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Abstract 

Marine spatial planning (MSP) involves the identification and mapping of marine resources and 
human interactions with these resources, the weighing of costs and benefits to diverse 
stakeholders, and the development of long-term utilization plans. As part of a coast-wide MSP 
process funded by the Washington State Legislature, the Washington Department of Fish and 
Wildlife (WDFW), in collaboration with the Hoh, Makah, Quileute Indian Tribes, and Quinault 
Indian Nation, conducted a 24-month survey in an effort to document the presence of eggs 
deposited by forage fishes spawning in the intertidal. From October 2012 through October 2014, 
beaches along the Washington outer coast were surveyed for Surf Smelt Hypomesus pretiosus, 
Night Smelt Spirinchus starksi, and Pacific Sand Lance Ammodytes hexapterus spawn. The 
specific goals of the study were to: 1) subsample the breadth of intertidal reaches along 
Washington’s outer coast monthly; 2) identify forage fish eggs found to the lowest taxonomic 
level possible; and 3) geo-reference all survey data to provide an easily accessible overview of 
sampling effort and egg detections to date. The results for year-one of this study are reported 
elsewhere (Langness et al. 2014) and the results for year-two are presented in detail here. Year-
two results were integrated with year-one survey data to provide a comprehensive, two-year 
evaluation. Over the two-year survey period, we sampled 89% of possible spawning habitat on 
the outer coast, and documented 40 spawning sites. Over the 13-month survey from October 
2013 to October 2014, 761 sites were allocated, and 654 (86%) were sampled. Smelt eggs were 
present at 32 of these sites, while eggs of any species were not detected at the remaining 622 
sites. Of the sites where smelt spawn was present, samples collected from 20 of the sites met the 
WDFW standard of containing a minimum of 2 eggs. Ten of these 20 sites are newly 
documented spawning sites. Spawn was documented in each month from January through 
October, one month earlier and one month later than suggested by our prior survey year 
(Langness et al. 2014). The number of documented spawning sites peaked in May and the 
number of eggs peaked in September. The geographical range of spawning sites remained 
clustered within the Quinault and Kalaloch-Hoh-Quileute beach zones; ranging as far south as 
site 365 (south of the Quinault River) and as far north as site 555 (south of Goodman Creek). 
The recurring presence of eggs at different sites and the presence of multiple egg stages at a 
single site indicate that several spawning events occurred during the season. We expect that 
further sampling would identify a broader spatial and temporal range of smelt spawning along 
the outer coast. Sampling over multiple seasons would likely increase egg detections as some 
sites may have only limited use on a seasonal or annual basis. Continued sampling could also 
provide the opportunity to improve methods that would enable a higher detection probability and 
greater efficiency in sampling. As our comprehensive study allowed us to determine the areas of 
spawning on the outer coast, focused sampling on spawning beaches in the Quinault and 
Kalaloch-Hoh-Quil beach zones is suggested for any future  research efforts.
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Introduction 
 
The process of Marine Spatial Planning (MSP) has developed over the past ten years to bring 
together stakeholders from diverse sectors that make use of the ocean, including governments, 
fishing and energy industries, conservationists, landowners, and recreationists, in order to 
identify, map, and allow for effective long-term utilization of the marine environment (Douvere 
2008). Ultimately, this process is intended to minimize conflicts among sectors by 
spatiotemporally parsing both consumptive and nonconsumptive exploitation of the environment 
in such a way that the needs of all parties are met. Where contentious issues centering on 
incompatible activities arise, the MSP process acts as a mechanism by which competing uses can 
be weighed, the impact of trade-offs identified, and a data-driven compromise made (Douvere 
2008; Lester et al. 2013; Samhouri and Levin 2012). In some cases, this optimized planning 
process has been shown to benefit numerous sectors in complex ways, such as increasing fishery 
profits by excluding fishing in target regions (e.g., Marine Protected Areas) while at the same 
time increasing ecotourism opportunities (Rassweiler et al. 2012). 
 
As part of the first phase of a coast-wide MSP process funded by the Washington State 
Legislature and administered by the Washington State Department of Natural Resources 
(WDNR), the Washington Department of Fish and Wildlife (WDFW) was contracted to conduct 
surveys for eggs deposited by forage fishes that spawn in the intertidal (Surf Smelt Hypomesus 
pretiosus, Night Smelt Spirinchus starksi, and Pacific Sand Lance Ammodytes hexapterus) along 
the Washington coast from the mouth of the Columbia River north to Cape Flattery. Knowledge 
of these species is critical because of the role they play as mid-level prey in the marine food web 
(Penttila 2007; Simenstad et al. 1979) and because they are harvested for subsistence, as well as 
exploited recreationally and commercially (smelt only) by fishers in Washington. Due to the 
local knowledge of smelt fisheries possessed by coastal Indian Tribes, and their role as co-
managers of the natural resources of Washington State, surveys were collaboratively conducted 
with members and employees of the Hoh, Makah, Quileute Indian Tribes, and Quinault Indian 
Nation.  
 
WDFW and its collaborators have collected extensive data on the location and timing of smelt 
and Sand Lance spawning in Puget Sound over the past 35 years (Penttila 1995, 2000, 2007; 
Quinn et al. 2012), including the strait of Juan de Fuca (Shaffer et al. 2003), however a 
comparative paucity of effort has been expended along the outer coast. Sampling in Puget Sound 
has also identified seasonal and tide height-specific patterns in spawning distribution and a 
variety of targeted studies have further identified key environmental parameters associated with 
use of beaches for spawning, and egg survival (de Graaf 2008; Penttila 2001a, 2001b; Quinn et 
al. 2012; Rice 2006). As a result of these surveys and associated conservation efforts, the 
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Hydraulic Code Rules of the Washington Administrative Code (WAC220-110) recognize 
intertidal forage fish habitat as a Saltwater Habitat of Special Concern and provide for a “no net 
loss” provision to protect these habitats. Additionally in order to protect both spawning adults 
and the eggs on the beach, certain seasonal windows have been designated “prohibited work 
times” (WAC220-110-271). A lack of knowledge about spawn timing and distribution along the 
outer coast has prevented the setting of prohibited work times relevant to intertidally spawning 
forage fish outside of Puget Sound. 
 
The intertidal habitats in Puget Sound are generally less exposed to high-energy wave regimes, 
especially during winter storms, and typically vary substantially from those along the outer 
Washington coast. In accordance with traditional tribal knowledge of smelt occurrence along the 
outer coast, a handful of beach surveys conducted from 1994-1998 identified five spawning areas 
utilized by forage fish, one of which is inside Grays Harbor (WDFW, unpublished data). In 
addition to the sites identified by WDFW, Surf Smelt spawning is well known from Rialto Beach 
at the mouth of the Quillayute River, which has resulted in additional study of this locality 
because of the U.S. Army Corps of Engineers’ potential use of the site to dump dredge spoils 
(ICF International 2010). Additional surveys have been conducted along the shoreline of the 
Olympic National Park by Park staff (Steve Fradkin, pers. comm.), but only data through the 
year 2000 have been made widely available (Fradkin 2001). Because so few locations have been 
sampled for forage fish spawning activity on the outer coast, the temporal, spatial, and 
environmental spawning preferences of these species is not well understood, and not accounted 
for in management planning activities.  
 
Our first year survey (October 2012 – September 2013) provided essential data as to where and 
when smelt spawn on the outer coast (Langness et al. 2014). Following the same comprehensive 
sampling strategy, surveys continued monthly through October 2014. The second year survey 
remained largely exploratory in nature, and the specific goals of the study were to: 1) subsample 
the breadth of the outer coast monthly from October 2013 through October 2014; 2) identify 
forage fish eggs found to the lowest taxonomic level possible; and 3) geo-reference all survey 
data to provide an easily accessible overview of sampling effort and egg detections to date for 
use in MSP activities, and to guide future survey efforts. The sampling design was constructed to 
allow use of an occupancy model to predict the likelihood of finding eggs. The number of sites 
with documented spawn was low relative to the total number of sites sampled, and so model 
development has been delayed until a more robust data set is available. 
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Methods 
 

Study Area and Design 
 
Sampling sites were established along the Washington outer coast shoreline, from the Columbia 
River North Jetty to Cape Flattery, using a stratified random design. The shoreline (158 miles) 
was separated into 35 sampling “beaches” identified as “semi-exposed cobble-mixed coarse” and 
“exposed sandy” beach types based on WDNR ShoreZone line feature GIS data, and defined by 
breaks due to large estuaries (Willapa Bay or Grays Harbor), smaller estuaries and river mouths, 
or rocky headlands (Fig. 1). Extensive forage fish spawning surveys in Puget Sound (Penttila 
1995, 2000, 2007), suggest that the chosen beach types have the potential to support spawning of 
Surf Smelt, Night Smelt, and Sand Lance. Each sampling “beach” was then subdivided into 
equal 1000-ft. long beach segments/sites (831 total), which is the current and historic mapping 
and sampling convention used by WDFW in Puget Sound, and assigned sequential beach 
segment ID/site numbers (Fig. 2). This site length allows sampling protocols to account for 
pocket beaches and heterogeneity in spawning environment without requiring sampling on a 
logistically unmanageable scale. “Beach zones” or “sampling regions” were created by an 
arbitrary grouping of beach segments into logistical sampling strata that roughly followed 
ownership or management of the land. Beach zones were named as follows: Long Beach, Twin 
Harbors, Copalis-Moclips, Quinault, Kalaloch-Hoh-Quil, and NW Coast.  
 
For the second year survey, a new random draw of sites (831 sites) was allocated over a 12 
month period, November 2013 through October 2014 (21-70 sites/month). October 2013 had 83 
sites allocated from the previous 6 month period, May 2013 through October 2013. Due to safety 
concerns, sampling effort was reduced to 25% per beach zone for winter surveys, November 
2013 to January 2014 (21 sites/month). With reduced winter sampling effort, 761 sites in total 
were allocated over the report period, October 2013 through October 2014. As sites could 
potentially be resampled, sampling coordinates for November 2013 through October 2014 were 
shifted 250 ft. north of the beach segment center. Beach segment south point coordinates were 
used for October 2013 sites. Sites were sampled by WDFW, Quinault, Hoh, Quileute, and 
Makah staff, based on ownership, management, or ease of access to the land where sites were 
located.   
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Figure 1. Study area along Washington outer coast, showing 6 defined "beach zones" (Long Beach, Twin 
Harbors, Copalis-Moclips, Quinault, Kalaloch-Hoh-Quil, and NW Coast) and 35 sampling "beaches”. 
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Figure 2. Planned sampling sites from November 2013 to October 2014.  October 2013 sites are mapped on the prior survey year map. Both maps are 
available as a high resolution, dynamic format in the electronic version reports. Visit wdfw.wa.gov to download reports FPA 14-01 and FPA 15-01.

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!
!

!

! !!
!
!

!

!

!

!

!
!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!! !!

!!

!! !!

!!

!

!

755.027

786.031

794.032

625.023

744.027

622.023

582.02

758.027

793.032

540.019

735.026

618.023

598.02

58
6.0

2

604.021

533.018

666.025

697.025

803.032

729.025

654.024

777.03

522.017

617.023

766.029

619.023

696.025

552.019

747.027

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

495.017

607.021

483.017

523.017

494.017

669.025

484.017

651.024

774.03

627.023

504.017

662.024

728.025

822.035

532.018

556.019

657.024

732.025

683.025

511.017

500.017

792.032

800.032

704.025

831.035

818.035

612.022

673.025

695.025

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

648.024

577.02

560.019

650.024

764.029

505.017

517.017

809.033

701.025

516.017

568.02

738.026

624.023

726.025

663.024

710.025

623.023

700.025

753.027

711.025

706.025

605.021

746.027

512.017

676.025

527.017

576.02

534.018

564.019

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

708.025

580.02

771.03

528.018

507.017

804.033

553.019

520.017

549.019

750.027

694.025

731.025

593.02

634.023

489.017

780.03

543.019

717.025

653.024

796.032

569.02

647.024

690.025

724.025

506.017

620.023

740.026

783.03

686.025

546.019

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

765.029

515.017

544.019

787.031

776.03

499.017

610.022

660.024

536.019
537.019

819.035

614.022

817.034

675.025

501.017

637.023

509.017

789.032

575.02

524.017

790.032

632.023

571.02

691.025

808.033

719.025

772.03

745.027

680.025

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

721.025

798.032

821.035

756.027

716.025

802.032

481.017

656.024

795.032

788.032

784.03

615.023

555.019

816.033

597.02

578.02

611.022

806.033

749.027

588.02

759.028

558.019

548.019

530.018

813.034

613.022

626.023

685.025

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

723.025

567.02

631.023

763.028

782.03

659.024

733.026

830.035

718.025

521.017

636.023

670.025

531.018

479.017

698.025

508.017

542.019

761.028

643.024

518.017

498.017

562.019

709.025

579.02

737.026

722.025

514.017

757.027

58
9.0

2

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

545.019

779.03

573.02

672.025

785.03

550.019

487.017

56
6.

02

547.019

606.021

646.024

823.035

815.034

497.017

734.026

799.032

742.027

639.023

692.025

828.035

526.017

655.024

621.023

752.027

797.032

609.022

775.03

754.027

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

596.02

602.021

652.024

768.03

720.025

491.017

478.017

825.035

715.025

671.025

743.027

502.017

811.034

608.022

641.023

773.03

699.025

770.03

760.028

492.017

751.027

725.025

730.025

616.023

665.025

503.017

687.025

563.019

535.018

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

603.021

791.032

486.017

688.025

707.025

778.03

584.02

488.017

677.025

496.017

590.02

644.024

684.025

529.018

668.025

645.024

762.028

649.024

664.024

585.02

658.024

741.026

781.03

810.034

572.02

519.017

628.023

574.02

554.019

824.035

600.021

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

820.035

629.023

661.024

736.026

767.03

681.025

551.019

559.019

814.033

829.035

630.023

490.017

56
5.

02

581.02

477.017

493.017

561.019

705.025

583.02

591.02

541.019

805.033

592.02

513.017

727.025

712.025

739.026

713.025

748.027

678.025

587.02

667.025

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

594.02

638.023

595.02

703.025

679.025

812.033

714.025

640.023

485.017

599.02

557.019

827.035

539.019

769.03

674.025

689.025

682.025

482.017

570.02

807.033

601.021

801.032

693.025

702.025

826.035

525.017

635.023

642.024

510.017

633.023

538.019

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

Strait
of Juan
de Fuca

Hoko R.
Sekiu R.

Olsen
Creek

Jansen
Creek

Rasmussen
Creek

Bullman
Creek

Snow
Creek

Sail R.

Agency
Creek

Neah Bay

Scow
Creek

Archawat
Creek

Ocean
Creek

Waatch
Creek Waatch R.

Hobuck
Creek

Petroleum
Creek

Seafield
Creek

Ozette R.

Wish
Creek Ericsons

Bay

Deer BayNorth
End

Blooms
Bay

Swan Bay

Boot Bay

South
End

Allens
Bay

Cedar
Creek

Johnson
Creek

Ellen
Creek

Scott Creek

Goodman
Creek

Mosquito Creek

Jefferson Cove

Hoh R.

Steamboat
Creek

Mukkaw
Bay

Ozette
Lake

Lake of
the Sun

Umbrella Bay

Umatilla
Reef

Perkins
Reef

Waadah I.

Bodelteh I.

Tskawahyah I.

Ozette I.

Carroll I.

Jagged I.

Dahdayla I.

Alexander I.

Abbey I.

Destruction I.

Sea Lion
Rock

Cake
Rock

Hand
Rock

Sail
RockSeal

Rock

Duntze
Rock

Duncan
Rock

Spike
Rock

North
Rock Middle

Rock

Fuca
Pillar

Father and Son

Quillayute Needles

Giants Graveyard

Chibahdehl RocksSlant
Rock

Kessio Rocks

Wedding
Rocks

Garden I.

Baby I.

Tivoli I.

Foot
Rock

Two Man
Rock

Gunsight
Rock

Crying Lady
Roack

Cakesosta

Diamond
Rock

Flattery
Rocks

Natural
Arch

Natural
Arch

Chito
Beach

Neah Bay

Midway

Ozette

La Push

Oil City

Lapush

Norwegian
Memorial

Koitlah
Pt.

Waatch
Pt.

Cape
Alava

Teahwhit
Head

Cape
Johnson

Hoh Head

Toleak
Pt.

Kydaka
Pt.

Shipwreck
Pt.

Baadah Pt. First
Bch.

Cape
Flattery

Hobuck
Bch.

Shi Shi
Bch.

Point
of the

Arches

Sand Pt.

Yellow
Banks

Shafers
Pt.

Jersted
Pt.

Eagle
Pt.

Umbrella
Pt.

Rocky
Pt.

Bensons
Pt.

Preachers
Pt.

Cemetary
Pt.

Birkestol
Pt.

Kayostia
Bch.

Hole-in-the-Wall

Rialto
Bch.

First Bch.

Quateata

Second
Bch.

Third
Bch.

Ruby
Bch.

Strawberry Pt.

Taylor
Pt.

Boulder
Bch.

Scarborough
Pt.

E

Olympic National

Hoko Ozette

Division

Nfd

29
24

O
lym

pic

National

Olympic N
ational

S
te

el
he

ad

Lucken

Bypass

Delta Wing

Kilm
er

Mad Dog

Backtrack

Gaydeski

Sekiu River

James

Hermison

Wentworth

M
oriarty

N
ea

h
Bay

M
erchant

Anderson

R
id

g e

Nf
d

29
02

Bogaghiel

Dowans Creek

Bogachiel

Calawah

Hoh Village

Bogachiel

Mora

1000 Main Line

Quillayute

Lo
wer

Hoh

7000th

110

Olympic
N

ational

OlympicNational

101

101

MakahIndianR
es

Olym
pic

Nat
io

na
l

M
akah

Indian
R

e s

F

O
ly

m
pi

c
N

at
io

na
l

Olympic National

Makah Indian Res

Olympic National Forest

Swan B
ay

W
ils

on

O
lym

pi c
N

a ti on a l

O
lym

p ic
N

at iona l

Olympic Na
tio

na
l

O
ly

m
pi

c N
ation al

P
oi

nt

Ballard

O
lym

pic
National

Olympic National Forest

G
oo

dm
an

M
ai

nl
in

e

Daight
Hill

M
ina

S
m

ith

112

Olympic National

124°25'W

124°25'W

124°30'W

124°30'W

124°35'W

124°35'W

124°40'W

124°40'W

124°45'W

124°45'W124°50'W

124°20'W

48
°2

5'
N

48
°2

0'
N

48
°2

0'
N

48
°1

5'
N

48
°1

5'
N

48
°1

0'
N

48
°1

0'
N

48
°5

'N

48
°5

'N

48
°0

'N

48
°0

'N

47
°5

5'
N

47
°5

5'
N

47
°5

0'
N

47
°5

0'
N

47
°4

5'
N

47
°4

5'
N

47
°4

0'
N

47
°4

0'
N

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

! !

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!! !!

!!

!!

!! !!

!!

!!

228.003

276.004

361.009

34
5.0

09

374.009

280.004

391.011

473.017

313.007

458.016

393.012

303.005

287.036

298.005

410.013
411.013

425.014

392.011

231.003

386.011

230.003

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

320.007

376.01

495.017

434.015

483.017

494.017

293.005

484.017

504.017

453.016

306.006

315.007

389.011

325.008

285.004

385.011

232.003

356.009

474.017

297.005

382.011

500.017

279.004

289.036

330.008

34
3.0

09

476.017

436.015

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

328.008

437.015

505.017

340.009

34
2.0

09

282.004

378.01

256.003

480.017

277.004

352.009

463.016

444.016

217.003

247.003

222.003

318.007

381.011

241.003

384.011

335.008

365.009

290.036

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

266.003

350.009

34
4.0

09

429.015

507.017

448.016

239.003

224.003

269.003

366.009

489.017

459.016

238.003

420.014

333.008

373.009

334.008

259.003

395.012

332.008

304.005

506.017

300.005

305.006

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

234.003

363.009

235.003

351.009

499.017

387.011

449.016

464.016

401.013

246.003

442.015

501.017

509.017

368.009

364.009

274.004

283.004

337.008

233.003

423.014

242.003

383.011

465.016

271.003

301.005

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

415.013

294.005

253.003

408.013

255.003

435.015

213.002

339.009

468.016

431.015

481.017

372.009

397.013

324.008

245.003

346.009

265.003

249.003

472.017

456.016

329.008

272.003

267.003

371.009

229.003

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

443.015

467.016

278.004

257.003

295.005

380.01
379.01

261.003

405.013

416.013

262.003

264.003

430.015

353.009

407.013

479.017

508.017

258.003

396.012

317.007

227.003

498.017

454.016

422.014

446.016

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

251.003

348.009

487.017

218.003

273.004

455.016

403.013

433.015

447.016

497.017

319.007

419.014

462.016

243.003

399.013

360.009

424.014

406.013

357.009

252.003

362.009

475.017

211.002

299.005

244.003

308.006

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

347.009

215.003

355.009

291.036

470.017

491.017

359.009

478.017

394.012

439.015

254.003

310.007

471.017

263.003

250.003

216.003

236.003

427.015

502.017

219.003

404.013

466.016

438.015

492.017

503.017

341.009

445.016

418.014

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

414.013

486.017

417.014

223.003

292.036

488.017

496.017

212.002

307.006

388.011

367.009

248.003

323.007

311.007

358.009

327.008

400.013

225.003

314.007

432.015

316.007

331.008

428.015

440.015

469.016

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

268.003

390.011

221.003

375.009

349.009

296.005

490.017

220.003

477.017

493.017

275.004

214.003

288.036

441.015

451.016

326.008

513.017

369.009

412.013
413.013

286.036

409.013

284.004

309.007

336.008

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

312.007

260.003

377.01

322.007

354.009

321.007

270.003

226.003

461.016

457.016

452.016

460.016

421.014

402.013

237.003

398.013

485.017

338.008

482.017

370.009

281.004

426.015

240.003

302.005

450.016

510.017

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

Steamboat
Creek

Whale
Creek

Camp
Creek

Duck
Creek

Quinault R.

Wreck
Creek

Moclips R.

Joe
Creek

Elk
Creek

Boone Creek

Copalis R.

North
Bay

Kurtz
Slough

Campbell
Slough

Gillis
Slough

Chenois
Creek

Grass
Creek

Oyhut
Channel

Campbell
Slough
Channel

Humptulips River Channel
Humptulips
River East
Channel

Chenois
Creek
Channel

Grass
Creek
Channel

North
ChannelGrays

Harbor

Connor
Creek

Queets R.

Sonora
Reef

Sand
Island
Shoal

Destruction I.

Tunnel I.

Goose I.

Kalaloch Rock

Sealion
Rock

Split
Rock

Flat
Rock

Neds
Rock

Elephant Rock

Hogsback

Copalis
Rock

Sand I.

Little
Hogsback

Grays
Harbor

City

Kalaloch

South Beach
Campground

Queets

Taholah

Moclips

Sunset
Beach

Pacific
Beach

Ocean
grove

Roosevelt
Beach

Iron
Springs

Copalis

Ocean
City

Sampson

Oyhut

Gray
Gables

Cape
Elizabeth

Pt.
Grenville

Stearns
Bluff

North
Jetty

Pt. New

Damon
Pt.

Breckenridge
Bluff

Browns
Pt.

Pratt
Cliff

Yellow
Bluff

Yellow Bluff

Copalis
Head

Pt. Brown

109

Island

Kirkpatrick

P
oi

nt
 B

ro
w

n

Marine View

S
an

d
D

un
e

Mount
O

lym
pus

Tulips

Bia

7050

Che
no

is
C

re
ek

Bia 9315

Bia 7026

C
hinook

Bia 7505

H
ogan

6011

Bia 7540

Bia 7634

Albion

Bia 7645

B
ia

75
60

Bi
a

75
21

O
yehut

Foot

Bia

76
20

Damon

Bia 9301

Bia 7010

Bia 9330

Bia 9230

Robertson

Bia 9314

Valley

Bia 9405

Bia 77
20

Bia Rd

Bia Rd

Bia 9113

6010

K
irk

pa
tr

ic
k

Narwhal

Bia 7510

Bia 7624

8000

Bia
7320

B
ia

93
08

Bia 7610

Bia 9112

B
oundary

Nfd
03

0

O Beach

Bia 7520

Bia 7503

M
oo

dy

7009

Bia 9141

B
ia

75
27

Bia 9403

Bia 9270

Chance ALaM
er

N
e

Bia 9420

Bia 9418

Beach

Bowes

60
06

Nfd
252

5

Bia 9200

Nfd 2527

Natl Forest Develop

6000

Nf
d

16
0

Bia 9313

Bia Rd

Powerlin
e

Bia
9312

Sh
el

gr
in

P
ow

el
l

Bia 9406

M
inard

Bia 7640

8200

C
op

al
is

C
ro

ss
in

g

Nfd 2433

Bia 27

Bia 7700

Bia

26

Bia 9310

Bia
7400

Nfd 2447

Bia 7528

Nfd 2428

Kirk
pa

tri
ck

Nfd 2422

Bia 7660

Burrows

Nfd 2410

Bia 7615

N
fd

2425

Carlisle

Nfd 2331

Bia
9410

Copalis Beach

O
cean

Beach

Ocean Beach

Bia 7000

B
ia

Rd

Bia 9300

101

Nfd 2446

Bi
a 

91
00

Hoh
Mainlin

e

B
ia

 9
40

0

Bia 7500

Nfd 3000

Quee
ts

River

O
ce

an
S

ho
re

s

B
as

s

Catala

Razor Clam

S
unset

D
uc k

Lake

4wd

Bia
7559

N
fd

011

60
07

O
ar

Capoeman

Bia 7536

C
an

al

Fa
irw

oo
d

B
ia

7565

B

Line

B
ia

7606

Bi
a

70
15

Cuitan

B
ia

9401

Wawona

B
ia

 9
11

5

Bia 7300

115

Nfd 020

Walker

B
ia

7047

Bia 7030

Nfd

23
76

Humptulips Va
lle

y

B
ia

 9
10

5

Bia
7630

Bia 7550

Bia 7535

B
ia

70
00

Nfd 2405

Clea
rw

ater

Bia 2

B
ia

 2

124°0'W

124°0'W

124°5'W

124°5'W

124°10'W

124°10'W

124°15'W

124°15'W

124°20'W

124°20'W

124°25'W

124°25'W

47
°4

0'
N

47
°4

0'
N

47
°3

5'
N

47
°3

5'
N

47
°3

0'
N

47
°3

0'
N

47
°2

5'
N

47
°2

5'
N

47
°2

0'
N

47
°2

0'
N

47
°1

5'
N

47
°1

5'
N

47
°1

0'
N

47
°1

0'
N

47
°5

'N

47
°5

'N

47
°0

'N

47
°0

'N

46
°5

5'
N

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!!

!!

71.001

152.002

169.002

228.003

82.001

75.001

137.001

103.001

132.001

189.002

126.001

80.001

57.001

118.001

49.001

18.001

210.002

186.002

231.003
230.003

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

209.002

180.002

6.001

15.001

113.001

91.001

195.002

192.002

140.001

232.003

96.001

148.001

77.001

173.002

78.001

2.001

39.001

76.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

86.001

92.001

61.001

69.001

56.001

34.001

200.002

162.002

51.001

1.001

11.001

217.003

247.003

116.001

222.003

241.003

187.002

208.002

206.002

105.001

46.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

83.001

114.001

21.001

203.002

26.001

199.002

239.003

224.003

67.001

238.003

59.001

130.001

107.001

151.002

146.001

193.002

157.002

33.001

30.001

135.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

50.001

197.002

234.003
235.003

40.001

23.001

43.001

100.001

19.001

31.001

246.003

128.001

10.001

233.003

242.003

98.001

70.001

97.001

161.002

207.002

182.002

172.002

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

122.001

141.001

213.002

28.001

42.001

202.002

194.002

5.001

74.001

245.003

110.001

167.002

163.002

249.003

108.001

93.001

115.001

73.001

68.001

229.003

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

158.002

85.001

179.002

149.001

79.001

99.001

104.001

191.002

87.001

64.001

171.002

58.001

227.003

63.001
62.001

153.002

65.001

12.001

81.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

251.003

25.001

142.001

184.002

124.001

190.002

136.001

138.001

123.001

54.001

47.001

218.003

66.001

22.001

243.003

164.002

211.002

244.003

88.001

48.001

20.001

198.002

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

166.002

37.001

215.003

109.001

36.001

112.001

119.001

27.001

185.002

250.003

216.003

236.003

14.001

144.001

219.003

125.001

24.001

117.001

147.001

155.002

183.002

175.002

143.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

55.001

223.003

120.001

3.001

13.001

176.002

212.002

248.003

205.002

129.001

94.001

102.001

181.002

156.002

53.001

204.002

111.001

225.003

139.001

4.001

121.001

44.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

32.001

221.003

72.001

60.001

201.002

84.001

89.001

131.001

220.003

52.001

177.002

29.001

214.003

160.002

170.002

165.002

168.002

127.001

134.001

45.001

95.001

145.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

159.002

154.002

133.001

178.002

226.003

196.002

174.002

237.003

7.001

150.001

17.001

41.001

188.002

35.001

106.001

38.001

8.001
9.001

240.003

101.001

16.001

90.001

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

Baker
Bay

Bowerman
Basin

Westhaven
Cove

North
Cove

Hungry
Harbor

Brix Bay

Giles
Slough

Albers Slough

Tarlatt
Slough Parker

Slough

Wallacut R.

Hoquiam
Reach

Middle
Channel

Indian
Creek

Stafford
Creek

South
Channel

OLeary
Creek

Cow Point Reach

Aberdeen
Reach

Elliott Slough

Chehalis R.
Charley CreekNewskah

Creek

Chapin
Creek

Kindred
Slough

Teal Duck
Slough

Cedar R.
Norris
Slough

Freshwater
Creek

North R.
Smith
Creek

Hansen
Creek

Bone R.

Niawiakum R.

Palix R.

Pine Island
Channel

Bay Center
Cutoff
Channel

Bay Center
Channel

Fredrickson
Creek

Fleiss
Creek

Stuart
Slough

Nemah
River
Channel

Stanley
Channel

Nahcotta
Channel

North Fork
Palix R.

South Fork
Palix R.

Pickernell
Creek

Middle Nemah R.

North
Nemah R.

Freshwater Creek

Lewis
Slough

Kaffee
Slough

Seal
Slough

Chetlo
Harbor

Baldwin
Slough

Long
Island
Slough

Clearwater
Creek

Naselle R.Teal
Slough Ellsworth

Slough

Shoalwater
Bay

Bear R.

Willapa
Bay

Columbia R.

Smoky
Hollow

Ilwaco
Channel

Grays
Bay

Deep R.

North
Bay

Grass
CreekGrass

Creek
Channel

North
Channel

Johns R.
Redman
Slough

South
Bay

Grays
Harbor

Beardslee
Slough

Mallard
Slough

Andrews
Creek Elk R.

Sopun
Inlet

Barlow
Creek

Dempsey
Creek

Leadbetter
Channel

Stackpole
HarborStackpole

Slough

Goulters
Slough

Chinook R.

Grays R.

Willopah
Creek

Long
Island
Shoal

Lower
Desdemona
Shoal

Whitcomb
Flats

Sand
Island
Shoal

Jensen
Pt.

High Pt.

Paradise
Pt.

Diamond
Pt.

Moon I.

Grass I.

Goose I.

Kindred I.

Snag I.

Pine I.

Long I.

Round I.

Grassy I.

Sand I.

Rice I.

Neds
Rock

Pinnacle
Rock

Nemah
Spit

Riddle
Spit

Ellen
Sands

Rennie I.

Sand I.

Laidlaw I.

Klipsan
Beach

Loomis
Ranch

Riiho
Park

Oceanside

Rasmason
RanchPacific

Park

Breakers

Seaview

Holman

Fort
Canby

Ilwaco

Grays
Harbor

City

Markham

Bruceport

Holton
Ranch

Bay
Center

Dexter by
the Sea

Rhodesia
Beach

Bay Center
Junction

Reef
Ranch

Stringtown

Chinook

Megler

Knappton
Frankfort

McGowan

Ocosta

Cohassett

Westhaven

Grayland

Heather

Bay city

North
Cove

Hines

Oysterville

Nahcotta

Route 101 Bridge

Route 105
Bridge

Peacock
Spit

Stearns
Bluff

North
Jetty

South
Jetty

Pt. New

Cow Pt.

Pt.
Chehalis

Damon
Pt.

Cape
Shoalwater

Red
Bluff

Toke Pt.

Hawks
Pt.

Range
Pt.

Wilson
Pt.

Leadbetter
Pt.

Stanley Pt.

Omeara
Pt.

North
Jetty

Pt.
ElliceSouth

Jetty

Rocky
Pt.

Portuguese
Pt.

North
Head

Cape
Disappointment

Breckenridge
Bluff

Stony
Pt.

Goose
Pt.

Sandy
Pt.

Ramsey
Pt.

Lynn Pt.Needle
Pt.

Sunshine
Pt.

Stanley
Peninsula

Porter
Pt.

Chinook
Pt.

Cliff
Pt.

Grays
Pt.

Miller
Pt.

Twin
Harbors
Beaches

Twin
Harbors
Beaches

Twin
Harbors
Beaches

Empire
Spit

North Beach
Peninsula

Pt. Brown

101

W
as

hi
ng

to
n

109

L

Spokane

12

Q

Nyhus

67th

101

Q
ua

ke
r

Eklund

Island

Fr
on

t

MonohonLanding

O
co

st
a

Fow
ler

Li
nk

sh
ire

Beacon Hill

Marine View

A
da

m
s

State

R
us

te
m

ey
er

Mckinley

Cushing
King

1st

1st

2nd

4

S
an

d
D

un
e

113th

Mount O
lym

pus

270th

H
agara

P
ar

k

P
en

in
su

la

Waranka

H
am

m
on

d

Water

41st

A

J

Ocean

245th

Blake

L

Cedar

Ba
yv

ie
w

C
hinook

Cru
sh

er

M

G
overnm

ent

28
th

N

T

H
ar

di
ng

Herbig

Duryea

Udell Hanson

End
re

se
n

Gould

Airport

Albion

Jacobson

Ji
m

Arbor

Leadbetter
P

o int

Head

Summit

6th

Fo
re

st

55th

Karr

Jeldness

2nd

G
ro

tto

V

A
sh

4wd

V

Central Park

Market

Junction City

Tienhaara

C
oo

lid
ge

W
ill

ow
s

N

Valley

Dionne

Houtchen

K

Fort
Canby

Bay
Vi

ew

Meadow

Narwhal

N

Bighill

Sprucedale

Honeyman

H
oq

ui
am

Ande
rs

on

227th

M

Elkhorn

S
an

dr
id

ge

M
ille

r
Poin

t
P

eh
l

W
ill i

am
s Creek

C
hi

n o
ok

Dike

La
rk

in

Kindred

Pioneer

6

M
inard

Joe Johns

Cranberry

Hillia
rd

E
ve

rg
re

en
P

ar
k

O
ce

an
 B

ea
ch

B
irc

h

B
roadw

ay

J

109 Byp

Valley

Naselle Loop

Pacific

Cherry
Aberdeen

K
na

pp
to

n

Bank

Raymond South Bend

Smith Creek

Bay

Center Dike

Shoalwater Bay

M
enloS

Fork

Stringtown

I

401

U

Dell Creek

BearRiver

Lu
nd

Salmon Cre
ek

O
ne

id
a

N
ew

skah

4wd

A Line

Americ
an

M
ill

Parpala

Bend

P
al

ix

B
as

s

103

10
3

Catala

E
va

ns

S
urf

B

M
ontesano

K

I

FortCanby

State

F

C
ra

nb
er

ry

10
5

101

10
1

Razor Clam

Bay Center

105

P

Nemah

M
ill

O
ar

Ala
ne

n

Gunnar

R

D
ou

gl
as

O
ct

op
us

G
ile

s

H

Lynn
Point

S
andy

Fa
irw

oo
d

E
ns

ig
n

Long
Island

N
atl

Wild Refuge

Ta
ylo

r

Airport

Wawona

Dixon

Tokeland

H
un

t
C

lu
b

B
lo

om
ha

rd
t

4w
d

E
lk

C
reek

W
is

hk
ah

Seal Slough Aline

C
Line

G
rayland

B
eac h

S
ta te

P
al

ix

P
lu

m

4wd

S
andridge

G

B
irc

h

S
m

ith
 A

nd
er

so
n

D
Lin

e

But
te

C
re

ek

R
obert

G
ray

Ridge

St
ac

kp
ol

e

4wd

Charley

Creek

Johns River

Chinook Valley

Upper Naselle

Church

123°45'W

123°45'W

123°50'W

123°50'W

123°55'W

123°55'W

124°0'W

124°0'W

124°5'W

124°5'W

124°10'W

124°10'W

47
°0

'N

47
°0

'N

46
°5

5'
N

46
°5

5'
N

46
°5

0'
N

46
°5

0'
N

46
°4

5'
N

46
°4

5'
N

46
°4

0'
N

46
°4

0'
N

46
°3

5'
N

46
°3

5'
N

46
°3

0'
N

46
°3

0'
N

46
°2

5'
N

46
°2

5'
N

46
°2

0'
N

46
°2

0'
N

46
°1

5'
N

46
°1

5'
N

µ
0 8 16 241 2 3 4 5 6 7 Kilometers

0 5 10 151 2 3 4 Miles
Scale 1:100,000

!

! Smelt Spawning

!

! Sand Lance Spawning

DNR Shorezone
Nat. Res. Damage Assmnt.

Rocky Shore

Cobble, Coarse Beach

Sandy, Silty beach

 Mud Flat

Lagoon

unclassified

Bathymetric Contours

2m Intervals

10m Intervals

Water Bodies

Cranberry bog

Flats, Sand Bar

Glacier, Snowfield

Marsh, Wetland

Lake, Stream

Major Public Lands
Manager

State

Municipal

County

Tribal

US Preserve

US Exploit

Map created by
Dale.Gombert@dfw.wa.gov
WA Dept. Fish and Wildlife

Fish Program, Science Division
Olympia, Washington

Printed 11/6/2013

Lunation
1124
1125
1126

Lunation
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138

Lunation Information
Average lunation cycle:
29.530589 days or
29 days, 12h 44m 03s

        2013
  Onset  ( New  Moon )
Sun
Mon
Tue

        2014
  Onset  ( New  Moon )
Thu
Fri
Sun
Mon
Wed
Thu
Sat
Sun
Tue
Thu
Fri
Sun

Nov 3,
Dec 2,

Dec 31,

Jan 30,
Feb 28,
Mar 30,
Apr 28,

May 28,
Jun 26,
Jul 26,

Aug 24,
Sep 23,
Oct 23,
Nov 21,
Dec 21,

04:50 PST
16:22 PST
19:15 PST

05:41 PST
16:03 PST
03:48 PDT
15:18 PDT
03:43 PDT
17:11 PDT
07:43 PDT
23:13 PDT
15:14 PDT
06:56 PDT
20:32 PST
10:36 PST

Survey Month and 
Beach Segment IDs

Survey Sites 2013 - 2014 
#* 14 - November

#* 15 - December

#* 16 - January

#* 17 - February

#* 18 - March

#* 19 - April

#* 20 - May

#* 21 - June

#* 22 - July

#* 23 - August

#* 24 - September

#* 25 - October



 

Summary of Coastal Intertidal Forage Fish Spawning Surveys: January2015 
October 2012 – October 2014  6 

Sampling Approach 
 
Sample Collection 
 
Sampling occurred monthly and represented a continuation of sampling that began 16 October 
2012.  Samples collected beginning the week of 1 October 2013 and ending 31 October 2014 (13 
sampling months) are reported in detail here. Within a month, days during or after the highest 
tides and with the broadest temporal sampling windows were chosen. There is evidence from 
Puget Sound surveys that Surf Smelt and Pacific Sand Lance spawn during high tide events; the 
highest densities of deposited eggs for both species has been found to overlap in the upper third 
of the intertidal range (local equivalent of +7 MLLW to MHHW ) (Moulton and Penttila 2006; 
Penttila 1978, 1995). Therefore, we aimed to sample on days that would allow for access near 
the upper tidal limit for an extended period of time, maximizing collection capacity for a given 
date.  
 
Estimation of the upper third of the daily high tide range was determined using NOAA tide 
prediction charts (Fig. 3). Using these charts we were able to determine the approximate time at 
which only the upper third of the beach (~+6 MLLW to daily high tide) was exposed. If possible, 
we arrived at the site at this time, sampling from the high tide mark down to the water’s edge. 
This allowed us to take a linear measurement of the beach face as an index of tidal height, and 
for use as an estimate of the upper third of the beach for that particular sampling day and 
location. This method was particularly effective for estimating the upper third of broad, flat, 
sandy beach sites at Long Beach, Twin Harbors, and Copalis-Moclips (Fig. 4A). At steep, 
cobble-course beaches (Fig. 4B), the linear distance of the upper third was shorter, and often 
sampling occurred from the upland toe or log line (if high tide mark unidentifiable) down to the 
estimated lower edge of the upper third of the exposed intertidal area. 
 
This study used a variant of the bulk beach substrate sampling protocol used for spawning beach 
surveys in Puget Sound, standardized in the late 1990s by Dan Penttila and later codified into a 
manual (Moulton and Penttila 2006; Penttila 1995). The only major deviation from this standard 
protocol was that sediment samples were taken perpendicular to the beach face rather than 
parallel to the high tide line (Appendix; Protocol FF-01-C). This allowed us to survey the entire 
upper third of the recent tidal range in a single sample, circumventing a lack of knowledge about 
the specific tidal height at which eggs are deposited on beaches along the outer coast.  
 
The modified protocol has since been further augmented to accommodate specific circumstances 
encountered only on the outer coast. Specific changes include: 1) addressing that a range of 
beach sediment particle sizes may be encountered within the upper third of the tidal range 
(unlike Puget Sound where sampling occurs at a known tidal elevation and band of similar 
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sediment character); and 2) rewording the meaning of the “width” and “sample zone” data fields, 
with width representing the width from the “upper most” to “lower most” scoop on a transect, 
and sample zone representing the distance to the lowest sample scoop of a transect taken 
perpendicular to a landmark (Appendix; Field Data Sheet). For most sampling sites, the width 
and sample zone are the same distance unless extra samples are taken in the lower 2/3 of the tidal 
range ( procedures for extra samples of the lower 2/3 of the beach are further detailed below). In 
addition, many of the landmark codes have been eliminated since they did not apply well to 
coastal sampling. Only two landmark codes are used: 1 – down beach from high tide mark, and 2 
– down beach from upland toe. 
 

 
Figure 3. February 2013 tide chart of NOAA central coast site Point Grenville, WA. Highlighted days are 
preferable sampling days, allowing for access to the upper third of the beach for an extended period of time. 
On February 9, the time range is highlighted showing a potential 8 hour window for sampling between 2pm 
and 10pm.  
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Figure 4. (A) Copalis Beach, a flat, broad, exposed, sandy beach type, showing high tide mark/wrack line; (B) 
Rialto Beach, a steep, semi-exposed, cobble-mixed course beach type. 

 

The sampling sites were located using provided beach segment coordinates from WDFW GIS 
data. Upon arrival at the provided geographic latitude and longitude, the last high tide mark or 
wrack line was identified, and recorded as the actual longitude coordinate (due to the north to 
south orientation of the outer coast, there was no need to adjust the latitude coordinates). 
Pertinent habitat data were recorded, including the sediment character (particle size range), 
character of the uplands, and shading of the spawning substrate zone. Additionally, a subjective 
field assessment of spawn intensity apparent to the naked eye was conducted. When possible, 
photos were taken of the survey area at the site center facing each cardinal direction. The time of 
collection for each subsample was recorded and allowed us to determine tidal height with NOAA 
verified historic tide data (parameters: 6 minute water level intervals, MLLW, feet, LST/LDT) 
from the nearest harmonic tide sites on the outer coast (sites: Toke Point, Westport, and LaPush).  
 
At each sampling site, three bulk sediment samples were collected; at the site center (monthly 
sampling coordinates) of the beach segment, 100 ft. north of the center, and 100 ft. south of the 
center. For each bulk sediment sample, four evenly spaced scoops of sediment were collected 
within the estimated upper third of the tidal range. The first scoop was collected at the high tide 
mark and the fourth at the lower edge (water side) of the upper third (Fig. 4A; Fig. 5). Each 
scoop was collected using a 16 oz. sample jar or large scoop to remove the top 2-4 in (5-10 cm) 
of sediment and placed in a plastic bag for later wet sieving and winnowing. Collecting three 
samples in this manner allows for evaluation of the intrasample egg detection rate at each beach 
where eggs are found in at least one sample.  If sample sizes eventually become sufficient to 
allow formulation of an occupancy model, this ability to determine the occurrence rate of false 
negatives will become significant. 
 

(A) (B) 
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When time and tides permitted, extra samples were taken in the lower two-thirds of the daily 
tidal range. During low tide, four additional evenly spaced scoops were taken below the lower 
edge of the upper third down to the edge of the water (Fig. 5). These extra samples were 
collected to determine if eggs could be detected in the lower elevations of the beach and because 
the gentle slope of southern beaches often made determining the exact extent of the upper third 
of the intertidal zone difficult.  
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Figure 5. Sampling diagram. 1 – C = Sample 1 taken at monthly site coordinates, 2 – N = Sample 2 taken 100 
ft. north of center, 3 – S = Sample 3 taken 100 ft. south of center. 1, 2, 3, 4 = scooped sediment.   
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Sample Processing  
 
Bulk beach substrate samples were condensed in the field or lab to remove most of the sand and 
reduce the volume of sediment following Moulton and Penttila (2006) (Appendix; Protocol FF-
02). The bulk sediment sample was run through a set of nested 4-mm, 2-mm, and 0.5-mm sieves, 
using buckets of shore water in the field or freshwater from a sink/hose setup in a lab. Materials 
from the 4-mm and 2-mm sieves were discarded and material from the 0.5-mm sieve (egg-sized 
material) was placed into a rectangular dishpan and covered with 1-2 in. of water. Eggs were 
then winnowed to the surface by swirling, rocking, and bouncing the dishpan for 1-2 minutes. 
Light material accumulated toward the center of the pan and was then worked to one corner. 
Tipping the pan, water was slowly drained away, drying and exposing the lighter fraction, which 
was skimmed from the surface using a spoon and placed into an 8 oz. jar. This winnowing 
process was repeated twice, or until the sample jar was roughly two-thirds full, completing a 
“winnowed light fraction sample” (Fig. 6). Samples were stored in a refrigerator for up to two 
weeks and, if left unexamined for eggs, preserved in 200 proof (90.48%) denatured ethanol. For 
sites within the Long Beach, Twin Harbors, and Copalis-Moclips beach zones, we maximized 
field collection on a given day by collecting bulk sediment samples and bringing them back to 
the lab for storage in a refrigerator or outside in a cool, shaded environment. These samples were 
condensed, and examined or preserved, within two weeks. 
 

 
Figure 6. Sieving and winnowing process. Numbers to the lower left of each frame indicate the sequential 
process of sieving and washing (1-4), agitating (5), and winnowing the light fraction (6-8). 
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Winnowed light fraction samples were examined for forage fish egg presence/absence using the 
adapted Puget Sound forage fish egg presence/absence laboratory protocol, with the WDFW 
standard for documenting a spawning site for a given species at 2+ eggs (live or dead) per single 
“winnowed light fraction” sample (Appendix; Protocol FF-03). However, the standard for 
documenting a spawning site was altered so that for a given species 2+ eggs (live or dead) could 
be found in any of the three “winnowed light fraction” subsamples at a single site. This alteration 
was made in response to the large difference in the scale of the beaches between the outer coast 
and Puget Sound, and because we sampled at randomly selected sites and predetermined 
elevations, rather than selecting choice sites and elevations as has been the norm in Puget Sound. 
Winnowed light fraction samples were analyzed by scooping the evenly mixed sediment into a 
glass petri dish and thoroughly examined for eggs using a dissecting microscope with 10-20x 
power.  
 
The abundance of forage fish eggs in all the collected samples was low enough so that complete 
analysis of the entire winnowed light fraction occurred. However, there was the option to 
subsample in cases of high spawn density. Up to half of the sample could be subsampled. All 
eggs found were removed and, if time permitted, the development stage of smelt eggs was 
determined using embryological stage categories created by Dan Penttila (Appendix; Protocol 
FF-04). The determined egg stages may not be an accurate reflection of the stages that were on 
the beach at the time of collection, as it is likely that eggs continued to develop or perish in the 
time between collection and preservation. All eggs were archived for potential future genetic 
testing.  
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Results 
 
Over the two-year survey period (October 2012 to October 2014), we directly sampled 89% of 
possible spawning habitat on the outer coast. Of the 831 segments/sites that make up the 
sampling universe, we sampled 743 at least once. 

Of the 761 total planned beach sites from October 2013 to October 2014, 654 (86%) were 
sampled. Monthly sampling percentages ranged from 72-97% (Table 1). Further detail on the 
total number of sites sampled per month by collaborating entity, and overall sampling 
percentages, are provided in Table 1.  
 
Of the 654 sites sampled, 30 involved collections outside the boundaries of the planned sites. 
Sampling outside of an allocated site occurred due to limited time to reach the site (i.e., tide was 
coming in and sampled nearest location) or inaccuracy in locating sites via GPS.  
 
The loss of planned sampling was primarily due to difficult site access in parts of the Quinault, 
Kalaloch-Hoh-Quil, and NW Coast beach zones. The NW Coast beach zone was the least 
sampled, with 75% of planned sites sampled for the year (Table 2). Additional sampling 
percentages per year and month by beach zone are provided in Table 2. Sites located north of 
Johnson Creek up to Yellow Banks–Ozette were especially challenging to reach, particularly 
north of Cape Johnson and the area south of Yellow Banks to Norwegian Memorial. Poor 
weather conditions also reduced overall sampling efforts due to safety concerns, especially in 
remote locations. Sites that fell directly on a rocky headland (North Head or Taylor Point) were 
not sampled due to unsuitable habitat not identified by the GIS data layers. Additionally, stream 
outflows would sometimes be impassible and access to sites prevented or limited by these 
barriers. 
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Table 1. Total sites sampled per month by collaborating entity, and overall sampling percentages. ND = No Data (data was collected but not received).  

 
 

Table 2. Sampling percentages per month by beach zones; Long Beach, Twin Harbors, Copalis-Moclips, Quinault, Kalaloch-Hoh-Quil, and NW Coast. 

 

Month WDFW Quinault Hoh Quileute Makah Total Sampled Percent Sampled
October 2013 33 11 2 18 6 70 84%
November 10 3 2 2 3 20 95%
December 9 3 0 2 3 17 81%
January 9 3 3 2 3 20 95%
February 25 7 10 4 5 51 73%
March 28 9 11 6 10 64 93%
April 29 8 12 10 4 63 91%
May 26 10 8 10 7 61 90%
June 27 10 11 8 9 65 96%
July 26 10 10 13 7 66 97%
August 25 10 11 11 ND 57 84%
September 23 8 10 11 ND 52 76%
October 2014 26 9 4 9 ND 48 72%
Year 2 Total 296 101 94 106 57 654 86%

Month Long Beach Twin Harbors Copalis-Moclips Quinault Kalaloch-Hoh-Quil NW Coast
October 2013 100% 100% 100% 85% 47% 90%
November 100% 100% 100% 100% 75% 100%
December 100% 100% 100% 100% 0% 100%
January 100% 100% 100% 100% 75% 100%
February 92% 100% 89% 64% 86% 39%
March 100% 100% 100% 82% 100% 82%
April 100% 100% 100% 73% 100% 82%
May 100% 100% 100% 91% 100% 65%
June 100% 100% 100% 91% 92% 94%
July 100% 100% 100% 91% 100% 94%
August 100% 100% 100% 91% 86% 59%
September 92% 100% 78% 73% 86% 53%
October 2014 100% 100% 100% 90% 71% 18%
Year 2 Total 99% 100% 97% 87% 78% 75%
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Over the two year survey period (October 2012 to October 2014), 1489 planned sites were 
sampled and 40 spawning sites were documented (i.e., met the WDFW 2+egg standard) (Fig. 7). 
Of the 654 sites sampled in the second year survey, smelt eggs were detected at 32 sites, and 
were absent from the remaining 622 sites. Twenty of the 32 “smelt positive” sites met the 
WDFW 2+egg standard to document as a spawning site (Fig. 8). The 12 remaining “single egg” 
sites were detected in January, February, March, May, July, and August (Fig. 8, Table 4). 
Because Surf Smelt and Night Smelt eggs cannot be distinguished morphologically, the species 
of smelt spawning at these beaches cannot be definitively stated. Eggs were retained for potential 
future species identification using genetic tools. 
 
Forage fish spawning was detected monthly starting in January and ending in October (Fig. 8). In 
January, one site was documented as a spawning site in the Kalaloch region south of Steamboat 
Creek. In February, three sites were documented, two in the Kalaloch region and one on the Hoh 
Shoreline. In March, two sites were documented, one in the Kalaloch region, and one on the Hoh 
Shoreline. In April, two sites were documented, one at Ruby Beach, and one north of Whale 
Creek. May had the greatest number of documented spawning sites for the survey year. Six sites 
were documented, two south of the Quinault River, one between the Queets River and Whale 
Creek, one at Browns Point Kalaloch, one near the mouth of the Hoh River, and one between 
Goodman Creek and Mosquito Creek. In June, three sites were documented, one near the Queets 
River, one near the mouth of the Hoh River, and one near Hoh Head. In July, two sites were 
documented; one in the Kalaloch region between Browns Point and Steamboat Creek and one 
near the mouth of the Hoh River. In August, one site was documented between the Quinault 
River and Point Grenville. In September, four sites were documented, two in the Kalaloch region 
near Browns Point, and two on the Hoh Shoreline. In October, one site was documented near 
Raft River (Fig. 8). 
 
In addition to determining egg presence, several of the eggs were further examined to determine 
the development stage of the embryo using standardized stage categories (Moulton and Penttila 
2006, and see Appendices). Table 3 further details the documented (2+ egg) spawning sites, 
number of samples with smelt eggs, total number of smelt eggs at each site, and smelt egg 
stage/condition. Table 4 details single egg sites, general location, and stage/condition if 
determined. September had the highest total egg count of any spawning month, with 142 eggs 
found. June and July also had higher total egg counts, with 137 eggs in June and 138 in July. 
Live egg counts were also greatest in September with 88 live eggs. June and July had lower live 
egg counts, with 7 live eggs in June and 55 in July.   
 
Ten of the 20 sites where eggs were found are newly documented spawning sites, i.e., previously 
undocumented in the first year of this survey or by any prior work. Six of the new sites fall near 
(within 5 beach segments) previously documented sites, expanding these general spawning 
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areas/clusters further north or south. However, four sites fall outside of these areas, including site 
442 near the Queets River, site 508 near Ruby Beach, site 537 north of Hoh Head, and site 555 
between Goodman Creek and Mosquito Creek (Fig. 8). The temporal range of spawning 
broadened for the ten previously documented sites in the second year survey; and all sites were 
re-documented in new months (Table 5). Site 527 was sampled frequently due to ease of access 
and to complete elevation sampling (Appendix; Beach Profiling and Elevation Sampling). The 
site was sampled each month, February through September, with eggs detected every month 
except for August.  
 
In addition to the randomly selected sites surveyed each month, sixteen extra sites were sampled 
from December to August and were targeted based on likelihood of encountering forage fish 
eggs (i.e., adult smelt observed spawning at location or suitable substrate present). Ten of these 
extra sites fell within the Twin Harbors beach zone, two in Copalis-Moclips, and four in the 
Kalaloch-Hoh-Quil zone. Site 527 had smelt eggs present in February and the remaining sites did 
not have any forage fish eggs.  
 
Six sites had additional samples collected in the lower 2/3 of the intertidal zone, and forage fish 
eggs were absent in all of these samples. Sampling effort in the lower 2/3 was completed at 3 
sites in the Twin Harbors zone in March and April, 2 sites in the Kalaloch-Hoh-Quil zone in 
November and March, and 1 site in the NW coast zone in March. These sites were targeted based 
on the likelihood of encountering forage fish eggs.  
 
Since no eggs were detected at the six lower 2/3 sites, focus shifted to documented spawning 
sites where eggs were likely to be detected again. In an effort to obtain precise spawning 
elevation and complete beach profiles; we targeted sites with a geodetic marker nearby. We 
chose site 527 near the mouth of the Hoh River, as multiple spawning events had been 
documented at this site and a geodetic marker (ECY) is located approximately 200 ft. inland. 
Further, the ease of access to the site allowed for sample collection on a regular basis and easier 
equipment transportation. As the results of this additional research are outside the project goals, 
further details are provided in the Appendix; Beach Profiling and Elevation Sampling.    
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Figure 7.  Locations of all sites sampled from October 2012 – October 2014. Documented smelt spawning sites 
(Present = 2+ eggs) and sampled sites where eggs were not detected are indicated. 
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Figure 8.  Locations of all sites sampled from October 2013 – October 2014. Documented smelt spawning sites 
(2+ eggs), both previously (present) and newly documented (new present), as well as single egg sites are 
indicated; also showing site #, longitude, latitude, and survey date. 
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Table 3. Documented smelt spawning sites from October 2013 – October 2014.  Sites by month of sample collection, general location, number of samples 
with smelt eggs (of 3 samples collected per site; for site 527: of 24 in May, of 20 in June, of 18 in July, of 12 in September), total number of smelt eggs at 
site, and egg stage/condition.  

Dead
1-Cell-
Morula Blastula Gastrula 0.5 coil 1 coil 1.5 coil >1.5 coil Late-Eyed

Not 
Determined

October 2013 417 Raft River 2 2 1 1

January 2014 496 Kalaloch 2 8 2 3 2 1

527 Hoh Shoreline 1 3 1 2
492 Kalaloch 2 4 2 2
491 Kalaloch 2 4 1 2 1

487 Kalaloch 2 6 1 3 2
527 Hoh Shoreline 3 6 1 3 1 1

508 Ruby Beach 2 2 1 1
430 N. Whale Creek 2 2 1 1

371 S. Quinualt R. 1 2 1 1
372 S. Quinualt R. 1 2 1 1
435 S. Queets R. 2 11 5 2 4
481 Kalaloch 2 9 5 4
527 Hoh Shoreline 1 2 1 1
555 Goodman Creek 2 2 2

442 Queets R. 3 6 6
527 Hoh Shoreline 19 129 124 1 2 2
537 N. Hoh Head 1 2 2

489 Kalaloch 3 122 71 1 4 5 15 24 2
527 Hoh Shoreline 9 16 12 2 1 1

August 365 S. Quinualt R. 1 2 1 1

483 Kalaloch 2 8 8
484 Kalaloch 3 111 28 83
523 Hoh Shoreline 2 16 12 4
527 Hoh Shoreline 4 7 6 1

Smelt Egg Stage / Condition
Month

Documented 
Spawning 

Site #

General 
Location

Number of 
Samples with 
Smelt Eggs 

Total 
Number of 
Smelt Eggs 

at Site

September

July

February

March

April

May

June
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Table 4.  Single egg sites by month of sample collection from October 2013 – October 2014. Single egg sites do 
not meet the WDFW 2+ egg standard to document as a new spawning site. 

 
 

Table 5.  Multiple documented spawning sites by survey year and month. 

 

  

Month Single Egg Site # General Location Egg Stage
October 2013 521 Hoh Shoreline Dead

January 2014 488 Kalaloch Gastrula

427 Whale Creek Not Determined
438 S. Queets River Dead
439 S. Queets River Not Determined
433 S. Queets River Dead
609 First Beach Not Determined

May 431 S. Queets River Not Determined

July 395 Camp Creek Dead

437 S. Queets River Dead
516 Ruby Beach 1 coil
568 Toleak Point 1.5 coil

February

March

August

Spawning Site # General Location 1998 Survey 2013 Survey 2014 Survey
372 Quinault River June May
425 Whale Creek July July
435 S. Queets River July May
484 Kalaloch July September
485 Kalaloch July May
487 Kalaloch July April, September March
489 Kalaloch April July
491 Kalaloch March, June February
492 Kalaloch March February
496 Kalaloch March, June January
523 Hoh Shoreline August September

527 Hoh Shoreline April

February, March, 
May, June, July, 

September
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Discussion 
 
This study was designed to inform the Washington State Marine Spatial Planning (MSP) process 
with regard to the presence and timing of forage fish spawning on coastal beaches. The year-two 
goals of our study were to: 1) subsample the breadth of the outer coast monthly from October 
2013 through October 2014; 2) identify any forage fish eggs found to the lowest taxonomic level 
possible; and 3) geo-reference all survey data to provide an easily accessible overview of 
sampling effort and egg detections to date for use in MSP activities, and to guide future survey 
efforts. Results were then integrated with year-one survey data to provide a comprehensive, two-
year evaluation of the spatiotemporal distribution of forage fish spawning within intertidal areas 
along the outer coast. Despite limited site access that, in some cases, reduced sample size, we 
were able to achieve our goals and documented 20 (10 new in year two) smelt spawning 
locations. Over the two-year survey period we documented 40 spawning sites. All survey data 
have been compiled into an ArcGIS geodatabase for easy integration with other resource 
distribution and exploitation data when proceeding with MSP activities on the outer coast.  
 
Earlier survey efforts to document intertidal spawning forage fish on the outer coast of 
Washington State have been sparse relative to the efforts in the Puget Sound region. Previous 
sampling efforts on the outer coast have preferentially not sampled during winter months, 
presumably due to the logistical challenges of sampling during periods of high storm and wave 
activity, and because previous winter sampling efforts on the outer coast had detected no spawn 
between the months of November and February (Fradkin 2001; Penttila 2007). Despite the 
results of previous efforts, we continued to conduct surveys from November through February 
because: 1) previous sampling was not geographically comprehensive; and 2) we were using a 
modified sampling technique that covered a broader portion of the intertidal than has been 
previously sampled. By coordinating with tribal collaborators and having dedicated staff 
available to conduct surveys during the “off” season we had a substantial chance of documenting 
spawning in previously unconsidered locations and at novel times of the year. 
 
The results of samples collected during November and December were consistent with the 
results of previous studies, with no spawn detected. However, spawn was documented in each 
month from January through October, one month earlier and one month later than documented 
during our prior survey year (Langness et al. 2014). Though the numbers of eggs collected in 
January and October was generally low, it indicates that the spawning season on some beaches of 
the outer coast is longer than previously thought. The number of documented spawning sites 
peaked in May and the number of eggs peaked in September. This pattern differs from our prior 
survey year in which both the number of documented sites and eggs peaked in June and July. 
Still, these seasonal trends in spawn abundance coincide with the results of a previous study in 
which peak egg densities occurred from May through September (Fradkin 2001).  
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Spawning sites are located in the northern central coast, ranging as far south as site 335 (south of 
Wreck Creek) and as far north as site 624 (near Ellen Creek) (Fig. 7). The geographical range of 
spawning sites didn’t extend further north or south in the second year survey, and sites remained 
clustered within the Quinault and Kalaloch-Hoh-Quileute beach zones, ranging as far south as 
site 365 (south of the Quinault River) and as far north as site 555 (south of Goodman Creek) 
(Fig. 8). However, these general spawning areas/clusters broadened within this geographical 
range, adding 10 new sites. At this time, the results of this study do not allow us to definitively 
state the mechanisms influencing this spatial distribution. Surf Smelt and/or Night Smelt likely 
demonstrate some annual migration/movement along the coast and may simply spawn when they 
are physiologically ready. Additionally, spawn timing may be related to a suite of environmental 
conditions that would promote egg development. Also, given that our detection rates are 
unknown, it’s possible that eggs were present at sampled sites but not detected. Subsequent 
analysis of this false negative rate will occur coincident with the eventual development of an 
occupancy model, provided additional sampling occurs in subsequent years. 
 
When comparing the first and second year survey results, similarities were observed for the 
percentage of documented sites, and mean number of eggs (per sample with eggs). The 
percentage of documented sites for the second year survey was 3.1% in comparison to 3.8% for 
the first year. The mean number of eggs (per sample with eggs) for the second year survey was 
24 in comparison to 26 for the first year. These results reflect a slight decrease in documented 
site occurrence and detected egg abundance for the second year survey, but are considered 
marginal. The decrease is most notable in the Quinault beach zone, with a 5% decrease in the 
number of documented sites, and mean number of eggs (per sample with eggs) reduced from 42 
to 4. The mechanisms influencing the observed decrease are difficult to definitively state without 
further investigation into our detection rates. Additional years of study are necessary to more 
thoroughly understand yearly temporal, spatial, and spawn abundance variations.  
 
Many of the spawning locations noted in this study were identified within close proximity to 
freshwater outflows, small streams or large river mouths, as has been observed elsewhere. 
Freshwater outflows to the intertidal zone may provide eggs with the needed moisture to prevent 
egg desiccation, heat stress, and mortality. This could be particularly important on the exposed 
beaches of the outer coast where there is often little marine riparian cover to provide shade. In 
Puget Sound, the relative humidity of the spawning substrate, surface temperature of the 
sediment, and light intensity have been linked to fluctuations in habitat suitability that correlate 
with egg survival rate (Rice 2006). The interaction of freshwater outflows with nearshore waves 
resulting in the accumulation of sediment near the mouths of rivers and streams and the local 
attenuation of wave energy may also influence the ability of forage fish to utilize intertidal 
habitat, and influence the retention of spawn in that habitat. In Puget Sound, Surf Smelt are 
known to be highly tolerant of variable salinity regimes and immersion in freshwater outflows is 
not uncommon (Penttila 1978). In California, the most favored Surf Smelt spawning beaches are 
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coarse sand pea-gravel beaches, with some freshwater seepage (Leet et al. 2001). Perhaps, 
feeding adult smelt are attracted to these nutrient-rich sandflats, an area that would also provide 
desirable habitat for rearing juvenile smelt. Although an interesting observation, additional 
investigation is needed to assess this potential affinity to freshwater outflows. As several 
spawning sites were near large river mouths (Hoh and Queets), this could include further 
investigation into how proximal spawning is to a freshwater outflow based on volume (small 
outflow, stream, or river). 
 
Coastal survey efforts to date have produced 12 multiple-documentation spawning sites. 
Spawning on these sites has been documented over several months during surveys conducted in 
1998, 2013, and/or 2014. The recurring presence of eggs at these sites is indicative of a broader 
temporal spawning range. Further, analysis of the developmental stage of a subset of the eggs 
collected indicates the presence of multiple stages at the same site, suggesting overlapping 
broods and multiple spawning events. Surf Smelt eggs may hatch as soon as two weeks after 
being spawned; and spawning events in Puget Sound are commonly superimposed on each other. 
Thus, it is not uncommon for an area to contain two to five individual broods of eggs (Penttila 
2007). The recurring presence of eggs at different sites and the presence of multiple egg stages at 
a single site indicate that several spawning events occurred during the season. However, multiple 
sites were sampled where only one egg was found, indicating that as comprehensive as our 
sampling was, bi-weekly as opposed to monthly sampling may be justified to document 
additional spawning sites.  
 
Because Surf Smelt and Night Smelt eggs cannot be distinguished morphologically, the species 
of smelt spawning at these beaches cannot be definitively stated. Most documented spawning 
sites in Puget Sound have been documented as Surf Smelt spawning sites. However, Night Smelt 
have been recently documented in the Salish Sea and northern Puget Sound. An egg specimen 
collected near Discovery Bay, WA (Salish Sea) was misidentified as a Longfin Smelt but based 
on a study using molecular markers to distinguish smelts found in the gut contents of fishes, the 
specimen was identified as a Night Smelt (Spirinchus starski) (Paquin et al., in press). 
Additionally, Night Smelt have been observed spawning on coastal beaches during early spring 
by tribal fishermen. Although not officially documented, it provides some insight into the 
possibility that observed smelt spawn may be Night Smelt. In California, Night Smelt are known 
to spawn earlier (before June) in the season than the spawning of Surf Smelt, predominately in 
the summer (Leet et al. 2001). Genetic identification of the eggs collected in this study, and 
elsewhere in Puget Sound, would allow for positive identification of Surf and/or Night Smelt, 
and may be carried out in the future. Further, we would gain a better understanding of the 
spatiotemporal patterns of each species. 
 
No Sand Lance eggs were discovered over the duration of the two survey years. Sand Lance 
generally spawn in the winter in Puget Sound and on beaches with grain sizes smaller than those 
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favored by Surf Smelt, and generally spawn lower on the beach than Surf Smelt (Penttila 1995; 
2001b). Given this predilection, we anticipated that the detection probability for Sand Lance 
eggs in the Long Beach, Twin Harbors, and Copalis-Moclips beach zones might be higher than 
for Surf Smelt. In the few surveys that have historically occurred on the outer coast, Sand Lance 
have been documented to spawn in December inside Grays Harbor and in June in Grenville Bay 
just south of the mouth of the Quinault River. Our lack of Sand Lance egg detections could be a 
result of our sampling protocol, a lack of spawning occurrence altogether, or our focus on 
exposed beaches on the outer coast, as opposed to more protected beaches inside Grays Harbor, 
Willapa Bay, etc. Additionally, though we sampled hundreds of beaches, our sample size could 
have simply been insufficient.  
 
Based on our success in documenting spawn in previously undocumented times and areas, we 
expect that further sampling would identify a broader spatial and temporal range of smelt 
spawning on the outer coast. Half of the sites documented in the second year survey were 
previously undocumented (10 of 20). Also, previous work on Rialto Beach and in Puget Sound 
has shown both seasonal and annual variability in egg density even during peak months of 
spawning activity (Fradkin 2001; Penttila 2007). This suggests that given the opportunity to 
continue sampling over multiple seasons, the potential to document spawning sites would 
increase, as some sites may have only limited use on a seasonal or annual basis. Continued 
sampling could also provide the opportunity to improve methods that would enable a higher 
detection probability and greater efficiency in sampling. Due to the comprehensive nature of our 
coast-wide survey, workloads did not provide ample opportunity to investigate and improve our 
methods. The beach profiling and elevation sampling pilot study (see appendix) provided insight 
into the distribution of spawn across tidal elevations on the outer coast. However, additional 
research is needed that would require an increase in sampling at known spawning sites. As our 
comprehensive study allowed us to determine the areas of spawning on the outer coast, focused 
sampling on spawning beaches in the Quinault and Kalaloch-Hoh-Quil beach zones is suggested 
for any future  research efforts.   
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Appendices 
 

Beach Profiling and Elevation Sampling 
 

Introduction 
The Washington Department of Fish and Wildlife (WDFW) and its collaborators have collected 
extensive data on the location and timing of smelt and Sand Lance spawning in Puget Sound. 
Additionally, tide height-specific patterns have been identified, indicating that Surf Smelt and 
Pacific Sand Lance spawn during high tides, depositing eggs along the upper third of the 
intertidal range (Surf Smelt +7 ft. to extreme high water; Sand Lance +5 ft. to MHHW) (Penttila 
2007; Moulton and Penttila 2006; Penttila 1978, 1995). However, a comparative paucity of effort 
has been expended along the outer coast. Thus, this pilot study was designed to identify the 
specific tide heights at which smelt eggs are deposited on the outer coast.  

Methods 
In an effort to obtain precise spawning elevations on the outer coast, we selected a known 
spawning site with a geodetic marker nearby. We chose site 527 (from the two-year Marine 
Spatial Planning study) near the mouth of the Hoh River, as multiple spawning events had been 
documented at this site and a geodetic marker was located approximately 200 ft. inland. Further, 
the ease of access to the site allowed for sample collection on a more regular basis and easier 
equipment transportation. The Hoh geodetic control monument (ECY – Hoh) was installed by 
the Washington State Department of Ecology in February 2013. The monument is located next to 
a fire hydrant in the middle of a turnaround circle at the dead end of Lower Hoh Road (230255.6 
Easting, 89499.93 Northing - WA State Plane North; 47.74825, -124.43196 NAD83) and has an 
elevation of 4.475 m NAVD88. The material is an epoxy on the cement base that surrounds a 
water line cover (Kaminsky et al. 2013).  

We used a simple, low-cost beach profiling method developed by Delgado and Lloyd (2004). 
Two main tools were used to obtain beach profile data. The first tool is a setsquare constructed of 
a horizontal aluminum pipe joined at one end with another vertical aluminum pipe, at a ninety 
degree angle. Our desired sample interval was 5 ft. and, thus, the length of the horizontal rod. 
The vertical rod was 3 ft., an adequate length given the estimated slope of the beach. 
Additionally, a circular level was fixed near the unattached end of the horizontal pipe (Fig. 1). 
The second tool was a stadia rod with a level affixed to ensure the rod was vertical while taking 
measurements (Fig. 1). Additional tools included a compass and measuring tape/rope to position 
the direction of the profile. For sediment collection, a 16 oz. sample jar was used to remove the 
top 5-10 cm (2-4 in) of sediment which was then placed in a plastic bag for later wet sieving and 
winnowing (Moulton and Penttila 2006). 
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Sampling methods were first tested in May 2014. Using the setsquare and vertical stadia rod we 
started the profile from the geodetic marker (47.74825, -124.43196 NAD83) towards the desired 
profile start, compass bearing S195W. After working over a large man-made boulder line, we set 
a profile stake (47.74770, -124.43219 NAD83) behind the log line and worked seaward at 
compass bearing S215W. Sediment sampling started at the high tide mark and occurred every 5 
ft. (horizontal distance) from this reading, where 1 scoop of sediment was collected along the 
transect line (Fig. 2). Sampling stopped at the water line and/or where the sediment character 
changed from gravel/cobble to solid rock/boulder. A total of 23 samples were collected over a 
linear distance of 110 ft. 

In June, we started the beach profile from the profile stake (47.74775, -124.43231 NAD83), 
compass bearing S210W. New profile stake coordinates were used as we did not have 
coordinates from the surveys conducted in May at the time of sampling. Starting from the profile 
stake broadened our sampling window and allowed us to take elevation readings/samples further 
than in May. Sediment sampling started at the high tide mark and continued every 5 ft. 
(horizontal distance) from this reading. However, instead of only 1 scoop of sediment collected 
every 5 ft. along the profile transect line, 4 scoops of sediment were collected at even intervals 
along a 100 ft. perpendicular transect set south from our profile transect every 5 ft. (Fig. 2). By 
increasing our sampling area and sample volume we hoped to increase egg detections. Sampling 
stopped at the low water/solid rock line and a total of 20 samples were collected over a linear 
distance of 95 ft. In order to complete the profile and obtain precise spawning elevations, we 
profiled from the geodetic marker to the profile stake, compass bearing S195W. Sampling 
methods in July, August, and September were performed the same, with the exception of using 
original profile stake coordinates from May (47.74770, -124.43219 NAD83). Eighteen samples 
were collected in July over a liner distance of 85 ft.; 17 in August over 80 ft.; and 12 in 
September over 55 ft.   
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Appendix Figure 1.  Beach profiling sampling apparatus: A) Stadia rod with attached level, B) Aluminum 
setsquare consisting of a 3 ft. vertical rod and 5 ft. horizontal rod with attached circular level.  
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Appendix Figure 2.  Beach profiling and elevation sample collection diagram. Grey ovals = sample scoops.  From June to September, four scoops were 
collected for one elevation sample.
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In order to reference all beach elevations to MLLW (US_ft) and compare results to Puget Sound 
historical spawning elevations, a vertical datum transformation was performed using NOAA’s 
VDatum software (Figure 3). The geodetic elevation 4.475 m (NAVD88) converted to 15.5499 
ft. (MLLW). From hereafter, all beach elevations are in reference to MLLW and measured from 
the elevation of the permanent monument.  

 

Appendix Figure 3. VDatum Fields. http://vdatum.noaa.gov/  

 

 

 

 

 

http://vdatum.noaa.gov/
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Results 
In May, 2 eggs (1 live and 1 dead) were found in total at +2.0 ft. No eggs were found at any 
other elevation (Figure 4).  In June, eggs were present at each sample elevation (+1.8 ft. to +12.9 
ft.); however, no eggs were found at +12.3 ft. (Figure 5). In total we found 129 eggs; 124 dead 
and 5 live. One live egg was found in each of the three lower elevation samples (+1.8 ft. to +3.1 
ft.), as well as one each at +7.3 ft. and +8.7 ft. (Figure 5). In July, eggs were intermittently 
present between +3.0 ft. to +9.4 ft., with live eggs found between +6.6 ft. to +9.4 ft. (Figure 6). 
In total we found 16 eggs; 12 dead, 4 live. No eggs were found in August (Figure 7). In 
September, eggs were present between +9.2 ft. to +14.9 ft., with one live egg found at 13.9 ft. 
(Figure 8). In total we found 7 eggs; 6 dead, 1 live.  
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Appendix Figure 4. May (5/29/2014) site 527 beach profile and egg notations. Diamonds represent sampled elevations with egg present elevations in red. 
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Appendix Figure 5. June (6/29/2014) site 527 beach profile and egg notations. Diamonds represent sampled elevations with egg present elevations in red. 
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Appendix Figure 6.  July (7/30/2014) site 527 beach profile and egg notations. Diamonds represent sampled elevations with egg present elevations in red. 
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Appendix Figure 7.  August (8/28/2014) site 527 beach profile and egg notations. Diamonds represent sampled elevations. 
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Appendix Figure 8.  September (9/26/2014) site 527 beach profile and egg notations. Diamonds represent sampled elevations with egg present elevations 
in red.
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Discussion 
This pilot study was designed to identify the specific tide heights at which smelt eggs are 
deposited on the outer coast. The study was small in scope but we were able to produce data in 
an area of limited research. We found that smelt eggs are deposited and/or distributed on the 
outer coast across a broad tide range, unlike Puget Sound where eggs are deposited along a 
narrow substrate band near the high tide mark (Moulton and Penttila 2006; Penttila 1978, 1995). 
The range varied between sampling months; where in some months eggs were found only in low 
or high elevations, across all elevations (intermittently or continually), or not at all. Sampling 
conducted in May detected spawn at a low tide height, while June had the broadest spawning 
band of any sampled month, ranging from +1.8 ft. to +12.9 ft. (Figure 5). The highest June egg 
counts fell within the lower 3 elevation samples, however. July had a relatively broad spawning 
tide-height range; however, in comparison to June, spawning heights were more intermittent and 
the highest egg counts fell within the upper elevations. No eggs were found in August, and much 
like our comprehensive study, explanation for this kind of temporal pattern cannot be definitively 
provided. Eggs may have been absent, or eggs were present but not detected. September 
sampling detected spawn in the upper tide range, but the height of the beach had increased 
following a prior storm and the lowest elevation sample was collected at +8.6 ft.  
 
Little effort has been expended on determining smelt spawn elevation on the outer coast; and the 
only known comparable study was performed at Rialto Beach by the Olympic National Park. 
Their study results determined that eggs were 3 times more abundant at low tidal elevations with 
6% more spawning gravel (Fradkin 2001). Fradkin (2001) suggests this pattern to be 
“representative of open coast distributions caused by oceanic wave actions that disperse eggs 
deposited at the high tide line across a broad elevational band and more deeply into the beach 
substrate.” The broad spawn elevation pattern observed at our study site can be attributed to the 
same open coast distributions. Further, this pattern isn’t unlikely given outer coast conditions 
where wind and wave exposure is greater, there is a lack of vegetative shading, and sands are 
constantly shifting in the upper beach/dunes. In these conditions it may be beneficial for 
spawning smelt to place eggs lower on the beach in a well-drained, sandy substrate that is 
regularly inundated, thereby reducing egg desiccation stress. A Camano Island, Puget Sound 
habitat use study determined that smelt eggs at lower elevation transects generally had lower 
mortality rates than eggs at higher transects (Quinn et al. 2012). Based on these results, it is 
suggested that thermal and desiccation stress were both minimized lower on the beach.  
 
A suite of beach physical characteristics have been correlated to egg abundance and survival. 
Characteristics such as sediment particle size, beach slope, sinuosity, concavity, aspect, solar 
radiation, and wood band width have been studied. By conducting monthly beach profiling at 
this known spawning site we were able to quantify the morphology and evolution of this beach 
and record changes in beach height, width, and slope. Though none of these characteristics have 
been directly correlated to spawning success, some interesting observations were made. Most 
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notable was the change in beach slope, with a comparatively steeper beach in the summer (June 
– August) than spring (May) and fall (September). Interestingly, the highest egg count (total and 
live) occurred in June, suggesting a possible correlation between a steeper nearshore slope and 
spawning success.  
 
Of further interest, we compared our estimated upper third distance methods to actual tidal 
height distance using our May beach profile. Using the estimation methods from our 
comprehensive study, we estimated a linear upper third distance of 125 ft. After completing our 
profile, we determined that sampling to the lower extent of the upper third of the intertidal (+6 
ft.) would only require a linear distance of 75 ft. This suggests that our estimation methods 
covered a long enough distance to reach eggs found at +2 ft. or 110 ft. linear distance.  However, 
sampling to only +6 ft. would have left the eggs found at +2 ft. undetected. Based on our 
monthly profiles, eggs would have been detected in the upper third (+6 ft. to high tide mark) in 
every month but May and August, but total egg counts would be reduced as eggs in the lower 
elevations would have gone undetected.  
 
In summary, the results of this pilot study suggest that outer coast smelt spawn is deposited 
and/or distributed over a broad tide elevation range (+1.8 ft. to +14.9 ft.).  However, additional 
research is needed; and sampling at additional spawning sites and further development of 
sampling methods are suggested. Sampling other spawning sites was attempted but referencing a 
geodetic monument proved to be difficult. Few geodetic monuments were within a reasonable 
distance to spawning sites. Further we were not able to use our apparatus as many of the existing 
monuments were located up high on a bluff or headland. In response to this challenge we 
attempted to set benchmarks using a Trimble GPS unit. However, we were not able to 
successfully create a stable benchmark as the unit couldn’t obtain an accurate elevation (within 
10 cm) at any desired upland location due to overhead vegetation. Future research would require 
additional investigation into setting up permanent monuments near spawning sites and/or using 
other electronic apparatuses such as Theodolite or Total Station.  
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Procedures for obtaining bulk beach substrate samples -- Coastal 
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Procedures for recovering “winnowed light fractions” subsamples of forage fish egg-sized material from bulk beach substrate samples 
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Laboratory procedure for determining forage fish egg presence/absence from preserved “winnowed light fraction” beach substrate samples 
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Laboratory procedure for counting and staging forage fish eggs obtained from processed “winnowed light fraction” field samples 
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Forage Fish Eggs of Puget Sound 
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Embryonic Development Stages – Pacific herring 
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Embryonic Development Stage – Surf Smelt 
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Surf Smelt Embryological Stage Categories 
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Forage Fish Spawning Beach Survey Field Form 
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Field Observation Sampling Code 
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Forage Fish Spawning Beach Survey Sample Analysis Form 
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