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3.0 Nearshore Biological Resources

3.1 Selected Vegetation Communities
3.1.1 Marine Riparian Zones

Considerable work has been undertaken since 2003 to understand the role of marine vegetation 
in the nearshore ecology of the Salish Sea (Brennan and Culverwell 2004, Romanuk and Levings 
2006, Herrera 2007a, 2007b, Romanuk and Levings 2010, Sobocinski et al. 2010). Most of this 
work is described in detail in Section 5.2 Marine Riparian Vegetation Modifications.

3.1.2 Eelgrass Meadows

Eelgrass meadows are one of the most important aquatic vegetation habitats that occur along 
beaches in Puget Sound. The native eelgrass, Zostera marina, covers an estimated 9 percent of 
Puget Sound below mean lower low water (MLLW) making it an important plant community in 
the region (Nelson and Waaland 1997). Eelgrass is important cover for juvenile fish and 
invertebrates (Phillips 1984). Eelgrass also provides a necessary structural surface for a 
community of epibenthic organisms, making eelgrass communities one of the most productive 
ecotones in the Pacific Northwest (Ferraro and Cole 2007). Marine littoral vegetation is 
important for the colonization of organisms that are key prey resources for other species. 
Eelgrass provides both physical structure and trophic support for the biological community, and 
is nursery habitat for many sensitive species including salmon (Murphy et al. 2000, Mumford 
2007, Bostrom et al. 2006). Native eelgrass has declined in Hood Canal and locations throughout 
the Puget Sound Region (Puget Sound Action Team 2007), but more information on eelgrass 
decline in Puget Sound is needed since historic and current data is limited (Essington et. al. 
2010).

Bainbridge Island Occurrence

Eelgrass occupies an estimated 18.7 miles of Bainbridge Island shoreline (Washington State 
Department of Natural Resources 2001 as reported in Battelle 2003). Eelgrass is dominant along 
the northwestern, northern and eastern shorelines, and notably absent along the western shoreline 
from south of Battle Point north to Point White (Battelle 2003). No updated data for eelgrass 
occurrence along Bainbridge Island were available and the Coastal Atlas (Ecology 2010a) 
showed the same eelgrass beds as the map presented in Battelle (2003), except an eelgrass bed 
was shown to occur within the Point Monroe lagoon that was not identified in the Battelle report. 

Habitat

Eelgrass beds commonly form near MLLW, but range from about two meters above MLLW to 
nine meters below MLLW. The depth to which eelgrass grows is determined mainly by water 
clarity (Mumford 2007). Factors including extremely low or high nutrient levels, substrate 
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composition, presence of algal species such as sea lettuce (Ulva spp.), and pollutants in the water 
can affect eelgrass distribution and abundance (Mumford 2007).

Threats

No specific data for Bainbridge Island were available regarding the potential change in eelgrass 
bed density or extent. Eelgrass loss, in general, is widely attributed to shading and disturbance
caused by construction and activities associated with shoreline development such as overwater 
structures (docks and moorages), and direct substrate disturbance from dredging and filling 
(Mumford 2007, Fresh et al 2006, SSPS 2007); and these likely pose a current and future risk 
related to development activities on the island’s shoreline.

Although bulkheading is frequently assumed to affect eelgrass bed occurrence, Finlayson (2006) 
demonstrated in northern Hood Canal that bulkheads did not have a statistically significant 
impact on eelgrass populations. His project area had numerous small streams that contributed to 
the sediment supply that may have reduced the impact of bulkheading on the substrate of the 
low-tide terrace, where eelgrass occurs. Along Bainbridge Island shorelines the potential effects 
of bulkheading on eelgrass may depend on several factors including whether localized sediment 
sources (e.g. stream vs. feeder bluffs) are present and how the bulkhead impacts wave energy,
substrates or other environmental conditions. Although direct links between eelgrass loss and 
bulkheading have not been demonstrated conclusively, the linkage is likely in certain settings.

Human activities on shore, such as agriculture (which can increase pollutants in stormwater 
runoff), as well as vessel activity that results in boat propeller scour and impacts on water 
quality, are also potential contributing factors that are common throughout Puget Sound 
(Mumford 2007, SSPS 2007). Water quality degradation has also been implicated in eelgrass 
declines. In situations where there are excessive nutrients, algal species such as sea lettuce will 
overgrow eelgrass (Mumford 2007). Excessive nutrients also can cause overgrowth by epiphytes 
associated with eelgrass on the blades, blocking light, nutrients and gas exchange (Mumford 
2007).

3.1.3 Kelp Forests

Kelp is associated with rocky coasts because they attach to rocky substrate and create habitat 
structure along these shorelines. Kelps are commonly divided into two categories – floating and 
non-floating varieties. Floating kelps including bull kelp (Nereocystis luetkeana) and giant kelp 
(Macrocystis integrifolia) are found adjacent to approximately 11 percent of Washington’s 
shoreline (Mumford 2007). The smaller, non-floating kelps such as soft brown kelp (e.g., 
Laminaria spp.) or chocolate brown kelp (e.g., Hedophyllum spp, Lessoniopsy spp.) are not 
easily monitored or mapped because they are often not readily visible in aerial photographs 
(EnviroVision et al. 2007). However, non-floating kelps are more widely distributed and more 
abundant than the floating varieties, and are found along approximately 31 percent of the state’s 
shoreline. In Kitsap County non-floating kelp is found along 21 percent of the shoreline areas, 
while floating kelp is only found along less than 1 percent of the shoreline (Mumford 2007). 
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Kelp forests provide refuge habitat for a number of fish species (Mumford 2007). They provide 
important habitat for some rockfish species (74 FR 18521). Juvenile and subadult salmon are 
also known to use habitat created by kelp forests, and depend on many species that are associated 
with kelp forests for food. Kelp forests provide important food web interactions for sea urchins, 
herring, crabs, mollusks, marine-associated birds, and a variety of marine mammals including 
sea otters and whales (Steneck et al. 2002, Carter et al 2007, Mumford 2007, NOAA 2010b).
Kelp forests also contribute to the food web as a source of direct consumption and through the 
addition of carbon in the form of detritus (Mumford 2007). As stated earlier, the habitat structure 
that is formed by kelp provides physical and biological conditions to support nursery, foraging, 
and refuge opportunities for sensitive species such as forage fish and salmon.

Bainbridge Island Occurrence

The Battelle (2003) study provided maps from the 2001 WDNR Shorezone Inventory that 
showed bull kelp beds have been observed at Wing Point on the eastern shore of Bainbridge 
Island and Point White along the southwestern shore. The Coastal Atlas (Ecology 2010a), which 
also uses the 1994 to 2000 WDNR Shorezone Inventory data, shows a combination of four types 
of kelp (bull, giant [floating kelp]; and soft and chocolate brown [non-floating kelp) as patchy 
areas along Bainbridge Island. The combined floating and non-floating kelp beds that were 
mapped for the Coastal Zone Atlas in addition to the bull kelp mapped by WDNR in 2001 
include Agate Point, the point west of Port Madison Bay, Skiff Point, between Murden Cove and 
Yeomalt Point, Rockaway Beach, Restoration Point, immediately west of South Beach, two 
segments along Rich Passage, one small patch at Crystal Springs Beach, and the mouth of 
Fletcher Bay. 

Habitat

Floating kelps are generally found along rocky shorelines in water with high salinity (>25 
practical salinity units [psu]), low temperature (<15 Celsius), high ambient light, high wave 
energy, hard substrate, and minimal sedimentation (Mumford 2007). Most occur in the shallow 
subtidal zone from MLLW to about 65 feet (20 meters) below MLLW, and prefer high-energy 
environments where tidal currents renew available nutrients and prevent sediments from 
covering young plants (Mumford 2007). Floating kelps are not rooted plants, although they have 
a root-like mass or holdfast that anchors the thallus to the rocky substrate. However, unlike true 
roots, the holdfasts are not responsible for absorbing and delivering nutrients to the plant. 

Non-floating kelp are also found along rocky shorelines but tend to be located in protected low to 
moderate energy areas that have solid substrate for growth, such as bedrock or rocks as small as 
pebbles, as well as a variety of artificial substrates such as boat bottoms, floats, docks and 
mooring buoys and chains (WDNR 2001, Dayton 1985). The non-floating kelp species are found 
in the lower intertidal and subtidal zones and do not have floats but are raised off the bottom by 
rigid stipes (examples include Pterygophora, Laminaria complanata). Other species have short 
stipes and create a canopy near the bottom, creating cover for a complex understory community 
of shade-loving, desiccation-intolerant kelp species (examples include Agarum spp., Costaria 
costata, Saccharina subsessile) (Dayton 1985). The importance of these smaller kelps is often 
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underestimated in comparison to the floating species, however their total contribution to the food 
web through direct consumption, detritus, and dissolved organic carbon is probably larger than 
the floating species (Duggins 1987, Duggins et al. 1989). This may particularly be the case 
considering the relatively high abundance of non-floating species compared to floating species 
(21 percent versus 1 percent) described above.

Habitat requirements for both floating and non-floating species differ slightly between life 
stages. Sporophytes (large plants) generally occur between MLLW (or higher in tidepools) and 
20 meters below MLLW (Mumford 2007). Habitat used during the gametophyte life stage (small 
filamentous plants comprised of perhaps just a few cells) is less understood (Mumford 2007).
Both stages should be considered when assessing potential or likely threats, and impacts of 
development.

Threats
Anecdotal reports of kelp bed loss from concerned citizens on Bainbridge Island were described 
in Mumford (2007), although specific locations are not noted. Kelp abundance is predominantly 
threatened by adverse changes in water quality, possible impacts on substrate composition (such 
as from sedimentation and from direct disturbance of substrates), and boat traffic for floating 
kelp. Kelp requires adequate light, cold temperatures, and nutrient levels that are suitably high 
but not excessively high for successful colonization and growth (Mumford 2007). Therefore, 
shoreline development that affects water clarity or available light, sedimentation (which can bury 
kelp), or nutrient levels can adversely impact kelp. Altered wave energy has also been shown to 
affect survival of kelp (Duggins et. al 2003).

Vegetation removal from land development may reduce infiltration and pollutant removal 
capacity in the watershed, and could result in greater run-off and increased turbidity from the 
addition of particulates. Increased turbidity would decrease growth due to reduced light in the 
water column. Increased nutrients in run-off may subsequently result in increased plankton 
growth (Steneck et al 2002) which could also reduce light availability. Abundance and 
distribution of kelp could also be reduced due to increased siltation that alters the substrate 
character (Mumford 2007). Other historical and potential future threats include loss of detritus 
feeders (e.g., sea cucumbers) that help maintain water quality, and increase of herbivores that eat 
kelp (Mumford 2007). Of these potential threats the impacts most closely tied to land use and 
development activities would be those associated with degraded water quality from increased 
pollutants or sediment delivery (see Section 5.0 Effects of Nearshore Modifications).

3.2 Selected Benthic Macroinvertebrates

As reported in Battelle (2003), shellfish listed for management by WDFW in Puget Sound 
include native littleneck, Manila littleneck, butter clam, cockle, Eastern softshell clam, Macoma, 
geoduck, horse clam, oyster, Dungeness crab, red rock crab, mussels, goose barnacles, sand 
shrimp, moon snails, and nudibranchs. Battelle (2003) summarized the ecology, management, 
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current status, and Bainbridge Island distributions of the more commonly harvested hardshell 
clam species (littleneck, Manila, and butter clams), geoduck, and Dungeness crab.

The following macroinvertebrates are listed as priority species on the Priority Habitat and 
Species (PHS) list (WDFW 2010a) for Kitsap County: Pinto (Northern) abalone, Geoduck, 
native littleneck, Manila littleneck, butter clam, Olympia oyster, Pacific oyster, Dungeness crab, 
and Pandalid shrimp. Of these species, the Pinto abalone is a candidate for listing on the State 
threatened and endangered species list and has been listed as a federal species of concern since 
2004 (WDFW 2010a). However, according to WDFW (Bob Sizemore, WDFW, personal 
communication, December 3, 2010), pinto abalone would not be found in the waters near 
Bainbridge Island and therefore they are not addressed in this report. Also, Olympia oyster is a 
candidate for listing on the State threatened and endangered species list. 

Since Battelle (2003) did not cover the candidate species Olympia oyster, a summary of their 
local occurrence, ecology, and threats to this species is provided in this section. Pandalid shrimp,
on the WDFW list of priority habitat and species are also covered in this report because they 
were not addressed by Battelle (2003). 

3.2.1 Olympia Oyster

Bainbridge Island Occurrence

Olympia oysters (Ostrea conchaphila) were once found in tidal channels, estuarine flats, bays 
and sounds from Southeast Alaska to Baja California. In Washington, they were especially 
abundant in the coastal estuaries and in southern Puget Sound and were a subsistence fishery for 
native Americans (Steele 1957). 

Oyster beds are mapped where suitable rocky outcrops exist on Bainbridge Island and were 
reported by WDFW (2010g) and Battelle (2003) to occur in Fletcher Bay, Manzanita Bay, and 
along the shoreline of Rich Passage. Olympia oyster prefer lagoons, channels, or impounded 
tidal areas that are flushed by freshwater and therefore would likely also be found in Point 
Monroe lagoon area and Murden Cove (Bob Sizemore, WDFW, personal communication, 
December 3, 2010). They may also prefer brackish water with salinities between 23 and 24 parts 
per thousand (Peter-Contesse, undated).

Habitat
Olympia oyster is primarily a subtidal species (Hertlein 1959), although they are sometimes 
found and can be cultured in the intertidal zone. The organization Puget Sound Restoration Fund 
has been actively promoting restoration of the species through culturing at sites including 
Bainbridge Island (Peter-Contesse, undated). Natural oyster reefs are 0 to 10 meters below 
MLLW, bordered above by mudflats and sometimes below by eelgrass beds. They prefer firm 
substrates comprised of mixed sand, mud, shell material, and rock (Peter-Contesse, undated), but 
are sometimes found in the intertidal zone attached to undersides of cobbles (Couch and Hassler 
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1989; reviewed by Baker 1995). Oysters are filter feeders, consuming plankton and particulate 
organic matter.

Threats

Oyster drills are the most serious predators that attack oysters directly (Galtsoff 1930, WDFW 
2010b). The Japanese oyster drill (Ceratostoma inornatum) was imported from Japan with the 
first planting of Japanese oyster seed in Samish Bay. The Japanese drill cuts a hole in the 
juvenile oysters and eats the meat of the oyster (WDFW 2010b). Scaups, scoters, and 
oystercatchers are also predators (Galtsoff 1930, WDFW 2010b). Human activities such as 
shoreline development that may increase the risk of invasive species introduction and 
colonization may, therefore, threaten oysters due to increased predation. Oysters can be 
adversely impacted by degraded water quality, and their habitats are adversely affected by silt 
and pollutants from highway construction and upland development or other activities that result 
in sedimentation (Armstrong et al. 1993, WDFW 2010b). Commercial harvesting of the Olympia 
oyster has occurred since the 1850’s and has caused a decline in the species. The Olympia oyster 
populations are also limited by temperature, low productivity, and loss of suitable rocky areas for 
attachment (Couch and Hassler 1989). Shoreline development and other development that results 
in impacts to water quality in nearshore embayments (e.g., increased turbidity, sediment 
disturbance and downstream nearshore sedimentation, temperature alterations, or introduction of 
pollutants) will potentially affect oysters and the planktonic food sources that are consumed by 
oysters. Population success may therefore be influenced by direct disturbance (including habitat 
alteration due to changes in water quality), and by indirect impacts on food availability.

3.2.2 Pandalid Shrimp

Pandalid shrimp (also called humpy shrimp) (Pandalus goniurus) are considered a state priority 
species for recreational, commercial, or tribal importance, and for having vulnerable 
aggregations that are susceptible to population decline (WDFW 2008). There is limited 
information for this species with regard to habitat requirements and potential threats.

Bainbridge Island Occurrence

Information on distribution of Pandalid shrimp around Bainbridge Island is limited, however, 
they have been observed in Eagle Harbor on the east side of the island (Elliot Bay Trustee 
Council 2009). Primary harvest areas for Pandalid shrimp are mainly in Holmes Harbor, 
Saratoga Pass, Port Susan, and Possession Sound, which are the closest reported harvest area 
information to Bainbridge Island (Washington Department of Fisheries 1992). 

Habitat

These shrimp are likely to be in deep embayments or the subtidal zone because they inhabit 
muddy substrate where their prey (worms, diatoms, detritus, algae, and various invertebrates) are 
present (ADFG 2010). The deeper embayments of Bainbridge Island include Eagle and Blakely 
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Harbors and Manzanita and Port Madison Bays where Pandalid shrimp could occur (and as 
stated above they have been observed in Eagle Harbor), Pandalid shrimp live mostly in the 
subtidal zone as adults (NMFS 2010a), usually over muddy substrate at depths up between 20 
feet (6 meters) and 1200 feet (365 meters (ADFG 2010). This species captures its prey between 
its legs before feeding on it. It is a protandrous hermaphrodite (male first, then female later in 
life). It probably is a male its first year, becomes female the second year, lays eggs, and then
dies. Eggs are observed from late November to April. Predators include sand sole. Pandalid 
shrimp eat polychaetes, small crustaceans such as amphipods and euphausiids, limpets, and other 
shrimp (NMFS 2010a).

Threats 
Threats to Pandalid shrimp are not well documented, particular with regard to development 
activities. However potential threats related to development activities are likely to be similar to 
limiting factors for other crustaceans such as Dungeness crab to the extent that development 
impacts extend to deeper waters where pandalid shrimp inhabit (subtidal zone). Stressors on 
pandalid shrimp include bottom trawling fishing and dredging; any activities which disrupt 
muddy subtidal substrates, as well as chemical contamination (Fisher and Velasquez 2008). 
Development that reduces water quality due to contaminants, altered temperature, or other 
factors can affect the abundance and distribution of prey species. This, in turn, can reduce prey 
availability for Pandalid shrimp, as well as for other sensitive species.

3.3 Fishes
3.3.1 Forage Fish

Battelle (2003) addresses the more common species of forage fish in Puget Sound include surf 
smelt (Hypomesus pretiosus), Pacific sand lance (Ammodytes hexapterus), and Pacific herring 
(Clupea pallasii). All forage fish are small schooling fishes that represent a significant 
component of the prey base for marine mammals, sea birds, and other fish populations in the 
region. Likewise, forage fish are important as recreational fishing bait and contribute 
significantly to commercial and subsistence fisheries. Forage fish rely upon a variety of shallow 
and intertidal nearshore and estuarine habitats, particularly for spawning, and are a valuable 
indicator of the health and productivity of the marine environment.

Bainbridge Island Occurrence

Battelle (2003) provides a fish occurrence map showing locations of herring, surf smelt, and sand 
lance spawning habitat. Herring spawning is mapped along the northern shoreline from one mile 
south of Point Monroe to Battle Point on the west side of the island (Battelle 2003). Surf smelt 
and sand lance spawning areas are generally in the same areas and occur along Agate Point and 
Agate Passage, Battle Point, Eagle Harbor area, and a small beach along Port Madison Bay.
Beach seine surveys reported by the Bainbridge Island Shoreline Stewardship Program (BISSP 
2007) may provide additional information shoreline use and distribution of fish including forage 
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fish. However, the data have not yet been analyzed or published, and were unavailable for this 
review.

Habitat

Pacific herring use the nearshore environment for all of their life-history stages. Herring deposit 
their eggs almost exclusively on marine vegetation (Penttila 2007). They primarily use eelgrass 
and marine algal turf as a spawning substrate but may also use middle intertidal boulder/cobble 
rock surfaces with little or no macroalgae (Penttila 2007). Eelgrass is also important habitat for 
herring, surf smelt, and other forage fish species as it provides refuge (Penttila 2007).

Like Pacific herring, surf smelt use nearshore habitat for all of their life-history stages. Pacific 
sand lance are a common and widespread forage fish in the nearshore marine waters throughout 
Puget Sound. Although there is limited life history information or population data available for 
Pacific sand lance (EnviroVision et al. 2007), the spawning habitat of this species resembles that 
of surf smelt; they spawn in the upper third of the intertidal zone, in sand-sized substrate 
(Penttila 2007). As a result, these two species often use the same beaches and co-occurrence of 
eggs is common during winter when spawning seasons overlap. In general, depositional shore 
forms such as beaches at the far ends of drift cells and sandy spits support sand lance spawning.

Prey and Foraging
As larvae, herring exhaust their yolk sac nutritional reserves after the first week of drifting and 
must then feed on microplankton (Penttila 2007). Like herring, surf smelt and sand lance also 
feed on marine plankton.

Threats

Direct habitat modification such as dredging can destroy nearshore marine vegetation to the 
detriment of herring spawning habitat (Penttila 2007). Dredging alters nearshore sea-bed 
topography to accommodate deep-draft vessel traffic and moorage. Nearshore bottomlands are 
commonly dredged too deep to allow sufficient light for marine vegetation beds to re-colonize 
and survive, resulting in a net loss of habitat. However, dredging is prohibited in herring 
spawning beds by WDFW under WAC220-110-320(8). Direct modification or excavation of 
beaches can affect surf smelt and sand lance forage fish spawning habitat.

For summer spawning fish, the presence of over-hanging trees along the upper beach area is 
important for moderating wind and sun exposure, which can kill eggs (Rice 2006). The low 
marine riparian vegetation cover along Bainbridge Island shorelines (27 percent) indicates that 
this may be a limiting factor for forage fish success. Protection of the marine riparian forest 
along the backshore of beaches is important (EnviroVision et al. 2007) because it cools the 
habitat along the upper intertidal beach, which is used by summer spawning populations of surf 
smelt and other forage fish (Penttila 2004, Rice 2006). In addition to physical habitat needs for 
spawning, all life stages utilize the nearshore zone (Penttila 2007). Therefore, forage fish are 
vulnerable to the impacts of shoreline development, including threats from bulkheads and 
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shoreline hardening, overwater structures, pollution runoff, and removal of shoreline and aquatic 
vegetation. 

No updated studies since the Battelle (2003) report regarding habitat use along Bainbridge Island 
shorelines by forage fish during various life stages were found. However, Beamer et al. (2008) 
found that pocket estuary-like habitat was most heavily used by juvenile smelt compared to other 
habitat types. Bainbridge Island embayments (Williams et al., 2004) are likely to provide 
significant habitat for forage fish. The effects of shoreline modifications in these areas and the 
resulting potential for long-term impacts on habitat, should therefore be considered when 
permitting activities in areas that are likely used by forage fish. 

Eelgrass is also important habitat as it provides refuge for forage fish, and is a spawning
substrate for Pacific herring (Penttila 2007). In Puget Sound, herring generally spawn on eelgrass 
or a fibrous red macro alga known as Gracilariopsis (Penttila 1999). Hence, impacts on eelgrass 
and macro algae habitats can also affect Pacific herring populations. For example, coincident 
with the loss of eelgrass from Westcott-Garrison Bays in the San Juan Islands in 2004, herring 
spawning was not detectable during surveys between 2004 and 2006 (Penttila 2007) indicating a 
direct impact to herring from eelgrass loss. Therefore, the loss of eelgrass beds around 
Bainbridge Island could have a direct negative effect on herring spawning. 

There are no recent (since 2003) comprehensive surveys of eelgrass presence for Bainbridge 
Island. Therefore there is no conclusive documentation to evaluate whether or not eelgrass has 
declined. The Battelle (2003) report maps eelgrass beds in intermittent segments around the 
entire island, except from Point White to Battle Point. Herring spawning was documented in the 
Battelle (2003) report along the entire north end of Bainbridge Island from Battle Point to 
approximately 1 mile south of Point Monroe. Although herring spawning is shown continuously 
from Battle Point to the north end of Manzanita Bay in Battelle (2003), there is limited eelgrass 
mapped in this area (Battelle 2003, Ecology 2010a).

3.3.2 Salmonids

Salmonids (family Salmonidae), which include salmon, trout, and char, are an ecologically, 
economically, and culturally prominent group of fishes in the Pacific Northwest. All are the 
focus of regional research, management, and conservation efforts. The eight salmonid species 
found in Puget Sound include chum (Oncorhynchus keta), pink (O. gorbuscha), sockeye (O. 
nerka), chinook (O. tshawytscha), and coho salmon (O. kisutch); as well as steelhead (rainbow 
trout) (O. mykiss), coastal cutthroat trout (O. clarki clarki) and bull trout (Salvelinus 
confluentus). 

Battelle provided a summary of the federal status of salmonids under the Endangered Species 
Act (ESA) at the time the 2003 BAS report was written. In 2003, Chinook salmon (within the 
Puget Sound Evolutionarily Significant Unit [ESU]), summer-run chum salmon (within the Hood 
Canal ESU), and bull trout (within the Coastal-Puget Sound DPS) had been listed as threatened 
under the ESA. Coho salmon (within the Puget Sound/Strait of Georgia ESU) had not been 
listed. In 2004, coho salmon (within the Puget Sound/Strait of Georgia ESU) was listed as a
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species of concern under the ESA, and Puget Sound ESU steelhead trout was listed as threatened 
under the ESA on May 11, 2007. 

Critical habitat has been designated throughout the nearshore areas of Puget Sound, for Puget 
Sound Chinook and Hood Canal summer-run chum salmon. These areas have been identified as 
high conservation value areas (70 FR 52630). Critical habitat has also been designated for bull 
trout (75 FR 2333). However, critical habitat for bull trout has not been designated along 
Bainbridge Island shorelines (75 FR, 2285; 75 FR 2333). Critical habitat is under development 
for Puget Sound steelhead, and is likely to include nearshore areas given the high value of the 
nearshore for the conservation of all salmonids.

Bainbridge Island Occurrence

Battelle (2003) provides a summary of salmonid local occurrence at different life stages, life 
history, ecology, and limiting factors to habitat and survival. All of these species use the 
nearshore and subtidal habitats surrounding Bainbridge Island (Williams et al. 2001). Battelle 
(2003) also provided an overview of streams on the island where salmonids have either been 
documented or presumed to be present. Thirteen streams were identified to contain fish; 12 
streams contained cutthroat trout and coho; six streams were used by chum salmon and one 
stream, Fletcher (Springbrook) Creek, had documented use by steelhead trout. In addition to 
salmonid use in Bainbridge Island streams, the nearshore environment provides important habitat 
for juvenile rearing and migration. The Bainbridge Island nearshore provides all of the major 
habitat types that occur in Puget Sound including eelgrass meadows, kelp forests, flats, tidal 
marshes, sub-estuaries, sand spits, beaches and backshore, banks and bluffs, and marine riparian 
vegetation (MacLennan et al. 2010). The combination of these habitats, the natural processes 
which drive their formation, and the resulting environmental conditions, provide important 
habitat for salmonid rearing, foraging, and migration. 

The nearshore environment has well documented importance for salmon. However, studies in 
northern Puget Sound have found juvenile Chinook are greater than 10 times more abundant in 
pocket estuary habitat than in other nearshore habitat (Beamer et al. 2003). There is a seasonal 
shift in habitat utilization by juvenile Chinook from shallow, more protected habitats, like pocket 
estuaries, to offshore areas later in the year (Beamer et al. 2003). Because the juvenile rearing 
success is one of the limiting factors for the island (Haring 2000), the protection of these features 
is essential to salmon recovery.

Declining salmonid populations have been a major reason for restoration efforts in Puget Sound 
and freshwater stream habitat in the Puget Sound region. Therefore, many recent studies have 
sought to better understand the threats and limiting factors to salmonids and their habitats, and to 
improve restoration and recovery of the species. The following is a summary of the latest science 
regarding salmonid habitat use and threats to the fish and their habitats within Puget Sound and 
the waters surrounding Bainbridge Island.
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Habitat 

The eight salmonid species (chum, pink, sockeye, Chinook, and coho salmon; and steelhead, 
coastal cutthroat, and bull trout) mentioned above are known to occur in central Puget Sound and 
use, to varying extents, the waters surrounding Bainbridge Island (Dorn and Best 2005). The 
Battelle (2003) report provided a table that described the level of use of various nearshore 
habitats and streams on Bainbridge Island that is provided again below (Table 2). No recent data 
with more detailed information about salmonid use of nearshore and estuarine habitats on 
Bainbridge Island were identified for this review. Many related studies focus on Chinook salmon 
and not the other salmonid species. Recent studies indicate that Chinook occupy the nearshore
regions of East Kitsap County nearly year-round (SSPS 2007). Beach seining surveys in the 
shore zones of Bainbridge Island indicate that juvenile Chinook are present from March through 
December and most numerous from May through August (Dorn and Best 2005, SSPS 2007). 
Coho are present during similar window, while chum and pink salmon are found primarily 
between March through May (Dorn and Best 2005).

Table 2. Salmonids Summary of Nearshore and Estuarine Habitat Use and Spawning on 
Bainbridge Island.a

Common Name Scientific Name

Nearshore and Estuarine Use Freshwater Use
Juvenile 
Rearing

Adult and Juvenile 
Migration

Adult 
Residence

Bainbridge Island 
Spawn

Chinook Oncorhynchus 
tshawytscha

l l l m

Chum Oncorhynchus keta l l m l
Coho Oncorhynchus kisutch � l �� l
Sockeye Oncorhynchus nerka m l m m
Pink Oncorhynchus 

gorbuscha
l l m m

Cutthroat Oncorhynchus clarki l l l l
Steelhead Oncorhynchus mykiss �� l m ��
Bull Trout Salvelinus confluentus l l l m

Notes: l - extensive use; � - some use; m - no use or use not known in these areas. This table was taken directly from the 
Battelle (2003) report and was adapted from Williams et al. 2001.

Prey and Foraging

Chinook, like other salmonids, generally feed on terrestrial and aquatic insects, amphipods, small 
crustaceans, and other invertebrates as juveniles (Wydoski and Whitney 2003, Wyllie-Echeverria 
2008), but with age increasingly feed on fish (Johnson and Schindler 2009, Wydoski and 
Whitney 2003). In nearshore waters of Puget Sound (Brennan et al. 2004), terrestrial insects have 
recently been shown to be a large component of the diet of juvenile salmonids (Romanuk and 
Levings 2010). Coastal fish species that are common Chinook prey include herring, smelt, sand 
lance, rockfish, and others. Steelhead and chum salmon diets are similar to that of Chinook in the 
marine environment. Studies have shown that juvenile fish, primarily sand lance and herring, 
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make up between 20 and 91 percent of juvenile chum salmon diets, and between 10 and 50 
percent of adult chum salmon diets (Wydoski and Whitney 2003).

Threats

Factors affecting Puget Sound salmonids include habitat alteration, harvest practices, hatchery 
management, and other factors such as climate change, ocean conditions, and species 
interactions (SSPS 2007). Factors most relevant to land use planning and development regulation 
include those related to habitat alteration. Habitat alteration represents a risk to marine foraging 
fish including salmon due to the potential for shoreline impacts, and changes in habitat (e.g., 
reduced eelgrass presence) that can alter food availability and refuge. Impacts may be expected 
from direct vegetation removal, or indirectly through water quality impacts that effect vegetation 
structure in the nearshore zone. Alterations in vegetation in turn affect refuge and foraging 
opportunities for salmon that migrate and rear in the nearshore zone. Indirect impacts of 
development on habitat may also lead to altered species interactions due to changes in prey and 
predation opportunities.

On Bainbridge Island, human activities including increasing residential development, vegetation 
removal, shoreline armoring, and shoreline development have contributed to the alteration of 
water quality (SSPS 2007), and habitat forming processes such as erosion and shore drift 
(MacLennan et al 2010). These activities have subsequently impaired habitat conditions (SSPS 
2007). Habitat conditions affected by these types of anthropogenic factors are important to 
salmonid survival and population success, and include the following ( Brennan et al. 2009,
Lemieux et al. 2004, MacLennan et al 2010, Puget Sound Action Team 2007, Romanuk and 
Levings 2010):

� Stream bank, bluff, and beach erosion
� Gravel and substrate
� Flows (high/low)
� Insects and food supply
� Water quality
� Temperature and shade
� Channel and shoreline roughness: structure complexity, cover, and refuges
� Marshes, sloughs, eelgrass, and kelp beds.

3.3.3 Rockfish

Battelle (2003) provided a summary discussion of presence for a variety of groundfish (including 
rockfish) for the species listed in Table 3.

Over 20 species of rockfish inhabit Puget Sound, but only three, copper, quillback, and brown 
rockfish, are commonly caught by recreational fisheries in nearshore marine habitats of Central 
and South Puget Sound (West 1997), and were the only three rockfish discussed in the Battelle 
(2003) report. Since the Battelle (2003) report was written, three species of rockfish were listed 
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by NMFS under the ESA on April 27, 2010 (75 FR 22276). Bocaccio (Sebastes paucispinis) was 
listed as endangered and canary and yelloweye rockfish (S. pinniger and S. ruberrimus) were 
listed as threatened. This section provides a brief discussion of the current status of brown, 
copper, and quillback rockfish since Battelle (2003) reported these stocks as depressed (NMFS 
2001). Also, a summary of occurrence, life histories, and habitat of these newly ESA-listed 
species is provided. An updated discussion of the science regarding threats to rockfish as a group 
is also provided in under the final subheading, Threats to Rockfish as a Group, in Section 3.3.3.

Table 3. Groundfish species present in Bainbridge Island (including rockfish)

Common Name Scientific Name

Pacific Cod Gadus macrocephalus
Walleye Pollock Theragra chalcogramma
Pacific Hake Merluccius productus
Lingcod Ophiodon elongatus
English Sole Pleuronectes vetulus
Rock Sole Lepidopsetta bilineata
Brown Rockfish Sebastes auriculatus
Copper Rockfish Sebastes caurinus
Quillback Rockfish Sebastes maliger

Rockfish may be locally abundant in some locations in Puget Sound, but are prone to severe 
depletion from overfishing due to their habitat specificity (West 1997). In 2003, copper, 
quillback, and brown rockfish populations in both north and south Puget Sound, including 
Bainbridge Island, were characterized as “depressed” (Puget Sound Water Quality Action Team 
2000), however, none of these species are at risk of extinction. Over the past five years, the 
populations of copper, brown, and quillback rockfish in the waters south of Admiralty Inlet 
including Bainbridge Island were stable, although their numbers had been declining prior to that 
time except for brown rockfish (Palsson et al. 2009, NMFS 2008c). Brown rockfish populations 
increased in the 1990’s likely because they are habitat generalists and eat a wider array of prey 
than the quillback or copper rockfish (Palsson et al. 2009, NMFS 2008c). NMFS expressed 
concern that changes in resource management practices (e.g., increased harvest levels) and in the 
ecosystem (e.g., increased numbers of marine mammals or predatory fish species), as well as 
increased habitat degradation, could result in increased risk of extinction for these three species 
of rockfish in greater Puget Sound (NMFS 2008c).

The following sections discuss the three species that are federally listed: boccacio (Sebastis 
paucispinis), canary rockfish (S. pinniger), and yelloweye rockfish (S. ruberrimus). In general, 
the species rely on shallow surface waters, distribution by currents, and kelp and eelgrass during 
their larval and juvenile stages; and then are associated with deeper rocky habitats as they mature 
(Wyllie-Echeverria and Sato 2005).
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Bocaccio 
Bainbridge Island Occurrence 

In general, there is limited information on local presence and habitat use of bocaccio rockfish 
within Puget Sound. WDFW catch reports and Reef Environmental Education Foundation 
(REEF) surveys between 1994 and 2010 contain sporadic observations of bocaccio in Puget 
Sound (NMFS 2008c, REEF 2010), but they seem to be limited to areas around the Tacoma 
Narrows and Point Defiance (74 FR 18521). REEF survey data for January 1996 through 
October 2010 indicates that bocaccio are identified in 0.1 percent of surveys and those observed 
were in the Tacoma area (REEF 2010). Records show the presence of the occasional bocaccio 
and other rockfish during 1970’s surveys throughout Puget Sound (NMFS 2009). There is no 
specific data for bocaccio occurrence within the waters around Bainbridge Island, but the 
juveniles could be present in the kelp and eelgrass beds that occur along the island’s shoreline.

Habitat
Larvae are 4.0-5.0 mm (<0.2 inches) long at release, generally well-developed, have functional 
organs and the ability to swim and regulate buoyancy (NMFS 2009). Larvae disperse widely and 
are generally associated with surface waters and drifting kelp mats (74 FR 18521). The larvae 
metamorphose into pelagic juveniles after 3.5 to 5.5 months (typically 155 days) and settle to 
shallow, algae covered rocky areas or eelgrass and sand over several months (Love et al. 1991).

Tagging data indicates that juveniles will migrate as much as 92 miles (0.9-148 km) within two 
years of tagging (NMFS 2008c). As the juveniles age into adulthood, the fish move into deeper 
waters where they tend to settle near rocky reefs and oil platforms, and remain relatively 
localized as they age. Adults are most commonly found in waters between 164 feet and 820 feet 
(50 meters to 250 meters) in depth, but can inhabit waters between 39 feet to 1568 feet (12 
meters to 478 meters) deep (NMFS 2009). Although rockfish are generally associated with hard 
substrata, bocaccio are found in nearly all types of substrate. They are typically not associated 
with the bottom and tend to be more pelagic than other rockfish species (74 FR 18521).

Prey and Foraging 
Juvenile bocaccio consume copepods and euphausiids of all life stages. Adults eat demersal 
invertebrates and small fishes (including other species of rockfish) associated with kelp beds, 
rocky reefs, pinnacles, and sharp drop-offs (NMFS 2010b).

Canary Rockfish 

Bainbridge Island Occurrence 

Canary rockfish were once considered fairly common in Puget Sound (Holmberg et al. 1967 as 
cited in NMFS 2008c), and most common in southern Puget Sound (74 FR 18521). Based on 
survey and frequency data, NMFS estimates that there are approximately 300 canary rockfish in 
Puget Sound Proper (south of Admiralty Inlet) where Bainbridge Island is located (74 FR 
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18521). No additional data for canary rockfish occurrence in the specific vicinity of Bainbridge 
Island were available (NMFS 2008c, REEF 2010). 

REEF (2010) surveys between 1990 and 2010 suggest that canary rockfish are most consistently 
observed in northern waters of Puget Sound, Strait of Juan de Fuca and the outer coast. The 
sighting frequency (the percentage of surveys conducted that contained individuals of canary 
rockfish) ranged between 0.3 and 1.4 percent in the vicinity of Whidbey Island, Vashon Island, 
and West Seattle.

Declines in canary rockfish observations have been documented since 1965 and a decreasing 
abundance trend has been consistently confirmed in recent catch surveys (NMFS 2008c). REEF 
surveys indicate 1 to 3 percent of rockfish caught in Puget Sound proper (south of Admiralty 
Inlet) are canary rockfish, a slightly lower percentage than those in North Puget Sound. REEF 
surveys between 1996 and 2010 suggest that canary rockfish are most consistently observed in 
the northern waters of Puget Sound, the Strait of Juan de Fuca and the outer coast.

Habitat

Larvae and juveniles are typically found in the upper water column and surface waters. However, 
occasional observations of juveniles have occurred at depths up to 2750 feet (838 meters) (Love 
et al. 2002). The larval stage lasts for 1-4 months (typically 166 days) in the top 328 feet (100 
meters) of the water column (NMFS 2009; 74 FR 18521). Juveniles settle into tide pools, rocky 
reefs, kelp beds, low rock and cobble areas (Miller and Geibel, 1973; Love et al. 1991; Love et al 
2002). Juveniles exhibit diel migratory patterns by hanging in groups near the rock sand interface 
at shallow depths during the day and moving to sandy areas at night (Love et al. 2002). At 
approximately three years, juveniles begin to move deeper into rocky reefs. 

Canary rockfish adults are generally associated with hard bottom areas and along rocky shelves 
and pinnacles (NMFS 2008c). They are usually found at or near the bottom (PFMC 2004). 
Adults tend to be in dense schools leading to patchy distribution (Stewart 2007). As adults,
canary rockfish appear to be somewhat migratory and will travel as much as 435 miles over 
several years (NMFS 2008c). The migration is seasonal with more distance traveled in late 
winter over summer months (NMFS 2009). 

Prey and Foraging

Canary rockfish prey and foraging is similar to that of other rockfish species. Juveniles feed on 
copepods and euphausiids of all life stages. Adults eat demersal invertebrates and small fishes 
(including other species of rockfish) associated with kelp beds, rocky reefs, pinnacles, and sharp 
drop-offs (NMFS 2010c)

Yelloweye Rockfish

Yelloweye rockfish are consistently observed throughout the Salish Sea, with highest frequencies 
observed in North Puget Sound, including Admiralty Inlet and north (NMFS 2009). One adult 
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Yelloweye rockfish was recorded along with many of the common rockfish near Bainbridge 
Island during a 1971 survey of the Puget Sound waters (NMFS 2009). REEF (2010) reported 132 
young yelloweye rockfish observations around Bainbridge Island between the years of 2004 and 
November 2010. Yelloweye rockfish were reported to occur at one to two percent of the 
recreational catch in Puget Sound proper (south of Admiralty Inlet), which has been consistently 
higher frequency compared to bocaccio or canary rockfish (NMFS 2008c). 

Habitat

Like canary rockfish, yelloweyes are often fished for in the same habitat and at depths greater 
than 230 feet (70 meters) (Wyllie-Echeverria and Sato 2005). As with other rockfish species, 
juveniles are generally found in shallow waters and move deeper as they age. During that life 
stage, juveniles are found between 49 feet and 1,801 feet (15 meters and 549 meters) in depth 
(NMFS 2008c). As juveniles settle, they are found in high relief areas, crevices and sponge 
gardens (74 FR 18521; Love et al. 1991). Adults are typically found at depths between 300 feet
and 590 feet (91 meters and 180 meters) (NMFS 2008c). The adult yelloweye rockfish tend also 
toward rocky, high relief zones (74 FR 18521). The adults have very small home ranges, 
generally site attached and affiliated with caves, crevices, bases of rocky pinnacles and boulder 
fields (Richards 1986). Rarely adult yelloweye rockfish are found in congregations, but are more 
commonly seen as solitary individuals (Love et al. 2002; PFMC 2004).

Prey and Foraging

Yelloweye rockfish prey and foraging is similar to that of other rockfish species. Juveniles feed 
on copepods and euphausiids of all life stages. Adults eat demersal invertebrates and small fishes 
(including other species of rockfish) associated with kelp beds, rocky reefs, pinnacles, and sharp 
drop-offs (NMFS 2010d)

Threats to Rockfish as a Group

Rockfish grow slowly, are late to mature, are long-lived (up to 50 years), and have low rates of 
reproduction (NMFS 2010b). Typically, rockfishes mature at ages of six to 11 years old, and at 
about half the size of their maximum length (Palsson et al. 2009). Therefore, recovery of 
depressed species can take up to 50 to 75 years (Stout et. al. 2001). Palsson et al. (2009) reports 
that past fishing practices and derelict fishing gear are the highest impact stressors and limiting 
factors to rockfish population survival (Table 4). Boccaccio are fished directly and are often 
caught as by catch in other fisheries, including those for salmon. Currently, rockfish are 
commonly caught before they reach sexual maturity (Palsson et al 2009), eliminating their entire 
reproductive potential (WDFW 2010c). Overfishing (as either a target or a by-catch species) is 
likely a significant factor in the species’ decline. Up to 61,000 rockfish may be caught in derelict
fishing gear per year (Palsson et al. 2009). In addition, adverse environmental factors led to 
recruitment failures in the early- to mid-1990s (NMFS 2010b). 
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Table 4. Likely Stressors Limiting Rockfish Populations in Puget Sound (Source Palsson 
et al. 2009).

Factor Documented1 Intensity2 Extent3 Relative Risk4

Fishery Removals Best High High High 
Age Truncation Fair Medium High Moderate 
Habitat Disruption Unknown Medium Unknown Unknown 
Derelict Gear Best High High High 
Climate Unknown Unknown Unknown Unknown 
Hypoxia/Nutrients Best High Medium High 
Chemical Fair Medium Medium Moderate 
Contamination 
Species Interactions 
Food Web Best High High High 
Competition Poor Unknown Unknown Unknown 
Salmon Hatchery 

Practices 
Unknown Unknown Unknown Unknown 

Diseases Poor Unknown Unknown Unknown 
Genetic Changes Poor Unknown Unknown Unknown 
1 Best = Known references in Puget Sound, Fair = Inferred in this species from published studies in nearby areas, Poor = 
Inferred in Puget Sound from published studies in a proxy species, Unknown = Conceivably possible, but no publications that 
establish relationship.
2 High = Stressor causes direct mortality, Medium = Stressor reduces fitness by increasing susceptibility to predation or 
disease or impairs reproduction, Low = Stressor is unlikely to impact health, Unknown = Intensity is unknown.
3 High = Stressor acts continuously and over broad regions, Medium = Stressor is either episodic or acts over restricted areas 
within a region, Low = Stressor is infrequent or acts only over limited range, Unknown = Spatial distribution and frequency 
unknown.
4 High = Overall the stressor has been documented in Puget Sound, causes direct mortality, is frequent and acts on a regional 
basis and dramatically limits rockfish stocks in Puget Sound, Moderate = The documented stressor causes direct mortality on 
episodic or local scales or continuously or episodically reduces fitness on local or regional scales, Low = The poorly 
documented stressor is infrequent and acts on local scales, Unknown = The stressor is possible but its intensity and extent is
not documented.

Other threats (i.e., stressors) with a high relative risk of impact include those related to water quality, 
specifically depletion of dissolved oxygen, altered nutrients, and to a lesser extent chemical 
contamination; and increase in prey species such as harbor seals and California sea lion (Palsson 
et al. 2009). Other threats with an unknown relative risk include habitat disruption, climate 
change, competition from other bottomfish species, salmon hatchery practices, diseases, and 
genetic changes. These stressors, listed in Table 4, are detailed in Biology and Assessment of 
Rockfishes in Puget Sound (Palsson et al. 2009). That report indicates relative risk for each 
stressor based on three criteria. The criteria include available documentation, intensity (related to 
the effects of the stressor on survival, fitness, or health of the stock), and extent (related to 
frequency or spatial extent). An unknown condition for any criteria resulted in a relative risk of 
“unknown.”

Stressors listed in the table that are most related to local regulation of development activities 
include direct habitat disruption, as well as the indirect or consequential effects of development 
on water quality (i.e., hypoxia/nutrients and chemical contamination) and food web dynamics. 
The relative risk associated with habitat disruption is unknown. This is due to limited available 
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documentation and a lack of knowledge on the spatial extent and frequency of the stressor 
affecting rockfish, meaning the risk is “conceivably possible, but [there are] no publications that 
establish relationship.” However, habitat disruption results from filling, dumping dredge spoils, 
sedimentation, trawling, constructing beach bulkheads, installing pipelines and cables, sunken 
vessels, and constructing artificial habitats. The most vulnerable rockfish habitats are shallow-
water vegetated areas and deeper rocky habitats (Palsson et al. 2009). 

Rockfish vulnerability to degradation of kelp and eelgrass in the nearshore zone of Bainbridge 
Island is an important consideration given the species’ reliance on this habitat during the larval 
stage, and especially considering the relatively limited coverage of kelp and eelgrass (note only
18.7 miles of eelgrass habitat, Battelle 2003) along Bainbridge Island shorelines. Development 
that alters substrate conditions or water quality can subsequently affect the availability of 
suitable habitat (see Section 3.1.2 Eelgrass Meadows) and associated prey species for rockfish. 
As indicated in Table 4, stressors related to water quality and food web dynamics, may have a 
higher potential for impact to rockfish than direct habitat disturbance (for which impacts are not 
well documented, and the relative risk remains unknown). Therefore, for future conservation of 
rockfish it is important to consider the relationship between specific development decisions and 
indirect impacts on habitat conditions or water quality, in addition to considering direct habitat 
disruption.

3.4 Marine Birds

Marine birds are present as breeding residents and as migrants in Puget Sound. Their distribution 
and relative abundance vary seasonally with highest numbers and greatest species diversity 
occurring during winter. There are three primary habitats that marine birds occupy – rocky 
shorelines, estuaries and mudflats, and open water (Buchanan 2006). 

Battelle (2003) examined trends in changing density for the following species or groups of birds 
that commonly use open water habitats that are outside the nearshore zone:

� Goldeneye (Bucephala islandica and B. clangula)
� Scoters (Melanitta persipcillata, M. fusca, and M. nigra)
� Pigeon guillemot (Cepphus columba)
� Common murre (Uria aalge)
� Rhinoceros auklet (Cerorhinca monocerata)
� Marbled murrelet (Brachyramphys marmoratus)
� Western grebe (Aechmophorus occidentalis)
� Red-necked grebe (Podiceps grisegena)
� Horned grebe (Podiceps auritus)
� All cormorants combined (Phalacrocorax penicillatus, P. pelagicus)
� Double-crested cormorant (Phalacrocorax auritus)
� Brant (Branta bernicla)
� All gulls combined (Larus sp.)
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� Bufflehead (Bucephala albeola)
� Oldsquaw (Clangula hyemalis)
� Greater and lesser scaup (Aythya marila and A. affinis)
� Harlequin duck (Histrionicus histrionicus)
� Mergansers (Cophodytes cucullatus, Mergus merganser, M. serrator)
� Common loon (Gavia immer)
� All loons combined (Gavia immer, G. pacifica, G. stellata, G. arctica)

The Battelle (2003) report provided a brief discussion of threats to marine birds. Information is 
limited about the threats to marine birds and the reasons for population decline. Buchanan (2006) 
collected information on threats and potential conservation measures for birds that use nearshore 
habitats. The Battelle (2003) report focused on birds that occur in open water habitats outside the 
nearshore zone, but did not address birds that primarily use nearshore habitats such as estuaries, 
mudflats, and rocky outcrops. However, Battelle (2003) did provide a list of birds sighted in 
Kitsap County during Audubon Christmas bird counts in 2000 and 2001. This section provides 
information on the primary threats and potential conservation measures for marine birds that 
primarily use the nearshore zone. 

Three indicator nearshore shorebird species have been identified including surf scoter (Melanitta 
perspicillata), black oystercatcher (Haematopus bachmani) and dunlin (Calidris alpina)
(Buchanan 2006). Surf scoters and dunlins spend much of the nonbreeding period in Puget 
Sound and migrate to boreal or Arctic areas to breed; the black oystercatcher is essentially a 
permanent resident. All of these species use the nearshore habitat along Bainbridge Island. Surf 
scoters use the subtidal and intertidal habitats for foraging and floating. Dunlins use beaches, 
estuarine habitat, and mudflats along Bainbridge Island. Other shorebirds that may commonly 
use the beaches along the island shoreline include sandpipers, yellow-legs, plovers, godwits, and 
curlews. Oystercatchers prefer rocky substrate and tide pool areas over beaches. More detailed 
information on each of these indicator species is provided below. 

3.4.1 Surf Scoter
Bainbridge Island Occurrence

Christmas Bird Count totals from Puget Sound sites in the 1990s ranged from 2,410 
(Bellingham, 1996) to 4,774 (Oak Harbor, 1993) (Nysewander 2005). Surf scoters are most 
abundant in Puget Sound between September and May, where they are found at highest densities 
in southern and central Puget Sound (Nysewander et al. 2005). Surf scoters were observed during 
Audubon Christmas bird counts in Kitsap County (Battelle 2003) and likely occur within 
subtidal waters of Bainbridge Island. No data for surf scoters were identified specific to 
Bainbridge Island.

Habitat

Surf scoters from Puget Sound wintering areas breed in northern Canada (Savard et al. 1998). 
Following the breeding season, surf scoters move away from breeding areas to molt 
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(Nysewander et al. 2004). In marine environments, the surf scoter is strongly associated with 
shallow nearshore waters. Information from Puget Sound indicates that most surf scoters use 
waters less than 18 meters (about 60 feet) deep (Buchanan 2006). At certain times bivalves 
dominate the diet (Vermeer 1981, Savard et al. 1998, Lacroix et al. 2004), especially clams and 
mussels (Buchanan 2006). Therefore, beaches such as those along Fletcher Bay, Manzanita Bay, 
Rich Passage, or other locations around Bainbridge Island that support bivalves would likely 
provide significant feeding opportunities for surf scoters. In spring, perhaps 50 percent of surf 
scoters in the region will feed on herring eggs when available (D. Nysewander personal 
communication cited in Buchanan 2006), and flocks of scoters regularly track the northward 
progression of spawning events (Vermeer 1981). Habitat that supports forage fish including 
herring may therefore provide additional feeding opportunities, and important habitat used by 
surf scoters. Surf scoters also appear to feed on a wide variety of invertebrates in late summer 
(e.g. shellfish, amphipods) that are associated with eelgrass habitats (D. Nysewander personal 
communication cited in Buchanan 2006).

Threats

Surf scoter populations have been declining although the reasons for the decline are not well
understood. The potential causes of population change in surf scoters, although not definitively 
identified, include changes in food resources and heavy metal contaminants (Buchanan 2006). 
Threats may be related to habitat alteration. For example, in Prince William Sound, Alaska, 
numbers dropped by more than 50 percent between 1972 and the early 1990s; changes in 
populations of forage fish associated with increasing water temperatures in the northeastern 
Pacific Ocean were suggested as a contributing factor to the change in scoter abundance (Agler 
et al. 1999). Locally, surf scoters’ reliance on organisms that are commonly associated with 
eelgrass, in combination with documented declines in eelgrass throughout Puget Sound (see 
Section 3.1.2 Eelgrass Meadows), are indicative that habitat alteration is a threat. Considering 
the important role of eelgrass in food source abundance (Murphy et al. 2000, Mumford 2007, 
Bostrom et al. 2006) and the limited distribution of eelgrass along Bainbridge Island shorelines,
protection of this habitat during shoreline development planning and proposal review is likely to 
be an important conservation measure for surf scoter, as well as other species. 

Declines in herring stocks, where habitat alteration is also implicated (Rice 2006, Penttila 2007), 
have coincided with surf scoter population changes in Puget Sound (Buchanan 2006). Studies 
looking at fat reserves, body mass and stable isotopes indicate that surf scoters that feed at 
herring spawning events are heavier and in better physical condition when northward migration 
begins (Anderson et al. 2005). Levels of cadmium in surf scoters from the Pacific Northwest are 
generally high (Henny et al. 1991), and in the Queen Charlotte Islands, British Columbia, the 
levels exceed those thought to cause kidney damage (Barjaktarovic et al. 2002). Oil spills are 
also deleterious to surf scoters (fouled plumage or actual mortality) as well as other marine birds 
(Kittle et al. 1987, Ford et al. 1991, Tenyo Maru Trustees 1993). The primary threats affecting 
surf scoters pertaining to Bainbridge Island are likely to be associated with food web 
relationships and losses of herring habitat or loss of eelgrass beds, and potential increased risk of 
oil spills or other contamination that may occur in the marine waters around the island and affect 
water quality and prey availability.
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3.4.2 Black Oystercatchers
Bainbridge Island Occurrence

Black oystercatchers were observed during Audubon Christmas bird counts in Kitsap County 
(Battelle 2003) and likely occur annually on and adjacent to the beaches and rocky coasts of 
Bainbridge Island. No data for oystercatchers or other shorebirds were identified specific only to 
Bainbridge Island.

Habitat
Black oystercatchers nests are typically located on gradually sloping sand beaches (usually less 
than a 15 degree slope) or rock benches located above the high tide zone, on islands, small islets 
(Andres 1998, Andres and Falxa 1995) and rocky headlands, although the latter are not used in 
Puget Sound (Nysewander 1977). Foraging habitat is characterized by exposed rocky or sandy 
shoreline below the high tide line; sand beaches used by oystercatchers often have substantial 
deposits of shell and gravel (Andres 1998, Andres and Falxa 1995, Nysewander 1977). Five 
shoreline reaches characterized as “rocky shore” by Mac Lennan (2010) would likely contain 
suitable habitat for black oystercatchers.

Threats

Actual or potentially important limiting factors that have been identified include environmental 
conditions, predation threat, competition, or disturbance by humans and environmental 
contamination. Because black oystercatchers often place their nests very near the high tide line, 
adverse weather events, especially those associated with high tides, may produce waves capable 
of washing over and destroying the contents of nests (Vermeer et al. 1992, Spiegel et al. 2006). 
Human presence in nest and foraging areas may influence behavior or occurrence patterns 
(Warheit et al. 1984), although this type of disturbance has not been evaluated in Washington. 
Additionally, harvesting of limpets, an important component of the oystercatcher diet has been 
documented to affect oystercatcher population in California (Lindberg et al. 1998). 

3.4.3 Dunlin
Bainbridge Island Occurrence

Dunlin were observed during Audubon Christmas bird counts in Kitsap County (Battelle 2003) 
and likely occur within tideflats and salt marshes within the embayments of Bainbridge Island.
More recent surveys lack documentation of dunlin and other shorebird occurrences in the City of
Bainbridge Island specifically (National Audubon Society 2010a, 2010b); thus the following 
discussion is general in scope.

Habitat

Dunlin are typically associated with estuarine tide flats during their residence in Western 
Washington. Preferred foraging areas are characterized by the presence of fine silts (Warnock 
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and Gill 1996). Dunlin forage on a wide variety of benthic invertebrates by probing with their 
long bills in tidal mudflats, including unidentified polychaete worms and several arthropods 
including Pancolus californiensis, Corophium insidiosum, and Corophium salmonis (Brennan et 
al. 1990). 

Threats

Limiting factors and threats to dunlin and other shorebirds include environmental climatic 
factors, habitat disturbance and prey source decline, pollutants (including oil spills) and non-
native species invading estuaries (Buchanan 2006). Sobocinski et. al. (2010) reports that 
shoreline modification and loss of beach wrack resulted in lower numbers of invertebrates, which 
in turn produces a reduction in prey for dunlin and other shorebirds. The most important losses 
or changes to important habitats include dike building and conversion of estuarine wetlands. 
Some modified estuaries such as Port Susan Bay and Skagit Bay currently support large 
aggregations of dunlin, whereas others (e.g., Budd Inlet, Commencement Bay, and Elliott Bay) 
no longer (or rarely) support populations of dunlin (Buchanan 2006). Estuary loss due to 
development would be the primary threat to dunlin on Bainbridge Island. Most of the small bays 
on Bainbridge Island where estuaries may be located are fully developed for residential or 
industrial use except Blakely Harbor and segments along the western shoreline of Bainbridge 
Island which remain relatively unmodified (Battelle 2003).

3.5 Marine Mammals

Battelle (2003) provided a brief summary of information on the harbor seals, but mentions other 
marine mammals found in Puget Sound waters, including harbor seals (Phoca vitulina), 
California sea lion (Zalophus Californianus), steller (Northern) sea lion (Eumetopias jubatus), 
harbor porpoise (Phocoena phocoena), killer whale (Orcinus orca) and the gray whale 
(Eschrichtius robustus). 

The following section provides information on local occurrence, habitat, peray and foraging, and 
threats for the following marine mammals that were not covered by Battelle (2003): steller sea 
lion, killer whale, gray whale, and humpback whale. Also killer whale Southern Resident 
Distinct Population Segment (DPS) was listed as endangered in 2005, after the Battelle (2003) 
report was prepared. While sea otter is listed as a state endangered species, it does not occur in 
the waters near Bainbridge Island and therefore is not discussed below.

3.5.1 Steller Sea Lion

Steller sea lions were listed as threatened on April 10, 1990 (62 FR 30772). Critical habitat was 
designated for steller sea lions on March 23, 1999 (64 FR 14051), however all designated critical 
habitat lies outside Washington State.
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Bainbridge Island Occurrence

Steller sea lions are most commonly present in the inland marine waters of Washington State, 
including northern and central Puget Sound (Puget Sound Action Team 2007), between January 
and May, and are typically absent during the June to August breeding season when they return to 
coastal rookeries (Personal communication with Steve Jeffries, WDFW, July 15, 2009). Steller 
sea lions are increasing in population in Puget Sound, by about 10 percent annually (Puget Sound 
Action Team 2007). On Bainbridge Island, two steller sea lion haul outs were mapped at Fort 
Ward State Park at the southeast end of the island and at Rich Passage near the Park 
(Washington State Parks and Recreation 2010).

Habitat

Terrestrial sites used by steller sea lions tend to be associated with waters that are relatively 
shallow and well-mixed, with average tidal speeds and gradual bottom slopes. Haul-outs 
(terrestrial areas used by adult sea lions during times other than the breeding season and by non-
breeding adults and subadults throughout the year) and rookeries tend to be preferentially located 
on exposed rocky shorelines, wave-cut platforms, ledges or rocky reefs (NMFS 2010e). No 
known rookeries exist on Bainbridge Island. Sea lions display strong site fidelity to specific 
locations from year to year. Adult females with pups and juveniles generally stay within 20 km 
of rookeries and haulout sites while other females and males may range over much larger areas 
to find optimal foraging conditions (NMFS 2008b). 

Although all federally designated critical habitat areas are located outside of Puget Sound, 
habitat that is considered “essential to the conservation of the steller sea lion” includes the 
“physical and biological habitat features that support reproduction, foraging, rest, and refuge” 
(58 FR 45269). Sites used by steller sea lions on Bainbridge Island are not considered “major 
haul-outs” and are therefore not designated critical habitat. However, haul out sites including 
those at Fort Ward State Park and Rich Passage provide steller sea lions with opportunities for 
rest, foraging, and refuge, and therefore they are important conservation areas.

Prey and Foraging
Steller sea lions are generalist predators that eat a variety of fish and cephalopods, and 
occasionally other marine mammals and birds (NMFS 2008b). They feed primarily on fish 
(herring, hake, salmon, cod, lamprey, rockfish, flatfish, and skates), octopus, and squid, but prey 
varies by season, area, and water depth. These prey species, particularly herring, salmon, and 
rockfish are found in the subtidal and intertidal habitats of Bainbridge Island. Steller sea lions 
commonly compete with other marine mammals for salmon, which are seasonally important and 
range from six to 33 percent of steller sea lions’ diet (Puget Sound Action Team 2007). 

Data on foraging behavior are relatively limited, but suggest that adult females alternate between 
trips to sea to feed and periods on shore when they haul out to rest, care for pups, breed, and 
avoid marine predators. Territorial males may fast for extended periods during the breeding 
season when they mostly remain on land. Females with dependent young generally feed 
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relatively close to rookeries and haul-outs because they must return at regular intervals to feed 
their offspring (NMFS 2008b).

Threats

The primary threats to steller sea lions are environmental variability, (periodic shifts in oceanic 
and atmospheric conditions), reduction in the biomass and quality of sea lion prey species 
(generally related to fisheries impacts), and predation by transient killer whales (NMFS 2010e). 
Exposure to toxic substances also poses a moderate threat (NMFS 2010e). The availability of 
steller sea lion prey species can be influenced by habitat alteration, as discussed throughout this 
document. Therefore, development activities on Bainbridge Island that affect water quality, 
disturb substrates, or otherwise alter habitat conditions for lower trophic species will potentially 
affect the food web up to higher trophic species such as steller sea lions and other marine 
mammals. This is particularly likely when development activities are considered on a cumulative 
scale. 

Of slightly less relevance to land use planning and development activity there are other threats to 
steller sea lion that include active and derelict fishing gear, illegal shooting, disease and 
parasites, and disturbance from marine vessels (NMFS 2008b). To the extent that development 
activities may influence these stressors (for example, increased vessel activity due to ferry 
terminal expansion or new marina development), these factors should also be considered in 
evaluating potential impacts from development on steller sea lion, as well as other biological 
resources. For example, development that leads to increased marine vessel activity not only 
increases the risk of direct disturbance but may also increase the potential for toxic pollutants to 
enter the water from oil spills or maintenance activities. Modification of habitat or water quality, 
entanglement in fishing gear, and vessel activity are therefore all potential threats to sea lions. 

3.5.2 Orca or Killer Whale

Resident killer whales (Orcinus orca) in the Northeast Pacific are distributed from Alaska to 
California, with four distinct communities recognized: Southern Resident, Northern, Southern 
Alaska, and Western Alaska (Krahn et al. 2004). The Southern Resident distinct population 
segment (DPS) was listed as endangered under the Endangered Species Act (ESA) in 2005 (70 
FR 69903). The Southern Resident population consists of three pods that numbered 87 whales in 
2007 (NMFS 2008b). 

Bainbridge Island Occurrence
The Whale Museum in Friday Harbor keeps a database of verified sightings by location 
quadrants or “quads.” Sightings may be of individual or multiple whales. Occasional sightings 
occur in the inland waters of the Puget Sound near Bainbridge Island. Killer whale are most 
common in North Puget Sound and the San Juan Islands. However, the Whale Watch Sighting 
Network (2010) reports relatively frequent sightings of killer whales from the Bainbridge Island 
ferry and from observations from shore. 
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Habitat

Southern Resident killer whale pods have visited coastal sites off Washington and Vancouver 
Island, and are known to travel as far south as central California and as far north as the Queen 
Charlotte Islands (NMFS 2008b). For a portion of the year the Southern Resident population of 
killer whale typically resides and forages in the Georgia Strait, Strait of Juan de Fuca, and the 
outer coastal waters of the continental shelf, principally during the late spring, summer, and fall 
(Krahn et al. 2004, NMFS 2008b). Winter and early spring movements and distribution are 
largely unknown for the population. The Bainbridge Island shoreline lies within designated 
critical habitat for the Southern Resident killer whale. 

Prey and Foraging

Data suggest that Southern Resident killer whales have a strong preference for Chinook salmon 
during late spring to fall. Chum salmon are also taken in significant amounts, especially in 
autumn. Other prey species include coho, steelhead, sockeye, and minor numbers of non-
salmonids (e.g., Pacific herring and quillback rockfish). Resident whales spend about 50-67
percent of their time foraging. Groups of killer whales often disperse over several miles while 
searching for salmon (NMFS 2008b). Effects on pinniped populations are also likely to be minor, 
except where whales remain for long periods within localized areas. For example, groups of 
transients are thought to have substantially reduced the harbor seal population in Hood Canal 
during multi-month stays in 2003 and 2005 (Puget Sound Action Team 2007). Eight salmonid 
species including Chinook salmon use Bainbridge Island marine shorelines for juvenile and adult 
migration, and several local streams are known to support coho and chum salmon (Battelle 2003,
WDFW 2011). The presence of salmonid species suggests that Bainbridge Island marine waters 
may be used by killer whales for feeding. 

Threats

The potential for development activities to impact water quality, substrate, primary production, 
and key habitats for food items, in turn, produce potential threats to higher trophic level species 
due to their indirect effects on prey availability. This relationship between development and 
higher trophic species is particularly applicable to killer whale due to their reliance on salmonids 
and the potential for bioaccumulation of toxins (Cullon et al. 2009, Puget Sound Partnership 
2010).

The major threats identified in the federal listing of killer whale were prey availability, pollution 
and contaminants, and effects from vessels and noise. In addition, demographics, small 
population size, vulnerability to oil spills and other factors were considered (NMFS 2008b). The 
frequency of killer whale occurrences in Puget Sound and surrounding waters when salmon and 
other fish species are also present (Cullen et. al. 2009), suggests that waters around Bainbridge 
Island may be important habitat and feeding ground. There is also the potential for development 
activities on Bainbridge Island to impact water quality, substrate, primary production, and key 
habitats of killer whale prey. Another secondary, or indirect, impact of development is the 
potential for increased vessel activity. Increased noise and disturbance from commercial and 
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private vessels is a potential threat that has been shown to alter whale behavior and could 
adversely impact feeding behavior (Lusseau et al. 2009; Williams and Ashe 2007; Williams et al. 
2002, 2009). 

3.5.3 Gray Whale

The Eastern North Pacific population of gray whales was delisted from endangered status under 
the ESA in 1994. National Marine Fisheries Service completed a status review in 1999 NMFS 
(Rugh et al. 1999) and retained the unlisted status of the population based on population trends 
(NMFS 2010f). In October, 2010, NMFS was petitioned to conduct a status review of the Eastern 
North Pacific population to determine whether to list the population as “depleted” under the 
Marine Mammal Protection Act (75 FR 68756). Gray whales travel annually between feeding 
grounds in Alaska and breeding grounds in Mexico. They migrate north along the Pacific coast 
between mid-February and May, and return to their breeding grounds in the fall (NMFS 2010f). 
They are occasionally seen in the inland waters of Puget Sound.

Bainbridge Island Occurrence

There have been no documented recent sightings of gray whales immediately off Bainbridge 
Island shorelines. However, gray whales are increasingly sighted in the inland waters of 
Washington and British Columbia, and several sightings of gray whale have been noted around 
Vashon Island and Whidbey Island (Orca Network 2009) and in Elliot Bay (Riemer 2010). This 
suggests that gray whales may occur along Bainbridge Island shorelines and could utilize food 
sources (benthic organisms) that are influenced by local shoreline activities and subsequent 
environmental conditions. Gray whales often come into inner bays as they migrate up the 
Washington coast to feed on ghost shrimp and other small crustaceans in the shallow bottom 
sediments (Puget Sound Action Team 2007, Essington et. al. 2010). 

Habitat

Gray whales are found mainly in shallow coastal waters in the North Pacific Ocean (NOAA
2010). Based on recent observations of gray whales and foraging patterns, Bainbridge Island 
marine waters, as well as Puget Sound provide suitable habitat and foraging opportunities for 
gray whales.

Prey and Foraging

Gray whales feed on benthic amphipods (such as ghost shrimp) by filtering sediments from the 
sea floor. Summer feeding grounds are primarily located offshore of Northern Alaska and the 
Bering Sea where there is low species diversity but high biomass and high rates of secondary 
production. In high use feeding areas, gray whales have been shown to disturb at least six percent 
of the benthos each summer, and to consume more than 10 percent of the yearly amphipod 
production (Rugh et al. 1999). There are indications that this resource is being stressed and that 
the gray whale population may be expanding its summer range in search of alternative feeding 
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grounds (Rugh et al. 1999). Therefore, there may be an increasing dependence on food sources in 
the Puget Sound region by gray whales including the vicinity of Bainbridge Island. Gray whales 
that have been observed in the inner waters of Puget Sound have often been emaciated and 
thought to be starving (Riemer 2010, Orca Network 2010). This indicates that inland marine 
water feeding grounds may be more important for gray whales than they were historically. In 
Puget Sound, gray whales have been observed feeding on ghost shrimp and tube worms between 
January and July (Orca Network 2010). 

Threats

In the past, gray whales were threatened by commercial whaling which severely depleted both 
the eastern and western populations between the mid-1800s and early 1900s. Since the mid-
1930s, gray whales have been protected under a ban on commercial hunting. Other current 
threats include collisions with vessels, entanglement in fishing gear, habitat degradation, 
disturbance from ecotourism and whale watching, disturbance from low-frequency noise, and 
illegal whaling (NMFS 2010f).

Of the above potential threats, those related to land use and development activities are most 
likely associated with habitat alteration, and vessel activity. The Eastern North Pacific 
population’s annual migration along the highly populated coastline of the western United States, 
and their concentration in limited winter and summer areas, may make them particularly 
vulnerable to impacts from commercial or industrial development or local catastrophic events 
(NMFS 2010f). Impacts of development that affect substrate and water quality and therefore
have the potential to affect important food sources may also threaten gray whale foraging 
opportunities.Because of the gray whale’s reliance on nearshore amphipods, development 
activities on Bainbridge Island which affect eelgrass beds, soft substrates, lower benches of 
beaches, and other nearshore habitats that support the production and survival of ghost shrimp 
and other food sources, will likely have indirect implications on the food availability for gray 
whales when they occasionally enter the inner waters of Puget Sound to forage.

3.5.4 Humpback Whale

Humpback whales were listed as endangered on June 2, 1970 (35 FR 8491). Critical habitat has 
not been designated for this species. Humpback whales migrate to Alaska during the summer to 
feed. The Washington coast is a corridor for their annual migration north to feeding grounds and 
south to breeding grounds (Osborne et al. 1988).

Bainbridge Island Occurrence

Sightings of humpbacks in Puget Sound are infrequent; however, reported sightings have been 
increasing since the late 1990s. Since 2001 there have been several Puget Sound humpback 
whale sightings reported through the Orca Network annually. In June 2009, a humpback whale 
was sighted near Rolling Bay on the northeast side of Bainbridge Island (Orca Network 2009). 
The increase in sightings may partially result from increased local awareness and the 
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establishment of sighting networks such as the Orca Network where residents can easily report 
whale sightings, but may also reflect incremental increased use of habitat in Puget Sound. 

Habitat

Humpback whales generally stay near the surface of the ocean. Feeding typically occurs in cold 
water summer grounds. Winter breeding grounds are generally in warmer waters at lower 
latitudes (between 10 degrees and 35 degrees latitude). While feeding and calving, humpbacks 
prefer shallow waters and prefer warmer waters during calving (NMFS 2010g). Calving grounds 
are commonly near offshore reef systems, islands, or continental shores. Humpback feeding 
grounds are in cold, productive coastal waters.

Prey and Foraging

Humpback whales feed while in their summer range (NMFS 1991). Humpbacks filter feed on 
small crustaceans, plankton, and small schooling fish such as herring and sand lance. They 
consume large amounts during the productive summer months to build up fat stores which are 
then utilized during the winter months. Humpbacks are known to use unique hunting methods 
involving columns, clouds, or nets of air bubbles to disorient and corral fish (NMFS 1991). The 
technique called “bubble netting” is sometimes used by multiple whales with defined roles that 
allow the whales to herd prey near the surface. Forage fish occurring in the marine waters around 
Bainbridge Island, and which depend on spawning habitat along the northern and western 
shorelines (Battelle 2003), and along Agate Point and Agate Passage, Battle Point, the vicinity of 
Eagle Harbor, and along Port Madison Bay may be important prey items for migrating 
humpback whales. The spawning beaches used by these species, and the kelp and eelgrass 
habitats that supports them (Mumford 2007) at various life stages, are therefore important factors 
potentially affecting the availability of prey for humpback whales.

Threats

Potential threats to humpback whales include direct injury from entanglement in fishing gear or 
ship strikes; stress, reduced feeding potential, or altered behavior that can result from vessel 
activity; and habitat degradation (NMFS 2010g). For example, as is true for other whales and 
described above, impacts on eelgrass beds, beaches, and other nearshore habitats that support the 
production and survival of food sources may reduce foraging opportunities for whales. A 
reduction in suitable forage fish spawning habitat would likely limit the availability of key prey 
species for humpback whales. Altered habitat conditions, habitat reduction, or direct disturbance 
and displacement of whales can occur as a result of increased vessel activity commonly 
associated with shipping, fisheries, or recreation (NMFS 1991, 2010d). 

Ship strikes were implicated in the deaths of at least four humpback whales between 1993 and 
2000 (NMFS 2005). Ship strikes are frequently unnoticed but research by Williams and O’Hara 
(2009) suggests that geographic “bottlenecks” where whale and boat densities are concentrated, 
represent higher risk areas. Although a local analysis has not been completed, the relatively high 
volumes of marine vessel traffic in the general vicinity of Bainbridge Island (e.g. Elliot Bay 



Addendum to Summary of Science Report––Bainbridge Island

r 10-04851-000 UpdatedAddendumtoSummaryofScience.doc

January 26, 2011 43 Herrera Environmental Consultants

shipping lane), and the geographic position of Bainbridge island within confined inland marine 
waters, is characteristic of such a bottleneck. To the extent that land use and development 
activities contribute to increased vessel traffic and ferry activity in Bainbridge Island marine 
waters could increase the risk of ship strikes. 

Aquaculture development may also occupy or destroy humpback whale habitat (NMFS 2010g). 
Therefore, to the extent that such use is allowed, modified or expanded, aquaculture development 
in areas like Eagle Harbor, Fletcher Bay, Manzanita Bay, and Rich Passage could potentially 
affect humpback whales by reducing habitat and foraging opportunities. This can occur because 
impacts to habitat (e.g., water quality conditions, aquatic vegetation, and substrate) and 
associated food web interactions can result from aquaculture activities (Herrera 2009a).
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