawning habitat.

The shorelines of Island County have been known to support spawning of surf smelt populations
since “time immemorial” , and this fact was documented scientifically when the species was first
studied in Puget Sound in the early 1930s. Sand lance spawning activity was first documented in

Island County in 1991, shortly after the species’ intertidal spawning habits became known
locally.

During the 1991-1998 period, WDF/WDFW marine resources program staff undertook a
systematic survey, the “Intertidal Baitfish Spawning Beach Survey Project” (IBSBSP), of sand-
gravel beaches throughout the Puget Sound basin in an attempt to map all existing surf smelt and
sand lance spawning beaches, for purposes of documenting them and protecting them from
inadvertent loss through shoreline development. During the course of that time, a considerable
amount of beach survey effort was undertaken within Island County.

A total of over 1,100 beach survey stations were undertaken on Island County’s beaches. These
sampling stations were generally comprised of the collection of a single 10-pound sample of
upper intertidal beach substrate, which was process and analyzed for the presence, relative
density and age distribution of any surf smelt and sand lance spawn present. During the course

of these surveys, many miles of previously unknown surf smelt and sand lance spawning habitat
were discovered.

Tt was the intent of the IBSBSP to place sampling stations at at least one-quarter-mile intervals
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along the shoreline during the probable local forage fish spawning seasons, in an attempt to
document all existing spawning sites. Figures 1-4 illustrate the cumulative distribution of all
sampling sites undertaken on Island County shorelines. As can be seen on the charts, not all
Island County shorelines were adequately sampled by IBSBSP, which lost the funding support
of WDFW in mid-1997. A considerable percentage of the beaches of Island County either
received only 1-2 sampling surveys or none at all. It is presumed from the distribution of
spawning sites that were in fact documented by the IBSBSP that significant additional spawning
sites exist on the County’s shorelines. Lack of knowledge of their existence precludes

application of the Hydraulic Code rules’ enhanced protection measures during the course of
HPA applications on those shorelines.

Island County forage fish spawning habitat survey effort \1‘% complicated by the fact that the
beaches are used most of the calendar year by one species or the other. The attached figures
illustrate IBSBSP sampling effort separated into the “summer”, April-September, at which time
summer-spawning surf smelt are frequenting beaches throughout the County, and “winter”
months, October through March, during which time the summer smelt spawning season winds
down and the sand lance spawning season (November-February) occurs.

During both seasonal periods, large gaps exist in the previous WDFW spawning habitat survey
coverage within island County. Any proposal to close these data gaps would afford additional

habitat protection to these marine forage fish species that form an integral part of the diets of
ESA-listed salmonids in the Puget Sound basin.
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State of Washington _
DEPARTMENT OF FISH AND WILDLIFE
P.0.Box1100 = 111 Sherman Sireet = LaConner, WA 88257-1100
' (360)466-4345 ° Fax:(360)466-0515

DATE: October 10, 2001
TO: Island County MRC
FROM: Dan Penttila /-Di:/(

SUBJECT: SUMMARY OF RESULTS, FORAGE FISH SPAWNING BEACH
' SURVEY PROJECT, JUNE-SEPTEMBER 2001 '

Following is a summary of survey results from the June-Septembef 2001 “summer” surf smelt
spawning habitat surveys undertaken cooperatively by WDFW and local volunteers, under the
auspices of the Island Co. MRC forage fish survey project. Incorporating data derived from the
lab analyses of all Island County survey sample material archived from the summer 2001 survey
period, this report supercedes my September 11, 2001 memo summarizing preliminary results.

Survey Effort:

Fifteen field surveys:

Four surveys conducted on-foot from land access points
Eleven surveys conducted by boat, requiring 9 volunteer days

332 beach substrate sampling stations undertaken
70 sample stations (21.1%) yielded evidence of surf smelt spawn

(See Figures 1 and 2 for areal coverage)

Survey Results:

8.1 lineal statute miles of newly-documented surf smelt spawning beach
*15,000 feet in the Onamac Point-Camano 1. St. Pk. sector
#19,500 feet in the southwestern Camano Island sector



]

*smaller sites at Elger Bay, west and north Crescent Hbr., Blowers Bluff, W.
Penn Cove, Lona Beach, and north and south of Swantown
* smelt spawning confirmed on N..Crescent Harbor, not surveyed since 1930s

(See Figure 3 for old and new smelt spawning sites in Island County)

Sites of Interest:

The sites below were encountered during the course of the field surveys, and offer some

potential for acquisition an/or habitat restoration for the benefit of public recreation and forage
fish habitat conservation.

* NE Penn Cove: acquire heavily-used sand lance spawning beach/wetland west of
Monroe’s Landing Co. Pk. for habitat and public recreation. -

* W. Penn Cove WDFW property site: removal of derelict bulkhead, restoring full extent
of surf smelt spawning habitat.

* Tnner Oak Harbor: reconstruct degraded beach west of marina to forage fish spawning
habitat and public recreation.

* N. Powell Road access: acquire/protect undeveloped dune-swale habitat/public
recreation site.

* Race Lagoon Spit: acquire intact spit/berm/lagoon /marsh system for habitat and public
recreation site.

* SE Penn Cove/Iron Springs: acquire/protect feeder bluff/marine riparian forest/last-best
smelt beach in Penn Cove.

* Elger Bay Spit: acquire for-sale shoreline for habitat and public recreation values.

Future Work:

* Additional forage fish survey training sessions with North Olympic Salmon Coalition
and Friends of the San Juans field volunteers, as requested.

* November-J anuary, full field survey schedule of sand lance spawning habitat surveys.

DEP
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State of Washington

DEPARTMENT OF FISH AND WILDLIFE

P.0.Box 1100 * 111 Sherman Street » La Conner, WA 98257-1100
(360)466-4345 » Fax:(360)466-0515

DATE: April 17, 2002

TO: Island County Marine Resources Committee

FROM: Dan Penttila ‘bE/@

-~

SUBJECT: SUMMARY OF RESULTS, FORAGE FISH SPAWNING BEACH
‘ SURVEY PROJECT, NOVEMBER 2001-FEBRUARY 2002.

Following is a brief summary of results of forage fish spawning habitat surveys during the “sand

lance spawning season”, undertaken from November 2001 through February 2002, along the
shorelines of Island County. ' ‘

Survey Effort:
Twenty Two Field Days: _ ‘
Eight surveys days conducted on-foot from land access points

Fourteen boat-survey days, requiring 10 days of volunteer time and 4 days of
additional WDFW staff time.

339 Beach Substrate Sampling Stations undertaken:

108 sample stations (32%) yielded evidence of forage fish spawn
(See Figures 1 and 2 for areal coverage)

New Sand Lance Spawning Habitat Discoveries:
3.2 lineal statue miles of new sand lance spawning habitat found:

N. shore, Oak Harbor: 500"
'S. shore, Penn Cove: - 2,000
NW Port Susan: 1,000
N. Mutiny Bay: 1,000'
N. Greenbank: - 1,600
S. Holmes Harbor: 1,000
E. Elger Bay: 1,000'
Langley region: : 8,600

" (See Figures 3 and 4 for locations of Island County sand lance spawning habitat.)
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Discussion:

Two of the on-foot survey days noted above involved field training of staff of the Friends of the
San Juans and a team of students from Camosun College (Victoria, BC) regarding sand lance
spawning habitats and survey techniques at well-used spawning sites in Penn Cove and Holmes
" Harbor. During this report period, the writer also contributed to a forage fish habitat project
demonstration field trip and “media-day” on San Juan Island with Friends of the San Juans staff,
delivered a forage fish presentation lecture/lab session for the public on Camano Island for the

Beachwatchers, delivered forage fish spawn sample lab analysis training to staff of the Friends of

the San Juans and the North Olympic Salmon Coalition for their respective projects, contributed

2 forage fish habitat project oral presentation and poster display for the Island County “Sound
Waters” public workshop, delivered a full-day marine fish class for minorifies-in-science

students at the WWU’s Shannon Point Marine Center, and participated in the City of Port
Townsend’s marine shoreline data workshop. '

A surprising majority of the forage fish spawn observations made during the course of this
survey season were actually of surf smelt eggs. Surf smelt spawn persisted on Island County
beaches through late January. While it had been previously known that surf smelt spawning
activity, primarily a May-October phenomenon in Island County, sometimes also occurred
through the winter in this region, the widespread nature of winter spawning was not previously

known. No new surf smelt spawning habitat sites were found during this survey season,
however.

The 3.2 miles of “new” sand lance spawning beach found this season adds to the approximately
4 miles of sand lance habitat known in Island County prior to this season. In addition, sand
lance spawning activity was “confirmed” on a number of local spawning beaches that had not
been re-surveyed since the time of their initia] discovery by WDFW staff in the 1990s.

Future Work:

A majarity of the scheduled boat survey field trips in Island County this past season Were
curtailed in various degrees by poor weather conditions, as should be expected during this time
of year. During the course of the season, new arrangements were developed for the clearing of
various launch ramps for our winter use on-request by local public-works staff. Certain sectors
of Island County shoreline not able to be properly surveyed this winter season, i.e. southern
Camano Island, southern-most Whidbey Island, Bush Point-Mutiny Bay, Admiralty Bay, and NE
Whidbey Island, will be given priority if sand lance spawning habitat surveys are able to be
undertaken for a second season under the auspices of the MRC. The Crescent Harbor-Polnell
Point area needs to be surveyed if arrangements can be made with USN security.

Tn the more immediate future, Island County surf smelt spawning habitat surveys will commence

again in April, and will begin to £11 in the remaining gaps in local survey coverage for that
species and season.
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State of Washington
DEPARTMENT OF FISH AND WILDLIFE

P.0.Box 1100 . 111 Sherman Strest » LaConner, WA 88257-1100
(360)466-4345 « Fax:(360) 466-0515

DATE: January 31, 2003

TO: Island County Marine Resources Committee

FROM: Dan Penttila (Dﬁﬁ/

SUBJECT: SUMMARY OF RESULTS, ISLAND COUNTY FORAGE FISH i
SPAWNING BEACH SURVEY PROJECT, APRIL-SEPTEMBER 2002.

Following is a summary of results of my forage fish spawning habitat surveys and related

activities undertaken during the “summer surf smelt spawning season”, from April through

September 2002, along the shores of Island County under the auspices of the MRC-sponsored
forage fish project.

SURVEY EFFORT:
Twenty eight field survey days:
16 boat survey days
12 on-foot survey days
500 beach substrate sample collected:
139 (27.8%) yielded evidence of forage fish spawn
NEW SURF SMELT SPAWNING HABITAT DISCOVERIES:

A total of 6.4 lineal statute miles of “new” surf smelt spawning beach was found:

Admiralty Head: 1000
E. Camano Island: 11,500
Mabana, Camano I.: 1,000
Barnum Pt., Camano L.: 1,500'
Swantown, Whidbey L. - 6,300".
NW Camano L. 3,600

Blower’s Bluff, Whidbey I.: 9,100



The distribution of sampling stations, and new surf smelt habitat discoveries, are illustrated on-
attached figures 1 and 2.

DISCUSSION:

Surf smelt spawning habitat areas in Island County newly-documented in the summer of 2001
were confirmed in 2002 along the western and southwestern shores of Camano Island.
Significant gaps in the pre-MRC-project distribution of documented surf smelt spawning
beaches on the east-central shore of Camano Island and in the Blower’s Bluff area south of Oak
Harbor were closed by discoveries made during the summer of 2002.

The newly-documented surf smelt spawning area around Swantown, west of Oak Harbor, was
quite significantly expanded in 2002. For some reason, this area is the only one on the entire
west shore of Whidbey Island that appears to receive consistent and widespread summer surf

smelt spawning activity, in spite of the fact that there are many miles of similar-looking sand-
gravel beach along much of the rest of that shore.

An “exploratory” herring spawning habitat survey was conducted in early April 2002, following
anecdotal reports of “ripe” herring in Oak Harbor Marina in the past, and a new knowledge of
large eelgrass beds in the area of southeastern Penn Cove. We succeeded in finding several
thousand feet of “wholly new” herring spawning habitat on the native eelgrass beds at and south
from Snatelum Point. Although the eggs were moderately dense on the substrate plants, the
spawning site was within sight of a number of beach residences, and marked by a dense flock of
scoter ducks feeding on the spawn in their customary mannet, there is no historical, anecdotal, or
technical record of herring spawning activity at this location. Additional exploratory herring

spawning habitat surveys will be undertaken in Island County waters in the late-winter-spring of
2003.

Regarding my continuing efforts at public outreach and education within Island County during
this report period, oral forage fish presentations were made to the Whidbey Lyceum series, the
Camano Island section of the Island County Beachwatchers, and WA State Parks managers at
their annual training session at Cornet Bay ELC. Iparticipated in a UW/PRISM work group
meeting regarding future research uses of the Cama Beach St. Pk. property. Forage fish display
and informational handout materials were supplied to the WSU Extension staff for use at a booth
at the Island County Fair. I spent a day at the Cornet Bay ELC with the combined fifth grade

classes from Lowell Elementary School in Seattle beach-seining for nearshore marine organisms.

I escorted a reporter and photographer from the Seattle Post-Intelligencer on 2 low-tide beach
walk of a well-used surf smelt spawning beach on northern Camano Island as they gathered
material for a subsequent series of features on the “health of Puget Sound”.

I assisted staff of the Island County Parks and Recreation Department with technical information

P
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and a oral presentation before the ALEA panel in Olympia in an (unsuccessful) attempt to secure
a grant to acquire 300+ lineal feet of good surf smelt spawning beach from a willing seller
adjoining the existing Utsaladdy County park property on northern Camano Island. A similar
attempt by WDFW to IAC funding to acquire this same property, for the same public-access
enhancement reasons, several years ago had also been unsuccessful. Such an acquisition would
have increased the available public-access smelt beach in the historically-important smelt-
harvest area of northern Camano Island several-fold.

FUTURE WORK:

A full season of surveys for winter-spawning surf smelt and sand lance spawning habitat is
planned for Island County shorelines. The Island County work will have to accommodate the
staff and volunteer training and coordination needs of additional new forage fish spawning
habitat inventory completion projects that are getting underway in Whatcom, Skagit, Snohomish,
Mason and Thurston Counties. '

DEP
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State of Washington
DEPARTMENT OF FISH AND WILDLIFE

P.0.Box 1100 ¢ 111 Sherman Street » LaConner, WA 98257-1100
(360)466-4345  Fax: (360)466-0515

DATE: June 12, 2003

TO: Gary Wood, Island County Marine Resources Committee

FROM: DanPenttila Dg(.

SUBJECT: SUMMARY OF RESULTS, ISLAND COUNTY FORAGE FISH
SPAWNING BEACH SURVEY PRCJECT, OCTOBER 2002-APRIL 2003.

Following is a brief summary of results and activities ﬁertaining to the Island County forage fish

spawning habitat inventory completion project during the winter of 2002-03, supported by the
Island County MRC.

SURVEY EFFORT:

Eighteen field sampling days (surf smelt/sand lance beaches)
14 boat-based surveys
4 on-foot surveys

377 beach substrate sampling stations:
27.9% yielded forage fish eggs

Five exploratory herring spawning habitat surveys
177 vegetation-sample sites
No new herring spawning sites found

NEW FORAGE FISH SPAWNING HABITAT DISCOVERIES:

Surf smelt: (see Figures 1 and 2)
800" west side of “Mariner’s Cove” waterway entrance, NE Whidbey L
"2,600' on SE Camano island
1,000'" on NE Useless Bay
1,000' east of Polnell Point Spit

16



Total: 5,400' (1.02 statute miles)

Sand Lance: (see Figures 3 and 4)
9,200' on SW Camano Island
2,800' in Holmes Harbor area
1,000' NE of Cornet Bay
2,000 NW of Langley .

Total: 15,000' (2.84 statute miles)

DISCUSSION:

Significant amounts of new surf smelt and sand lance spawning habitat were discovered within
island County during the second winter season of the project. Surf smelt spawn was agam found
in detectable amounts through the winter season, further indication that Island County supports
virtually year-round surf smelt spawning activity at many sites, although the area is still
characterized by a summer peak of spawning activity. The estimated mileage of documented
surf smelt spawning habitat within Island County now stands at about 62 miles, roughly 29% of
the total county shoreline. Camano Island, in particular, is rich in surf smelt spawning habitat.
Virtually anywhere around the perimeter of the Island where the upper intertidal is mixed sand-
gravel, and not marsh, pure sand nor cobble, surf smelt eggs have been found.

With the documentation of 2.8 additional miles of new sand lance spawning habitat found during
this report period, the total sand lance spawning habitat for island County has reached
approximately 30 miles, 14% of the shoreline (of all types) in the county. The criteria by which
spawning sand lances select their spawning sites remains a puzzle. Many suitable-looking

protected sandy shorelines within the survey area have not yet yielded evidence of sand lance
spawning.

A number of exploratory herring spawning habitat surveys were undertaken within the County
during Febriiary-April, during the time of year when herring spawning activity is on-going in the
county’s several already-known herring spawning areas (Figure 5 and 6). The standard WDFW
marine-vegetation sampling techniques were used. In most cases, these surveys were the very
first time that experienced WDFW forage fish unit staff had ever undertaken spawn surveys
along these reaches of shoreline. Healthy eelgrass/algae beds were found in all the surveys
undertaken, and it is not readily apparent why the local herring spawning stocks have evolved to
spawn consistently where they presently do, “ignoring” the intervening vegetated shorelines.
Nevertheless, no evidence of “new” herring spawning habitat was found, nor were we able to
detect herring spawn in the area on the east side of Snatelum Point (SE Penn Cove), where a
herring spawning site was newly-documented in April 2002.



PUBLIC OUTREACH:

Dispensation of public forage fish information continued to be a significant duty in the northern
Puget Sound/NWSC region during the report period. During this time, new forage fish spawning
habitat completion projects were commenced in Whatcom, Skagit, and Snohomish Counties.
Two additional WDFW forage fish biologists were hired and trained in the protocols of the
project. QA/QC lab analyses continued for a portion of the samples generated by forage fish
habitat survey projects in Sand Juan and Jefferson Counties. Forage fish project volunteer
orientation presentations were held in Whatcom and Snohomish Counties. The Whatcom Count
MRC-sponsored “marine resource summit” as attended. The Whatcom County MRC and its
video producers were assisted, with field and lab demonstrations, in the production of a public-
informational video on the local forage fish spawning habitat survey proj ect. A series of four
forage fish/nearshore habitat workshops were attended at the Port Townsend Marine Science
Center. A forage fish session was presented for the Island County MRC’s “Soundwaters”
program. The year’s new class of Island County Beachwatchers were given a forage fish
presentation/field trip. The proposed Bush Point public launch ramp site, and its attendant smelt

spawning habitat mitigation site on west Penn Cove, were visited with project engineers and
habitat managers.

A meeting of local residents and land-use managers concerning the marine resource science of
Discovery Bay was attended. A combined group of marine habitat managers from several
federal agencies were given an informational forage fish spawning ecology presentation at
NOAA-Sand Point. The annual group of minority science students attending the WWU’s
Shannon Point lab were given an all-day lecture and lab on marine fishes. One day of the
Georgia Strait/Puget Sound Research Conference was attended in Vancouver, BC, and found to
be high in interest in forage fish matters. Elsewhere in the Puget Sound basin, field work

commenced on contracted forage fish spawning habitat inventory completion projects within
Mason and Thurston Counties.

FUTURE ACTIVITIES:

As of this writing, it is understood that forage fish spawning habitat inventory field work will
continue within Island County through the balance of 2003, arother summer smelt spawn survey
season, and the greater part of the following sand lance spawning season. There will also be

contributions to the second annual forage fish project review report being prepared by Island
County MRC staff.
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Surf smelt spawning habitat survey

Figure 1.

in northern Island County,

October 2002-February 2003.

effort

e
&

known smelt beach

‘prior

ﬂ.é#,""ﬁfjﬁ' !

-

i

* wz = pewly-documented smelt beach

101S.

ter 2002-03 sampling stat

= win

.10-0 Datum: WG!

Whidbe!
Island NA,S

nrmbut 1, ME 04096

P
o
g
S

;| S

-

]
| =
=3

&

&

-

©

A =

]
=
e
<

<
H

<
£
5
I3




\ T — ] \
: =
. [3)
: <
2 g
F—- e = o &
= - (5] (5] e
— P < = 2]
2= 2 = B
= 22 3] = i
=20 K = & =
L-Q"CJN < 7] ]
N=>ﬁ = jge] E
= ~ = Q o
E(‘-" = = 7]
o0 wm = < =
, E=E & 8 8
EE8 g E &
BO)LT-I - 3] [}
=24 £ & S
H %I-O E =) N
N d)oc T $> b
N o = A S -; 8
g .
_EE=E5 £ § E
(. "‘t-g =¥ = =
TS 0
s8]
md)o
e
)
=
=
=Yy}
=

wWhidbey . .
s

right © 1999 DeLnrmf: Yarmouth, ME 04096

S‘% .|:" _G""i
e

npb‘Ql ads Copy

\.%:\‘zl it
i "ﬁn?'r-‘_‘yfg i
%éfﬁff'a?g :

i




lh‘-.j.— Sl
ti

-Resel?va

- Tulali

e -
s

Sand lance spawning habitat survey
effort in southern Island County,
October 2002-February 2003.

Figure 4.

SE%SIOH
oul

d

Pog

prior known sand lance beach

* @z = newly-documented sand lance beach

1 10-0 Datum: WGS34

winter 2002-03 sampling stations

o0 0



% ¢ -4 /ﬂ:v"‘—‘./_—\ "\-" g 4"’
e &5
Ly o=
B =2
TN 25
‘% T 53 =
o EK .

Pogser

LUkl = = S

Surf smelt spawning habitat survey
effort in southern Island County,

October 2002-February 2003.

*m

Figure 2.

prior known smelt beach

newly-documented smelt beach

1018

winter 2002-03 sampling stati

cQO0



03

!

.....

N PUB|S|
Sibum:

vaae Surumeds SULLIAY UMWY = e

A _ ‘€007 [dy-4Areniga g
‘{)uno)) pue[s] WIIY}IOU U] J10JJ3 AIAINS umeds
£10yeaofdxa pue spunots uiumeds SULLIDE S 2031y

_ . \mr ] . \\ S \l_\n\:l..




v%

L

gaae Surusmeds SULLIY UMOUY =  jssmus

| €007 [11dy-£reniqagq
= ‘{juno)) pue|s] WIIIN0S U1 310139 Kasans usmeds
- £10jea01dx9 puE Spuno.id Surusmeds SuLty 9 M3

\
-UQNBAIZSEY.
Alueipu; i, 7




log

State of Washington
DEPARTMENT OF FISH AND WILDLIFE

P.O.Box 1100 * 111 Sherman Street ¢ La Conner, WA 98257-1100
(360)466-4345 » Fax:(360)466-0515

DATE: October 24, 2003

TO: Island County Marine Resources Committee

FROM: Dan Penttila DW

SUBJECT: SUMMARY OF RESULTS, ISLAND COUNTY FORAGE FISH
SPAWNING BEACH SURVEY PROJECT, MAY-SEPTEMBER, 2003.

Following is a brief summary of WDFW staff’s field survey results and other activities
undertaken during the summer of 2003 that were associated with the Island County forage fish
spawning habitat inventory completion project being supported by the Island County MRC.

FIELD SURVEY EFFORT AND NEW DISCOVERIES:

Thirteen field survey days: 231 beach substrate sampling stations, 34.6% of which
yielded surf smelt eggs. (see Figure 1).

A total of 1,786 sampling stations have now been completed in Island County during the
course of the MRC project.

New summer surf smelt spawning sites:
1,400 feet in SE Camano Island

1,900 feet east of Polnell Point, Whidbey Island
1,000 feet west of Polnell Point

500 feet NE of Barnum Point, Camano Island

4,800 feet (.9 statute miles) Total

Forage fish spawning habitat survey effort in Island County during the summer of 2003
emphasized those areas that had been least-sampled by WDFW in previous years. With the
shores of Camano Island and Saratoga Passage already largely documented as forage fish
spawning habitat, survey emphasis was placed on the west shore of Whidbey Island. Although



summer surf smelt spawning activity was again documented on the beaches south of Swantown,
(first discovered in 2001), no additional evidence of spawning was found elsewhere on similar-
appearing beaches from Deception Pass to Possession Point. Long reaches of summer surf smelt
spawning habitat, previously documented by WDFW in the 1990s, between Strawberry Point
and Ala Spit on NE Whidbey Island and from Camano Head north to Triangle Cove on eastern
Camano Island, were re-visited, and extensive present-day smelt spawning activity was
confirmed. This summer’s surveys included a day in the security areas of Crescent Harbor and
western Ault Field beaches, escorted and assisted by NAS-Whidbey environmental office staff.

CONVERSIONS OF HISTORICAL FORAGE FISH HABITAT DATA:

During this report period, considerable effort was devoted to a review of the WDF/WDFW’s
“historical” surf smelt/sand lance spawning habitat survey database, accumulated from
undertaken during the 1972-1993 period. A search was made for all survey .sampling stations
that might have occurred within Island County, and for which there was a documentable effort
to detect and record the occurrence of forage fish spawn in some manner, and for which a
sampling location could be identified with some precision.

Nearly 600 such sampling sites and spawn presence/absence records were recovered for Island
County shorelines. Original field notebooks and field reports were reviewed so as to glean as
much information as possible from them for entry onto currently-used data forms. All survey
charts were converted to 1:24,000 topo charts, with original station locations re-produced as
accurately as possible; and from which after-the-fact latitude-longitude locations were assigned
to them. The historical sampling stations were given county-specific grand-station numbers
chronologically, beginning at the very first beach the writer visited on his very first forage fish-
related field trip of 1972, in a manner that will link them with the stations undertaken during the
current project. The data is being entered by WDFW-LaConner staff in a manner compatible
with data entry activities that have been underway for the current array of forage fish habitat
mapping projects in Island and other north-Sound counties.

Most of the historical sample stations consisted only of visual observations of beach substrate in
the field, at a charted site, coupled with a qualitative assessment of the relative density of the
spawn. Occasionally, the spawn would be sampled quantitatively, with sets of “scoop” samples
of visibly-spawn-bearing substrate. Microscopic examination of eggs from a weighed substrate
sample, with embryo aging, would yield data of much the same character as is done collected
when field-visible egg deposits are encountered on current surveys.

The current “bulk-substrate sampling” method was not adopted until late 1991, and the current
data format and recorded station character element array was not adopted until late 1993.
However, inclusion of these historical sampling stations into the eventual overall county
database will add greatly to the total forage fish spawning habitat distribution view. For a few
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beach reaches, in-situ visual spawn observations made during the 1972-1991 period remain the
primary basis by which certain sectors of those beaches are documented as forage fish spawning

habitat and subsequently given no-net-loss regulatory protection by state and federal resource
agencies.

PUBLIC OUTREACH ACTIVITIES:

During the report period, the writer took part in a variety of forage fish/nearshore habitat-related
environmental outreach/education activities within the northern Puget Sound counties that are
involved in the NWSC. The Camano Island class of new Island County Beachwatchers was
given a forage fish training session: lecture/lab/ forge fish spawning beach field trip, as part of
their training program (Island Co.). The five-workshop series pertaining to forage fishes and the
near-shore environment, sponsored by the Port Townsend Marine Environmental Center, was
completed (Jefferson Co.). I also delivered an oral presentation on Puget Sound forage fishes,
staffed a forage fish poster display, and headed up an informational beach walk at PTMSC’s
“Low-Tide Fest” (Jefferson Co.). The volunteer beach-steward class from RE Sources
(Bellingham) was given a forage fish presentation and beach walk as part of their training to
augment local State and local park staff during the summer of 2003 (Whatcom/Skagit Cos.). 1
participated in two field trips and a multi-group workshop on the matter of the recent near-total
disappearance of dense beds of native eelgrass in Westcott-Garrison Bays, a herring spawning
ground on San Juan Island (San Juan Co.). FOSJ was assisted by WDFW-LaConner by the
undertaking of a standard forage fish spawning beach survey of the SW shores of Rosario Strait,
a sector of San Juan Co. shoreline that had been difficult for them to reach from their base of
operations in Friday Harbor (San Juan Co.). I led a multi-agency field trip to the Fidalgo Bay
DNR Marine Reserve, as part of DNR’s program to re-evaluate their marine reserve system
(Skagit Co.). Science classes from Lowell Elementary School (Seattle) and Anacortes High
School were given beach seine demonstrations and marine organism life-history discussions at a
site in Cornet Bay, Deception Pass St. Pk. (Island Co.).

Elsewhere in the Puget Sound basin, the writer led a forage fish habitat sampling demonstration
field trip to Seahurst Park (King Co.), where a sector of surf smelt spawning beach is slated for
de-armoring and restoration. A presentation on the forage fishes of southern Puget Sound was
delivered to the APHETI local community group, they being concerned about the impact of
expanding shellfish aquaculture on the marine resources of Totten and Eld Inlets (Thurston Co.).
A day-long forage fish spawning habitat sampling training session, including lecture/field
trip/substrate sampling/ screening/winnowing/microscopic analyses, was delivered to a group of
consultants and agency staff, for the second year, responding to agency needs for additional
“certifiable” sampling expertise at shoreline project sites.

o7
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FUTURE WORK:

Forage fish spawning habitat surveys will continue in priority areas during the fall-winter of
2003, completing the current Island County project. Efforts to incorporate pre-MRC-project
WDFW Island County forage fish habitat survey data into the Sound-wide database will

continue. This effort should be more straight-forward, since WDFW’s 1993-2000-era forage

fish survey data had all been collected in formats and protocols virtually identical to those in use
at present. '
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Abstract Surf smelt Hypomesus pretiosus are an important
part of the Salish Sea food web and obligate beach spawn-
ers, yet little is known about the spatiotemporal distribution
of spawning and beach characteristics related to spawning
success. We counted smelt eggs at 51 sites around Camano
Island, Puget Sound, Washington every 2 weeks for 1 year
and at 13 of those 51 sites each month in the following year.
At each site, we measured beach characteristics hypothe-
sized to affect spawning habitat suitability as measured by
egg abundance and mortality. Eggs were collected at 45 sites
and pooled by month for analyses. Few sites (N=10,
19.6 %) contributed 87 % of total eggs and 89 % of all live
eggs collected. Mean total egg counts at sites were higher (p<
0.019) in Jul-Sep (1,790.7, SE=829.5) than in Jan—Mar (26.1,
SE=10.2). Principal component and regression analyses sug-
gested that aspect, fetch, solar radiation, and beach tempera-
ture predicted egg abundance but not mortality. Because a
small proportion of sites appear to support most spawning
activity, a conclusion consistent with year 2 egg counts,
impacts to relatively few beaches could greatly affect surf
smelt production.
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Introduction

Marine nearshore and intertidal environments are used for
spawning and early rearing by diverse fishes (Moffatt and
Thomson 1978; Carscadden et al. 1997; Nakashima and
Taggart 2002) and invertebrates (Brousseau et al. 2004;
Jackson et al. 2005). Intertidal spawning by fish occurs on
coastlines of four continents and several species represent-
ing at least six families spawn on beaches, including silver-
side (Atherinopsidae), killifish (Fundulidae), puffer
(Tetraodontidae), smelt (Osmeridae), righteye flounders
(Pleuronectidae), and stickleback (Gasterosteidae) (Penttila
1995, 2007; Martin and Swiderski 2001). The nearshore
environment of the Salish Sea (Puget Sound and Georgia
Basin) is spawning and rearing habitat for several fish and
wildlife species (Simenstad et al. 1979; Kozloff 1983;
Kruckeberg 1991; Thuringer 2003; Townsend et al. 2006).
At least three species of fish, surf smelt Hypomesus pretio-
sus, sand lance Ammodytes hexapterus, and rock sole Lep-
idopsetta bilineata, spawn in the intertidal zone of the Salish
Sea (Schaefer 1936; Penttila 1995, 2007). Sand lance bur-
row into intertidal sediment during winter months (Quinn
1999), presumably as an energy conservation strategy
(Winslade 1974), and Pacific herring Clupea pallasii, spawn
on shallow subtidal macrophyton beds of the region
(Gonyea et al. 1982; Penttila 1995). These species, com-
monly referred to as forage fish, are crucial components of
marine food webs (Therriault et al. 2009) that are increas-
ingly threatened by nearshore development from a growing
human population (Penttila 2007; Anderson et al. 2009).
Insufficient knowledge of the use of nearshore habitats by
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forage fish limits our ability to guide development while
conserving forage fish habitat.

Marine coastal areas, which comprise some of the most
intensively developed landscapes throughout the world, are
subjected to two frequent and important anthropogenic dis-
turbances: shoreline armoring and removal of terrestrial
vegetation (Fletcher et al. 1997; Griggs 2005; Dugan and
Hubbard 2010; Krueger et al. 2010). Armoring to protect
shorelines from erosion has a long history (Charlier et al.
2005), and armoring is expected to be more frequent and
extensive because of rapid human populations growth near
coasts (Crossett et al. 2004) and the perceived need to
protect shorelines and developed areas from the effects of
climate change (Scavia et al. 2002). Several recent studies in
Puget Sound suggest that these disturbances can impair
nearshore processes, including sediment delivery and trans-
port and shading by riparian vegetation, which in turn
affects species richness, abundance, and productivity
(Romanuk and Levings 2006; Dethier and Berry 2010).

Better understanding of the spatiotemporal spawning
patterns of forage fish will facilitate the conservation of their
habitat as development along shorelines intensifies. We
examine spatiotemporal patterns of surf smelt spawning
because this species receives special protection from devel-
opment, their behavior is relatively well understood, and
conservation and research effort directed toward surf smelt
might benefit other species. The obligate intertidal spawning
behavior of surf smelt (hereafter smelt) in the Salish Sea is
one of the best-documented aspects of their life history
(Penttila 1995, 2007). Smelt spawn in the upper third of
the tidal range in Puget Sound and appear to be tolerant of a
wide range of salinities and wave energy regimes (Penttila
1978; 2001, 2002, 2007). However, recent research con-
firms that loss of nearshore vegetation reduces the suitability
of smelt spawning habitat (Penttila 2001, 2002; Rice 2006;
Rossell 2006; Lee and Levings 2007; Toft et al. 2007; Slack
et al. 2010). We use suitability here to describe habitat
quality, where quality can range from non-habitat to optimal
habitat with maximal carrying capacity for a life stage
(sensu USFWS 1981). Although smelt eggs appear to be
somewhat resistant to thermal and desiccation stress, the
eggs of fish spawning in summer and early fall suffer higher
egg mortality on exposed beaches than on beaches with
overhanging vegetation (Rice 2006; Lee and Levings
2007; Slack et al. 2010). In laboratory experiments, surf
smelt eggs developed most successfully in a narrow relative
humidity range (80-93 %) (Lee and Levings 2007) that on
beaches is strongly dependent upon vegetative shading,
sediment grain size (Penttila 2001, 2002), and both sediment
and atmospheric temperature in the intertidal zone.

The effects of shoreline armoring on smelt spawning
habitat is less clear, but shoreline armoring can decrease
beach nourishment from eroding (feeder) bluffs and increase
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reflected wave energy, which lowers elevation and coarsens
sediments of beaches in the upper intertidal zone (Baldwin
and Lovvomn 1994; Toft et al. 2007). Spawning habitat in
Puget Sound is typically found where waves and currents
sort the available substrate into a sand—gravel mix with most
sediment between 1 and 7 mm in diameter (Penttila 2001,
2002, 2007). Changes in the distribution of sediment to size
ranges outside this window are expected to affect surf smelt
spawning site selection and, perhaps, egg and larval mortal-
ity. In laboratory studies, small quantities of both suspended
and settled silt were found to dramatically decrease larval
smelt survival (Morgan and Levings 1989). On the other
hand, Penttila (2007) suggested that most apparently suit-
able beaches in Puget Sound, based on substrate character-
istics, do not support spawning activity, and population
density, behavioral or environmental factors almost certainly
also determine whether a beach supports spawning. As a
result, in any given year, only approximately 30 % of the
known smelt spawning beaches in Puget Sound support
spawning (D. Penttila, unpublished data). While spawning
seasons are coarsely known for some locations in Puget
Sound; little is known about the temporal distribution of
egg abundance or viability due to a lack of comprehensive
temporal sampling.

The Washington Department of Fish and Wildlife
(WDFW) protects fish life and habitat by administering
the “Hydraulic Code” (Revised Code of Washington
77.55), which regulates work that uses, obstructs, diverts,
or changes the natural flow or bed of state waters. The
WDFW implements the law via the hydraulic project ap-
proval (HPA) permit process. Permits issued by the WDFW
include provisions unique to the project type and physical
setting that attempt to avoid, minimize, or mitigate for
activities that may affect fish life in Washington’s lakes,
streams, rivers, and marine environments. Given our rela-
tively rudimentary understanding of beach spawning fish
ecology, provisions to protect forage fish are typically lim-
ited to work timing windows that determine when construc-
tion activities can occur. Further, all forage fish spawning
sites as determined solely by presence of eggs are currently
treated equally in the permitting process and in WDFW
guidance to local governments.

Our objectives were to (1) characterize the annual spa-
tiotemporal distribution of smelt spawning over a wide
variety of physical conditions in a region of Puget Sound
in an effort to improve the hydraulic permitting process and
technical guidance to local governments involved in devel-
opment and conservation planning; (2) investigate how var-
iation in characteristics of the beach environment affect the
suitability of spawning habitat, as measured by egg abun-
dance and mortality rates; and (3) use statistical models to
quantitatively explore relationships between habitat charac-
teristics that we postulated might dictate the suitability of
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smelt spawning habitat. Finally, we conducted an explorato-
ry analysis of interannual correlations within and among
sites and the consistency of spawn abundance across years.

Materials and Methods
Study Area

Camano Island is located in Puget Sound, Washington State,
between Whidbey Island and the mainland (study area;
Fig. 1) and is connected to the mainland by a bridge. It
has an area of approximately 103 km? and a shoreline length
of approximately 84 km based on the Washington Depart-
ment of Natural Resources ShoreZone inventory data (http://
128.208.23.127/website/DNR_Shorezone/DNR_SZ/szdoc/
sz_hdr.htm), of which 31 % is armored (Puget Sound Near-
shore Ecosystem Restoration Project 2009). We established
51 sampling sites along the shoreline of Camano Island
(study area; Fig. 1) using a stratified random design. We
selected study sites by calculating the total length of marine
shoreline, excluding marshy wetland habitat along the
northeast portion of the island. We excluded this habitat
type because it has been consistently devoid of forage fish
eggs in repeated sampling (D. Penttila, unpublished data)
and because it has extensive low tide terraces composed of
fine-grain sediments (silt) that are dangerous to traverse. We
randomly established the first sampling site adjacent to the
marsh in the first 300 m of the northeast end of the study
area and, using ArcMAP (Version 9.3.1, ESRI, Redlands,
CA, USA), located additional sampling sites clockwise at
~1.2 km intervals along the shoreline until we reached the
northern end of the study area (Fig. 1). Sample site locations
were transferred to Washington Department of Ecology
oblique aerial photographs (http://apps.ecy.wa.gov/shore
photos/links.html) so that they could be located by boat
using easily identifiable shore topographic features.

Sampling Approach

We visited all sampling sites by boat once every 2 weeks
(referred to as a sample session) during each month begin-
ning the week of 10 Sep 2007 and ending the week of 18
Aug 2008 (24 sample sessions). All sites were permanently
assigned to one of three sampling routes. A two-person crew
typically required 3 days to complete a sample session, with
the crew sampling one route each day. We attempted to
sample over consecutive days within a sample session, to
space sample days between sessions as close to 12 days as
possible, and to change route sampling order among sample
sessions. The total number of sites sampled during a session
and the sample schedule was based on logistical and eco-
logical considerations. Sampling was performed on the
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Fig. 1 Map of Camano Island, Puget Sound, Washington showing
distribution of 51 sampling sites. a The geographic context of Puget
Sound relative to the Pacific Ocean and British Columbia. b Camano
Island with sampling sites labeled. Arrows indicate dominant sediment
drift flow direction, not including small back cddics and interactions
with shore features

lowest available daytime tides within each sample session.
Given a two-person crew and the availability of suitable
daytime tides, it was determined that the 51 sites could
reliably be surveyed over the course of a year.

At each sampling site, we placed markers to establish two
permanent, 30-m transects parallel to the waterline, one at
+2.6+0.2 m and the other at +3.2+0.2 m above mean lower
low water (MLLW). At each site, the permanent transect
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elevation was determined by marking the water elevation at
a specific time (during calm weather) for which tidal eleva-
tion was known. Hereafter, all beach elevations are in ref-
erence to MLLW and measured from the elevation of the
two permanent transects.

Sampling for forage fish eggs consisted of taking a 500-
ml scoops of surface sediment to a depth of approximately
5 cm at four locations (3, 11, 19, and 27 m) along each 30-m
permanent transect (Moulton and Penttila 2001, 20006;
Penttila 1995). Sediment and eggs from all subsamples for
a given permanent transect were combined, transported to
the laboratory, and processed on the day they were collect-
ed. Samples were processed by wet-screening them through
a stacked series of sieves (4, 2, and 0.5 mm), progressively
removing sediment while retaining eggs and egg-sized sed-
iment. The remaining light fraction (fine sediment and eggs)
was decanted into a washbasin, covered with 3 to 5 cm of
water, and agitated to suspend lighter material, following
Penttila (1995). After hydraulic winnowing, the surface 0.5—
1 cm of the resulting deposit was skimmed off using a wide-
mouthed sample jar. This winnowing process was repeated
at least three times per sample to ensure adequate egg
discovery probability (Moulton and Penttila 2001, 2006).
The light fraction sub-sample was preserved in Stockard’s
Solution (aqueous mix of 4 % glacial acetic acid, 5 %
formaldehyde, and 6 % glycerol). This preservative ren-
ders fish embryos opaque while leaving the yolk sac and
other egg contents translucent, thus aiding in egg sample
analyses. Using a dissecting microscope, eggs were iden-
tified to species, sorted into different cohort or age classes
based on developmental stage, and scored as either live or
dead (Penttila 1995). Live and dead eggs are treated as
count data as opposed to density data since expanding
them to the entire beach area would require egg distribu-
tion data that we did not collect and because we assumed
that counts from standardized samples at each site were
directly comparable. Our sampling method was developed
based on over 30 years of sampling and analysis of more
than 10,000 samples. Our previous work has shown that
the collection of the top 5 cm of beach sediment collects
virtually all smelt eggs and that collection, and processing
of eggs on the same day as collection does not result in
significant mortality.

In addition to the sampling described above, from
August 2009 through July 2010, we sampled the upper
permanent transect of 13 sites (sites 38-50, northwest
portion of Camano Island) once per month. These sites
were selected because, together, they exhibited a large
range in annual egg counts during the first year of
sampling. The intent of this additional sampling was to
assess interannual correlations within and among sites
and the consistency of high spawn abundance across
years (i.e., 2007-2008 vs. 2009-2010).
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Characterizing Sampling Sites

A suite of physical characteristics of all surveyed beaches
were quantified once during the summer of 2009 to identify
characteristics correlated with egg abundance and survival.
Physical characteristics were selected based on a review of
the literature describing intertidal spawning by fish and
invertebrates and processes that affect the structure and
function of beaches. Site-specific physical characteristics
were measured in the field, whereas beach-scale physical
characteristics were calculated using a geographic informa-
tion system. Beach-scale physical characteristics were
expected to change more slowly than, and affect the struc-
ture of, site-specific physical characteristics. We recognize
that we did not measure some physical characteristics that
may affect smelt spawning, but we expected to identify
appropriate spatial scales and characteristics worthy of fur-
ther study. At each sampling site, two temporary transects
were established perpendicular to, and intersecting each end
of, the 30-m permanent transect described above. Along
these temporary transects, we measured beach slope be-
tween 1.3 and 3.2 m tidal elevation (Low_slope), between
3.2 m and mean higher high water MHHW) (Mid_slope),
and between MHHW and ordinary high water (OHW)
(High_slope). The OHW was defined as that elevation
where aquatic or semi-aquatic vegetation is replaced by
terrestrial vegetation, or where terrestrial vegetation begins.
At sites with no apparent physical evidence of the OHW
(majority of sites), we estimated OWH to be MHHW
+0.5 m. For each site, we then determined the (1) type of
backshore control structure (berm, bulkhead, or bluff facé);
(2) elevation (Ele_control) of the toe of the bulkhead or
bluff face, or in the case of a berm, the elevation of the
slope break between the upper beach and berm; (3) eleva-
tion of the seaward (Ele_sea) and landward (Ele_land) edge
of the drift wood zone; (4) width of the area where drift-
wood zone (Wood_width); and (5) volume of wood
(Wood_vol) in the driftwood zone (i.e., 30 mxWood_
width). The driftwood zone was measured only where drift-
wood was present. Wood volume was determined during the
summer of 2008 by tallying all wood pieces by 5-cm-
diameter classes starting at a minimum of 10 cm at the
thickest end and 60-cm-length classes starting at a minimum
of 60 cm. Midpoints of diameter and length classes were
used to calculate wood volumes at each site.

During the late summer period of high smelt egg abun-
dance in 2008, additional sediment samples were collected
along the upper transect at each site to evaluate beach
sediment characteristics. Samples were spread out on shal-
low, plastic-lined trays and completely air dried in a pro-
tected alcove within a storage facility at the WDFW La
Conner office. Drying typically took 3-7 days and was
facilitated by gentle stirring and occasional transfer to a
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Fig. 2 For each of the 51 beach sample sites (e.g., site 4), we
calculated a number of characteristics. Beach sinuosity is the ratio of
the shoreline length (BAC) to the straight-line (BC) length between two
points (B and C) on the shoreline, equidistance from, and located on
either side of the sample site. Concavity is the distance from the
midpoint of the chord to the shoreline (DA) measured at a right angle
to the chord. Sinuosity and concavity were determined at two scales,
500 and 5,000 m. Concavity was negative when the sample site was
exposed and positive when protected (shown here). Aspect was deter-
mined at the sample site (represented here by AE), and Loc_10 and
Fetch were distances measured from the sample site in the direction of
AE to the 10-m depth contour and nearest land, respectively

50 for 2008-2009 and 2009-2010. For all statistical tests, we
chose a=0.05 (Table 1).

Regression Analyses

We employed an information theoretic approach to explore
the relationship between egg counts and physical character-
istics of the shoreline. Following the methods described by
Burnham and Anderson (2002) and based on extensive
literature review and our field observations, we assembled
eight candidate models a priori to explain variation in egg
counts on the upper transect as a function of shoreline
characteristics. We calculated Pearson correlations between
egg count variables (i.e., Total_eggs, Live_eggs, and
Dead_eggs) to determine the most appropriate response
variables. We selected predictor variables and determined

Table 1 Pearson correlation coefficient matrix between variables de-
scribing surf smelt egg counts from 51 sites around Camano Island,
Washington during 2007-2008

Total_eggs Live cggs  Dead_cggs Mort_rate
Total_eggs 1.000
Live_eggs 0.972 1.000
Dead_eggs 0.773 0.604 1.000
Mort_rate —0.289 —0.345 —0.049 1.000
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the structure of the candidate models to allow comparison of
predictor importance as measured at the spatial extent of
sites and beaches. Before conducting the analyses, we ex-
amined the data to address regression assumptions
(Beaudreau and Essington 2007). We removed beach char-
acteristics for which we were missing relatively large
amounts of data because this would reduce the sample size
(number of sites) of the analysis. For pairs of predictor
variables that were highly correlated (+>0.7), we eliminated
one and retained the characteristic deemed most interpret-
able. We then constructed a model containing the following
characteristics, Northness, Fetch, Concav_5000, GSF,
Max_temp, Wood_vol, and D3, followed by construction
of seven nested subset models using combinations of these
characteristics (see Table 2). Before running regression
models, we examined scatter plots of all individual shoreline
characteristics (predictor) versus egg counts (potential re-
sponse variable). When plots of residuals versus fitted val-
ues indicated a non-linear relationship, we attempted to
linearize the relationship by systematically applying various
transformations to the predictor variable until we maximized
the #* of the simple regression. We used ! tests to evaluate
the null hypothesis that slope was equal to zero (Table 3).

The “best” models were based on corrected Akaike’s
information criterion (AIC,), which indicates the best com-
promise between goodness-of-fit and model parsimony
(Burmnham and Anderson 2002). Models with delta AIC,
less than 7 were regarded as supported by the data
(Burnham and Anderson 2002, p. 70).

Principal Component Analysis

We conducted a principal component analysis (PCA) to con-
dense the suite of beach characteristics measured/calculated in
situ and from DNR ShoreZone data into a smaller set of
compound components. We used PCA to help describe co-
variance patterns in beach characteristics for descriptive rather
than confirmatory purposes (Tabachnick and Fidell 1989,
p- 599). We hypothesized that beach characteristics were
likely to respond to a few dominant environmental gradients,
such as exposure to storm patterns, wave energy, and shore-
form and that we could describe variation in beach character-
istics in simpler ways by identifying these gradients.

Similar to the regression modeling above, we first re-
moved variables describing beach characteristics for which
we were missing relatively large amounts of data. For pairs
of predictor variables that were highly correlated (+>0.7),
we eliminated one and retained only the variable deemed
most interpretable. Although not strictly necessary for PCA,
removing correlated variables increases the ratio of sample
size to the number of observed variables. We examined
univariate stem and leaf, box, and normality plots for each
attribute to identify suspected outliers and, when they were
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Table 2 Mcan and range of response and predictor variables quantified in situ (site-specific) or derived from DNR ShoreZone data (beach scale)

2

Name Scale Description Units Mean Range r p
Response variables

Live_eggs Mean live eggs per month Eggs/month 3,967 0-93,374

Dead_eggs Mean dead eggs per month Eggs/month 2,405 0-21,880

Total_eggs Mean total eggs per month Eggs/month 6,372 0-113,643

Predictor variables

Vis_sky Site View to sky Proportion 0.67 0.31-0.87 0.015  0.389
GSF Site Global site factor Proportion 0.77 0.06-0.99 0.213  0.001
Ds Site Median sediment size mm 6.4 0.6-30.3 0.068 0.067
Dsy_SD Site Standard deviation of sediment size distribution ~ Phi 2.0 0.6-3.9 0.017 0.364
Low_slope Site Slope of lower beach % 9.6 3.6-15.3 0.255  0.000
Mid_slope Site Slope of mid beach % 13.7 3.3-132.0 0.074  0.054
Ele_control Site Elevation of the tidal control structure m 3.7 2.64.4 0.058  0.089
Wood_width Site Width of the zone where drift wood collects m 44 0.3-7.9 0.128  0.010
Wood_vol Site Volume of drift wood m’ 6.0 0-77.3 0.012 0442
Northness Beach  Shoreline aspect: north (+1) to south (—1) Index —-0.05 —0.96-0.99 0.574  0.000
Fetch Beach Distance to nearest land m 6,218 1,692-14,446 0.120 0.013
Loc_10 Beach  Distance to depth of 10 m m 1,303 66-10,599 0.034 0.194
Sinu_500 Beach  Sinuosity of 500 m segment Index 1.0 1.0-1.6 0.022  0.320
Sinu_5000 Beach  Sinuosity of 5,000 m segment Index 1.3 1.0-2.9 0.046  0.129
Concav_500 Beach  Concavity of 500 m segment Index -26.7 —430-229 0.007  0.569
Concav_5000 Beach  Concavity of 5,000 m segment Index —859 —4,615-3,463 0.000 0995
Max_temp Site Mean of 27 max daily temps °C 272 18.1-34.9 0.124  0.016
Min_temp Site Mean of 27 min daily temps °C 18.6 15.5-21.5 0.233  0.001

We systematically applied various transformations to the predictor variable to meet normality assumptions and until we maximized the r* of the
simple regression between that variable and log(Live_eggs + 1); p values were based on ¢ tests to evaluate the null hypothesis that slope was equal
to zero. Variables Dsq, Dso_SD, Mid_slope, Ele_control, Fetch, Loc_10, and Min_temp were Log,o-transformed, and Northness and Max_temp
were square root transformed. Wood_vol was transformed by (SQRT(Wood_vol) + SQRT(Wood_vol + 1))

not normally distributed, transformed variables to improve
normality as determined by Lilliefors test (Systat 12). We
conducted our PCA (Systat 12) using the correlation matrix
of 20 beach characteristics (see Table 2 for list of variables)
with no component rotation. To explore potential relation-
ships among egg abundance and mortality rate, and princi-
pal components, we regressed log(Total_eggs +1) and
mortality rate from the upper transect at each site against
each of the most important principal components. We used
data from the upper transect alone because these data were
more complete, i.e., included a larger number of sample
sites than the lower transect data set.

Results

Sampling was occasionally curtailed due to winter weather
conditions, especially at a few sites. We completed sampling
during 1,131 and 1,094 of 1,224 possible site visits (51
sitesx24 visits) at the upper and lower transects,

respectively. When summarized by month, we sampled
607 and 592 of 612 possible site visits (51 sitesx 12 visits)
at the upper and lower transects, respectively. By excluding
December samples, we fully populated egg count data for all
other site x month combinations for the upper transect.
Likewise by excluding samples for December and for sites
14 and 44, we fully populated egg count data for all other
site x month combinations for the lower transect.

Eggs were found at least once on 45 of 51 sites over the
course of the study. The spatial distribution of egg counts
around the island was clumped with about 20 % of sites
contributing the vast majority of eggs (Fig. 3). Few sites
(N=10, 19.6 %) contributed 87 and 89 % of Total_eggs and
Live_eggs collected, respectively. Two relatively discrete
areas of the shoreline, one on the eastern shore and another
on the northwestern shore, had the highest egg abundance.
Site 45 (Fig. 1) had the highest average eggs counts and over
twice as many eggs as any other site. Annual counts of Total
eggs on upper transects (meang,s=516.7, SE=2254) were
correlated (=0.71, £y 5(2), 47=6.856, p<0.001) with, but not
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Table 3 Modecls considered in the information theoretic approach

o

Model Variables ¥ AlIC¢ AAIC¢ Exp(0.5xAAIC() Rank
L1 Northness, Fetch, Concav_5000, GSF, Max_temp, Wood_vol, Ds, 0.612 133.46 1.46 0.482 3
E2 Northness, Fetch, Concav_5000, GSF 0.611 138.47 6.47 0.039 7
L3 Northness, GSF, Max_temp 0.519 135.28 3.28 0.194 5
- L4 Northness, Fetch, GSF, Max_temp, Wood_vol 0.596 133.10 1.10 0.578 2
L5 GSF, Max_temp, Wood_vol, Ds,, Northness, Fetch, Concav_5000 0.612 133.46 1.46 0.482 3
L6 GSF, Max_temp, Wood_vol, Northness 0.561 133.98 1.98 0.371 4
L7 GSF, Wood_vol, Northness, Fetch, Concav_5000 0.632 138.44 6.44 0.040 6
L8 GSF, Max_temp, Northness, Fetch 0.580 132.00 N/A N/A 1
M1 Northness, Fetch, Concav_5000, GSF, Max_temp, Wood_vol, Dsq 0.024 51.69 2.95 0.229 4
M2 Northness, Fetch, Concav_5000, GSF 0.024 54.19 5.44 0.066 6
M3 Northness, GSF, Max_temp 0.011 48.74 N/A N/A 1
M4 Northness, Fetch, GSF, Max_temp, Wood_vol 0.038 53.03 4.29 0.117 5
M5 GSF, Max_temp, Wood_vol, Dsq, Northness, Fetch, Concav_5000 0.024 51.69 2.95 0.229 4
M6 GSF, Max_temp, Wood_vol, Northness 0.038 50.21 1.46 0.481 2
M7 GSF, Wood_vol, Northness, Fetch, Concav_5000 0.054 55.37 6.62 0.036 7
M8 GSF. Max_temp, Northness, Fetch 0.016 51.19 245 0.294 3

Models use either live egg (L1-8) or mortality rate (M1-8) as the response variable. AICc was used to determine the best model and other models
in the subset were ranked for validity relative to the best model. For descriptions of variables and how they were transformed to improve normality,

see Table 2

significantly different (f.0s(2), q=43=1.94, p<0.059) from,
annual counts of Total eggs at lower transects (meangjes=
125.6, SE=35.3). Egg counts varied seasonally, with peak
abundance in late summer and early fall, though Live eggs
(albeit often in small number) were found during all months of
the year at both transects (Fig. 4). Summer counts of Total
eggs (meang; = 1,790.7, SE=828.5) were significantly higher
(fo.052), ar=48=2.13, p<0.019) than winter counts of Total _
eggs (meang;.s=26.1, SE=10.2), but summer counts of
Live_eggs (meang;.s=955.8, SE=632.2) were not significant-
ly different (£,05(2), ar=48=2.13, p<0.069) from winter counts
of Live_eggs (meang;.=4.3, SE=1.7). Mortality rates peaked
in summer at around 75 % just before egg counts reached their
seasonal maximum and then declined to less than 20 % in late
September at both transects (Fig. 4). Egg mortality rates on
upper transects (meang;,.s=0.589, SE=0.031) were signifi-
cantly higher (f.052), a=33=—3.21, p<0.003) than mortality
rates at lower transects (meang.s=0.458, SE=0.031).

Egg counts at 13 sites were fairly consistent between
years. Counts of Live_eggs on upper transects in 2009—10
were correlated (7=0.756, ty 952, 11=8.78, p<0.001) with
counts of Live eggs in 2008-09 suggesting interannual
stability in spawning site usage.

Regression Analyses
All potential response variables were correlated with each

other, though some weakly (Table 1). Live_eggs and Total
eggs were highly correlated (r=0.972), but »* values for
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regression models were generally higher for Live_eggs;
thus, we concentrated modeling efforts on Live eggs and
Dead_eggs as response variables.

Seven predictor variables (GSF, Low_slope, Wood_
width, Northness, Fetch, Max_temp, Min_temp) exhibited
significant linear relationships with Live_eggs, with North-
ness having the highest #* (0.574). Nine predictor variables
had significant linear relationships with Dead_eggs includ-
ing the same seven variables as Live_egg regressions plus
Dso and Sinu_5000. The best models for Live eggs and
Dead_eggs both contained GSF, Northness, and Max_temp
(Tables 2 and 4). Additionally the best model for Live_eggs
included Fetch. Concav_5000 and D5y were not included in
the top models for either response variable or inclusion of
Wood_vol varied (Tables 2 and 4).

Principal Component Analysis

We computed eigenvectors utilizing 16 beach characteristics
and retained the first three principal components for inter-
pretation (Table 5) based on the broken stick criterion
(Jackson 1993). These first three components explained
23.83, 15.01, and 10.60 % of the total sample variance,
respectively (Table 5). Based on the relative percent vari-
ance criterion alone, which suggests that the cumulative
percent variance of the first one to three components should
be greater than 70 %, this PCA does not dramatically reduce
the dimensionality of the beach variation. Nevertheless,
each of the first three components explains significantly
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more variation than would be expected if there were no
structure to the dataset. We based our interpretation of each
component on variables with loadings > | 0.45| with more
emphasis placed on higher loadings, particularly those >
| 0.60] (Table 5).

The first component represents a gradient from south
facing, relatively flat beaches with high GSFs, high eleva-
tion controls, large wood collection zones, large volumes of
wood, and higher maximum sediment temperatures, to north
facing, relatively steep beaches located in concave shore-
forms with low GSFs and cooler maximum sediment tem-
peratures. Note the strongly inverse relationship between
Northness and GSF, as well as between Northness and
Max_temp (Table 5). Beaches with southerly aspects would
be expected to have higher sediment temperatures consistent
with higher GSF. The second component represents a gra-
dient of beaches within concave shoreforms, with large
fetches, and large volumes of drift wood, to beaches in
sinuous shoreforms, with small fetches, and small volumes

e Mean Monthly Mortality Rate I

I
Nlﬂ ﬂ[IH |

|
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13 19 25 31
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Mean Mortality Rate

of wood. Three of the 16 original variables (Loc_10,
Sinu_5000, and D5, _SD) did not load on either of the first
two components and apparently do not contribute to the
beach site gradient. Live_Egg counts were significantly
associated (F; 43=22.49, p<0.000) with PC1 scores (Log
(Live_egg+1)=—8.50xPClscores+2.20; *=0.34), but not
PC2 scores (p=0.23).

Discussion

We found pronounced and consistent spatiotemporal pat-
terns of surf smelt spawning on Camano Island, and these
patterns can inform improved conservation efforts. The spa-
tial distribution of egg occurrence was highly continuous,
with smelt eggs found at nearly every site sampled over the
course of a year, including many beaches where previous,
less-intensive sampling failed to document smelt spawning.
Although surveys to detect smelt spawning have been
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conducted throughout much of Puget Sound (Penttila 2007),
our knowledge of spawning locations and their relative
importance both intra- and inter-annually remains incom-
plete. Spawning beaches likely differ dramatically in pro-
duction of smelt and their value for maintaining population
abundance. The spatial distribution of egg abundance was
nonuniform; sites on the northwestern edge of the study area
(sites 42—48) contained up to several orders of magnitude
more eggs than other regions of the island, a pattern that was
consistent between years. This marked dominance in usage
as spawning sites existed despite broad variation among
these sites in some beach characteristics, including median
sediment particle size, beach slope, backshore control type
and height, wood band width, sinuosity, and concavity.
However, in addition to being located in the northwest
region of the study area, these sites were united by compar-
atively low maximum sediment temperatures, substantially
greater fetch, narrow wood bands, and (except site 42) a
north-facing beach aspect. The results of both our informa-
tion theoretic approach and PCA support this overall trend
toward high-use spawning beaches being characterized by
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medium to high potential wave action (e.g., high fetch,
narrow wood bands) and low solar exposure (e.g., north
facing, low GSF, lower maximum temperature).

The results of our study are consistent with studies of
capelin (M. villosus), suggesting that processes affecting
spawning usage are likely similar among species and loca-
tions. Use of spawning beaches by capelin, as well as egg
abundance on spawning beaches, has been linked to beach
aspect (orientation) and the degree of substrate size sorting
in Conception Bay, Newfoundland, Canada (Nakashima and
Taggart 2002; Taggart and Nakashima 1937). The dominant
orientation of high-use spawning beaches was northeasterly
for capelin, which matches the geophysical context of
spawning beaches in the current study with respect to fetch,
prevailing wave action, and solar exposure. Additionally,
Nakashima and Taggart (2002) noted that sediment size
profiles within a beach may change seasonally as a conse-
quence of changes in prevailing winds and resultant wave
action. We only quantified sediment profiles during summer
months so the degree to which those profiles change by
season, and the resultant effects on egg retention and
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Table 5 Component loadings

for six principle components de- Beach attribute PCI PC2 PC3 PC4 PC5 PC6
rived from analysis of beach
attributes measured on 46 Northness -0.770
beaches around Camano Island Max_temp 0.654
in Puget Sound GSF 0.625
Ele_control 0.577 0.462
Min_temp 0.577
High_slope -0.574
Mid_slope —0.499 0.489
Concav_500 —0.453 0.469 —-0.475
Concav_5000 0.615
Loadings with absolute values Fetch 0.591
& | 0.45 | were considered Wood_vol 0.580
unimportant (Tabachnick and Sinu 500 -0.542
Fidell 1989) and not included B
D —0.468
here. Loadings > [ 0.60| are 2
shown in bold for emphasis. For Loc_10 0.714
descriptions of variables and Sinu_5000 0.485 —0.541
how they were transformed to Dsy_SD —0.573 —0.464

improve normality, see Table 2

viability, cannot be directly evaluated. In addition, other
factors such as predation on and off the beach and larval
transport and rearing undoubtedly contribute to the suitabil-
ity of surf smelt spawning sites. These factors were beyond
the scope of our work but clearly warrant further study.

We postulate that the suitability of a beach for spawning
by smelt is due primarily to characteristics of the beach and
adjacent beaches. Beach characteristics are in turn deter-
mined by sediment source, exposure, and the energy avail-
able to shape beach morphology. Wave action influences
beach form through erosion, transport, and deposition of
sediment and organic matter (Dugan and Hubbard 2006,
2010; Patsch and Griggs 2006). Puget Sound is populated
by numerous feeder bluffs composed of glacial till that
contribute sediment to beaches. Due to limitations in fetch
and the predominant direction of storms relative to the north
south orientation of shorelines, wave action is typically
oblique to shore in Puget Sound (Finlayson 2006; Johannessen
and MacLennan 2007; Shipman 2008, 2010). This geomor-
phic setting produces sediment drift cells along which wave
action and sediment turnover are relatively stable and
predictable, barring storm events and human disturbance
of the shoreline. The suitability of beaches for smelt
spawning is likely related to its position within a drift
cell. We suggest that on beaches where wave action has
sorted the sediment appropriately, water percolation and
retention may be balanced such that smelt eggs in the
upper intertidal remain damp but not continually immersed.
Moderation of relative humidity in a narrow window (80—
93 %) is critical to surf smelt egg development (Lee and
Levings 2007). As the prevailing winds in Puget Sound are
strong and come from the southwest in winter and weaker and
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northerly in summer (Overland and Walter Jr. 1983; Finlayson
2006), it is possible that beaches on southern Camano Island
have, over geologic time, developed into suboptimal smelt
spawning habitat through wave action (but see comments on
seasonal beach reconditioning above). This is borne out in the
nearly complete lack of eggs in sites 23-32 along southwest
Camano Island and the prevalence of finer sediments along
these beaches as compared to the high-use beaches (Ds,=6.73
vs. 4.70). However, the small number of drift cells identified
on Camano Island precludes meaningful statistical analysis.
The suitability of a beach for spawning by smelt is also
related to its exposure to incident solar radiation, which is
the greatest on south-facing beaches. As a consequence of
exposure, the average temperature of intertidal sediments on
south-facing beaches can, all other characteristics being
equal, be expected to be higher than on north-facing
beaches. Recent studies have shown that smelt egg mortality
increases with increasing exposure to solar radiation, sedi-
ment temperature, and desiccation (Penttila 2001, 2002;
Rice 2006; Rossell 2006; Lee and Levings 2007). These
findings are consistent with the pattern of smelt egg abun-
dance across the gradient represented by PC1. Two other
lines of evidence in our data suggest that high summer
temperatures and associated effects (e.g., low humidity)
may be related to poorer spawning habitat suitability. First,
smelt eggs at lower elevation transects generally had lower
mortality rates than eggs at higher transects, although egg
abundance was also lower. This suggests that thermal and
desiccation stress were both minimized lower on the beach.
Furthermore, egg mortality declined markedly after August
at both upper and lower egg transects with the seasonal
decrease in atmospheric temperature and the return of
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regular precipitation. The preferred tidal height for place-
ment of eggs at a given spawning site is likely a tradeoff
between thermal and desiccation stresses at higher intertidal
elevations and increased relative humidity and predation
stresses at lower elevations.

Beaches are commonly armored with concrete or rock
revetments to prevent erosion or to gentrify yards (Kraus
and McDougal 1996; Holsman and Willig 2007; Shipman
2010). When revetments are placed within the marine inter-
tidal zone, they can have cascading effects resulting in
changes to the beach profile, coarsening of beach sediments,
loss of large woody debris, and increased wave energy to the
foreshore (Holsman and Willig 2007; Dethier and Berry
2010; Dugan and Hubbard 2010). Humans can also increase
exposure to solar radiation of the beach as a result of
clearing the land of vegetation for construction and to pro-
vide an unobstructed view of the water. The direct detrimen-
tal effects on gross habitat characteristics and microclimate,
exacerbated by sea level rise as a consequence of climate
change (Krueger et al. 2010), indicate that shoreline armor-
ing and marine riparian zone elimination represent two
important threats to the continued reproductive capacity of
surf smelt in Puget Sound (Penttila 2007; Rice 2010).

Management Implications

The challenge of conservation is finding ways to minimize
the loss of biodiversity with limited financial and human
resources (Bottrill et al. 2009). Thus, natural resource man-
agers are commonly confronted with three fundamental
questions: (1) what needs protection, (2) where should it
be protected, and (3) how should it be protected (Primack
2010, p. 351). While substantial scientific uncertainty
remains regarding the characterization of suitability of surf
smelt spawning habitat and the processes that create and
maintain them, our results along with other important work
on beach ecology cited herein suggest a number of imme-
diate actions that could improve conservation of surf smelt
spawning habitat. First, given the high demand for addition-
al shoreline development and the fact that nearly 30 % of
Puget Sound marine shoreline and 31 % of Camano Island is
currently armored (Puget Sound Nearshore Ecosystem
Restoration Project 2009), the most important spawning
beaches should be identified and afforded more protection
and restoration effort. That is, beaches in northwest Camano
Island and those with low summer temperature, north-facing
aspect, and relative large fetch are more important for smelt
spawning than other beaches and thus should receive addi-
tional consideration during the HPA and other shoreline
construction permitting processes. In addition, the drift cells
in which these beaches occur should also be considered as
important conservation targets, particularly in terms of
maintaining sediment delivery and transport processes.

Where development will occur, armoring should be permit-
ted only where it is critically necessary to protect capital
investments and then placed above the ordinary high water
mark based on future sea level rise predictions. All shoreline
vegetation should be maintained, especially trees that shade
the intertidal region of the beach. While spawning sites with
northerly aspects may currently be more resilient to high
temperatures than sites with southerly aspects, increasing
sea and air temperatures associated with climate change may
diminish the suitability of all beach sites.

Finally, while the value of providing best available sci-
ence is clear in cases involving imminent and permanent
change, such as human development of the nearshore, we
also urge commitment to better use of scientific information
especially where we have leamned from past mistakes. For
example, the importance of spawning during seasons with
low egg abundance should not be discounted. Although
total smelt egg abundance and the number of live eggs were
the highest in summer, eggs were often found in abundance
during winter when mortality was relatively low; suggesting
that smelt that spawn in winter might substantially contrib-
ute to the population, at least during years or at locations
when summer mortality is especially high. Conserving suf-
ficient habitat quantity and suitability for expression of such
variations in life history might facilitate species persistence
in highly variable environments (Caswell 1983), or serve as
locations of bet-hedging (Helfman et al. 1997), that ensure
the long term survival of smelt faced with disturbance.
These conservation actions might be especially important
as environments become more variable due to human
actions and climate change (Reed et al. 2010).

We have two concluding thoughts relative to information
needs. First, given the high demand for additional shoreline
development, there is a tremendous need to better under-
stand how typical shoreline development affects beaches as
smelt spawning habitat both at the site and larger (e.g., drift
cell) scales. Second, although widespread surveys to detect
smelt spawning have been completed throughout much of
Puget Sound (Penttila 2007), our knowledge of spawning
locations and their relative importance both intra- and inter-
annually remains incomplete over much of Puget Sound.
Failure to detect eggs in a few samples remains poor evi-
dence of absence of smelt spawning just as relatively low
abundance of eggs in a few samples at a site may not be
indicative of the importance of that site over an annual
cycle. We encourage a more thoughtful approach to permit-
ting new shoreline armoring projects in Puget Sound given
existing survey data. Specifically, projects with potential to
affect site or drift cell characteristics should receive forage
fish spawning surveys for at least 1 year similar to the
surveys we conducted on Camano Island. Data from these
surveys would increase the probability of avoiding false
negative results and begin to test the applicability of the
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Camano Island spawning suitability model outside of our
study area.

Acknowledgments The authors thank the land owners of Camano
Island for allowing access to their property and B. Benson for expert
data management and GIS assistance. Three anonymous reviewers
provided constructive comments that improved the focus and presen-
tation of this manuscript.

References

Anderson, E.MM.. J.R. Lovvomn, D. Esler, W.S. Boyd, and K.C. Stick.
2009. Using predator distributions, diet, and condition to evaluate
seasonal foraging sites: sea ducks and herring spawn. Marine
Ecology Progress Series 386: 287-302.

Baldwin, J.R., and J.R. Lovvom. 1994. Expansion of seagrass habitat
by the exotic Zostera japonica, and its use by dabbling ducks and
brant in Boundary Bay, British Columbia. Marine Ecology Prog-
ress Series 103: 119-127.

Beaudreau, A.H., and T.E. Essington. 2007. Spatial, temporal, and
ontogenetic patterns of predation on rockfishes by lingcod. Trans-
actions of the American Fisheries Society 136: 1438-1452.

Bottrill, M.C., L.N. Joseph, J. Carwardine, M. Bode, C. Cook, and E.T.
Game. 2009. Finite conscrvation funds mean tirage is unavoid-
able. Trends in Ecology & Evolution 24: 183—184.

Brousseau, L.J., M. Sclafani, D.R. Smith, and D.B. Carter. 2004.
Acoustic-tracking and radio-tracking of horseshoe crabs to assess
spawning behavior and subtidal habitat use in Delaware Bay.
North American Journal of Fisheries Management 24: 1376—
1384.

Burnham, K.P., and D.R. Anderson. 2002. Model selection and multi-
model inference: a practical information-theoretic approach, 2nd
ed. New York: Springer.

Carscadden, J., B.S. Nakashima, and K.T. Frank. 1997. Effects of fish
length and temperature on the timing of peak spawning in capelin
(Mallotus villosus). Canadian Journal of Fisheries and Aquatic
Sciences 54: 781-787.

Caswell, H. 1983. Phenotypic plasticity in life-history traits—demo-
graphic cffects and evolutionary consequences. American Zoologist
23: 35-46.

Charlier, R.H., M.C.P. Chaineux, and S. Morcos. 2005. Panorama of
the history of coastal protection. Journal of Coastal Research 21:
79-111.

Crossett, K.M., T.J. Culliton, P.C. Wiley, and T.R. Goodspeed. 2004.
Population trends along the coastal United States 1980-2008.
Galveston: National Oceanic and Atmospheric Association,
National Ocean Service. 54 p.

Dethier, M.N., and H.D. Berry. 2010. Shoreline changes over 40 years
in the Seahurst Region, Central Puget Sound. Olympia: Univer-
sity of Washington and Washington State Department of Natural
Resources.

Dugan, J.E., and D.M. Hubbard. 2006. Ecological responses to coastal
armoring on exposed sandy beaches. Shore and Beach 74: 10-16.

Dugan, J.E., and D.M. Hubbard. 2010. Ecological effects of coastal
armoring: a summary of recent results for exposed sandy beaches
in southern California. In Puget Sound shorelines and the impacts
of armoring—proceedings of a state of the science workshop,
May 2009, ed. H. Shipman, M.N. Dethier, G. Gelfenbaum, K.L.
Fresh, and R.S. Dinicola. Seattle: U.S. Geological Survey.

Finlayson, D. 2006. The geomorphology of Puget Sound beaches.
Seattle: University of Washington.

@ Springer

Fletcher, C.H., R.A. Mullane, and B.M. Richmond. 1997. Beach loss
along armored shorelines on Oahu, Hawaiian Islands. Journal of
Coastal Research 13: 209-215.

Gonyea, G., S. Burton, and D. Penttila. 1982. Summary of 1981
herring recruitment studies in Puget Sound. Salkum: State of
Washington Department of Fisheries.

Griggs, G.B. 2005. The impacts of coastal armoring. Shore and Beach
73: 13-22.

Helfman, G.S., B.B. Collette, and D.E. Facey. 1997. The diversity of
fishes. Malden: Blackwell Science.

Holsman, K K., and J. Willig. 2007. Large-scale patterns in large woody
debris and upland vegetation among armored and unarmored
shorelines of Puget Sound, WA. Seattle: People for Puget Sound.

Jackson, D.A. 1993. Stopping rules in principal components analysis: a
comparison of heuristical and statistical approaches. Ecology 74:
2204-2214.

Jackson, N.L., K.F. Nordstrom, and D.R. Smith. 2005. Influence of
waves and horseshoe crab spawning on beach morphology and
sediment grain-sizc characteristics on a sandy cstuarine beach.
Sedimentology 52: 1097-1108.

Johannessen, J., and A. MacLennan. 2007. Beaches and bluffs of Puget
Sound. Seattle: Puget Sound Nearshore Partnership.

Kozloff, E.N. 1983. Seashore life of the northern Pacific coast: an
illustrated guide to northern California, Oregon, Washington,
and British Columbia. Scattle: University of Washington Press.

Kraus, N.C., and W.G. McDougal. 1996. The effects of seawalls on the
beach: part I, and updated literature review. Journal of Coastal
Research 12: 691-701.

Kruckeberg, A.R. 1991. The natural history of Puget Sound country.
Seattle: University of Washington Press.

Krueger, K.L., K.B. Pierce Jr., T. Quinn, and D.E. Penttila. 2010.
Anticipated effects of sea level rise in Puget Sound on two
beach-spawning fishes. In Puget Sound shorelines and the
impacts of armoring—proceedings of a state of the science work-
shop, ed. H. Shipman, M.N. Dethier, G. Gelfenbaum, K.L. Fresh,
and R.S. Dinicola. Seattle: U.S. Geological Survey.

Lee, C.G., and C.D. Levings. 2007. The effects of temperature and
desiccation on surf smelt (Hypomesus pretiosus) embryo devel-
opment and hatching success: preliminary field and laboratory
observations. Northwest Science 81: 166—171.

Martin, K.L.M., and D.L. Swiderski. 2001. Beach spawning in fishes:
phylogenetic tests of hypotheses. American Zoologist 41: 526—
537.

MofTatt, N., and D. Thomson. 1978. Tidal influence on the evolution of

egg size in the grunions (Leuresthes, Atherinidae). Environmental -

Biology of Fishes 3: 267-273.

Morgan, J.D., and C.D. Levings. 1989. Effects of suspended sediment on
eggs and larvae of lingcod (Ophiodon elongatus), Pacific herring
(Clupea harengus pallasi), and surf smelt (Hypomesus pretiosus). In
Canadian Technical Report of Fisheries and Aquatic Sciences. West
Vancouver: Department of Fisheries and Oceans.

Moulton, L.L., and D.E. Penttila. 2001. Field manual for sampling
forage fish spawn in intertidal shore regions. Lopez Island: MJM
Research and Washington Department of Fish and Wildlife.

Moulton, L.L., and D.E. Penttila. 2006. Field manual for sampling
forage fish spawn in intertidal shore regions. Lopez Island: MJM
Research and Washington Department of Fish and Wildlife.

Nakashima, B.S., and C.T. Taggart. 2002. Is beach-spawning success
for capelin, Mallotus villosus (Miiller), a function of the beach?
ICES Journal of Marine Science 59: 897-908.

Overland, J.E., and B.A. Walter Jr. 1983. Marine weather of the inland
waters of western Washington. In NOAA Technical Memoranda.
Seattle: Pacific marine Environmental Laboratory.

Patsch, K., and G. Griggs. 2006. Littoral cells, sand budgets, and
beaches: understanding California’s shoreline. Santa Cruz: Insti-
tute of Marine Sciences, University of Santa Cruz.

(35



Estuaries and Coasts

Penttila, D. 1978. Studies of the surf smelt (Hypomesus pretiosus) in
. Puget Sound. In Washington Department of Fisheries Technical
Reports. Olympia: Washington Department of Fisheries.

Penttila, D. 1995. Spawning areas of the Pacific herring (Clupea), surf
smelt, (Hypomesus), and the Pacific sand lance, (Ammodytes), in
central Puget Sound. Washington Olympia: Washington Depart-
ment of Fish and Wildlife.

Penttila, D. 2001. Grain-size analyses of spawning substrates of the
surf smelt (Hypomesus) and Pacific sand lance (Ammodytes) on
Puget Sound spawning beaches. La Conner: Washington Depart-
ment of Fish and Wildlife, Marine Resources Division.

Penttila, D. 2002. Effects of shading upland vegetation on egg survival
for summer-spawning surf smelt, Hypomesus, on upper intertidal
beaches in Northern Puget Sound. Puget Sound Research 2001
Conference Proceedings. http://www.co.san-juan.wa.us/cdp/docs/
CAO/SurtSmeliPenttila01).pdt. Accessed 7 May 2012.

Penttila, D. 2007. Marine forage fishes in Puget Sound. In Valued
Ecosystem Components Report Series. Seattle: Seattle District,
U.S. Army Corps of Engineers.

Primack, R.B. 2010. Essentials of conservation biology, 5th ed. Sun-
derland: Sinauer Associates.

Puget Sound Nearshore Ecosystem Restoration Project. 2009. Puget
Sound Nearshore General Investigation Dataset, edited by Wash-
ington Department of Fish and Wildlife and U.S. Amy Corps of
Engincers. Olympia: U.S. Army Corps of Engincers, Scattle
District.

Quinn, T. 1999. Habitat characteristics of an intertidal aggregation of
Pacific Sandlance (Ammodytes hexapterus) at a north Puget
Sound Beach in Washington. Nortinwest Science 73: 43—49.

Reed, T.E., R.S. Waples, D.E. Schindler, J.J. Hard, and M.T. Kinnison.
2010. Phenotypic plasticity and population viability: the impor-
tance of environmental predictability. Proceedings of the Royal
Society Biological Sciences 277: 3391-3400.

Rice, C.A. 2006. Effects of shoreline modification on a northern Puget
Sound beach: microclimate and embryo mortality in surf smelt
(Hypomesus pretiosus). Estuaries and Coasts 29: 63-T1.

Rice, C.A. 2010. Biological effects of shoreline armoring in Puget
Sound—ypast studies and future directions for science. In Puget
Sound shorelines and the impacts of armoring—proceedings of a
state of the science workshop, May 2009, e¢d. H. Shipman, M.N.
Dethier, G. Gelfenbaum, K.L. Fresh, and R.S. Dinicola. Seattle:
U.S. Geological Survey.

Rich, PM., J. Wood, D.A. Vieglais, K. Burek, and N. Webb. 1999.
HemiView User Manual. In Helios Environmental Modelling
Institute, LLC, edited by L. Helios Environmental Modelling
Institute. Houston: Dynamax.

Romanuk, T.N., and C.D. Levings. 2006. Relationships between fish
and supralittoral vegetation in nearshore marine habitats. Aquatic
Conservation: Marine and Freshwater Ecosystems 16: 115-132.

Rossell, L. 2006. Temperature and shading effects on surf smelt,
Hyvpomesus pretiosus, egg survival: Shannon Point Marine Cen-
ter. Bellingham: Western Washington University.

Scavia, D., J.C. Field, D.F. Boesch, R.W. Buddemesier, V. Burkett, D.R.
Cayan, M. Fogarty, M.A. Harwell, R.W. Howarth, C. Mason, D.J.

Reed, T.C. Royer, A.H. Sallenger, and J.G. Titus. 2002. Climate
change impacts on U.S. coastal and marine ecosystems. Estuaries
25: 149-164.

Schaefer, M.B. 1936. Contributions to the life history of the surf smelt
Hypomesus pretiosus in Puget Sound. Olympia: Washington
Department of Fisheries.

Shaffer, J.A., D. Penttila, M. McHenry, and D. Vilella. 2007. Obser-
vations of eulachon, Thaleichthys pacificus, in the Elwha River,
Olympic Peninsula Washington. Northwest Science Notes 81: 76—
81.

Shipman, H. 2008. 4 geomorphic classification of Puget Sound near-
shore landforms. Puget Sound Nearshore Partnership.

Shipman, H. 2010. The geomorphic setting of Puget Sound: implica-
tions for shoreline erosion and the impacts of erosion control
structures. In Puget Sound shorelines and the impacts of armor-
ing—proceedings of a state of the science workshop, May 2009,
ed. H. Shipman, M.N. Dethier, G. Gelfenbaum, K.L. Fresh, and
R.S. Dinicola. Seattle: U.S. Geological Survey.

Simenstad, C.A., B.S. Miller, C.F. Nyblade, K. Thornburgh, and L.J.
Bledsoe. 1979. Foodweb relationships of northern Puget Sound
and the Strait of Juan de Fuca, a synthesis of available knowl-
edge. Seattle: Environmental Protection Agency, Region 10.

Slack, T., Y. Javadi, H. Alidina, and J. Sziklay. 2010. Historic oolichan
spawning sites of the north arm of the Fraser River. Toronto:
WWF-Canada.

Tabachnick, B.G., and L.S. Fidell. 1989. Using multivariate statistics.
New York: Harper and Row.

Taggart, C.T., and B.S. Nakashima. 1987. The density of capelin
(Mallotus villosus Muller) eggs on spawning beaches in Concep-
tion Bay, Newfoundland. In Canadian Technical Report of Fish-
eries and Aquatic Sciences.

Therriault, TW., D.E. Hay, and J.F. Schweigert. 2009. Biological
overview and trend in pelagic forage fish abundance in the Salish
Sea (Strait of Georgia, British Columbia). Marine Ornithology 37:
3-8.

Thuringer, P. 2003. Documenting Pacific sand lance (Ammodytes
hexapterus) spawning habitat in Baynes Sound and the potential
interactions with intertidal shellfish aquaculture. Victoria: Archi-
pelago Marine Rescarch.

Toft, J.D., J.R. Cordell, C.A. Simenstad, and L.A. Stamatiou. 2007.
Fish distribution, abundance, and behavior along city shoreline
types in Puget Sound. North American Journal of Fisheries
Management 27: 465-480.

Townsend, R., J. Skalski, P. Dillingham, and T. Steig. 2006. Correcting
bias in survival estimation resulting from tag failure in acoustic
and radiotclemetry studies. Journal of Agricultural, Biological,
and Environmental Statistics 11: 183-196.

U.S. Fish and Wildlife Service [USFWS]. 1981. Standards for the
development of habitat suitability models. ESM 103. Washington:
U.S. Fish and Wildlife Service, Department of Interior.

Winslade, P. 1974. Behavioral studies on the lesser sandeel Ammodytes
marinus (Raitt) I. The effect of food availability on activity and
the role of olfaction in food detection. Journal of Fisheries Biology
6: 565-599.

@ Springer

124



APPENDIX H

[ fo



I‘f)

FORAGE FISH SPAWN SURVEYS
CORNET BAY BEACH RESTORATION PROJECT SITE,
DECEPTION PASS STATE PARK, WHIDBEY ISLAND, WA,

JUNE-AUGUST, 2013

SUMMARY REPORT

IN PARTIAL FULFILLMENT OF ISLAND COUNTY WSU EXTENSION
MARINE RESOURCES COMMITTEE

PURCHASE ORDER # 9428

BY

DAN PENTTILA
SALISH SEA BIOLOGICAL
5108 KINGSWAY, ANACORTES, WA 98221

TEL: (360) 293-8110, E-MAIL: depenttila@fidalgo.net

SEPTEMBER 2013



INTRODUCTION:

With the completion of the beach restoration project in the area of the Cornet Bay sector of Deception
Pass State Park in late 2012, it was determined by project sponsors that post-project monitoring of the
restored beaches and environs to detect usage (for spawning) of the area by the shore-spawning forage
fishes, surf smelt (Hypomesus pretiosus) or the Pacific sand lance (Ammodytes hexapterus) would be an
important part of the overall assessment of the project’s environmental impact.

This report will summarize observations made during the first regional summer surf smelt spawning
season following the completion of the beach-restoration action.

BACKGROUND:

Surf smelt and Pacific sand lance are known to spawn at many sites in the general area of northern
Whidbey and adjacent Fidalgo Islands. The Washington Department of Fisheries and, after agency
merger, Fish and Wildlife undertook numerous spawning habitat surveys for these species in the general
area of the Cornet Bay restoration project in the decades leading up to the restoration action. During
that time, the shoreline within the subsequently-restored shoreline was documented to be used by
spawning Pacific sand lance on November 17, 1993 (Figure 1)(Penttila 1999). Eventually, this site of
sand lance egg collection would be incorporated into the project site’s forage fish spawn sample array as
site #3.

While the state park piers in the immediate vicinity of the project site were known to be the sites of
successful surf smelt sport-jig fishery harvests for several months each year, spawning habitat surveys
did not ever detect surf smelt eggs within the project site in its pre-restoration condition. The reasons
for this are unknown, except to note that the pre-project shoreline armoring did, in fact, intrude
significantly seaward from the high tide line, burying the landward portions of the hypothetical surf
smelt spawn deposition zone, in terms of tidal elevation and substrate type. This intrusion of armoring
structures into the intertidal zone was to be remediated by the restoration action, in part for the
enhancement of surf smelt spawning habitat quality.

The presence of a surf smelt sport-jig fishery in the immediate area of the pre-project shoreline in
Cornet Bay could not be construed as indicating that surf smelt must spawn on the beaches around the
piers. Sport-jig-caught surf smelt in Puget Sound are almost entirely of actively-feeding smelt in a non-
spawning/recovering-spent condition, as judged by biological data taken from similar jig-fishery smelt
catches at nearby LaConner in previous years (Penttila 1982). Surf smelt spawning activity has been
documented approximately one statute mile northeast of the Cornet Bay project site, on the west side
of Hoypus Point, northernmost Whidbey Island (Figure 2)(Penttila 1999). It is likely that the surf smelt
caught on the Cornet Bay piers are attributable to the fish spawning on the extensive summer-time surf
smelt spawning areas known to occur throughout the Skagit Bay-Saratoga Passage region.



After the Cornet Bay shoreline was proposed for a restoration project, the Island County Beachwatchers
organization was tasked with collecting pre-project data on the site to document the degree to which
the project area was being used by spawning surf smelt and Pacific sand lance. In mid-2009, the
volunteers were provided with on-site training by WDFW in the collection and processing of beach
substrate sampling protocols then in use for forage fish spawning habitat surveys, so that their pre-
project data could be added to the state-wide forage fish survey database (Moulton and Penttila 2001,
rev. 2006). WDFW provided the volunteer group with sample bags, lab-sample jars, and preservative.
Six fixed sample sites were located within the project area from which monthly samples would be
collected in the prescribed manner. WDFW staff (the writer) analyzed the preserved lab sampled
generated by the volunteers for the presence and character of any forage fish eggs that might be found
within them.

The Beachwatcher volunteers steadfastly proceeded with their monthly sampling from July 2009
through April 2011, during which time no surf smelt or sand lance eggs were found within the project
area.

2013 POST-PROJECT METHODOLOGY:

The collection of beach surface substrate samples for the possible detection of incubating forage fish
eggs generally followed the current field protocols that have been used by WDF/WDFW and other
suitably-trained NGOs for such spawning habitat surveys in Washington State since late 1991 (Penttila
1995, Moulton and Penttila 2001, rev. 2006). The only departure from the WDFW protocols was the
adoption of a 50-foot length for the sampling transect along which the bulk sample of beach material
was collected, rather than the routine 100-foot sampling transect normally used on such surveys. A
similarly shortened transect length had been used by the Island County Beachwatchers during their
2009-2011 pre-project sampling in Cornet Bay.

The processing of the bulk beach substrate samples down to the “winnowed light fraction” preserved
lab subsamples also followed existing WDFW protocols, as did the laboratory analyses of the preserved
sub samples (Moulton and Penttila 2001, rev. 2006).

POST-PROJECT ACTIVITIES AND OBSERVATIONS:

Prior to the development of the existing contract, the writer visited the Cornet Bay beach restoration
project site on October 16, 2012, shortly after the restoration action had been completed, for the
purposes of taking a set of digital photographs of the project area in its freshly-restored condition.
Eighteen photos were taken of the existing condition of the site, the restored portions of which now
looked outwardly to be very suitable potential forage fish spawning habitat.

In anticipation of the project contract, the Cornet Bay project site was visited by the writer on May 15,
2013 for the purposes of re-locating the six fixed forage fish spawn sampling stations previously
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established in 2009 for the pre-project spawn monitoring activities. Using a Garmin 76H hand-held GPS
unit, the sampling sites were relocated as closely as possible to their pre-project positions, and marked
with discretely-flagged stakes above the high tide line. Table 1 listed the GPS coordinates of the
sampling locations as established in 2009 and relocated in 2013.

During the course of the May 15, 2013 visit, each of the fixed spawn sampling sites was digitally
photographed with eye-level oblique views of the sample sites from opposite ends of their likely
sampling transects, a total of 12 photos in the set.

Immediately after the PO #9428 contract was finalized, the Cornet Bay project site was visited on June
25, 2013 for the first of three monthly sample-sets. Appendix 1 is a copy of the field/lab report for that
survey. No evidence of surf smelt spawning activity was found, although the restored sector of beach,
represented by sample sites #2, #3, and #4, looked outwardly suitable. Evidence of sand lance spawning
activity was not expected during the summer months, since that species’ spawning season Puget Sound-
wide is November-February (Penttila 2007).

The Cornet Bay project site was next visited on July 12, 2013 (Appendix 2). No evidence of surf smelt
spawn deposition was found on or around the project site.

The Cornet Bay project site was visited on August 22, 2013 for the final forage fish spawn survey of the
contract period (Appendix 3). Again, no evidence of surf smelt spawn deposition was found, during a
time when smelt spawning was presumably wide-spread in the region to the east.

CONCLUSIONS:

The results of forage fish spawn sampling during the first summer following the restoration of more
natural upper intertidal beach habitat at the Cornet Bay project site indicated that summer-spawning
surf smelt were not using the site for egg deposition. Given that no evidence of surf smelt egg
deposition had been found during previous forage fish spawn surveys by WDFW and the Island County
Beachwatchers’ pre-project survey, the results are not surprising, in spite of the project’s obvious
success in restoring very suitable-looking potential habitat to the site.

Surf smelt spawning activity has been documented on about 10% of the shoreline of the Puget Sound
Basin (Penttila 2007). Most of the “outwardly suitable-looking beaches” in the Puget Sound basin, as
suggested by the present of the proper texture of beach substrates at the proper tidal elevations, have
not yielded evidence of smelt spawning activity using the current survey protocols. There appears to
have been a “natural selection” of perennially-used surf smelt spawning sites during the last
approximately 5000 years since the last Ice Age glaciers retreated from the region, and the combination
of isostatic rebound upland of the formerly glaciated land surface and the rise of sea level with the
world-wide melting of those Ice Age glaciers stabilized sea level and evolving shorelines in their present
positions. The precise mechanisms of this spawning-site selection process are as yet unknown.
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Whether or not surf smelt will ever be found to use the restored beaches at Cornet Bay for spawning
remains an open experimental question. Surf smelt are known to spawn within about one mile of the
site at present. Non-spawning surf smelt are known to occur in very close proximity to the restored area
seasonally in large numbers, as judged by the on-going pier-based sport-jig fishery. The degree to which
surf smelt “home” back to their beaches of hatching, if at all, is unknown, as is the rate at which surf
smelt spawning activity “roves” over the outwardly suitable post-glacial habitat landscape over time, if
at all. It is obvious that this species (along with all the rest of the local marine/estuarine species of
plants and animals) had to have some capacity for “exploration” of new spawning sites, to have re-
populated the entire length and breadth of the Puget Sound Basin in the geologically-short period of
time since the glaciers most-recently retreated.

While several recent beach restoration projects in the Puget Sound Basin have succeeded in.enhancin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>