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1 INTRODUCTION AND ESA LISTED SPECIES 

Pacific Northwest Aquaculture proposes to install and operate a commercial intertidal 
geoduck clam tube aquaculture site located in the SE ¼ of Section 11 in Township 19N, 
Range 02W, W.M at 930 76th Avenue NW, Olympia, on Zangle Cove in southern Puget Sound. 
Figures are provided in Appendix A.  This work (Project) will be developed in a phased 
approach over four to seven years including: site preparation; seed planting; tube removal 
and bed maintenance; and harvesting. 

Pacific Northwest Aquaculture is the applicant for aquatic resource permits under the 
Federal Clean Water Act, the Washington Shoreline Management Act, and other local, state, 
and federal aquatic resources regulatory programs.  The contact at Pacific Northwest 
Aquaculture is ChangMook Sohn, (360 701-1110).   

In connection with the proposed Project, Pacific Northwest Aquaculture has submitted an 
application for a U.S. Army Corps of Engineers (COE) permit.  The Endangered Species Act 
(ESA) requires Federal agencies to ensure that they do not authorize, fund, or carry out 
actions that are likely to jeopardize the continued existence of endangered or threatened 
species or result in the destruction or adverse modification of critical habitat for such 
species.  This Biological Evaluation (BE) has been prepared to assist the COE in its review of 
the permit application.  In addition, an evaluation of the effects of the proposed Project on 
Essential Fish Habitat (EFH) has been prepared pursuant to the Magnuson-Stevens Fishery 
Conservation and Management Act and the 1996 Sustainable Fisheries Act.  

A COE permit for the proposed new geoduck aquaculture Project, if issued, would only 
authorize one planting-harvesting cycle over the 10-year period, although planting and 
harvesting of various sections of the Project Area may be staggered.  Once harvested, a 
second planting on any part of the Project Area would require additional evaluations and/or 
new COE permit.  Any proposed time extensions or proposals to permanently operate 
commercial geoduck aquaculture activities at this site would require additional evaluations 
and/or a separate COE permit.  No harvesting activities may occur beyond the 10-year 
timeline regardless of whether geoduck remain available at the site, without an additional 
evaluation and/or permit. 

Species listed under the ESA that may potentially be present in the project area was 
obtained from: the U.S. Fish and Wildlife Service (USFWS) online Information, Planning, and 
Conservation (IPaC) decision support system (2014); National Marine Fisheries Service 
(NMFS) lists for Pacific salmon, marine mammals, marine turtles and other marine species 
(NMFS 2014); and a Washington State Department of Fish and Wildlife (WDFW) Priority 
Habitat and Species (PHS) report (WDFW 2014).  These sources indicate the potential 
presence of these ESA listed species and/or their designated critical habitats: Coastal/Puget 
Sound Bull Trout (Salvelinus confluentus), Puget Sound Chinook Salmon (Oncorhynchus 
tshawytscha), Puget Sound Steelhead (Oncorhynchus mykiss), Puget Sound/Georgia Basin 
Bocaccio (Sebastes paucispinis), Puget Sound/Georgia Basin Canary Rockfish, (Sebastes 
pinniger), Puget Sound yelloweye rockfish (Sebastes ruberrimus), Southern Resident (SR) 
Killer Whales (Orcinus orca), and Marbled Murrelet (Brachyramphus marmoratus), in the 
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vicinity of the Project.  A search of the Washington State Department of Natural Resources 
(WDNR) Natural Heritage Program online database revealed no records of any listed plants, 
high quality ecosystems or other significant natural features within a mile of the Project Area 
(WDNR 2014). 

Although Bald Eagles were delisted from the ESA in July 2007, they are still protected under 
the Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Plan (USFWS 2007).  
WDFW PHS data accessed online indicate that the nearest Bald Eagle nest is approximately 
800 feet to the east of the Project area; this record dates from 2005 (WDFW 2014). The 
Project area is therefore outside of the USFWS recommended 660 foot Bald Eagle nest 
buffer.  Due to this distance, a Bald Eagle allowable work window is not expected to be a 
permit condition for this Project.  

The COE has issued Nation Wide Permit 48 (NWP 48) for existing aquaculture farms and new 
aquaculture farms 0.5 acre or less.  The COE has completed formal section 7 consultation 
under the Endangered Species Act with USFWS and NMFS to determine the effects of 
aquaculture practices on ESA Listed Species and designated Critical Habitat.  This BE 
addresses the potential effects of a new 1.1 acre geoduck aquaculture on the species listed 
above, and is being submitted to fulfill consultation requirements pursuant to Section 7 of 
the Endangered Species Act.  The conclusions of this BE are consistent with previous 
Biological Opinions issued by the services for NWP 48 and are listed below in Table 1. 

Table 1.  Summary of ESA Listed Species and Critical Habitats (CH) with corresponding effect determinations.  

NLAA indicates a “may affect, but is not likely to adversely affect”. 

ESA Listed Species Federal Status 
Species Effects 
Determinations 

Designated CH in 
Action Area? 

CH Effect 
Determinations 

Puget Sound Chinook Salmon 
(Oncorhynchus tshawytscha) 

threatened NLAA yes NLAA 

Coastal-Puget Sound Bull Trout 
(Salvelinus confluentus) 

threatened NLAA no n/a 

Puget Sound Steelhead Trout 
(Oncorhynchus mykiss) 

threatened NLAA no n/a 

Southern Resident Killer Whale 
(Orcinus orca) 

endangered NLAA yes NLAA 

Marbled Murrelet 
(Brachyramphus marmoratus) 

threatened NLAA no n/a 

Puget Sound/Georgia Basin 
Bocaccio 
(Sebastes paucispinis) 

endangered NLAA yes NLAA 

Puget Sound/Georgia Basin 
Canary Rockfish 
(Sebastes pinniger) 

threatened NLAA yes NLAA 
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Additional ESA Listed Species occurring in Puget Sound that are not expected to be found in 
the Action Area are listed below.  Humpback whales, Yellow Eye Rockfish, and sea turtles are 
not considered in the BE (no effect), because of the following reasons:   

 Humpback Whale (Megaptera novaeangliae) - This species is restricted to deeper, 
open water areas within Puget Sound and would not be expected to occur near Eld 
Inlet. Humpback Whales typical inhabit coastal areas because of the productivity of 
these habitats.  They rarely enter the inland waters of the Straits of Juan de Fuca, or 
Puget Sound.  Although reported sightings have increased in recent years with 13 
different individuals during 2003 and 2004, most of these whales were in the Straits 
and not in Puget Sound (Falcone et al. 2005).  Based on their infrequent use of Puget 
Sound, it is considered unlikely that Humpback Whales would be present in the 
Action Area at any time. 

 Leatherback Sea Turtle (Dermochelys coriacea), Loggerhead Sea Turtle (Caretta 
caretta), Green Sea Turtle (Chelonia mydas), Olive Ridley Sea Turtle (Lepidochelys 
olivacea) – As noted on the NOAA website, sightings and strandings of these marine 
turtles are very rare, and there are no breeding beaches in the Northwest Region.  
Because sea turtles typically occur in offshore locations, it is unlikely that this species 
ever uses Zangle Cove or the Action Area.   

 Puget Sound/Georgia Basin Yelloweye Rockfish (Sebastes ruberrimus). This species 
generally inhabits coastal benthic habitats at depths greater than 120 feet and during 
earlier life stages, is associated with kelp beds, rocky reefs and other rocky high-relief 
habitats and is not typically found in intertidal areas.  It is highly unlikely that this 
species occurs within the Action Area or Zangle Cove. 

The following ESA listed species may occur in Thurston County. These are terrestrial or 
freshwater species and do not inhabit marine environments.  They are not considered in the 
BE (no effect): 

 Golden Paintbrush (Castilleja levisecta) 

 Water Howellia (Howellia aquatilis) 

 Oregon Spotted Frog (Rana pretiosa) 

 Northern Spotted Owl (Strix occidentalis caurina) 

 Streaked Horned Lark (Eremophila alpestris strigata) 

 Yellow-Billed Cuckoo (Coccyzus americanus) 

 Taylor's Checkerspot (Euphydryas editha taylori) 

 Olympia Pocket Gopher (Thomomys mazama pugetensis) 

 Tenino Pocket Gopher (Thomomys mazama tumuli) 

 Yelm Pocket Gopher (Thomomys mazama yelmensis) 
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The EFH assessment focuses on potential project impacts to coastal pelagic, groundfish and 
Pacific salmon, which are covered by the Pacific salmon and groundfish Fisheries 
Management Plans.  It was concluded that the proposed action will not adversely affect EFH 
for Pacific salmon, groundfish, or coastal pelagic species, including both managed species 
and prey species, occurring at or near the project vicinity. 
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2 PROJECT DESCRIPTION 

2.1 PROPOSED PROJECT 

Pacific Northwest Aquaculture proposes to operate a new 1.1 acre commercial geoduck tube 
aquaculture (Project) within the intertidal zone (+3’ to -4.5’ MLLW) of Zangle Cove.  The 
proposed Project is located on private tidelands at Thurston County Parcel# 12911440102 
(Figures 1- 5).  The Project will be developed in a phased approach. 
 
Bed Preparation  
The proposed farm site was professionally surveyed in 2014. Boundary corners will be 
assigned GPS coordinates during the land survey and survey stakes will be used to mark the 
boundary line (stakes will be pushed into the sediment; no use of concrete).  Any existing 
garbage found during the site preparation process will be removed.  There will be no 
removal, raking, or disturbance of substrate or subtidal vegetation during this phase.   
 
Geoduck Seeding and Tube Placement 
Geoducks will be seeded by hand.  In this phase, a 10 inch length of 4-6 inch diameter PVC 
pipe (tube) will be placed on end and buried in the substrate with 2 to 3 inches exposed (see 
Figures 9-11).  Tubes are placed at the density of one per square foot (Approximately 
47,900) while seeds are planted three per tube. Seed planting will be completed by 2 to 4 
workers.  The projected amount of time to complete the seeding is 8 four-hour periods 
during low tide cycles.  During the growth period the juvenile geoduck will be within the 
confines of protective tubes.  To protect the juvenile geoduck clams from predators, the 
tubes will be covered with area netting after seeding.  The area netting will be made of 50 x 
50 foot durable nets.  A total of 16 nets will cover the growing area.  Area netting will be 
staked with rebar every ten feet to ensure that nets stay anchored and prevent any loose 
tubes from being washed into Zangle Cove and Dana Passage.  Rebar will be pushed into the 
substrate.  Area nets below the line of mean higher high water will have identification 
markers spaced every 50 feet. Markers will be attached to rebar. 

 
Bed Maintenance  
Bed maintenance is largely a period of low-intensity farm observation and growth/mortality 
monitoring.  Every effort will be made to ensure tubes, nets, and fasteners will not wash off 
the farm area.  Periodically, site visits will be made to check and clean up any debris in the 
Project vicinity.  These will occur at least once every month.  In addition, after major storm 
events, a site visit will also be conducted.  A record will be kept on where debris tends to 
accumulate.   

After 18 months, when the juvenile geoduck clams reach a size at which protection against 
predation is no longer needed, the PVC tubes and area netting will be removed. Following 
the tube removal, the predator netting may be replaced over the growing area for an 
additional 6 months depending on local predation pressure.  There will be 2 to 4 workers 
involved in the phase of tube removal.  The projected amount of time to complete the whole 
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process of tube removal will be 8 four-hour periods during low tide cycles.  After tubes and 
netting are removed, the growing beds will continue to be maintained until the harvest.  

Harvesting  
Geoduck clams will be harvested when they reach marketable size (1.5 to 2 lbs) in five to six 
years.  Harvest will occur by hand on the exposed beach during daytime low tide cycles.  
Harvest will be undertaken using low-pressure water pumps with a nozzle inside tip 
diameter of 5/8-inch (WAC 220-52-019(2a)) or less.  The nozzles will be hand held and 
controlled by the operator; the nozzle pressure is limited to about 100 psi measured at the 
pump.  Water intake lines on the pumps are fitted with screens that meet NMFS screening 
criteria to prevent entrainment of fish or other species.  The water hose will be injected 
directly into the sediment adjacent to the geoduck siphon.  This procedure loosens the 
sediment around the geoduck and allows it to be removed by hand.  Pumps for the hoses are 
run by a small internal combustion engine and would be mounted on a small 8 X 8 foot barge 
(no propulsion) and outfitted with a muffler and covered entirely with an insulated box to 
minimize sound.  The barge will reside next to the vessel just offshore of the harvest.  This 
harvest method has been widely applied in Washington State for intertidal geoduck 
aquaculture (NMFS 2009). 
   
Harvest by SCUBA diving, from below the water line, will only be used on the rare occasion 
the tide levels are not low enough for the hand harvest method.  It is expected this method 
will be used for less than 10% of the harvest time.  This method is the same as above except 
it is conducted by scuba diving.   
 
Supporting Activities 
Vessel Operations 

 
All equipment will be maintained and fueled at an off-site location.  There will be no 
stockpiling or disposal area at the Project Area.  There will be two types of vessels used 
during different phases of the Project.  The vessel used for seeding activities will be a 21ft 
vessel with a 250 Hp Honda engine.  The vessel used for harvesting activities will be a 15ft 
vessel with a 25 Hp Yamaha engine.  The larger vessel is needed to carry the PVC tubes and 
the smaller vessel can easily be maneuvered for harvesting activities.  The vessels will be 
moored at an offsite marina when not in use.  During the harvest phase, the barge will house 
the water pumps onboard and will remain just offshore and primarily stationary until the 
work is completed.  It is anticipated that the vessel will run at speeds at or below 4 knots 
during its transit to the beach. 
 

2.2 CONSTRUCTION SCHEDULE 

Pacific Northwest Aquaculture proposes to begin work in May of 2015 (phase 1) and seed 
planting (phase II) is proposed to begin in July 2015.   
 
The online WDFW Priority Habitats and Species (PHS) database was accessed to determine 
the presence of protected forage fish species: Surf Smelt (Hypomesus pretiosus) and Pacific 
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Sand Lance (Ammodytes hexapterus).   According to these data, the Project Area is not 
documented as a forage fish spawning beach.  Surf Smelt spawning is documented on 
beaches 700’ west and 2,000’ east of the Project Area.   No eelgrass is present on or near the 
Project Area and no occurrences of Pacific Herring (Clupea pallasii) spawning has been 
documented.   It is not anticipated that a work window for the protection of forage fish 
species will be a permit condition. 

 
Construction sequencing and timing of each phase: 
Phase I  Site Preparation (May 2015 to July 2015) 
Phase II  Seed Planting   (July 2015 to October, 2015) 
Phase II  Bed Maintenance  (October 2015 to June 2020) 
Phase III  Harvesting   (July 2020 to December 2020) 
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3 DESCRIPTION OF THE PROJECT AND ACTION AREAS 

3.1 PROJECT AREA 

The Project Area includes all locations where Project activities could occur (Figures 4 and 5).  
Planting of geoducks will take place between tidal elevation -4.5’ to +3’ MLLW.  The 
proposed geoduck aquaculture site is located within an “Approved” growing area, according 
to the 2013 Washington Department of Health 2013 shellfish growing area annual report for 
South Puget Sound (Clyde 2013).  Sediments in this area are unvegetated with course to fine 
soft sand and mud.   Accumulations of unattached macroalgae may be seasonally present 
depending on winds, currents, and storms (Figures 6-8). 

3.2 ACTION AREA 

The Action Area encompasses the location where geoduck seeding will occur (Project Area) 
as well as all areas that may be directly or indirectly affected by the proposed Project (Figure 
2).  The geographic limits of the Action Area are defined by considering the potential 
geographic reach of mechanisms that may lead to impacts on listed species.  For this Project, 
the primary potential mechanisms of impact are turbidity and noise.  For this Project, 
potential noise impacts were used to determine the extent of the Action Area because noise 
is expected to travel further than turbidity.     

Based on NMFS recommendations, the Action Area will include the distance from the vessel 
for the sound to attenuate to a level that protects listed species.  For this Project, the 
calculation for the Action Area is therefore determined based on the practical spreading loss 
model and the distance necessary for sound to attenuate from 157 dBrms (“skiff” vessel) to 
120 dBrms (background level or continuous noise disturbance threshold for marine 
mammals).  The model returned a distance of 267 meters (874 feet).  A map of the Action 
Area is provided in Figure 2. 

A noise impact analysis is presented in Section 5 to define the potential effects of the 
proposed project on salmonids, Southern Resident killer whale, and marbled murrelet given 
the extent of the Action Area.  A list of model assumptions and calculations specific to these 
species is presented in Appendix B. 

Baseline Conditions in the Project Vicinity 

Sediments in the Action Area are largely similar to the Project Area, consisting of 
unvegetated, mud, course to fine soft sand, and gravel sediment.  A site visit during negative 
tides in June of 2014 by ACERA biologists found no instances of eelgrass or attached 
macroalgae (kelp).  Figures 6-8 provide aerial photographs and site photographs taken at 
negative low tides. 

These findings agree with the Washington Coastal Atlas from the Ecology (2014) website at: 
https://fortress.wa.gov/ecy/coastalatlas/.  This website does map “patchy fringe kelp” along 

https://fortress.wa.gov/ecy/coastalatlas/
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the shoreline of the project area.   However, this information is based on aerial photograph 
interpretation, not an assessment of the site. 

The Action Area lies within WRIA 13 (Deschutes) in Thurston County.  There are no major 
river systems or estuaries near the Action Area.  The shoreline is undeveloped and has a high 
gradient slope/marine bluff.  The upper beach consists of moderately sloped unconsolidated 
sand, gravel, cobble, driftwood, and shell hash.  Overhanging trees and shrubs are present 
along the base of the marine bluff. The intertidal zone is low-sloped with sandy/gravel 
moving to soft sand and mud at lower elevations. Thick accumulations of unattached 
macroalgae (mostly Ulva spp.) and marine detritus was observed below –l’ MLLW. 

The Project is located at the mouth of Zangle Cove.  This is a small shallow cove along the 
south side of Dana Passage.   Zangle Cove typically goes completely dry at low tide.   

Adjacent properties are developed with rural single family residences.  Existing geoduck 
aquaculture farms are located east of the Project, on the south side of Dana Passage.   

There is currently no commercial aquaculture, but Zangle Cove was a historic shellfish 
farming area for oysters.  There is no public access from the uplands and adjacent properties 
are privately owned.  Recreational boating occurs throughout the year in Dana Passage.  
However, due to the shallow waters of Zangle Cove most recreational vessels are likely to 
avoid the area.   

Within the Action Area the transport of sediments is a dynamic, short-term cyclical and 
morphological process that is largely attributed to the tides and local drift cell currents in 
intertidal systems. The direction of the local drift cell is east.  
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4 DESCRIPTION OF SPECIES AND HABITAT USE 

The listed species associated with the Action Area are Puget Sound (PS) Chinook Salmon, 
Coastal-Puget Sound Bull Trout, PS Steelhead Trout, Puget Sound/Georgia Basin (PS/GB) 
Bocaccio, PS/GB Canary Rockfish, Southern Resident (SR) Killer Whale, and Marbled 
Murrelet.  Additionally, the Action Area includes designated critical habitat for PS Chinook 
Salmon, PS/GB Bocaccio, PS/GB Canary Rockfish, and SR Killer Whale.  Per conversations 
with the COE, this section is reduced to a list of references that describe the life history of 
the species and a description of how the species may utilize the Action Area.  The geographic 
distribution and boundaries of critical habitat areas, as well as the extent of the Action Area 
within these critical habitats is discussed below.   

4.1 PUGET SOUND CHINOOK SALMON (Oncorhynchus tshawytscha) 

General life history information for PS Chinook Salmon, including use of nearshore habitats 
by juvenile fish, may be found in Healey 1982, Healey 1991, and Simenstad et al. 1982.  
Updated stock information is located on-line at the WDFW SASI website, 
http://wdfw.wa.gov/fish/sasi/ and distribution data is located at the WDFW SalmonScape GIS 
map tool, http://wdfw.wa.gov/mapping/salmonscape/index.html. 

According to the WDFW PHS Database (WDFW 2014), the closest documented PS Chinook 
Salmon presence is in tributaries to Budd Inlet (Deschutes River and Indian/Moxlie Creek) 
and Henderson Inlet (Woodland Creek).  Although no documented spawning or rearing 
tributaries are within the Project vicinity, juvenile PS Chinook may stray into Zangle Cove to 
feed.  Juvenile Chinook that outmigrate from their natal streams early in their first year are 
dependent on shallow estuarine and nearshore marine areas for rearing and foraging until 
large enough to move offshore into deeper waters.  Sub-adult and adult PS Chinook could be 
present in the Action Area at any time of year, but are not dependent on shallow water 
areas. 

4.2 BULL TROUT (Salvelinus confluentus) 

General life history information for Coastal/Puget Sound bull trout can be found in the 
following references: Rieman and McIntyre 1993, 1995; and USFWS 1999.  Stock information 
may be found in Washington State Salmonid Stock Inventory Bull Trout/Dolly Varden 
(WDFW 2014); distribution data is located at the WDFW SalmonScape GIS map tool, 
http://wdfw.wa.gov/mapping/salmonscape/index.html. 

In South Puget Sound, Bull Trout have only been detected as far south as the Nisqually River, 
which was probably a historical natal basin.  The Puyallup River is the closest current 
population and it is suspected that even if Bull Trout are using south Puget Sound, they are 
not very abundant (USFWS 2009).  The Project Action Area is not within designated Bull 
Trout critical habitat (USFWS 2010).  Bull Trout are not expected to be present within the 
Action Area in significant numbers at any time. 

http://wdfw.wa.gov/fish/sasi/
http://wdfw.wa.gov/mapping/salmonscape/index.html
http://wdfw.wa.gov/mapping/salmonscape/index.html
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4.3 PUGET SOUND STEELHEAD TROUT (Oncorhynchus mykiss) 

General life history information for PS Steelhead Trout has been reviewed in the Status 
Review Update for Puget Sound Steelhead (NMFS 2005a; Ford et al. 2010).  Updated stock 
information is located on-line at the WDFW SASI website, http://wdfw.wa.gov/fish/sasi/ and 
distribution data is located at the WDFW SalmonScape GIS map tool, 
http://wdfw.wa.gov/mapping/salmonscape/index.html. 

According to the WDFW PHS Database (WDFW 2014), the closest documented PS Steelhead 
Trout presence has been in tributaries to Budd Inlet (Deschutes River) and Henderson Inlet 
(Woodland Creek and Woodard Creek).  Juvenile steelhead typically outmigrate to salt water 
after two years in freshwater.  Little is known about their habitat use in Puget Sound, but it is 
generally thought that they move offshore and to ocean waters quickly.  It is unlikely that 
juvenile rearing occurs in shallow waters of the Action Area; occasional opportunistic foraging 
is more likely, but still would not comprise regular use by PS Steelhead.  Sub-adult and adult PS 
Steelhead may use the deeper waters of the Action Area for migration and foraging, but are 
not expected to be present in significant numbers at any time. 

4.4 PS/GB BOCACCIO (SEBASTES PAUCISPINIS) AND PS/GB CANARY ROCKFISH (S. PINNIGER) 

General life history information for PS/GB Bocaccio and PS/GB Canary Rockfish can be found 
in the following references: Drake et al. 2010, Love et al. 2002, NOAA 2014, and Orr et al. 
2000.  Specific location, occurrence, and abundance information is lacking for South Puget 
Sound. 

Adults of both of these species are typically associated with deep water greater than 120 
feet that has structure such rocky reefs, seawalls, seamounts, etc.  Adult rockfish are highly 
unlikely to ever be present within the Project Area.  Larval stages of both these species are 
pelagic.  Nearshore habitats may be temporarily utilized by juveniles before they move into 
deeper water.  According to the references sited above, ideal nearshore rearing habitats are 
generally structurally diverse such as sandy eelgrass beds, rocky kelp beds, and tide pools.  
The Project Area is fine sand and mud substrate and kelp presence is limited to 
accumulations of unattached mats that may be seasonally present. 

The Project Area does not provide the types of nearshore environments that juveniles of 
these species are attracted to.  Due to rare occurrences of both these species in Puget Sound 
and the availability of much better near shore habitats such as eelgrass beds, rocky 
shorelines, and kelp forests, it is highly unlikely that juveniles of these species would choose 
to utilize the Project Area.  

PS/GB Bocaccio has not been observed in the Puget Sound since 2001.  It is therefore highly 
unlikely that this species is present within the Project Area at any time.  PS/GB Canary 
Rockfish is also very rare and it is unlikely that this species is present within the Project Area.   

 

http://wdfw.wa.gov/fish/sasi/
http://wdfw.wa.gov/mapping/salmonscape/index.html
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4.5 SOUTHERN RESIDENT KILLER WHALE (Orcinus orca) 

General life history and population information on SR Killer Whales can be found in the 2008 
Recovery Plan (NMFS 2008) and Ford et al. 2000; and recent stock assessment in Caretta et 
al. 2010. 

The proposed Project is within the designated critical habitat for SR Killer Whale. There have 
been recent sightings in Budd Bay (December 2014).  However, the occurrence rate is very 
low compared to most all other areas of Puget Sound (URL: 

http://www.orcanetwork.org/sightings/archives.html). The known occurrences coincide with the late 
fall Chum Salmon spawning runs in south Puget Sound.  Therefore it is considered unlikely 
that SR Killer Whale would be present in the Action Area at any time. 
 

4.6 MARBLED MURRELET (Brachyramphus marmoratus) 

Life history and population information on marbled murrelets may be found in the following 
references: USFWS 2009b; USFWS 1997. 

According to the WDFW PHS Database (WDFW 2014), no marbled murrelet occupancy sites 
occur within the Action Area.  Based on information in the USFWS Biological Opinion for 
Nationwide Permit 48 for shellfish aquaculture in Washington (USFWS 2009a) murrelets are 
observed in small numbers as far south as the Nisqually Reach and Budd Inlet.  Marbled 
murrelets could forage and pass over Zangle Cove while in transit to other areas, but there is no 
data indicating regular use of the Action Area by this species. 
 

4.7 PUGET SOUND CHINOOK SALMON CRITICAL HABITAT 

On September 2, 2005, NOAA Fisheries designated critical habitat for PS Chinook (NOAA 
2005b).  Based on this critical habitat designation, the entire Action Area is within critical 
habitat for PS Chinook. 

4.8 PS/GB BOCACCIO AND PS/GB CANARY ROCKFISH NEARSHORE CRITICAL HABITAT 

Puget Sound nearshore critical habitat for PS/GB Bocaccio, PS/GB Canary Rockfish is 
designated within the entire Project Area.  It is defined as juvenile settlement habitats 
located in the nearshore occurring from the shoreline from extreme high water out to a 
depth no greater than 30 m (98 ft) relative to mean lower low water  with substrates such as 
sand, rock and/or cobble compositions that also support kelp (families Chordaceae, 
Alariaceae, Lessoniacea, Costariaceae, and Laminaricea) are essential for conservation 
because these features enable forage opportunities and refuge from predators and enable 
behavioral and physiological changes needed for juveniles to occupy deeper adult habitats 
(NOAA 2014). 

http://www.orcanetwork.org/sightings/archives.html
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4.9 SOUTHERN RESIDENT KILLER WHALE CRITICAL HABITAT 

Critical habitat was designated for the SR Killer Whale on June 15, 2006 (NOAA 2006).  Three 
areas have been designated as critical habitat: Area 1: the Core Summer Area; Area 2: Puget 
Sound excluding Hood Canal; and Area 3: the Strait of Juan de Fuca.  The Action Area is 
located within Area 2.  According to the final rule, designated critical habitat includes all 
waters within Puget Sound deeper than -20 ft Extreme High Water (EHW).  There have been 
limited sightings of SR Killer Whales in the Puget Sound south of Tacoma.  
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5 EFFECTS OF THE PROJECT 

5.1 SUMMARY OF EFFECTS 

This section presents the direct and indirect effects of the proposed Project on ESA listed 
species within the Action Area and describes interrelated and interdependent actions that may 
lead to effects on these species.  Specific regulatory considerations and impact avoidance and 
minimization measures are addressed in Section 6 of this document.  The following terms are 
used in relation to the specific effects of the actions discussed: 

 Short-term impacts are associated with the planting and harvesting of geoduck 
clams.  These are localized pulse disturbances.  Seeding activities may last up to a 
total of 8 consecutive days of activity on the bed during minus tide cycle (4 hour 
periods).  Harvest activities may last a series of several consecutive days of activity on 
the bed during minus tide cycle over a two month 5-7 years post planting. 

 Long-term impacts are associated with the grow-out phase: the period of time 
geoduck clams are growing in the substrate (up to 7 years continuously). 

Geoduck tube placement, area nets, and harvest activities could potentially directly disturb 
individuals of the covered species.  Indirect effects to listed fish species include changes to 
epibenthic prey (forage) base.  The use of motorized vessels and water pumps introduce 
noise and the potential risk of fuel spills which could impact habitat and individuals of the 
covered species.  

Juvenile salmonids and juvenile rockfish; sub-adult and adult salmonids may be present in 
the Action Area during geoduck placement and harvest operations.  Adult ESA listed rockfish 
inhabit deeper water and their presence in Project Area is discountable.  As described below, 
any of these direct and indirect effects are expected to be minimal and well below the 
thresholds for injury or direct mortality.  No long-term adverse effects are expected for any 
salmonid or rockfish species of concern. 

Marbled murrelets have only been sighted in surveys in South Puget Sound near the 
Nisqually River delta and Henderson Inlet (USFWS 2009a). No Marbled Murrelet nesting 
areas are close enough to the Project for nesting behavior to be affected by any project 
activities.  SR Killer Whales are unlikely to be present in the Action Area due to its shallow 
depth.   

5.2 DIRECT EFFECTS ON SPECIES OF CONCERN 

Direct effects include actions that would potentially remove or destroy habitat, displace or 
otherwise influence the species, either positively (beneficial effects) or negatively (adverse 
effects). 
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5.2.1 Direct Effects on ESA Listed Fish Species 

ESA listed salmonids and rockfish species all may use the Action Area in similar ways i.e. 
temporary use by juveniles for cover, rearing, and forage.  Due to their similarities in habitat 
use, direct effects of all ESA listed fish species are evaluated together.   

The primary mechanisms for direct effects to listed fish species are addressed below.  There 
would be little risk of adverse impacts to listed fish species because most planting and 
harvesting activities would occur when the beach is exposed during low tide levels.  There 
will be temporary increase in turbidly due to dive harvesting. This method will be used rarely 
(less than 10% during the harvest period).  In addition, during harvest activities, intake hoses 
will be fitted with approved screen to minimize entrainment of fish.  Thus, no direct 
mortality or harm of any ESA listed fish species is expected as a result of this Project. 

5.2.1.1 Short Term Effects to Water Quality  

Turbidity/ Suspended Sediments 

All phases, bed preparation, planting, and harvesting (see dive harvesting below), will be 
done when the beach is exposed during low tide cycles to minimize turbidity impacts 
associated with substrate disturbance impacts.  Sediment disturbance during planting, 
including tube and area net placement, is expected to be minimal and impacts to water 
quality are not expected.  Minimal increases in turbidity after harvest activities are expected 
immediately following tidal inundation in areas where sediments have been disturbed, but 
this would be localized, temporary, and likely limited to the mixing zone defined by the 
Department of Ecology criteria (typically 150 feet).  Recent research indicates that the plume 
from sediment disturbance after harvest activities is highly localized to the aquaculture plot 
and declines rapidly within a short distance away, due to tides and local drift cells, (USFWS 
2009; Crawford et al. 2003; Environ 2009). The duration of the potential turbidly plume is 
short but salmonids may be temporarily displaced.  Puget Sound nearshore habitats are 
subject to naturally variable suspended sediment levels, particularly as a result of tide, wave 
and wind action (Downing 1983). Therefore, any suspended sediment would likely be within 
the range of natural variability experienced by ESA listed rockfish. 

Dive harvesting has the potential to introduce suspended sediments into the water column.  
However, dive harvesting activities are not likely to cause behavior change in ESA listed fish 
species.  It is expected to be well below thresholds for injury to fish.  Avoidance of the area 
would not limit foraging opportunities in Zangle Cove or otherwise negatively affect ESA 
listed fish species. 

In summary, Project related impacts to water quality would be temporary, short term, and 
minimal. They would not exceed background levels caused by tide, wind, and wave action.  
Turbidity by the proposed Project is not likely to adversely affect listed ESA fish species.  
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Contaminates 

Accidental spills of chemicals could occur in conjunction with vessel transport and water 
pump operation.  Exposure to these contaminates can cause serious health issues to marine 
organisms.  To minimize impacts, the vessel will have a spill containment kit on board and 
regularly check all equipment for leaks.   

5.2.1.2 Short Term Effects of Noise from Vessel Use and Water Pumps  

Potential effects to ESA listed fish from noise associated with vessel activities and water 
pumps include stress and physical harm.  The noise associated with geoduck harvest is 
primarily limited to the intertidal area when the vessel is idling.  Water pumps will be 
covered with an insulated box to minimize sound.  The vessel will result in an estimated 157 
dBrms at one yard from the source.  The disturbance threshold for fish is 150 dBrms.  Based on 
this information and the assumptions in Appendix B, the maximum distance at which there is 
a risk of disturbance to salmonids is 8.5 feet (2.6 meters).  Fish would have to be in the 
immediate vicinity for any disturbance from vessel sound.   

Vessel traffic is not expected to cause considerable disturbance.  The Project is located 
between Boston Harbor Marina and Zittel’s Marina.  Adjacent areas are regularly used by 
recreational vessels.  Project related vessel traffic is considered to be insignificant 
(immeasurable) against the environmental baseline.  If ESA listed fish are present but avoid 
the Action Area due to sound disturbance, there remains ample nearshore area for foraging 
and refuge within Zangle Cove.  Therefore, it is unlikely that a temporary displacement or 
physical harm would result from Project activities.     

5.2.1.3 Long Term Effects of Geoduck Grow-Out 

There is a recent indication that PVC tubes will not restrict fish passage over or through them 
and thus will not cause any barrier to migration (Environ 2008).  Tube placement is short 
term and will be removed after 18 months leaving the geoducks growing within the 
substrate.   

5.2.2 Direct Effects on Southern Resident Killer Whale 

As reviewed in the NMFS Proposed Conservation Plan for this population (NMFS 2005b) and 
the recent WSDOT BA manual (2013), sound level thresholds for injury and behavioral 
change for Killer Whales are poorly understood.  However, the possibility for SR Killer 
Whales to be present in Action Area during the brief time that harvesting activities are 
occurring is considered very small or even discountable (based on whale sighting 
information in Southern South Sound and the shallow water depth) the risk of disturbance to 
the SR Killer Whale population is considered to be very low.  If these animals were present in 
the Action Area, they would more likely remain in deeper waters of Dana Passage where 
sound levels would be considerably lower and risk of injury or disturbance therefore even 
lower than in immediate proximity to harvest noise by water pumps and vessel use.   
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5.2.3 Direct Effects on Marbled Murrelet 

Direct effects, as it relates to geoduck aquaculture operations and Marbled Murrelet, 
includes potential effects from noise.  Noise associated with vessel motors during planting 
and harvesting activities could result in temporary displacement of Marbled Murrelets from 
the immediate area.  In general, the direct effects of human disturbance on murrelets at sea 
are not well documented.  Murrelets observed around heavy vessel traffic do not appear to 
be adversely affected by ambient noise from an urban area (Strachan et al. 1995 as cited in 
USFWS 2009a).  The noise associated with geoduck harvest is primarily limited to the 
intertidal area, and the use of vessels transiting back and forth would be insignificant 
(immeasurable) against the environmental baseline of other vessels in Zangle Cove/Dana 
Passage.  The noise analysis for marbled murrelets is the same for fish (Section 5.2.1.2).  
Therefore, it is unlikely that a temporary displacement from foraging activities would result 
by Project activities.   

5.3 INDIRECT EFFECTS ON SPECIES PREY BASE 

Indirect effects are those that are caused by the proposed action that may take place later in 
time, but still are reasonably certain to occur.  Indirect effects may include impacts to food 
resources or foraging areas. 

ESA listed rock fish juveniles primarily feed on plankton and invertebrates associated with large 
macroalgae (kelp).  The Project is not likely to have any significant effects on their prey base. 

The existing intertidal and shallow subtidal shoreline within the Action Area is composed mainly 
of soft sand and mud.  The intertidal and shallow subtidal portions of the Action Area may 
support a community of epibenthic organisms (living on the surface of bottom sediments) on 
which small juvenile salmonids prey, although this community is not expected to be substantial 
given the lack of existing complex substrate for benthic organisms to live upon.   

Nevertheless, Project activities may result in short-term reductions in available salmonid prey 
that are present in the Action Area.  The same activities that interact with the bottom and 
have the potential to increase turbidity are also likely to affect epibenthic production.  
Similar to the temporal and spatial factors considered for the turbidity analysis (Section 
5.2.1.1), benthic disruptions are certain to be highly localized.  Harvest activities that interact 
with the bottom are limited to the Project area, and short term.  Geoducks are planted and 
harvested once during low tide cycles over a period of seven years.  

Recent research indicates that recovery of the epibenthic community from shellfish harvest may 
occur rapidly (Kaiser et al. 1998; Crawford et al. 2003; ) although the research is currently limited 
(USFWS 2009).  It is anticipated that this level of benthic disturbance is consistent with the 
existing range of normal storm/wave activity (Dernie 2003).  

According to the Washington Department of Fish and Wildlife (WDFW) Priority Habitats and 
Species (PHS) Database (WDFW 2014), Surf Smelt are documented to spawn on intertidal 
beaches (+7’ MLLW) 700’ west and 2,000’ east of the Project Area.  There is no documented 
Pacific Herring or Pacific Sand Lance spawning occurrences in the Project vicinity.  Forage 
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fish, such as the Surf Smelt, are important prey base for marine species including salmonids 
and birds.  The geoduck track is proposed from+3’MLLW to -4.5’MLLW and will not impact 
forage fish spawning sands.  Project activities will not store equipment longer than seven 
days, if necessary, on the beach.  Even though harvest activities may temporarily displace 
epibenthic organisms, forage fish are not likely to be affected since they feed on plankton 
species (NatureServe 2011) rather than benthic species.  It is not expected that forage fish will 
be negatively impacted by Project activities. 

As previously mentioned, tube placement and harvesting activities could cause short term 
temporarily disturbance of benthic habitat affecting the availability of benthic food resources 
for listed salmonids for a short period of time following disturbance.  Impacts are expected to 
be minimal since they are short in duration and occur once in a seven year period.   

5.4 EFFECTS ON PUGET SOUND CHINOOK SALMON CRITICAL HABITAT 

NOAA Fisheries (2005) identified six Primary Constituent Elements (PCEs) (i.e., physical and 
biological features) essential to the conservation of PS Chinook salmon.  Of the six PCEs, only 
nearshore marine applies to the Action Area: 

“Nearshore marine areas free of obstruction with water quality and quantity 
conditions and forage, including aquatic invertebrates and fishes, supporting 
growth and maturation; and natural cover such as submerged and 
overhanging large wood, aquatic vegetation, large rocks and boulders, and 
side channels.” 

Water Quality and Quantity 

The effects of the Project on water quality are addressed in Section 5.2.1.1 of this document.  
There may be reductions in water quality due to turbidity and suspended sediment 
associated with harvest activities, but these would be localized within the temporary mixing 
zone and would dissipate quickly.  There would also be a temporary increase risk of spills 
associated with small engine water pump equipment, but this would be minimized through 
the use of mitigation measures and BMP’s.  Water quantity would not be affected by Project 
activities.  The project would not result in any changes to this component of critical habitat. 

Forage 

The effects of the project on salmon foraging opportunities are addressed in Section 5.3 of 
this document.  There may be short-term changes in the Action Area by pelagic prey 
organisms due to disturbance during harvest activities, but there are ample salmon foraging 
opportunities within Zangle Cove that would not be affected by Project activities.  The 
Project would not result in any changes to this component of critical habitat. 
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Natural Cover 

The Project Area is a relatively simple low gradient mud/sandy beach and provides negligible 
natural cover.  Eelgrass and attached kelp are not present within the Project Area.  There is 
existing large woody debris and overhanging vegetation along the adjacent shoreline that 
may be used for cover by juvenile PS Chinook.  No Project activities will be conducted in this 
area and no modifications to this habitat are proposed.  Overall, the project would result in 
no changes to this component of critical habitat. 

Based on PCEs for salmonids in Puget Sound, the proposed Project will not result in any 
negative changes to PS Chinook critical habitat.   

5.5 EFFECTS ON CANARY ROCKFISH AND BOCACCIO CRITICAL HABITAT 

NMFS identified physical and biological features essential to the conservation of juvenile 
PS/GB Canary Rockfish and PS/GB Bocaccio: 

“Juvenile settlement habitats located in the nearshore with substrates such as 
sand, rock and/or cobble compositions that also support kelp (families 
Chordaceae, Alariaceae, Lessoniacea, Costariaceae, and Laminaricea) are 
essential for conservation because these features enable forage opportunities 
and refuge from predators and enable behavioral and physiological changes 
needed for juveniles to occupy deeper adult habitats.” 

According to NMFS, evaluation of the quality of these features within the Project Area and 
assessment of potential Project impacts to designated Critical Habitat under section 7 ESA 
consultation should consider the following: 

1. Quantity, quality, and availability of prey species to support individual growth, 
survival, reproduction, and feeding opportunities.  

2. Water quality and sufficient levels of dissolved oxygen to support growth, 
survival, reproduction, and feeding opportunities. 

Forage 

Existing forage and cover habitat is low quality due to the lack of large attached kelp species 
and muddy/sand substrate within the Project Area.  Kelp species observed within the Project 
Area are seasonally accumulated loose drift, primarily (Ulva sp.).  No significant impacts to 
kelp abundance and therefore kelp associated forage species are anticipated.  Potential 
Project effects on the availability of invertebrate prey species associated with kelp will be 
negligible.  The Project would not result in any changes to this component of critical habitat. 
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Water Quality and Quantity 

The effects of the Project on water quality are addressed in Section 5.2.1.1 of this document.  
There may be reductions in water quality due to turbidity and suspended sediment 
associated with harvest activities, but these would be localized within the temporary mixing 
zone and would dissipate quickly.  There would also be a temporary increase risk of spills 
associated with small engine water pump equipment, but this would be minimized through 
the use of mitigation measures and BMP’s.  Water quantity would not be affected by Project 
activities.  The project would not result in any changes to this component of critical habitat. 

 

5.6 EFFECTS ON SOUTHERN RESIDENT KILLER WHALE CRITICAL HABITAT 

NOAA identified three PCEs essential to the conservation of SR Killer Whale critical habitat 
(NOAA 2006). 

1. Water quality to support growth and development; 

2. Prey species of sufficient quantity, quality, and availability to support 
individual growth, reproduction, and development, as well as overall 
population growth; 

3. Passage conditions to allow for migration, resting and foraging. 

Based on critical habitat boundaries for marine areas in Puget Sound, the Action Area below 
-20 ft EHW (deeper than -5.70 ft. MLLW) is proposed critical habitat.  Effects of the Project 
on the three primary constituent elements are presented in detail below. 

Water Quality  

The effects of the Project on water quality are addressed in Section 5.2.1.1 of this document.  
There may be temporary reductions in water quality due to turbidity associated with harvest 
activities, but these impacts would be localized within the mixing zone and would dissipate 
quickly.  A temporary increase in risk of spills associated with motorized equipment is also 
possible, but this would be minimized through the use of mitigation measures and BMP’s. 

Prey Quantity, Quality, and Availability  

SR Killer Whales prey mainly on salmonids, and may prefer Chinook and Chum Salmon runs 
within Puget Sound (NOAA 2006).  There are no documented large Chum or Chinook runs 
within Zangle Cove, but adults of these species may migrate through the area.  In addition, 
PS Chinook Salmon and their critical habitat are protected within much of the Action Area. 
Therefore, SR Killer Whale prey quantity, quality and availability are not anticipated to be 
compromised.  
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Passage Conditions  

Passage of salmonids along the intertidal and shallow subtidal shoreline would not be 
obstructed; therefore, foraging opportunities for SR Killer Whales will not be adversely 
affected. Vessels operations are relatively immobile, with minimal sound and insignificant 
potential to affect passage.  The effects on passage are extremely unlikely and therefore 
discountable. Based on these conclusions, the Project is expected to have a negligible impact 
on passage conditions.   

5.7 CUMULATIVE EFFECTS 

From an ESA perspective, the analysis of cumulative effects considers future non-Federal 
actions (i.e., non-Federal projects that do not require Federal permits) that may affect 
habitats and ESA listed species in the action area.  No such actions have been identified.  Any 
future project that entails in-water work will require a Federal permit and appropriate ESA 
review.   

Generally, cumulative effects discussions are included only in Biological Assessments that 
require formal consultation, i.e., those with likely to adversely affect (LTAA) effect 
determinations for one or more listed species or designated critical habitats. 

 

5.8 INTERRELATED AND INTERDEPENDENT EFFECTS 

The Project will install a new geoduck aquaculture site.   There has been a long history of 
past and present shellfish aquaculture in the Project vicinity and recreational vessel use.  
There is no substantial change to interrelated and interdependent effects in Zangle Cove to 
consider for the listed species or designated critical habitat. 
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6 IMPACT AVOIDANCE, MINIMIZATION, AND CONSERVATION MEASURES  

The following are mitigation measures to avoid and minimize Project impacts. These are 
common permit conditions and BMPs typical of shellfish aquaculture in Puget Sound. 

6.1 REGULATORY CONSIDERATIONS 

Federal, state, and local permits contain conditions that are intended to reduce the potential 
for short-term effects from in-water construction activities and long-term effects from 
habitat change.  These provisions comprise an extensive list of conservation measures that 
are applied to projects in or near estuarine waters.  

1. Materials used for construction or discharged into waters of the United States must 
be free from toxic pollutants in toxic amounts. Unsuitable material (e.g., trash, 
debris, car bodies, asphalt, tires, etc.) shall not be used for any activity, whether 
permanent or temporary, in waters of the United States.   

2. Shellfish culturing shall not be placed within 25 horizontal feet of existing vegetated 
shallows or kelp.  

3. Shellfish culturing shall not be placed above the tidal elevation of +5 MLLW if the 
area is documented as surf smelt spawning habitat by the WDFW.  

4. Shellfish culturing shall not be placed above the tidal elevation of +7 feet Mean 
Lower Low Water if the area is documented as Pacific sand lance spawning habitat by 
the WDFW. 

5. Permitees shall not use tidelands waterward from the line of mean higher high water 
(MHHW) for the long-term storage of bags, racks, marker stakes, rebar, nets, tubes 
not currently secured to the substrate, etc. Materials to be stored for longer than 7 
days shall be stored above the MHHW line. At a minimum of once a year, 
aquaculture debris shall be removed from the permit area and disposed of or stored 
appropriately. This condition does not to apply to the wet storage of harvested 
shellfish.  

6. All pump intakes (for geoduck harvest, washing down gear, etc.) that use seawater 
shall be screened in accordance with NMFS and WDFW criteria. Note: This does not 
apply to work boat motor intakes (jet pumps).  

7. All-terrain vehicles, other vehicles, and equipment shall not be washed within 150 
feet of any stream, waterbody, or wetland. All wash water shall be treated before 
being discharged to any stream, waterbody, or wetland.  

8. All tubes, area nets (e.g. anti-predator nets), and other equipment used on the 
tidelands below the line of mean higher high water shall be clearly, indelibly, and 
permanently marked to identify the permittee name and contact information (e.g., 
telephone number, email address, and/or mailing address). On the nets, 
identification markers will be placed with a minimum of one identification marker for 
each 50 feet of net.  
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9. At least once every three months beaches in the project vicinity shall be patrolled by 
crews who will retrieve debris (e.g., anti-predator nets, tubes, tube caps, netting 
stakes, etc.) that escapes from the project area. Within the project vicinity, locations 
shall be identified where debris tends to accumulate due to wave, current, or wind 
action, and after weather events these locations shall be patrolled by crews who will 
retrieve shellfish aquaculture debris. The permittee shall maintain a record with the 
following information and the record shall be made available upon request to the 
COE, NMFS, and USFWS: date of patrol, location of areas patrolled, description of the 
type and amount of retrieved debris, other pertinent information.  

10. The permittee shall ensure area nets (e.g., anti-predator nets) are tightly secured to 
prevent them from escaping from the project area.  

11. Vessels used for shellfish culturing at the project area shall not ground in eelgrass 
beds.  

12. Install tube predator exclusion devices in straight rows or blocks that are appealing to 
upland observers.   Whenever possible, use nets colored to blend into the 
surrounding environment. 

13. Avoid individual tube netting that can more easily break and litter; instead, use large-
cover nets.  

14. Avoid the use of heavy equipment on intertidal areas and beaches.  

15. Adequate sanitation toilet and washing facilities will be available at all times for 
employees working on the beach.  Employees will not use the beach, adjacent 
uplands, or waters for personal sanitation. 

16. Minimize impacts to covered species caused by disturbances to benthic sediment and 
benthic flora and fauna, and caused by turbidity.  Harvest method to the removal of 
individual geoducks using hand-operated water jets as stipulated in WAC 220-52-
019(2a).  
 

17. Provide a spill containment kit, including oil-absorbent materials, on site to be used 
in the event of a spill or if any oil product is observed in the water. 

18. Water quality standards and procedures that limit the impact of turbidity to a 
defined mixing zone will be observed (401 Water Quality Certification). 

19. Fuel hoses, oil or fuel transfer valves and fittings, etc., shall be checked regularly for 
drips or leaks, and shall be maintained and stored properly to prevent spills into state 
waters.  The permittee shall maintain a record of inspections and the results of these 
inspections shall be made available to the COE, NMFS, and USFWS upon request. 
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7 ESSENTIAL FISH HABITAT ANALYSIS 

7.1 ACTION AGENCY 

US Army Corps of Engineers, Seattle District 

7.2 PROJECT NAME 

Pacific Northwest Aquaculture 

7.3 ESSENTIAL FISH HABITAT BACKGROUND 

The Magnuson-Stevens Fishery Conservation and Management Act, as amended by the 
Sustainable Fisheries Act of 1996 (Public Law 104-267), requires Federal agencies to consult 
with NMFS on activities that may adversely affect Essential Fish Habitat (EFH). 

The objective of this EFH assessment is to determine whether or not the proposed action(s) 
“may adversely affect” designated EFH for relevant commercially, federally-managed 
fisheries species within the proposed action area.  It also describes conservation measures 
proposed to avoid, minimize, or otherwise offset potential adverse effects to designated EFH 
resulting from the proposed action. 

The Pacific salmon management unit includes Chinook, Coho, and Pink Salmon. All three 
species use the marine nearshore environment for rearing as juveniles and migration for 
both adults and juveniles.  All three are known to occur in South Puget Sound and may be 
present within the Action Area.  

In addition to Pacific salmon, EFH has been designated for groundfish and coastal pelagic 
species.  EFH for Pacific coast groundfish is generally defined as the aquatic habitat from the 
mean higher high water line, and the upriver extent of saltwater intrusion in river mouths 
seaward (PFMC 1998a).  The groundfish species affected by the Project are limited to the 
Estuarine Ecological Relationship or “composite” EFH and have the potential to occur in 
Zangle Cove Inlet and within the Action Area.  EFH for coastal pelagic species is generally 
defined as all marine and estuarine waters from the shoreline offshore above the 
thermocline.  These fishes are primarily associated with the open ocean and coastal waters 
(PFMC 1998b), and are not likely to occur within the Project vicinity. 

 
7.4 DESCRIPTION OF THE PROJECT/PROPOSED ACTIVITY 

For the purpose of this assessment, the proposed action for the EFH assessment and BE 
incorporate the same project elements.  A detailed description of the proposed Project is 
included in Section 2 of this BE.  The Project proposes to install and operate a new 1 acre 
commercial intertidal geoduck clam aquaculture site between +3 MLLW and -4.5 MLLW.  
This work will be developed in a phased approach including: site preparation; seed planting 
and tube placement; bed maintenance; and harvesting.   
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7.5 POTENTIAL ADVERSE EFFECTS OF PROPOSED PROJECT 

The adverse effects are discussed in the BE in Section 5 and are expected to be similar for all 
federally managed Pacific salmon that occur in the Action Area.  The specific elements of the 
Project that could potentially impact groundfish, coastal pelagic, and salmonid species EFH, 
impact mechanisms, and conservation measures that avoid and minimize impacts are 
identified in Table 2. 
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Table 2.  Affected EFH by Project Elements and Proposed Conservation Measures. 

Project Element Affected EFH Impact Mechanism 
Applicable Conservation 

Measures
1 

Site Preparation Groundfish, coastal 
pelagic, and salmonid 
EFH (substrate) 

Install boundary markers.   Clean up any garbage. 1, 2, 3 

Seed Planting Groundfish, coastal 
pelagic, and salmonid 
EFH (substrate, waters) 

Activities associated with placement of PVC tubes and seeding of juvenile 
geoduck clams.  Vessel use. 

1, 2, 3, 4, 5, 6,7  

 Groundfish, coastal 
pelagic, and salmonid 
EFH (waters) 

Placement of predator nets. 1, 2, 3 

Tube removal and bed 
maintenance 

Groundfish,  coastal 
pelagic, and salmonid 
EFH (substrate) 

Remove tubes and nets. 1, 2, 3, 4, 5, 6, 7 

Harvesting Groundfish,  coastal 
pelagic, and salmonid 
EFH (substrate, waters) 

Vessel, and low pressure water hose operation.   1, 2, 3, 4, 5, 6, 7 

1
 See list below for applicable conservation measures. 

List of Applicable Conservation Measures 

1. Work will be completed in the dry during periods of tidal exposure wherever possible. 
2. Equipment will be vessel-based and will not operate on the beach. 
3. Compliance with applicable State water quality standards (WAC 173-201A).  
4. Spill cleanup materials on vessel. 
5. Use of approved screens on water pumps. 
6. Use hand-operated hand jets (WAC220-52-019(2a)). 
7. Regularly check and maintain fuel hoses, oil valves and fittings for leaks. 
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7.6 ADVERSE EFFECTS TO SALMON EFH 

The impacts of the Project on salmonid EFH, and minimization measures to address them are 
shown in Table 2.  The Project has the potential to temporarily increase turbidity/suspended 
sediments, disturb benthic food base and forage fish, and introduce chemical contamination 
(fuel spills) in the water column.   

Sound associated with vessels and small engine water pumps are not expected to be 
detrimental to EFH in this limited area (Section 3.2 and Section 5.2.1.2) during project 
activities.  Shellfish aquaculture will not adversely affect forage fish as they spawn at 
elevations above those where geoduck culture is practiced.   

7.7 ADVERSE EFFECTS TO GROUNDFISH EFH    

The impacts of the Project on groundfish EFH, and minimization measures to address them 
are shown in Table 2.  The Project could temporarily increase turbidity/suspended 
sediments, disturb benthic substrate, and introduce chemical contamination (water pump 
fuel spills) in the water column.   

7.8 ADVERSE EFFECTS TO COASTAL PELAGIC EFH  

The impacts of the Project on coastal pelagic EFH, and minimization measures to address 
them are shown in Table 2.  The Project could temporarily increase turbidity/suspended 
sediments, disturb benthic substrate, and introduce chemical contamination (water pump 
fuel spills) in the water column. 
 

7.9 EFH CONSERVATION MEASURES 

Conservation measures are listed in Section 6.  The measures will be implemented to 
minimize adverse effects to designated EFH described above. 
 

7.10 CONCLUSIONS  

The primary concern for EFH in the Project Action Area is increased turbidity by harvest 
activities and its potential effects to EFH.  All other potential effects of the action upon EFH, 
including seeding and bed maintenance are expected to be short-term temporary effects 
and will be further minimized by the conservation measures listed above.  Therefore, the 
proposed action will not adversely affect EFH for Pacific salmon, groundfish, or coastal 
pelagic species.    
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8 CONCLUSIONS AND DETERMINATIONS 

8.1 PUGET SOUND CHINOOK SALMON, BULL TROUT, AND STEELHEAD TROUT  

This BE assesses potential direct effects of this Project on ESA listed salmonids: short term 
localized decrease in water quality; noise, potential for spills from equipment, and long term 
grow-out of geoducks in the substrate.  This evaluation concludes that while there is 
potential for short-term direct effects on listed salmonids, adherence to permit conditions 
and water quality standards will result in a very low level of risk for direct effects on these 
fish. 

This BE also assesses indirect effects of the Project, generally related to how the Project 
affects benthic prey abundance.  There could be a temporary decrease in available 
epibenthic salmonid prey (via sediment disturbance), but these are expected to recover 
quickly post-activities.   
 
Overall, there may be minimal short-term temporary effects of this project on listed 
salmonids, but no lasting negative effects.  Based on the analysis in this BE, the Project may 
affect, but is not likely adversely affect PS Chinook Salmon, Bull Trout, and PS Steelhead 
Trout.  
 

8.2 PS/GB BOCACCIO (SEBASTES PAUCISPINIS) AND PS/GB CANARY ROCKFISH (S. PINNIGER) 

This BE assesses potential direct effects of this Project on ESA listed rockfish: short term 
localized decrease in water quality; noise, potential for spills from equipment, and long term 
grow-out of geoducks in the substrate.  This evaluation concludes that while there is 
potential for short-term direct effects on ESA listed rockfish, adherence to permit conditions, 
and water quality standards will result in a very low level of risk for direct effects on these 
fish. 

This BE also assesses indirect effects of the Project, generally related to how the Project 
affects prey abundance.  There could be a temporary decrease in available pray abundance 
associated with temporary disturbance of unattached kelp.  Tides and currents provide a 
continuous source of loose kelp and it is expected to recover quickly post-activities.   
 
Overall, there may be minimal short-term temporary effects of this project on ESA listed 
rockfish, but no lasting negative effects.  Based on the analysis in this BE, the Project may 
affect, but is not likely adversely affect PS/GB Bocaccio and PS/GB Canary Rockfish.  
 
 

8.3 SOUTHERN RESIDENT KILLER WHALE,  

The SR Killer Whale is considered unlikely to be present in the Action Area. In the unlikely 
scenario that SR Killer Whales are present during Project activities, Project noise from vessels 
and water pumps is not expected to be significantly higher than the environmental baseline 
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(use by recreational vessels).  Based on the analysis in this BE, the Project may affect, but is 
not likely adversely affect SR Killer Whale. 

8.4 MARBLED MURRELET 

Marbled Murrelets are known to forage in the waters of South Puget Sound, although they 
are unlikely to regularly forage in the Zangle Cove.  Project activities are not expected to 
disturb Marbled Murrelet foraging, and would therefore have minimal effects on birds 
feeding in Zangle Cove.  Based on the analysis in this BE, the Project may affect, but is not 
likely adversely affect Marbled Murrelets. 

8.5 PUGET SOUND CHINOOK SALMON CRITICAL HABITAT 

This BE has reviewed the effects of the Project on the single applicable primary constituent 
element of PS Chinook salmon critical habitat with components including water quality, 
quantity; forage; and natural cover.  Based on the analysis included in this document, there 
may be temporary, localized, and short term effects on critical habitat.  Therefore, the 
Project may affect, but is not likely to adversely affect PS Chinook salmon critical habitat. 

8.6 PS/GB BOCACCIO AND PS/GB CANARY ROCKFISH CRITICAL HABITAT 

This BE has reviewed the effects of the Project on PS/GB Bocaccio and PS/GB Canary 
Rockfish critical habitat critical habitat including water quality and forage prey base.  Based 
on the analysis included in this document, there may be temporary, localized, and short 
term effects on critical habitat.  Therefore, the Project may affect, but is not likely to 
adversely affect PS/GB Bocaccio and PS/GB Canary Rockfish critical habitat. 

8.7 SOUTHERN RESIDENT KILLER WHALE CRITICAL HABITAT 

Since the Project will take place in the nearshore marine environment, this BE has reviewed 
its effects on the three primary constituent elements of SR Killer Whale critical habitat: 
water quality, prey species, and passage conditions.  Based on the analysis included in this 
document, there may be temporary effects on critical habitat, but in the long term, 
negligible effects on water quality is expected.  Therefore, the Project may affect, but is not 
likely to adversely affect SR Killer Whale critical habitat. 
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Figure 7. Coastal Atlas Photograph 
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7/11/2006 at 1:58.48 PM  
Parcel Boundary Approximate – Not to Scale 
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Figure 8. Site Photos  

1. Looking East at the tideline 
2. Looking  West at the tideline 
3. Looking East along shoreline 
4. Looking South into  Zangle Cove 
Note: Photos taken on June 12th, 2014  
during the lower-low tide (approx. -3.0’ MLLW) 
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Figure 9. Typical Perspective View  
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Perspective View of a Typical Geoduck Farm 
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Figure 10. Typical Cross Section View 
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Cross-Section View of a Typical Geoduck Tube 
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Figure 11. Typical Plan View 
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NOISE IMPACT ANALYSIS 

The Practical Spreading Loss model is recommended to predict sound propagation from 
Project actions and for determination of the Action Area.  Project actions will involve a 15 ft 
vessel with a 25Hp Yamaha engine and a 21 ft vessel with 250 HP Honda engine.  Since 
sound pressure levels are not available for these particular vessel, the following assumptions 
are based on the noise impacts associated with a 14-18ft “skiff” with a 25-40Hp outboard 
engine (Kipp 2003, as cited in Wyatt 2008) and a 21 ft “Boston Whaler” with a 250 Hp 
outboard engine (Blackwell and Greene 2002, as cited in Wyatt 2008).   

1) Noise level for the project:   
1. During seeding activities, one “skiff” vessel running at low speeds (less than 4 

knots) will result in 157 dBrms at a distance of one yard (0.91 meters) from 
the source.   

2. During Harvest activities, one “Boston Whaler” vessel running at low speeds 
will result in 147.2 dBrms at a distance of 1 meter from the source. 

3. The “skiff” is used to estimate the Action Area. 
2) The baseline sound level in for this Project is based on recommendation by NMFS, 

120 dBrms  
3) Sound will attenuate at a rate of 4.5 dB per doubling of distance (Practical Spreading 

Loss model). 
4) Sound will not reflect off or travel through landmasses.  
5) Noise reduction factors include shallow water and soft-bottom substrate.  Sound 

does not propagate well in shallow water and sand substrate will reduce noise (vs. 
hard bedrock). 

6) The threshold for disturbance of salmonids and marbled murrelets is 150 dBRMS. 
7) The threshold for disturbance of killer whales is 120 dBRMS. 
8) To calculate the distance from the source to attenuate to a level that is protective of 

listed species: 
R1(meters)=R2(meters) *10^((V-threshold)/15) 
Where   

 R1 is the estimated distance (in meters) at which sound from the vessel is 
expected to attenuate below the threshold for the species. 

 R2 is the distance (in meters) from the vessel where the sound level was 
measured. 

 V is the estimated sound level (in dB) produced by the vessel operating in the 
Action Area. 

 Threshold is the behavioral disruption threshold for the species 

 15 is the transmission loss constant (decrease in aquatic pressure as the sound 
wave propagated outward from a source) with a default value of 15. 

 Solve for R1 
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