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Scope of MSP
INTENT: 

Address location of potential 
new marine uses. 

PLAN GOALS/OBJECTIVES:
• Protect existing uses
• Protect cultural uses/resources
• Preserve environment
• Integrate decision-making
• Provide new economic 

opportunities

NON-REGULATORY PLAN

The study area is 700 fathoms offshore and 
includes federal waters and estuaries.



MSP Context 

Marine 
Spatial 

Plan

Ecosystem 
Assessment

Coordination Framework 
for Review of Renewable 

Energy Projects

Recommendations for Use 
Priorities and Limitations, 

Siting Criteria, and 
Protection of Unique and 

Sensitive Biogenic 
Features

Implementation Strategy 
Using Existing State and 

Local Authorities

Maps of Key Ecological 
Areas, Human Uses, and 

Appropriate Locations for 
Renewable Energy

RCW 43.372.040(6)

The marine management plan must include but not be limited to…



(6) The marine management plan must include but 
not be limited to:
. . . 

(c) A series of maps that, at a minimum, summarize available 
data on: The key ecological aspects of the marine ecosystem, 
including physical and biological characteristics, as well as 
areas that are environmentally sensitive or contain unique or 
sensitive species or biological communities that must be 
conserved and warrant protective measures; human uses of 
marine waters, particularly areas with high value for 
fishing, shellfish aquaculture, recreation, and maritime 
commerce; and appropriate locations with high potential for 
renewable energy production with minimal potential for 
conflicts with other existing uses or sensitive 
environments;

-RCW 43.372.040



Use Analysis Process

Final Products: 
1. Maps that provides general sense of where 

higher levels of conflict may occur with new 
uses

2. Recommendations for planning regarding 
new uses (space use)



Use Analysis Approach 

1. Produce maps for existing uses by sector:
 Intensity of uses
 Number of uses present

2. Overlay all sector maps to produce map of all 
existing uses
 Intensity of uses
 Number of sectors

3. Overlay renewable energy maps for comparison
4. Develop recommendations



Process To Date 

• Briefings to WCMAC on concept and process
• Meetings with marine use sectors regarding 

data sources and potential conflicts with new 
uses.

• GIS work (ongoing)
• Tribal briefing and input (ongoing)



Existing Use Scoring Criteria

• Use intensity data, where available.
• Convert data to footprints of where the use 

occurs (or not) for “number of uses” maps.

• Retain conflict coding for existing use data 
layers within attributes of data, where 
available:
– High, Medium, Low, None



Analysis Unit = 1 Sq Mile Hexagons

10There are 8,272 hexagon cells in the grid within the boundaries of the planning area.

Use Analysis Grid



Existing Use Mapping –
Shipping: draft use maps

Intensity data: Tug and Tow Sum of Use: Tug and Tow



Existing Use Mapping –
Shipping: draft use maps

Intensity data: Cargo Sum of use: Cargo



Shipping: Draft Number of Uses



Shipping: Draft Number of Uses

Attributes retain 
more detail.

Potential Conflict
Tug & Tow: High
Cargo: Low
Tanker: Low

Will list for other 
uses, where 
available.



Recreation: Draft Use Footprint Maps
Footprint of use: 
Wildlife Viewing

Footprint of use: 
Shore-based

Footprint of use: 
Surface-water

Footprint of use: 
Diving



All Recreation: draft number of uses



Converted person trips 
to person days (OCNMS).

Person-trip = # of visits a 
household takes to a given 
destination * the number of 
people per trip 

Person-day = person trips * 
the length of the stay.

Recreation: 
Intensity 

data



Aquaculture: draft footprint



Military: draft footprint



The Fisheries Use Maps
Commercial

1 Albacore

2 Dungeness Crab

Groundfish

3 Fixed Gear

4 Bottom Trawl

5 Pacific Whiting

6 Pink Shrimp

7 Salmon

8 Sardine

Recreational

9 Albacore

10 Bottomfish and Lingcod

11 Pacific Halibut

12 Salmon



Commercial 
Crab 

Fishing: 
updated



Commercial 
Albacore: 

updated map



Commercial 
Sablefish: 

updated map



Footprint 
Map – The 
“Fisheries” 

Sector



Footprint 
Map –

Individual 
Fisheries 



“High” 
Intensity 
Fisheries 



DRAFT: 
Number of 

Sectors



DRAFT: High 
Intensity Use 

Areas



Use Analysis Approach 

1. Produce maps for existing uses by sector:
 Intensity of uses
 Number of uses present

2. Overlay all sector maps to produce map of all 
existing uses
 Intensity of uses
 Number of uses

3. Overlay renewable energy maps for 
comparison

4. Develop recommendations



Next Steps & Timeline
Summer Sector input on data & GIS work
June/Sept WCMAC – briefings for Advisory Council
Nov. 9 WDFW fisheries maps workshop
Fall GIS work 
Dec. 4 Tribal policy & technical review
Dec. 9 WCMAC - review draft use maps, input on

next steps (i.e. renewable energy comparison)
Winter GIS work: incorporate Ecologically Important Areas, refine 

use maps, options for renewable energy comparison 
Winter Tribal input and recommendations
Feb 10 WCMAC – discuss renewable energy comparisons & 

recommendations
March/April Tribal feedback
April 20 WCMAC – finalize recommendations



How far off-shore must energy devices be 
before we can’t see them any more?

1st level = Standing on shore (6 foot view).
2nd level is from a 2nd story hotel balcony (approx. 25 ft. up).
3rd level is from a 3rd story hotel balcony (approx. 35 ft. up)





90 Meter Tall Wind Farm 10 Meter Tall Offshore Facility

Energy facilities must be sighted offshore beyond these zones to be invisible to the 
observer on shore at 6ft., 25 ft. (2nd floor hotel Room), or 35 ft. (3rd floor hotel room).





Burrowing Shrimp in Willapa Bay: 
background, status, and future options 

for addressing burrowing shrimp in 
Willapa Bay

Kim Patten,  WSU Long Beach Research 
and Extension Unit



• Background
• An overview of the industry
• Burrowing shrimp 

• Biology  and impacts
• History of cultural, mechanical, biological, and chemical 

control
• Current project and status
• What is at stake?
• Next steps



3,000 acres of shellfish beds in Grays 
Harbor, 30% farmed (900 acres) (1.5% 
of bay)

25,000 acres of shellfish beds in Willapa 
Bay,  36% farmed (9,000 acres) (11% of 
bay)







• Area farmed:
– 3,000 acres of shellfish beds in Grays Harbor, 30% farmed (900 acres) 
– 25,000 acres of shellfish beds in Willapa Bay,  36% farmed (9,000 acres) 

• Production methods:
– Bottom culture ~ 95 %
– Off-Bottom culture ~ 5 % 

• ~ 95% is Long Line
• ~ 5% is Flip bags

• Market: 
– 95% of  volume is “meat oyster” @ ~$25/gal of sucked meat 
– 5% of volumes is single whole oyster for restaurant trade @ $0.25 to 

1.00/oyster 
• National importance :  

– WA ~ 26% of  US commercial  oyster
– Willapa Bay produces 65 % of WA  oyster (17% of total US Oysters)

Shellfish aquaculture in SW Washington – production statistics 



• Net $value to the state of Washington?
– Northern Economic Study 

• Pacific county $90M total $ output & $45M labor income
• Grays Harbor $12M total $ output & $6M labor income
• Total ~ $153 M

– WGHOGA 
• Wholesale retail sales ~ $45M /yr
• Value of  2.8x  multiplier to local economy ~ $126 M
• Total ~ $170M 

• Jobs
• Pacific County 1600 jobs  
• Grays Harbor  County 210 jobs
• Total ~ 1800 jobs

Shellfish aquaculture in SW Washington – production statistics 



• Background
• An overview of the industry
• Burrowing shrimp 

• Biology  and impacts
• History of cultural, mechanical, biological, and chemical 

control
• Current project and status
• Next steps
• What is at stake?



The problem



Ghost   shrimp                                                    Mud Shrimp



Burrowing Shrimp Life 
History Adult

• Molting

• Growth

Juvenile

Post larvae

Egg

Zoea



Adult shrimp

New recruits and juvenile  shrimp



~50 adult burrows/m2

~40 juvenile burrow holes/ clam gun

Burrow cast -Dumbauld 2015



Thick shrimp, 
everything is gone  
in < 6 months. 

Carbaryl – no 
shrimp, dense  Z. 
marina , and  good 
crop ready for 
harvest  (1-2 years)

Moderate shrimp,  no 
Z. marina, lines 
sinking, oysters crop 
starting to drop and 
be lost



• Background
• An overview of the industry
• Burrowing shrimp 

• Biology  and impacts
• History of cultural, mechanical, biological, and chemical 

control
• Current project and status
• Next steps
• What is at stake?



• Pre-2000 history of control
• WDFW - carbaryl in 1960
• Growers - mechanical and cultural methods 1950 to 2000
• WDFW & UW –cultural methods 1990’s
• WDFW and PSI – IPM 1990’s
• Battelle NW Labs – IPM and chemical 1990’s



• Conclusion Pre-2000 research
• Carbaryl works and is the best option
• There have been no net long term negative impacts
• There had been a net positive impact on the ecosystem service
• None of the other options were viable 



• 2000  to 2002
• Continued lawsuits on  the use of carbaryl force growers into a out-of-

court settlement.
• Ten year phase-out with ramped up research effort to find an alternative

to carbaryl.  

• Post 2002- a major new research effort 
with lots of  new partners.

Post 2002 funding > $7 M
• State of Washington ~ $ 1.2M
• SARE- $50k
• Murdock Foundation~ $20k
• UW- $100k
• WSU - $500k
• OSU-$40k
• WDFW- $500
• USDA ~ $ 3 M
• WSCPR- $ 200k
• WGHOGA ~$750k



Biology/Ecology Monitoring/
Mapping

IPM 

Mechanical /
physical

management

Biological control Chemical control

Post 2002 Burrowing Shrimp  Research

Cultural 
control



Mechanical control
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Sediment engineering - compaction



Surface modification: thin cement layer
Univ. of Idaho 



Other methods assessed
• Trapping
• Tarping
• Electro-shocking 
• High pressure water sled
• High pressure water knifes

http://www.rickly.com/as/electofish2000a_small.jpg
http://www.rickly.com/as/electofish2000a_small.jpg


Biological control



Ione cornuta Bate

Isopods for Biological Control of Burrowing Shrimp



Adult Lugworm

Lugworm

1.59 - 3.18 per m2

6.37 – 7.95

.92 – 1.84 per m2

1.85 – 2.76
2.77 – 3.68
3.69 – 4.60

Neotrypaea 
Distribution

Abarenicola
Distribution

50m

N



April
(278)

Middle 
Sands
(231)

Palix 
River
(381)

Cedar 
River
(390)

2006 Willapa Bay Predator Sampling Counts
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Unidentified
quardriplecata sp.
Pseudopolydera kempi
Polycheta
plant matter
Photis brevipes
Ostracoda
Oligocheta
Nereid polychete
Neotrypaea californiensis
Leptochelia dubia
harpacticoids
fish (unid.)
Cumella vulgaris
cumacea
Corophium salmonis
Claudsidium vancouverensis (harpacticoid)
clam sp.
clam siphon parts
chironomidae
Caprella californica
calanoids
Bopyridae
barnacle cyprid
Ampithoe sp.

Stickleback 5
Sculpin 29
Chum 3
Flatfish 28
TOTAL 65
Crangon 10

Stickleback 2
Sculpin 38
Chum 48
Chinook 1
Flatfish 38
Smelt 18
TOTAL 145
Crangon 32

Stickleback 1
Sculpin 21
Flatfish 46
TOTAL 68
Crangon 2



Green Sturgeon 

Crangonid shrimp 7.1%

Dungeness crab 17.8%
(Cancer magister)

Fish 14.9%

Unidentified 58.1%

Polychaetes, clams 
amphipods 2.1%

Langness, WDFW

Green Sturgeon Catch Data
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Mapping, monitoring  and IPM



WHY
Eelgrass

Sediment

Elevation

Shrimp

Aquaculture

Mapping
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Shrimp Populations in Willapa Bay, Washington
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Stony Point Sands

Shrimp are increasing again, but still well below 
density observed in the 1990’s Slide courtesy of Dumbauld 2015

Monitoring
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Recruit trends
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275 burrows m-2

206 burrows m-2

138 burrows m-2

69 burrows m-2

0 burrows m-2

Stony Point Sands Shrimp Surveys

Slide courtesy of Dumbauld 2015

USDA survey  shows - Increase in density and  area



Biology and Ecology



Burrowing Shrimp Life History

Adult

• Molting

• Growth
Juvenile

Postlarvae

Egg

Zoea

Stage I

Stage V



Hatchery Studies Larval Stage Duration

Days from Hatch

0 20 40 60 80

Pr
op

or
tio

n

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Stage 1
Stage 2

Stage 3  

Stage 4
Stage 5



TM, n=98

SD, n=28MB, n=19

NS, n=25 AB, n=56

GH, n=79
PS, n=5

ES, n=40

SH, n=40

SW, n=50

YI, n=42

FP, n=49

UQ, n=49

CB, n=50

SP, n=48

YB, n=48

FB, n=35

SD, n=28

DNA Sequence 
Haplotypes

0.01



1m below surface

Midwater

1m above bottom

0.5m above bottom

Neotrypaea californiensis

Ghost Shrimp Abundance 2006 and 2007



I & II

III

IV & V

densities in # larvae m-3, lines of uniform temperature

All stages retained near 
the coast and out of 
Ekman transport layer



Mean shrimp depth as a function of time of day
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Lipofuscin Index (ng/ug) (*101)

Lipofuscin-based age structure
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S.I.SDMeanAge
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2.800.0961.315

2.180.1720.934
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S.I.SDMeanAge
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Chemical control



Essential plant oils
•clove oil
•cinnamon oil
• citronella oil
• cedar oil
• linseed oil
• garlic oil
• geranium oil
• peppermint oil
• rosemary oil
• thyme oil
• neem oil

Plant extracts or  “natural” insecticides
• crushed chrysanthemums 
• naturally extracted pyrethrums

• Pyganic
• Pryrenone

• mustard seed meal 
• habanero pepper extract
• yucca extract
• sabadilla
• white pepper
• geranial
• citric acid
• malic acid
• hydrogen peroxide
• potassium salts of fatty acids
• SeaKlean

Fertilizers or mineral-based compounds 
•sulfur
• NaCl
• Lime
• copper
• urea ammonium nitrate 
• aqua ammonium
• ammonium thiosulfate
• Kyrocide
• ammonium sulfate

Insecticide
• carbaryl
•Spectrus 
•Belay (clothianidin)
• Esteem (pyriproxyfen) 
• Methoprene
•synthetic pyrethrums 

•Deltaguard (deltamethrin)
•Bigrade (bifenthrin)
•zeta-cypermethrin)

•imidacloprid
Other compounds
• bleach
• KMnO4
• 2-phenethyl propionate
• potassium sorbate

Chemistries evaluated to date for efficacy: 2003 to 2007 data

Selected for registration

Used for comparative 
efficacy studies

Problematic in obtaining 
consistent efficacy 

Problematic in applying &
obtaining consistent efficacy 







Effects of disking 24 hrs post-imidacloprid application on 
treatment efficacy

Post-application disking only marginally effective 
56% vs 38% control.







Nontarget species survival following 4, 24, 48 & 96 hours 
exposure to 0,1, 10, 100 ppm imidacloprid

Dungeness megalopae

Nereid polychaetes

oyster drill

saddleback gunnels



4 hr exposure to 5 ppm
zero mortality

4 hr exposure to ≥5 ppm  
temporary tetany  with zero 

mortality after 1 week.

24 hrs exposure in sand/water to 0.5 % G up 
to  4 lbs ai/ac temporary tetany with  

zero mortality after 1 week.



• Imidacloprid 0.5 to 2 lbs ai/ac: no treatment effect,
• Carbaryl 8 lbs ai/ac: 100% mortality







2010 to 2014
• Series of large scale applications
to monitor for impacts, movement, 
persistence 
• Different sediments, application 

methods, formulations
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• Background
• An overview of the industry
• Burrowing shrimp 

• Biology  and impacts
• History of cultural, mechanical, biological, and 

chemical control
• Current project and status
• What is at stake?
• Next steps





Permit timing corresponded to a lot of negative press on Neonicotinoids
• Concern about birds eating treated seeds
• Netherland study showing declines in populations of insect –eating birds
• Dutch study showing reduced  invert species in contaminated water
• Persistent in the terrestrial environment
• Evidence that they are partially responsible for the decline in pollinators.

All valid concerns and all addressed in our studies 

The uses prescribed within this  NPDES permit – are in fact :
The most benign of all commercial uses

Our studies also indicate Imidacloprid  was 3 orders of magnitude safer than carbaryl 

N
CH2 NHN

N
NO2

Cl



• Neonicotinoids are the most widely used insecticides in 
the US. 

• Hundreds of millions of acres treated  every year (seed 
treatments on corn and soybeans)

• Hundreds of crops grown in Washington are treated with  
neonicotinoids, including : hops, wine grapes,  wheat 
and apples. 

• Many of these crops have trace residues of imidacloprid, 
all of which are well below the safety level (but greater 
than what we could detect in oysters).

N
CH2 NHN

N
NO2

Cl



Spraying shellfish with a neural toxin! 
Risk to the consumers? 

• Neonicotinoids  have extremely low mammalian toxicity.
• Extensive  3rd party research  by regulatory agencies found “zero”  residue of 

imidacloprid or its metabolites in shellfish 1 month after direct application 
with   4 times the commercial rate .  

• People concerned about avoiding “neural toxin”  in the form of neonicotinoids 
should refrain from  drinking wine or beer. 

• The only neural toxin exposure a consumer would have from eating shellfish is 
from PSP and  Polycyclic Aromatic Hydrocarbon.

N
CH2 NHN

N
NO2

Cl



Just for a point of reference – the safest oyster  to eat in the US   are   from 
Willapa Bay or other small  west coast estuaries



• Background
• An overview of the industry
• Burrowing shrimp 

• Biology  and impacts
• History of cultural, mechanical, biological, and 

chemical control
• Current project and status
• What is at stake?
• Next steps



Assumptions (not worse case)

– Average production loss to ground culture for most farmers will be ~ 10 %  
/yr,  stabilizes  after ~ 10 years at 70 % of current level

• Some growers will  have 5% loss/yr, others 50% /yr -all depends on  bed location
• For a limited time,  growers with ample  land can chase shrimp free ground until 

it runs out. 
• Some moderate level of shift from meat to single oyster on some sites (2 to 5 %)
• Bulk of the ground culture- meat oyster industry will decline 
• Recruitment level continues at current rate (moderately, but not 

excessive)
– None of non-chemical control methods will be efficacious  (<10 to 20% 

control)  and /or too $ expensive to practical for meat oysters
– Impact will be proportional to overall  crop loss 
– Start with a net value is $165 M/yr & 1800  jobs

What is the economic  impact of no burrowing shrimp control?



Using this  conservative  assumptions -what is the 
economic  impact of no burrowing shrimp control?

Direct impacts to SW WA economy @ 10% loss/yr

year Net value of industry $ M # jobs

2015 165 1800
2020 97 1060
2025 50 620



Using worse case scenarios  (1994 recruitment levels,  25% loss/yr)
-what is the economic  impact of no burrowing shrimp control?

Direct impacts to SW WA economy @  25% loss/yr

year Net value of industry $ M # jobs

2015 165 1800

2020 39 427

2025 9 101



What are the other  impact of no burrowing shrimp control?

• Surplus of  single oyster (reduced returns of Puget Sound growers) 
• Shift to near shore off-bottom culture – navigational,  visibility, 

localized eutrophication  issues
• Industry becomes  less cooperative and less unified  
• Loss of critical mass of industry needed for its own infrastructure  
• Shift in diversity of labor force 
• Other shellfish declines (Manila clam production)
• Loss industry oversight of water quality  and environmental issues. 
• Loss of 5th and 6th generation  family farms 
• Decline in secondary support industries – boat building, schools, etc. 
• Bay-wide loss of habitat and ecosystem function (burrowing shrimp 

monoculture).



• Background
• An overview of the industry
• Burrowing shrimp 

• Biology  and impacts
• History of cultural, mechanical, biological, and 

chemical control
• Current project and status
• What is at stake?
• Next steps



• freezing for juvenile
• heat for juvenile
• mechanical for juvenile
• tarping + fresh water 
• Invasive Polychaeta
• electricity
• ultra sound



The reality is :
1. We don’t  and won’t have any real  control for adults
2. We may or may not be able to suppress moderate levels of juveniles
3. At low recruitment rates we can limp along for a decade  and 

“survive”. 
4. If  recruitments levels are  like they were in the early 1990’s , however, 

the  industry won’t survive the  decades it will take to find a viable 
solution. 

5. Any  real alternative will cost $millions and take dozens of years to 
develop.  There are very few scientist working on this  (lacks critical 
mass).

6. Permits to conduct research are so restrictive that  that  I could even 
get a permit for apply fresh water in 2015 

Conclusion





Shrimp are too deep to  
any surface treatment to 
work! 





What do we want our bay to look like?





2006 shrimp 
density

20 – 40 burrows/m2

40 – 60 burrows/m2

60 – 80 burrows/m2

80 – 120 burrows/m2
120 – 260 burrows/m2
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