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Geoduck culture and cover net near Stretch Island, Case Inlet

Randy Carman



Geoduck site with some invertebrate settlement, Stretch Island

Randy Carman



Some geoduck tubes still holding up net, Stretch Island

Randy Carman



PSAMP 
1992-2008 

Aerial Survey 
Tracks: 
Stratified 

Random Strip 
Transects  by 
Two Strata 

Nearshore transect line 
in red < 20 m depth 

Offshore transect line in 
blue > 20 m depth



Summer  Bird  Abundance,  Inner
Marine  Waters  of  Washington

Alcids
11.2%

Gulls/Terns
73.0%

Other spp.
7.5%

Ducks/Geese
8.3%



Diving Ducks
31%

Alcids
2%

Gulls
12%

Shorebirds
11%

Cormorants
2%

Dabblers/Geese
37%

Grebes/Loons
5%

Composition of Marine Bird Populations
Seen in Winter in Greater Puget Sound

Note: 4-5 fold 
increase in total 
numbers from 

summer



Marine Bird Atlas on WDFW Web Site



Marine Bird Atlas on WDFW Web Site



Documented Sand Lance Spawning in Case Inlet

Joemma Site

Stretch Is. Site



Marine Bird Atlas on WDFW Web Site



Marine Bird Atlas on WDFW Web Site



Marine Bird Atlas on WDFW Web Site

Stretch Is. Site

Joemma Site



One of the more widespread 
breeding marine birds, Pigeon 
Guillemot, utilizing southern 
Puget Sound in summer and 
typical nesting habitat used here 

Winter plumage of adult

Plumage of juvenile fledgling

Plumage of breeding adults

Coastal Atlas, WA 
Department  of Ecology



Joemma Site

Stretch Is. Site



Pigeon 
Guillemot 
Colonies 
Surveyed 
Each May 
1999-2003

Pigeon Guillemot Colonies 
In Inner Marine Waters 
Now Known To Include 

481 Sites Containing 
Almost 16,000 birds

125 of 481 sites located in 
Southern Puget Sound

Note difference in occurrence of 
colonies between southern and 

central Puget Sound regions



Surf Scoters

Wintering Status, Distribution, and 
Trends of Key Scoter Species

White-winged Scoters



Diet
2005-2006

Graduate studies by 
Eric Anderson, 
University of Wyoming



Other sea duck species 
to compare with scoters

Goldeneye species

Harlequin Duck

Merganser species

Long-tailed Duck
Bufflehead



Relative Changes in Selected Densities of Wintering Marine 
Birds in Nearshore Strata of Northern Inner Marine Waters of 

Washington 1978-2006.  
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Sampled 2000-06 MESA Subregion 
Rather than Limited Area Sampled 
by 1978-79 MESA Aerial Transects 

*  Mean For All Nearshore Strata 
Sampled 2000-06 MESA Subregion 
Rather than Limited Area Sampled 
by 1978-79 MESA Aerial Transects

Example of declining 
species eating 
invertebrates

Example of declining 
species eating fish

Species present, density indices not 
calculated for 2000-2006 

Species present, density indices not 
calculated for 2000-2006



Winter Scoter Density Indices in Nearshore (< 20m Depth) Waters 
of Inner Marine Waters of Washington State, 1994-2008.

R2 = 0.6871
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Diving Duck Composition, 
Winter Surveys in Greater

Puget Sound 1992-99

Scoters
36%

Buffleheads
23%

Goldeneyes
17%

Scaup
8% Other

16%

Surf  64%

White-winged  33%
Black  3%



Distribution 
of Wintering 

Scoter 
Densities in 
Southern 

and Central  
Puget Sound 

1993-99
Close to 20% of scoters 

in all inner marine waters 
in winter occur in 

southern Puget Sound Joemma Site

Stretch Is. Site



Scaup Densities 
Observed in 

Southern and 
Central Puget 

Sound
Winters 1993-99

•Distribution of scaup more 
clumped than scoters 

•Scaup also exhibited 
declines (72% percent)

Joemma Site

Stretch Is. Site



Goldeneye Species 
Densities Observed 

in Southern and 
Central Puget 

Sound
Winters 1993-99

• Distribution of goldeneyes 
less clumped than scoters 

•Goldeneyes exhibit less 
declines (23% percent)

Joemma Site

Stretch Is. Site



Sea Duck Trends in Southern Puget Sound 1994-2008 
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Sea Duck Trends in Whidbey Island Area 1994-2008
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Sea Duck Trends in Central Puget Sound 1994-2008 

0

20

40

60

80

100

120

140

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Year

D
en

si
ty

 (b
ir

ds
/k

m
2 )

SCOT
BUFF
GOLD
MERG
OLDS
HADU



Changes in Winter Scoter Density Indices in Different 
Subregions in the Nearshore (< 20m Depth) Inland Marine 

Waters of Washington State, 1994-2008.
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• Declines in key herring spawning stocks

• Change in local food webs or quality of habitats

• Relationship to human factors (harvest, 
disturbance, contaminant loads, mortality events)

• Low survival of juveniles and/or adults

• Disruption of age/sex ratios of species population

• Change in reproductive success for Washington- 
oriented component of individual species

• Shifting distributions flyway-wise of wintering birds

• Effects related to acute and chronic contamination

• Global or climatic oscillations or changes  

Factors that may relate to changes in marine 
avian species in Washington State



Focus Studies to Identify Mechanisms of Change



Capture Regions of 
Winter Surf Scoter 

Populations
• Captures generally conducted 

between Late November through 
mid-February

• Numbers of transmitters reported 
here are those that reported over 
entire spring 

• VHF values only include data that 
WDFW collected.

Winter Pop. PTT’s Years
Georgia Basin, B.C. 8 2005
Puget Sound, WA 36* 2004, 2005, 2006

San Francisco Bay, CA 27 2003, 2005, 2006

San Quentin, MX 2 2005
Total 75*

Winter Pop. VHF’s Years
Georgia Basin, B.C. 6 2005
Puget Sound, WA 63* 2004, 2005, 2006

San Francisco Bay, CA 25 2005, 2006

San Quentin, MX 2 2005, 2006
Total 96*

* Includes transmitters with 2 spring seasons of data.



Capture Locations of 
Puget Sound 

Wintering Surf Scoters

• NPS (Northern Puget Sound)
– Birch Bay - 2005
– Penn Cove, Oak Harbor - 

2004, 2005

• Admiralty Inlet/Strait of Juan 
de Fuca

– Kilisut Harbor – 2006

• CPS (Central Puget Sound)
– Port Orchard – 2004, 2005, 

2006

• SPS (Southern Puget Sound)
– Eld & Henderson Inlet, Peale 

Passage – 2004, 2005, 2006





Scoter Population Trends from Breeding Surveys: 
Strata Used by Washington Scoters Versus Strata 

not Used by Washington Scoters,  1978 - 2002.

R2 = 0.6904

R2 = 0.0196
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Percent Occurrence of Scoters in 
Salish Sea by end of each Month

• Both scoter 
species spend 
8-10 months 
in marine 
habitats in 
Salish Sea

• Females and 
males exhibit 
two different 
patterns
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Censuses of Three Selected Bays

Fall red box 
Winter, Spring blue box
Summer  pink box

Graduate studies by Eric 
Anderson, University of Wyoming



Home Range 
of Surf Scoters 
• These home ranges 

determined during 
November to February 

• Solid areas are where 30% 
likely and circles are 80% 
likely to occur

• Individual birds were 
observed to return to a 
number of the exact same 
wintering locations (89%+) 
in following years



SOUTHERN PUGET 
SOUND PTT

• Diurnal PTT locations of 
scoters, 2003-2005

• Representative of diurnal 
densities from aerial surveys



SOUTHERN PUGET 
SOUND PTT

• Nocturnal & Diurnal PTT 
locations of scoters, 
combined 2003-2005

• 372 nocturnal positions 
were obtained

• Shift towards more open 
water

• Most overlapping locations 
are
– Near sunrise/sunset 

time
– Within a few weeks of 

release



SOUTHERN PUGET SOUND VHF MOVEMENTS 
FROM DIURNAL TO NOCTURNAL TO DIURNAL

23 – 24 March, 2005

• 166.230 (11 Km 
each way)

• 166.369 (21 Km 
each way)

• 166.267 (4 Km 
then 9 Km)

• 166.665 (4 Km)

• 166.021 (5.7 
Km each way)

• 167.902 (7.4 
Km each way)

• 167.923 (0.8 
Km each way)



SOUTHERN PUGET 
SOUND VHF

• 4 nocturnal resting areas 
were identified

• Case Inlet was the primary 
resting area, used by all 
transmitted scoters

• Distances ranged from 0.5 
to 25 Km between diurnal 
occurrences and nocturnal 
resting areas.

• Most of these evening 
movements were > 15 Km

VHF Nocturnal Areas



SOUTHERN PUGET 
SOUND PTT

• 10 nocturnal resting areas 
were identified

• Case Inlet was the primary 
resting area, used by all 
transmitted scoters

55%

4%

1%

1%
12%

1%

4%10%

9%

12%



Herring Spawn and 
Other Food Resources
• Red highlights herring 

spawning used and yellow 
other areas with high 
frequency of Telemetry 
locations, and high numbers 
of Surf Scoters visiting 
during Spring.

• Boundary Bay (~40-50,000)

• Fraser River (~25-40,000)

• Padilla, Samish, Bellingham 
Bays & Oak Harbor area 
(several 1000 each)

• Western SOG & Howe 
Sound, Rocky Habitat 
(groups of 1-5000).



Different patterns of molting 
locations associated with 
wintering flock locations:

Yellow = Washington VHF
Green = Washington PTT

Red = San Francisco Bay VHF 
Pink = British Columbia VHF

Blue = Baja Mexico VHF

Molting Locations 
Presently Known 

for Surf Scoters in 
Washington 



COMPOSITION OF SCOTERS AT 
MOLTING SITES

Age and Sex Composition of Molting Surf (n=91) 
Captured in Padilla Bay, September 2007

Female ATY
86%

Female SY
3%

Male ATY
5%

Male TY
0%

Male SY
2%

Female TY
4%

Age and Sex Composition of Molting Surf 
Scoters (n=97) in Oak Harbor vicinity , 

September 2007

Female ATY
41%

Male TY
2%

Female TY
1%

Male ATY
56%

Female SY
0%

Male SY
0%

Padilla Bay 
(eelgrass)

Crescent Harbor 
(non-eelgrass)



Different Facets of Scoter Demography, 
Feeding Strategies, and Movements or 

Distribution Relevant to Aquaculture
Changes in distribution by time of day and season, age, and sex.

Considerable fidelity to wintering, molting, and staging areas. 

Scoters (2 spp) exhibit different uses of habitat and food webs.

Some species appear to need more consideration and protection.  

Trends perhaps different between Puget Sound subregions.  

Both species present in marine waters large percentage of year. 

Sea duck species require higher rates of survival of adults (than 
dabblers like mallards); mortality causes are more critical.    



Strategies for Management of Aquaculture 
Derived from Present Knowledge of  Most  

Common Nearshore Birds
Avoidance of key areas or concentrations (time or geography) for 

certain species,probably those declining or most concentrated.  

Consider other actions like use of buffers, reduction of human 
disturbance, and mitigation to adjust for compromises. 

Allow and plan for a diversity of habitats and food webs. 

Address the changing baseline challenge in Puget Sound, 
suggesting we resist accepting declining levels of resources. 

Strive for some balance of activities and focuses between human 
economies and the complex of species diversity and 
abundance that historically occurred here.

Determine if important gaps (knowledge or consequences) exist 
and how to address these, if pertinent for management. 
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