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Forage Fish Biology – A Brief Overview

Everything is connected.

Forage fish health directly impacts the wellbeing of 
marine life (including endangered Chinook and our 
Southern Resident Orcas).

Humans also depend on the wellbeing of marine life.

Image title and credit: Holding a Pacific Sand Lance. Sean Rooney (from Snohomish MRC website)



Image from Washington Department of Fish and Wildlife (WDFW)
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Pacific Herring. NOAA
Chris Zimmerman, USGS Florian Graner
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Some of the Pacific Northwest’s 
Forage Fish

Pacific Herring
(Clupea pallasii)

Surf Smelt
(Hypomesus pretiosus)

Pacific Sand Lance
(Ammodytes personatus)

Images from WDFW



Pacific Herring Spawning Habits
Pacific herring are an important 
species of forage fish, but we do 
not sample for them in the Forage 
Fish Monitoring Program. This is 
because they mostly spawn below 
the mean low tide zone in eelgrass 
beds.

Images from WDFW



Aerial view of herring spawn event. Hal Schulz. 
Published on BC Local News

Florian Graner
WDFW



Pacific Sand Lance Spawning Habits

We monitor for Pacific sand lance 
eggs. Spawning occurs in the fall 
and winter in irregular, short, 
overlapping events. They tend to 
spawn in sand.

Images from WDFW



Collin Smith, USGS

WDFW

WDFW



Surf Smelt Spawning Habits
We monitor for surf smelt eggs. They 
spawn higher up on the beach than 
sand lance. Eggs can be found year 
round, with peaks in the summer in 
the north and winter in the south. 
They tend to spawn in a sand/gravel 
mix.

Images from WDFW



NOAA Fisheries West Coast

WDFW



Honorable Mention: Rock Sole
Rock sole eggs are sometimes found along with surf smelt and sand lance eggs, but they are not a forage fish.

Images from WDFW



Example of Data: Ala Spit

Island County MRC

Google Maps



Pop Quiz!
Which forage fish spawns in eelgrass beds?

1. Pacific Sand Lance

2. Surf Smelt

3. Pacific Herring



Island County 
Marine Resources Committee:

Working Locally to Protect Marine Resources



Northwest Straits Initiative



Photo: Kelly Zupich

Monitoring Restoration Outreach



Monitoring: Forage Fish
Objectives: Create a baseline for effective long-term 
monitoring to understand where and when forage fish 
spawning occurs. Monitor shoreline protection and 
restoration projects.

Rationale: Important food source for larger predator 
species, such as salmon.

Method: Monthly surveys gathering and winnowing 
sediment samples

Volunteer Opportunity: Part of monthly team (Hidden 
Beach) or as backups



Monitoring: Estuary Seining
Objective: Monitor the population presence and 
density of salmonids over time before, during, and 
after shoreline restoration projects.

Area of interest: Cornet Bay
◦ Monitored 4 years pre- and post-restoration
◦ Plan to monitor 2022-2023

Volunteer Opportunity: Surveys 2x/month, January-
June



Restoration: Planting and Maintenance
Volunteer Opportunity: Periodic events to weed, water, and plant native vegetation at 
restoration sites.



Outreach: Crabber Outreach
Volunteer Opportunity: Provide educational materials to recreational crabbers at 
local boat launches on best practices to avoid losing their crab pots

Source: Kelly Zupich



Forage fish program:
Background 

Forage fish found throughout 
Puget Sound

Little known about geographic 
distribution prior to 1970s

Surveys around Puget Sound 
through WDFW

Surveys with MRC support



Forage fish program:
Site types

Index sites: Systematic sampling 
throughout Puget Sound

Restoration sites: Explore forage fish 
spawning response to nearshore 
restoration

WDFW forage fish map

https://www.arcgis.com/home/webmap/viewer.html?webmap=19b8f74e2d41470cbd80b1af8dedd6b3


Forage fish program: 
Island County MRC

Thanks to our amazing volunteers!



Forage Fish Monitoring

Photo from Northwest Straits Foundation (NWSF) – Training April 2015

• MRC Program

• Opportunity to work with 
experienced volunteers.

• Help tell the story of forage fish 
health in the Salish Sea.

• Be part of a large community 
science effort.



Index sites
have historic documented 
spawn presence and public 
access. These sites are 
driven by WDFW 
recommendations and/or 
interest by the MRC.

Restoration sites 
are sites where nearshore 
restoration (typically some 
form of bulkhead removal) has 
occurred or is planned. We 
typically want at least 1 year of 
pre-restoration data and 4+ 
years of post-restoration data. 
This is usually spelled out in 
the monitoring plan for the 
site. These sites are driven by 
the MRC and NWSF’s 
restoration work.



Forage Fish Monitoring
If you are interested in volunteering to join a forage fish monitoring team…

You can join a team and learn how to conduct surveys on the ground.

You can lead a sampling team, or sample on your own, after you have taken the WDFW 
training.

◦ We will notify Tabitha and Joan the next time we coordinate a training with WDFW.

◦ You are more than welcome to come one time to a monitoring event to see if this is your 
cup of tea, but must take the Island County Human Resources training first.

The time commitment is about 3-5 hours one day a month, depending on the number of 
samples at your site.



Step 1: Obtain a bulk sample
The goal is to gather sediment from the 
upper inter-tidal region of the beach, 
where forage fish are most likely to spawn.

This will typically be in the upper third of 
the beach, near the upper tidal limit.

The vast majority of the time, the 
monitoring team will have already 
established where you sample each time. 
For new sites, someone will help you 
determine where to sample. WDFW



Determine where your sampling location is.

Most often, you and your team will find the marker 
or coordinates that your team has already 
established.

◦ For example, the Hidden Beach team uses this power 
pole (circled) as a point of reference – they walk 
towards the water, and find the high tide line and 
sediment band perpendicular to the power pole.

◦ The line from the power pole marks the middle of the 
beach station, and sediment will be collected 50 feet 
on either side of it.

Island County MRC

Determine Sampling Location



Determine Sampling Location
 Identify the sediment that forage fish prefer.

In the upper intertidal zone, just below the high tide line, you will often find “bands” 
of mixed sand and gravel. This is the sediment that forage fish prefer to spawn in. 

Surf smelt like to spawn higher (~+7 ft Mean Lower Low Water), and sand lance spawn 
a little lower on the beach (~+5 ft MLLW). At most sites, you look in areas where both 
species are likely to have laid eggs.

In some cases, you will obtain more than one sample per beach station (this will be 
explained more in another slide).

This all depends on local site conditions, and will vary.

If this is confusing, don’t worry!!! 



Determine Sampling Location

WDFW



Get the Bulk Sample
Once you have determined where your sediment band is, you will collect several shallow scoops 
at four locations equidistant along the 100’ beach station. The 100’ sample station is a 
representation of the entire site.

WDFW



Get the Bulk Sample

Your goal is to fill an 8x24” plastic bag one-half 
to two-thirds full with sediment. This sediment 
is collected from the area of the beach that is 
most likely to contain forage fish eggs.

Island County MRC



Data Recording
It is important to document the information related to the samples. WDFW asks that we collect 
photos, fill out a field sheet, and include a sample tag with each sample.

WDFW is transitioning to using the iForms app to collect field data. For now, they are still asking 
samplers to fill out field sheets in addition to using the app. The app requires a smartphone or 
tablet, and a little extra training. It is optional to use.



Data Recording: Photos
WDFW asks that we include 6 photos with each sample.

Photo 1: Sample Tag
This is submitted to WDFW 
with the physical sample

Photo 2: Sediment
The sample tag is used as a 
scale so WDFW can confirm 
sediment size.

Photo 3: Beach backshore
Take a photo from the beach facing 
upland (with your back to the 
water).

Images from Island County MRC



Data Recording: Photos

Photo 4: Beach Right
After facing the backshore, 
turn right and take a photo.

Photo 5: Beach Foreshore
Turn right and take a photo 
of the water.

Photo 6: Beach Left
After facing the water, turn 
clockwise and take a photo of the 
left-hand side of the beach.

Images from Island County MRC









Step 2: Condense the bulk sample
In order to collect the eggs from the bulk sample, the bulk sample needs to be processed using 
the Vortex Method.

Images from Island County MRC



Sieving

The bulk sample is 
emptied into three 
layers of sieves. 

The substrate is 
hosed off at each 
layer.

Island County MRC



Sieving 
The first sieve collects 
the biggest material, 
like stones and pebbles. 
This material is 
discarded.

The second sieve 
collects medium-sized 
material. This material 
is also discarded.

The third sieve filters 
out material that is 
smaller than forage fish 
eggs.

Images from Island County MRC



The Vortex

The material in the third 
sieve is added to a Blue 
Bowl. This device creates a 
vortex, which causes the 
eggs and lighter material to 
rise to the surface of the 
water column and flow 
through the hole in the 
middle of the blue bowl. 
They are trapped by 
another sieve underneath.

WDFW



The Vortex

Video from Island County MRC



Preserve and Label

This is the final product. It is placed in a sample jar 
with its sample tag and labeled. 

Stockard’s Solution is then added. This turns the 
eggs opaque and preserves them.

Island County MRC



Our Forage Fish Monitoring Program 
volunteers do not do this step.

We send all of our samples to WDFW.

They identify the species, count the 
number of eggs, and send the data to 
us.

Step 3: Analyze the condensed sample

WDFW



Forage Fish Egg ID

WDFW

Special thanks and credit to 
WDFW for providing so much 
material and information!



Join a Team!
If you are interested in volunteering to join a forage fish monitoring team…

You can join a team and learn how to conduct surveys on the ground. If you just want to come and check 
it out, please do! Get in touch with Anna or me.

The time commitment is about 3-5 hours one day a month, depending on the number of samples at your 
site.

We especially need volunteers at Hidden Beach in Greenbank.

This is an EXCELLENT excuse to get out onto the beach, and to meet other amazing community science 
volunteers. You will be contributing to a Sound-wide effort, and providing information that is critical to 
the wellbeing of salmon and everything that depends on salmon.

We threw a lot of information at you today! Please remember that this process is not as intimidating as it seems. 
You will not lead or sample on your own until you are comfortable doing so (and only after you’ve taken the 
WDFW training). We will provide training and support.



Shoreline Restoration and Shore Friendly
Before After

Source: Northwest Straits Foundation



Examples of hard armor

Photo: Hugh Shipman



Loss of shoreline habitat

Photo: Northwest Straits Foundation



Source: Washington Department of Ecology



Scouring can lead to bulkhead failure

Photo: Washington Department of Ecology



Overtopping leaves water trapped

Photo: Catherine Kozak, outerbanksvoice.com



Difficult or dangerous 

beach access



…and After

Before…

Source: Coastal Geologic Services
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Source: Mandy Lindeberg, NOAA/NMFS/AKFSC - http://www.photolib.noaa.gov/htmls/fish1917.htm



More Community Science 
Volunteer Opportunities
Forage fish monitoring not your cup of tea? That’s alright! There are plenty of other ways to get 
involved in community science efforts in Island County. You can…

1) Attend community science committee meetings, such as the Marine Resources Committee, 
Island Local Integrating Organization, or Salmon Recovery Technical and Citizen Committee.
There are a wealth of volunteer opportunities in these groups.

2) The MRC in particular will have volunteer opportunities for monitoring (such as estuary 
seining), restoration events (such as sporadic weeding, watering, and planting events), and 
outreach (such as crabber education).

3) Subscribe to our the Island County Natural Resources newsletter. We include a lot of 
resources, educational, and volunteer opportunities in there.

4) Anna and I sometimes send Island County Natural Resources volunteer opportunities to 
Tabitha and Joan, who do a great job of spreading the word.



Thank You!
Volunteers make our world go round. Forage Fish Monitoring, the MRC, and our community 

science efforts would not exist without volunteers! 

We will be sending out resources, our contact information, a PDF of this presentation, and answers to any 
questions that we didn’t get to in a follow up email. 

Anna Toledo: a.toledo@islandcountywa.gov
Ann Prusha: a.prusha@islandcountywa.gov

mailto:a.toledo@islandcountywa.gov
mailto:a.Prusha@islandcountywa.gov

