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Geoduck aquaculture inves2ga2ons in Puget Sound:  
Digging deep for answers 

Glenn R. VanBlaricom 

Washington Coopera2ve Fish & Wildlife Research Unit 

School of Aqua2c & Fishery Sciences 

University of Washington, SeaIle 

Puget Sound 
Action Team 

   Objec2ves for the  
   presenta2on: 

Update on our inves2ga2ons of ecological disturbances and ecosystem 

response paIerns associated with geoduck aquaculture opera2ons on 

inter2dal habitats of the Puget Sound region: 

•  Overview of disturbance processes associated with aquaculture; 

•  Conceptual context of aquaculture ac2vi2es associated with disturbance 
processes in nature; 

•  Summary of major goals and methods of our research; 

•  Review of progress on sample processing and performance metrics; 

•  First public presenta2on of preliminary data. 

Comatarium 
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Our research team: 

•  David Armstrong 
•  Jeff Cordell 

•  BriIany Cummings 

•  Megan Dethier 

•  Tim Essington 

•  Aaron Galloway 

•  Mariko Langness 

•  Sean McDonald 

•  Jenny Price 

•  Paul Stevick 

•  Jason ToU 

•  Glenn VanBlaricom 

Ini2a2on of culture cycle:  
Outplan2ng and  

structural placement 

Northern Case Inlet, 
3 June 2008 
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Outplanted juvenile geoducks from hatcheries 

Cycle ini2a2on un2l about 1 year:  Structural effects; 
At about 1 year: Disturbances associated with structural removal 

Northern Case Inlet, 
3 June 2008 
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Harvest at ~5‐7 years aUer plan2ng:  
Disturbances associated with harvest 

Northern Case Inlet, 3 June 2008 

Disturbances associated with harvest 

Small‐scale disturbances, 

Northern Case Inlet 

3 June 2008 

Cap diameter 58 mm 
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The product 

A conceptual context for our study: 

Disturbance ecology 

Courtesy of K. Chew 

“Katrina” 
Getty Images 
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Defining ecological disturbance: 

A disturbance is any rela2vely discrete event in 2me that 

disrupts ecosystem, community, or popula2on structure and 

changes resources, substratum availability, or the physical 

environment 

 [PickeI, S.T.A., and P.S. White.  1985.  The ecology of natural  

disturbance and patch dynamics.  Academic Press, Orlando, Florida, USA.] 

Frequency and dura2on:   
 How oUen and for how long? 

Intensity:   
 How disrup2ve? 

Size: 
 How big? 

Chemical and Physical AIributes:   
 By what mechanisms does disrup2on occur? 

Community resistance/resilience:   
 What are the spa2al and temporal  paIerns of 
recovery of the disturbed community  to the 
pre‐disturbance configura2on? 

Metrics for characterizing disturbances, and for 
comparing disturbances of different types: 
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Natural disturbances  
on large scales 

US Geological Survey 

Natural disturbances on smaller scales 
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Anthropogenic disturbances 

Large scale Small scale 

Disturbance‐dependent species 

Fireweed 
Avalanche Lilly 

    Wild 
Blackberry 
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DFO 

Project objec2ves and foci: 

Measurement of effects of five categories of  

disturbance, all associated with geoduck  

aquaculture ac2vi2es, on the benthic infauna  

of inter2dal sand habitats in the Puget Sound  
region: 

1)  Predator exclusion structure & juvenile; 

2)  Predator exclusion structure presence; 

3)  Predator exclusion structure removal; 
4)  Enhanced geoduck densi2es in cultured areas; 

5)  Harvest of geoducks from cultured areas. 
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Project objec2ves and foci: 

Measurement of effects of five categories of  

disturbance, all associated with geoduck  

aquaculture ac2vi2es, on the benthic infauna  

of inter2dal sand habitats in the Puget Sound  
region: 

1)  Predator exclusion structure placement; 

2)  Predator exclusion structure presence; 

3)  Predator exclusion structure removal; 
4)  Enhanced geoduck densi2es in cultured areas; 

5)  Harvest of geoducks from cultured areas. 

What are benthic infauna? 

1)   Live on or in the sediments; 
2)   Mostly invertebrates, but may include vertebrates; 
3)   Highly diverse; 
4)   Dominant groups are usually crustaceans, polychaete worms, and small 

bivalves; 
5)   Often abundant (commonly > 10,000 individuals per m2); 
6)  Generally quite small (body lengths < 1 cm); 
7)  Retained on a 0.5 mm seive. 

J Cordell 

J Cordell 

J Cordell 
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Study site loca2ons for evalua2on of harvest effects 

Manke 

Foss 

Chelsea/Wang 

Study Site Layout 

~2500 m2 

50 m 

≥100 m 

Water 

Upland 

Sampling distribution, treatment plot 

Treatment Control 

     Core samples 
     Excavations 

Not to scale 
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Foss Site 

JUNE 
2008 

JULY 
2008 

AUGUST 
2008 

SEPT 
2008 

OCT 
2008 

NOV 
2008 

DEC 
2008 

JAN 
2009 

FEB 
2009 

MAY 
2008 MONTH: 

CORE 
COLLECTIONS: 

CORE 
PROCESSING: 
Cultured & 
Control Plots 

HARVEST  HARVEST $$$ 

CORE 
PROCESSING: 
Transects 

Manke Site 
(harvest scheduled for spring or summer 2009) 

JUNE 
2008 

JULY 
2008 

AUGUST 
2008 

SEPT 
2008 

OCT 
2008 

NOV 
2008 

DEC 
2008 

JAN 
2009 

FEB 
2009 

MAY 
2008 MONTH: 

CORE 
COLLECTIONS: 

CORE 
PROCESSING: 
Cultured & 
Control Plots 

$$$ 

CORE 
PROCESSING: 
Transects 
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Chelsea/Wang Site 
(harvest scheduled for summer or fall 2009) 

JUNE 
2008 

JULY 
2008 

AUGUST 
2008 

SEPT 
2008 

OCT 
2008 

NOV 
2008 

DEC 
2008 

JAN 
2009 

FEB 
2009 

MAY 
2008 MONTH: 

CORE 
COLLECTIONS: 

CORE 
PROCESSING: 
Cultured & 
Control Plots 

$$$ 

CORE 
PROCESSING: 
Transects 

Timeline for core sample processing 

•  Collec2on rate:  ~150 cores per month; 

•  Processing 2me: 

1)  Separate animals from sediment and debris:  ~1 hour; 

2)  Iden2fy and count animals:  ~1 hour; 
3)  Quality assurance/quality control:  ~15‐30 minutes; 

4)  Data entry:  ~5 minutes. 

Total per core:  ~2.5 hrs. 

Total processing 2me required per month to keep pace:  ~450 hrs, or 

full‐2me work for 2‐3 people.  
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Projected ac2vi2es 

Year 1 Year 2 Year 3 Year 4 Year 5 
Pilot study Data modeling & 

analysis 

Power analysis Final reporting 

Harvest disturb 
infauna study  

Harvest disturb 
infauna (cont.) 

Harvest disturb 
infauna (cont.) 

Structure disturb 
infauna study  

Structure disturb 
infauna (cont.) 

Structure disturb 
infauna (cont.) 

Structure disturb 
infauna (cont.) 

Structure disturb 
epifauna study 

Structure disturb 
epifauna (cont.) 

Structure disturb 
epifauna (cont.) 

Structure disturb 
mobile study 

Structure disturb 
mobile (cont.) 

Structure disturb 
mobile (cont.) 

Alpha sites 
(planting) 

Alpha sites 
(structure) 

Alpha sites 
(struct removal) 

Alpha sites 
(growout) 

Alpha sites 
(harvest) 

Projected ac2vi2es:   
Impact of poten2al loss of funding 

Year 1 Year 2 Year 3 Year 4 Year 5 
Pilot study Data modeling & 

analysis 

Power analysis Final reporting 

Harvest disturb 
infauna study  

Harvest disturb 
infauna (cont.) 

Harvest disturb 
infauna (cont.) 

Structure disturb 
infauna study  

Structure disturb 
infauna (cont.) 

Structure disturb 
infauna (cont.) 

Structure disturb 
infauna (cont.) 

Structure disturb 
epifauna study 

Structure disturb 
epifauna (cont.) 

Structure disturb 
epifauna (cont.) 

Structure disturb 
mobile study 

Structure disturb 
mobile (cont.) 

Structure disturb 
mobile (cont.) 

Alpha sites 
(planting) 

Alpha sites 
(structure) 

Alpha sites 
(struct removal) 

Alpha sites 
(growout) 

Alpha sites 
(harvest) 
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Some data –  
but first, some reminders! 

           Some reminders! 

•  These are preliminary data. 
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*introduced species 

20 June      1 July      31 July     16 Oct       15 Nov 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

JR Cordell 

H
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~2.5 mm 

~0.15 mm 
20 June      1 July      31 July     16 Oct       15 Nov 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H

                     20 June                              1 July                              31 July                             16 Oct                              15 Nov 

Cultured 

Control 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H
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   20 June                              1 July                             31 July                             16 Oct                              15 Nov 

Cultured 

Control 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H

   20 June                              1 July                             31 July                             16 Oct                              15 Nov 

Cultured 

Control 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H
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   20 June                              1 July                             31 July                             16 Oct                              15 Nov 

Cultured 

Control 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H

   20 June                              1 July                             31 July                             16 Oct                              15 Nov 

Cultured 

Control 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H



2/26/2009 

VanBlaricom presentation - Sound Science Lecture, February 26, 2009. 

       20 June                               1 July                                 31 July                                 16 Oct                                15 Nov 

Cultured 

Control 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 

H
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PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 
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PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 
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burrowing cucumber density
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Sand dollar size
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Center for Environmental Science 

Horn Point Environmental Laboratory 
University of Maryland 
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Three approaches for sampling the 

pore water in the beaches:  1) pore 
water equulibrators (right), 2) 

sediment sippers (right below) and 3) 
pvc wells (below).  The sippers allow 

the greatest spatial sampling 

resolution an appear to be the best 
way to assess pore water chemistry.  

The wells provided excellent data on 
how much of the water exited the 

beach profile during low tide. 

Two surprising results:   

1)Most of the water is retained in the beach profile during low tide, suggesting that water at the 
depth of the geoducks didn’t exchange quickly with the overlying water, and  

2)2) pore water reduced iron indicates that the water within the beach was devoid of oxygen and 

was likely the site of substantial nutrient regeneration.  No sulfide was detected. 

PRELIMINARY DATA:  DO NOT DUPLICATE OR CIRCULATE 



2/26/2009 

VanBlaricom presentation - Sound Science Lecture, February 26, 2009. 

Special thanks! 

Puget Sound Action Team 

•
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Special thanks 

(2)! 

Puget Sound Action Team 

•

Questions? 

Puget Sound Action Team 
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