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Appendix A

1. The Puget Sound Watershed Characterization Project Volume 2 Part 4: Marine Shoreline Habitats
Assessment

2. WDFW Data Intersect
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Figure 4.18. Mean composite index of relative habitat value for shoreforms for six of the
seven sub-basins. Dashed line is average score (not weighted by segment lengths) for all
shoreforms within each sub-basin. No bar means the habitat type does not exist in that sub-
basin.
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Final Cumulative Effects Analysis- Eastern Shore of Puget Sound

Figure 4.19. Mean composite index of relative habitat value for Dethier (1990) habitat types

for three of seven sub-basins. Dashed line is average value {not weighted by segment

lengths) for all habitat types within each sub-basin. No bar means the habitat type does not

exist in that sub-basin.
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Appendix B

FRAGSTAT Graphs for all subsections
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Brown’s to Tulalip Point SeaDuck Evaluation Study

Ignacio Vilchis & Julia K. Parrish

Because of their natural history, life history, ubiquity, and ease of identification, marine birds are
commonly used as sentinels of ecosystem health (Furness and Greenwood 1993, Furness and
Camphuysen 1997). Ideally, comprehensive long-term monitoring of marine bird populations would
allow both basic demographic monitoring as well as coincident monitoring of the strength of likely
forcing factors producing trends in abundance. However, the degree to which seabirds reflect
environmental change is not necessarily a linear function of environmental forcing (e.g. Aebischer et al.
1990, Oedekoven et al. 2001), necessitating caution in interpreting causality. A variety of anthropogenic
activities have been implicated as significant marine bird mortality agents, including hunting, bycatch in
fisheries (Kaiser 1993, Hamel et al. 2009), marine pollution (Camphuysen et al. 1999), increasing algal
toxins/harmful algal blooms (Shumway et al. 2003) disturbance (Carney and Sydeman 1999), loss of food
resources (Brooke et al. 20006), habitat degradation/loss (Boersma and Parrish 1998), and global climate
change (Veit et al. 1997). Along the North American west coast, millions of marine birds, including both
resident breeders and winter migrants, winter and forage along the protected coastal shelf and estuarine
waters. Marine birds - including seabirds, marine waterfowl, and select shorebirds and wading birds -
comprise the most numerous and highly visible components of coastal marine environments throughout
the Pacific Northwest. In the Puget Sound, marine birds, and especially marine waterfowl, are both
resident and migrant, with a maximum number of species using the Sound as a wintering area (Angell and
Balcomb 1982). Changes in the amount of wintering habitat, and the quality of habitat relative to food
production have been cited as factors affecting the abundance of wintering waterfowl in Puget Sound
(Anderson et al. 2009, Bower 2009). We know that Puget Sound has faced an increasing rate of local
extinctions in its wildlife (Gaydos and Brown 2011). These have been either results of direct of indirect
effects of fisheries or from cascading effects of ecosystem deterioration from a growing human
population. We also know that as conspicuous long-lived apex predators in marine systems, seabirds and
waterfowl can integrate ecosystem dynamics over large spatial scales and long temporal scales — making
them excellent indicators of ecosystem health and flagship species for marine conservation.
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This report is part of a cumulative study by the U.S. Army Corps of Engineers (USACE), examining
changes in aquatic resources within the coastline between Tulalip Point and Brown’s Point in Central
Puget Sound, Washington State. Our specific goals were to:

e Describe a set of salvaged and recently electronically archived data of historical Puget Sound
marine bird surveys, including data origins, data collection methods in as far as they could be
determined, data limitations, and data interpretation.

e Explain how we used these historical survey data along with contemporary marine bird
survey data collected by the Puget Sound Ambient Monitoring Program (PSAMP) to evaluate
interannual trends for select seaduck densities found within the nearshore habitat along the
Brown’s Point to Tulalip Point coastline in Central Puget Sound, including data
standardization and statistical analysis.

e Discern and interpret any interannual trends in these data.
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Methods

To quantify interdecadal changes in marine
waterfowl utilizing nearshore habitats of Puget
Sound between Tulalip Point and Brown's Point,
we gathered available multi-year datasets that
had comparable methods. Although some shore-
side counts are available, including the Audubon
Christmas Bird Count and the Seattle Audubon
Marine Bird Survey (much more recently), we
deemed these data insufficient due to sampling
design issues including but not limited to:
unstandardized differences among observers,
lack of confidence in area determination
(essential for calculation of density), and area
under-sampling. The two most promising
datasets were aerial surveys spanning nearly 50
years (1961-2010) with a total of 39 years
sampled.

During the late 1950s through the 1980s, the
Washington Department of Fish and Wildlife
(WDFW) aerially surveyed waterfowl species
along the nearshore habitats of Puget Sound.
Don Kraege (WDFW) salvaged 377 data-sheets
from a historical marine bird aerial census
(hereafter HMBAC) and provided copies to the
University of Washington (Parrish). All paper
data were electronically archived, making them
available for use in this report. An ongoing
marine monitoring program also run by WDFW
and sponsored by PSAMP has been aerially surveying Puget Sound marine birds since 1994.

We have little information of the survey methodology used by HMBAC surveys as no written methods
survive. Joe Evenson and Don Kraege (WDFW) provided personal accounts of likely methods used. In
addition, we used notes written directly on salvaged datasheets to further define likely methodology.
Surveys were likely point-counts (Bibby et al. 2000) most likely taken from the air with either a Cessna-
206 or 186 equipped with floats flying ~65 meters above sea level at 80-90 knots. There is no
information about survey effort (start and stop times, flight pattern, etc.), thus it remains unclear whether
the overflight was a single pass, or multiple passes. It does appear that attempts were made to do direct
counts of all of the waterfowl found within each polygon area. We also had access to map cutouts of the
sampling polygons that were used as reference areas for completing the aerial point-counts by the
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HMBAC surveyors. These reference sampling
polygons were later scanned and geo-
referenced by USACE.

In total, HMBAC surveys were completed
during winter months starting in 1958 and
ending in 1985, surveying 187 polygons
throughout Puget Sound on an annual basis
during this time frame. Of these 187 sampling
polygons, only 134 corresponding reference
maps were found allowing data geo-referencing
(Figure 1) and density estimation. Polygon
areas ranged from 0.16 and 10.0 km2,
averaging 1.32 km2.

Survey pilots probably used landmarks to

pinpoint and find each polygon for a particular

survey year (Kraege, Evenson, pers. comm. to

L. Vilchis). Once flying above a specific
polygon and having its boundaries clearly defined, onboard observers most likely completed point-counts
of all waterfowl species observed within each survey polygon. On average, each survey polygon was
sampled for 21 years of the 28-year long monitoring program. In total, historical data sheets contained
3,974 unique survey-year: survey-polygon sampling units. Just over 20 marine bird taxon categories were
recorded (Table 1), including single species and species groups (e.g., scoters). We created a database
containing all counts as a function of taxon group, survey year and survey polygon. For this report, we
used HMBAC data from 9 polygons that fell within the ~175km stretch of coastline between Tulalip
Point and Brown's Point (Figure 2; hereafter, the study area).

PSAMP surveys

(Nysewander et al. 2005)

were completed using

standard 100 meter-strip

aerial transect methods

(Briggs et al. 1985, Bibby

et al. 2000) using a

DeHaviland Beaver

floatplane flying

approximately 65 meters

above sea level at 80-90

knots, with two observers

stationed at starboard and port-side windows, respectively, recording all birds seen along a 50 meter-wide
strip of marine habitat. Observers included observation times to the neatest 5 seconds and corresponding
time-stamped positions were recorded every 5 to 10 seconds by an on-board computer and global
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positioning unit. A third person operated a computer, monitored positions and directed the pilot. Surveys
were completed during all daylight hours with weather permitting (generally up to Beaufort 3, i.e. when
7-10 knot winds begin to create whitecaps). Tracklines followed nearshore habitats, following the
coastline in roughly a parallel pattern (Figure 1). For this study, we divided the PSAMP data into
sequential 1 km segments, and used the location of the midpoint of each segment to georeference it to a
given habitat type and depth strata, as well as associate it with a particular HMBAC polygon (e.g., Figure
2). In order to assess trends in densities of marine birds wintering in the nearshore habitat between
Tulalip Point and Brown’s Point, we selected all HMBAC survey polygons and all PSAMP 1km transect
segment midpoints that fell within 1 nautical mile of the study area (Figure 2).

Of the 21 species groups encountered by HMBAC surveys, only 19 were found within the Tulalip Point
to Brown’s Point study area. All of these species were within the Anatidae family and included: three
Aythya species (canvasbacks, A. valisineria; and lesser and greater scaups: A. marila and A. affinis,
respectively); three Bucephala species (Barrow’s and common goldeneyes: B. islandica and B. clangula,
respectively; and buffleheads, B. albeola); three Melanitta species (black, surf and white-winged scoters:
M. nigra, M. fusca and M. perspicillata, respectively); ruddy ducks (Oxyura jamaicensis); hooded
mergansers (Lophodytes cucullatus); common and red-breasted mergansers (Mergus serrator and M.
merganser, respectively); long-tailed ducks (Clangula hyemalis); harlequin ducks (Histrionicus
histrionicus); and four Anas species (American wigeons, mallards, northern pintails and green-winged
teals: A. americana, A. platyrhynchos, A. acuta, and A. crecca, respectively).

Because of difficulties encountered while identifying and separating similar looking species within the
same genus from an airplane (Evenson, pers. comm. to I. Vilchis), both scaup species were grouped into
one category, as were all scoters, and the two Mergus species, respectively. Barrow’s and common
goldeneyes were also grouped into one category; buffleheads were kept separate. This reduced the taxon
groups for trend analyses from 19 to 14. Several taxon groups contained few sightings, including:
merganser species 2, harlequin ducks 2, long-tailed ducks 19, ruddy ducks 21, and green-winged teals 50.
All other taxon groups had more than 100 total counts. In order to not create artificial rates of increase in
species that were probably not actively searched for or were rare to begin with, we excluded all taxon
groups with less than or equal to 50 total counts in HMBAC surveys from the trend analyses, reducing the
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trend analyses to nine species groups. Because canvasbacks are uncommon winter residents of Puget
Sound, this species was also excluded, resulting in eight taxon groups for which temporal trends in their
densities within the study area were estimated. We restricted our use of the PSAMP data to only these
groups.

Because both the historical and the contemporary surveys applied complete counts to predetermined
survey areas, with a focus on larger duck species, we assumed that densities estimated from both survey
types would be comparable. However, comparing marine bird densities from aerial surveys each using
different methodologies (strip transects vs. point-counts) does not come without caveats. Cessna
propeller aircraft (i.e., HMBAC surveys) are known to be quieter than DeHaviland Beavers (i.e., PSAMP
surveys), in addition to differences in observer viewing areas (i.e., window size) and viewing angle. As a
result, quieter Cessnas might permit smaller and/or wary species of diving ducks to be observed. Larger
species should have been observed similarly with either plane.

Because HMBAC surveys used point-counts and PSAMP surveys are strip-transects, the resulting
sampling units for each survey are different. HMBAC sampling units were the combinations of unique
survey polygons and survey years, resulting in a single polygon survey annually. Of all 134 HMBAC
geo-referenced survey polygons (Figure 1), only nine were within the coastline between Tulalip Point and
Brown’s Point (Figure 2). Except for 1965 and 1978, all nine survey areas were sampled once yearly
during winter months between 1961 and 1985 (Figure 3). PSAMP sampling units are 1km by 100 meter
wide strip-transect segments, resulting in thousands of segments annually. PSAMP surveys were also
completed during winter months. Begun in 1994, PSAMP survey data are currently available up to 2010.
Different methods were used during the 2007 survey; therefore, we excluded this year from the trend
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analysis. For the remaining 16 survey years of available PSAMP data, we extracted transect segments
with midpoints falling within 1 km of the study area (2,680 segments in total over the 16 years; Figure 2).
On average, PSAMP surveyed the Tulalip Point to Brown’s Point coastline resulting in an average of 158
1 km segments per year (range: 135-191; Figure 3). Thus, there are extreme differences in the effective
number of data-points collected annually: nine versus an average of 158.

In order to compare estimated densities from the HMBAC and PSAMP surveys, both sampling units were
averaged over the study area by year to create our analysis unit: Tulalip Point to Brown’s Point species
average density per year. Using this analysis unit, we calculated least square fits (finding slopes and
intercept values that make the data most likely) for these time series, respectively.

Finally, we combined both datasets into a single analysis in order to assess the 49-year temporal trends
(1961-2010). Due, in part, to differences in sampling design and, in part, to actual differences in speices
abundance through time, various species density estimates had observations that were distinctly larger
than in any other year within the time series. The presence of outliers is a strong sign that data should be
transformed in order to down-weight the influence of such observations in discerning any trends (Zuur et
al. 2007); therefore we applied a square root transformation to all density estimates. Because we are
attempting to discern long-term trends in densities within the study area, we normalised density estimates
so that all annual estimates (regardless of survey type) had the same weight in the trend analysis for each
species. To do this we first centered density estimates of each species by subtracting the long-term mean
and then dividing that number by the standard deviation of the long-term mean (Griffin and Shallenberger
1989, Zuur et al. 2007). We limited all trend analyses to linear, as data were noisy and there was no a
priori reason to select a non-linear fit. The datasets were initially separated to explore whether taxon
group level patterns within each were consistent.

To assess the type(s) of nearshore habitats available to wintering waterfowl within the study area, we used
habitat classifications provided by the Nearshore Habitat Program of Washington State’s Department of
Natural Resources (DNR). Over a three year period during the late 1990s, the Nearshore Habitat Program
classified and inventoried all of Washington State’s saltwater coastlines. This major feat was
accomplished by surveying all coastlines at low tide with helicopters flying at 60 mph and 300 feet above
sea level, while recording video imagery of the shoreline along with corresponding coordinates.
Geomorphologists and marine ecologists then classified coastlines according to physical and biological
features and integrated this information with coastline coordinates in shapefiles using mapping software
(Berry et al. 2001b). The resulting Shore-zone Inventory that was created describes the physical and
biological characteristics of intertidal and shallow subtidal areas, and is publicly available. Besides
recording other informational aspects of the coastline, three shoreline indices were used to classify the
shoreline type: (i) a shoreline classification commonly used in British Columbia (Howes et al. 1994,
Searing and Frith 1995), (ii) Dethier’s (1990) A Marine and Estuarine Classification System for
Washington State, and (iii) the National Resource Damage Assessment (NRDA) classification (Berry et
al. 2001a). These three indices of shoreline type can be used to interpret the kinds of habitats available to
marine waterfowl wintering in the nearshore habitat of the coastline between Tulalip Point and Brown’s
Point.
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Breakdowns by percentage of the shoreline types described by each index are listed in Tables 2 — 4. As
these tables show, most if not all of the shoreline habitat between Tulalip Point and Brown’s point
consists of estuarine intertidal habitat made up of open mixed coarse beaches, sandy beaches, and rocky
shores, with few kelp beds. All three indices indicate that more than half of the coastline between Tulalip
Point and Brown’s point as being composed of coarse sandy beaches. According to Dethier’s
classification scheme, at least half of the coastline habitat is composed of partly enclosed embayments
(Table 2). While the latter classification type does not assign a type to habitats modified for
anthropogenic use, the British Columbia classification scheme does. This classification scheme
associates approximately one fourth of the habitat with man-made features (Table 3).
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Natural Histories of the eight waterfowl species included in trend analyses

Aythya marila and A. affinis - lesser and greater scaups: Both of these diving species are
common winter residents in Puget Sound, where they frequent almost exclusively marine and
brackish water habitats. While breeding, both of these species migrate to northern Canada and
Alaska, with the breeding range of greater scaups reaching farther into Alaska. Non-breeding
scaups in Puget Sound, prefer, ice-free bays, harbors and river inlets with fine soft substrates,
which provide appropriate habitat for these epibenthic feeding ducks. Being associated with
both shallow water habitats of estuaries and wetlands, as well as deeper habitats of bays and
coastal lagoons, scaup species can exploit a variety of prey. While in deeper waters of bays and
harbors, scaups dive for bivalves, snails and crustaceans. In shallower habitats scaups can also
dabble for aquatic plants like sea lettuce (Ulva sp.) and eelgrass (Zostera sp.), as well as aquatic
insects and other invertebrates. When available, scaups are also known to feed on herring
spawn. Although both scaup species are commonly seen foraging together in coastal bays, lesser
scaups are also commonly found foraging close to beaches. Both species use nearshore areas to

rest and preen (Munro 1941, Poulton et al. 2002).

Bucephala islandica and B. clangula - Barrow’s and common goldeneyes: Barrow’s and
common goldeneyes are both common migrants and winter residents of the Puget Sound region,
where they primarily utilize marine nearshore habitats. Breeding North American populations of
goldeneyes use freshwater lakes and sloughs in Canada and Alaska, with Barrow’s goldeneyes
being more limited western Canada and Alaska. Although both species do feed on vegetation
including seeds and tubers, while wintering in marine habitats goldeneyes prefer animal prey.
Wintering goldeneyes dive to the benthos or subsurface vegetation searching for aquatic insects,
mollusks (both clams and mussels), crustaceans (shrimp and amphipods), small fish and fish
eggs (Vermeer 1982), stirring up prey in the relatively shallow water along rocky and sandy
beaches with the sweeping motion of their feet (Angell and Balcomb 1982). Goldeneyes
typically forage in pairs and have been observed to isolate themselves and defend territories
along protected rocky shores (Savard 1984). However, goldeneye species are also seen in small
flocks of up to 30 birds near sources of fresh water such as creeks, waterfalls, or even storm
drains. Preferring sheltered waters of shallow coastal bays, estuaries and harbors, goldeneyes are

also known to forage in open waters off these nearshore habitats.
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Bucephala albeola: Buffleheads are the smallest diving duck in North America and common
winter residents of Puget Sound. In this region, buffleheads are known to avoid open coastlines
instead preferring sheltered marine nearshore areas including secluded coves, harbors, and
estuaries as well as along protected beaches. Feeding both day and night, buffleheads are
frequently found in open waters within estuaries and shallow bays diving for snails, clams,
aquatic insects, small fish or fish eggs. Calm waters within inlets and bays are important habitats
for this species (Hirsch 1980). Buffleheads feed by solely diving, usually foraging in waters less
that 3 meters deep with a variety of different substrates. In Puget Sound, buffleheads have also
been observed joining multi-species flocks feeding on herring eggs (Erskine 1972). Breeding
populations of buffleheads in North America are tied to boreal forests central and Canada and

Alaska.

Melanitta. nigra, M. fusca and M. perspicillata: All three scoter species are common winter
residents of Puget Sound, although black scoters are less common. Habitat and food preferences
for these species are essentially the same (Vermeer 1981). Scoters prefer shallow marine coastal
waters, diving for epibenthic prey in water depths generally near 5 meters; but are also known to
forage in waters up to 20 meters deep, mostly over rocky or sandy substrates of bays and open
coastlines with relatively shallow water and abundant shellfish beds. While wintering, scoters
predominantly feed on mollusks (mussels, clams, snails and periwinkles), also at times feeding
on crustaceans and herring spawn. Surf scoters are known to prefer rocky substrates and
outnumber other scoters along steep rocky shores along inlets (Hirsch 1980, Zydelis et al. 2006).
Surf scoters winter and breed exclusively in North America, breeding in northern Canada and
Alaska; North American populations of white-winged scoters breed on freshwater lakes and
wetlands in the northwestern interior of Canada also reaching into Alaska; and North American
breeding populations of black scoters breed in both in the lake country of northeastern Canada

(Quebec) and in the in the coastal wetlands of western and northern Alaska.

Lophodytes cucullatus: Hooded mergansers are considered uncommon permanent residents of
Puget Sound. This species breeds in forested areas of southern Canada and northern United
Sates — its most common breeding grounds are in the Great Lakes region. Wintering hooded
mergansers in Puget Sound inhabit marine nearshore habitats like bays and inlets. Protected

nearshore waters are common feeding grounds for this species. However, this species will also
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preferentially inhabit shallow, freshwater and brackish bays, estuaries, and tidal creeks where
they often concentrate along the edge of ice (Angell and Balcomb 1982). Hooded mergansers
are visual predators needing relatively clear waters where they feed on a wide range of
freshwater-to-marine prey, including aquatic insects, fish, snails, earthworms, crayfish, and

amphibians (Dugger and Dugger 2009).

Anas platyrhynchos: Mallards are abundant permanent residents of Puget Sound. While this
species does prefer to feed on vegetation when foraging in the nearshore environment, mallards
also feed on small crustaceans and mollusks. During winter, mallards are frequently found in
mixed flocks with wigeons and northern pintails dabbling in intertidal mudflats and sandy
nearshore habitats (Angell and Balcomb 1982, Lovvorn and Baldwin 1996). Breeding North
American populations of mallards range throughout Canada, and in the western part of this range

into Alaska.

Anas americana: Abundant winter residents of the Puget Sound region, American wigeons are
commonly found in relatively high densities in freshwater habitats like marshes, rivers, lakes,
impoundments and agricultural lands. Dabblers, wigeons are also known to consume terrestrial
vegetation including upland grasses and clovers, and agricultural crops (Lovvorn and Baldwin
1996). When feeding in marine habitats, wigeons typically forage in intertidal eelgrass habitats,
actively using marine deltas and estuarine channel edges to dabble for food (Angell and Balcomb

1982). American wigeons breed in central and northern Canada as well as in Alaska.

Anas acuta: Like mallards and wigeons, northern pintails are also abundant winter residents of
marine nearshore habitats of Puget Sound, including shallow inland freshwater and intertidal
habitats, large shallow wetlands, flooded agricultural habitats, reservoirs, tidal wetlands, bays
and estuaries. Northern pintails do at times prey on small mollusks and crustaceans, but when in
marine habitats tend to prefer plant matter as a source of food (Angell and Balcomb 1982,
Lovvorn and Baldwin 1996). North American breeding pintails range from southern Canada and

the northern Great Plaines of the United States, as far north as Alaska and northeastern Canada.
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Results and Discussion

Time series for survey-specific annual density estimates are shown in Figures 4 and 5 (HMBAC and
PSAMP, respectively), with least square fits of these data illustrated in Figures 6 and 7 (HMBAC and
PSAMP, respectively).

Looking only at the early data (Figures 4 and 6), several general patterns are apparent. Scaups
experienced a significant decline, although this trend is entirely forced by three outlier values in the 1960s
and early 1970s. Hooded mergansers experienced a significant increase in the study area, with the model
accounting for 41% of the data variability; however, the actual densities of this species were quite low
(0.5 to 2 birds per km2) so this trend may be biologically meaningless. American wigeons and northern
pintails had marginally significant increases, but these trends were also forced by a small number of high
years late in the dataset. In fact, all of the Anas species displayed similar patterns - the majority of the
years were low-to-zero, with 2-5 "irruptive" years. This is suggestive of population concentration - that
surveys literally encountered large rafts in some years, and that the birds may have rafted elsewhere
(outside of the 9 survey polygons) in most years (hence the zero counts). At the very least, this pattern
suggests caution in interpreting a mathematical trend as ecologically real. Goldeneyes and buffleheads
displayed noisy and trendless densities during the early years.

The PSAMP data is less noisy, which is not unexpected given the higher annual sample size (survey
segments) and more comprehensive coverage of the study area. Scaups showed no trend; however, this
species was essentially at zero relative to the early years. The same can be said of hooded mergansers.
Goldeneyes and scoters experienced steep declines, returning the counts at the end of the dataset to levels
observed in the early years. Within the study area, goldeneyes decreased at ~2.1% per year. Goldeneye
species densities for Central Puget Sound using all of the PSAMP data for the 1994-2010 time period
decreased at a rate of 1.6% per year (Vilchis and Evenson, unpublished PSAMP analyses) and decreased
over the entirety of Puget Sound at 0.8% per year (Vilchis and Evenson, unpublished PSAMP analyses).
Scoter trends assessed using PSAMP survey data within the Central Puget Sound basin and for Puget
Sound in its entirety indicate annual declines of 3.6% and 2.3%, respectively, for the time period between
1994 and 2010 (Vilchis and Evenson, unpublished PSAMP analyses). These trends are mirrored by the
PSAMP-specific trends within the Tulalip Point to Brown’s Point study area (Figure 7)
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where all scoters species densities combined decreased at a rate of 4.9% per year. By contrast,
buffleheads experienced a sharp increase in numbers. Mallards, wigeons, and pintails displayed no
significant trends, although the number of irruptive years was relatively higher in this dataset (with the
exception of northern pintails) relative to the earlier years. This may indicate that the PSAMP sampling
effort more adequately capturing rafting, and/or that more of these species rafted in the study area in the
later years.

As Figures 4 and 5 clearly show, variability in the annual Tulalip Point to Brown’s Point average density
estimates derived from HMBAC and PSAMP surveys were different. This is likely the result of the
different surveying methodology, sample size differences, the relative spatial scale of each type of
sampling unit, and the absolute spatial coverage within the study area of each survey type — a good clue
that comparisons amongst these two survey types might not be as robust as desired. Nevertheless, only
three species and/or species groups displayed significant long-term trends (Table 5): scaup species,
goldeneye species and buffleheads. HMBAC — PSAMP combined and transformed time series for all
eight marine waterfowl taxon groups are shown in Figure 8, and normalised trends of the same are shown
in Figure 9.

Because of the wider spatial coverage within the study area and the aggregative nature of marine birds,
PSAMP sampling units had many more zeros. In order to make sure that the weight of the zero-inflated
PSAMP sampling units was not distorting the observed results, we also ran the same 49-year trend
analysis using only PSAMP segments that were within the HBMAC polygons, reducing the PSAMP
sample size from 2,680 to 190. These results, while not as robust because of the decrease in sample size,
are similar to what is reported in Table 5 and are shown in Table 6.

Once more prevalent in the study area, scaups appear to have declined in number essentially to zero (or at
least the limits of detectability) at the present time. Previous studies comparing 1978-79 MESA and
1992-99 PSAMP data have reported significant decreases in scaup densities in Puget Sound (Nysewander
et al. 2005, Anderson et al. 2009). Similar long-term trends have also been reported for scaup surveyed in
within their northern breeding range within western Canada (Afton and Anderson 2001).
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Over the combined 49-year time series, hooded mergansers displayed a unique pattern —rising from
essentially zero to a noisy maximum in the 1970s and 1980s, only to return to the limits of detectability
from the 1990s onward. Although one interpretation is that early observers may not have targeted this
species sufficiently (such that the 1960s numbers were artificially low), it is also true that other species,
most obviously mallards and to a lesser degree American wigeons and northern pintails, also showed
relatively higher numbers during the same time period. Without process studies it is impossible to nail
down potential source(s) of this pattern, except to say that it is suggestive of two different forcing factors:
a depressive factor early in the time series that was effectively released by the 1970s, and a second
depressive factor that became prevalent later in the time series. Because the Anas species do tend to form
mixed species rafts, one interpretation of the data is that the chance of encountering larger rafts has
declined from the 1970s-1980s to present.

Surprisingly, scoter species did not show long-term decreasing trends with the HMBAC-PSAMP
combined time series — as other studies quantifying long-term temporal trends for scoters in Puget Sound
have found drastic decreases in all three scoter species (Anderson et al. 2009, Bower 2009). Both of these
studies used densities estimated from the 1978/1979 Marine Ecosystems Analysis surveys (Wahl et al.
1987) as baselines to compare contemporary density estimates - almost 20 years after the initiation of the
HMBAC surveys. Additionally, both Anderson et al. (2009) and Bower (2009) focused on areas within
the northern limits of Puget Sound. As with the Anas species and hooded mergansers, there may well be
a more recent forcing factor driving study area, and broader Puget Sound, declines.

Goldeneye species trend analysis using HMBAC-PSAMP combined time series indicated an increasing
rate in densities for this species group, despite the steep decline in the more recent (PSAMP) data. On
average, goldeneye density estimates were an order of magnitude less during the HMBAC versus PSAMP
surveys. Because the HMBAC specific goldeneye densities trends were stable while PSAMP-specific
trends were negative, caution must be applied when interpreting a linear model. Two tentative
conclusions can be reached. First, current goldeneye densities are lower than they have been in 20 years,
and the decline to this value has been steady within the study area. Second, current goldeneye densities
are above the lowest annual recorded values during the historical surveys, suggesting that over the half
century encompassed by both surveys, goldeneyes are still slightly positive. Given the similarity in
pattern between the goldeneyes and the scoters (a flat early period, a maximum value early in the PSAMP
series followed by a steady decline to or below early period averages), a likely interpretation is that there
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is a current forcing factor depressing abundance of these species in the study area that was not significant
prior to the 1990s.

Of the eight species groups analyzed for long-term trends, only the buffleheads displayed a clear increase
in abundance within the study area (Figures 8 and 9), driven by the increasing rate of 1.46% per year in
the PSAMP surveys (Table 5) as well as the overall higher numbers in the PSAMP versus the HMBAC
surveys. Clearly, survey differences, and specifically the larger, louder plane used by PSAMP, did not
influence bufflehead counts. PSAMP Puget Sound region-wide trend analyses do indicate bufflehead
long-term trends as decreasing at a rate of 1% per year for the 1994 — 2010 time period (Vilchis and
Evenson, unpublished PSAMP analyses). However, this decline is mostly driven by declining trends in
Admiralty Inlet and the East Juan de Fuca basins. The Central Puget Sound basin is stable according to
the PSAMP Puget Sound region wide trend analyses (Vilchis and Evenson, unpublished PSAMP
analyses).

In interpreting these trends we shouldn’t discard the possibility of trends being non-linear, as within the
50 years, more than two generations of these waterfowl species would have been completed.
Furthermore, all of these specie are presently hunted (WDFW 2011), but at what level each species is
targeted and whether these levels have changed over time is unclear. Hunting however, has been
hypothesized to be one of the several possible drivers of decline for certain species of waterfowl. For
example, in 2010 the Washington Fish and Wildlife Commission changed the daily bag limits for scoters,
long-tailed ducks, and goldeneyes from 4 per day for scoter and long-tailed ducks and 7 per day for
goldeneyes, to 2 per day for these thee species groups. Hunting alone is probably not the main driver for
observed trends in scaups and scoters, the fact that densities estimated from PSAMP surveys are so
different from those from HMBAC surveys may be the result of the much larger human presence in the
region now versus during the 1960s and 1970s. As the habitat assessment completed by DNR (Tables 2 —
4) show, there have been significant modifications of the study area’s habitat for anthropogenic use that
likely occurred during the last 30 years.
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In summary, over the half century encompassed by the HMBAC-PSAMP combined time series of select
marine waterfowl nearshore abundance in the Tulalip Point to Brown’s Point study area, almost all
species have shown declines from historical numbers; the exception being buffleheads. The pattern of
decline is different. Scaups declined first, entirely within the HMBAC survey period. Goldeneyes and
scoters displayed no trend within the early years, peaked at the beginning of the PSAMP surveys and
declined thereafter. Hooded mergansers and the Anas species were variably absent in the beginning of
the HMBAC survey period, showed variable irruptive patterns in the latter portion of this survey period,
and are less to much less present in the study area during the PSAMP survey period.
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Appendix D

Permit Data Summaries

1. Evaluation (Permits from Query): Summary data from permits that were identified during query.
Includes permits that were not evaluated.

2. Evaluation (2007-2011): Summary of comparison of Washington State, Puget Sound and the
study area for 2007-2011

3. Evaluation (SA 2002-2011): Summary data for permits that were evaluated
4. Year permit: Complete permit data for permits that were evaluated

*Complete permit data for Puget Sound and Washington State are available upon request because of the
size of information.

*Complete permit data for all permits from the query is also available upon request.
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	Riparian forests and areas of palustrine scrub-shrub wetland fringe portions of the lower river and its sloughs. These areas are dominated by Sitka spruce, Pacific willow, Scouler’s willow, western red cedar and black cottonwood.
	Disturbances and Stressors

	Disturbances/stressors in Subsection 7 – Snohomish Estuary include tidal barriers is probably the most significant stressor in this subsection with the construction of levees, tide gates. Approximately 44 miles of dikes isolate the river from its ripa...
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	Subsection 7 – Snohomish Estuary shows somewhat low habitat values compared to other subsections in the study area.  The composite index (Sum all) shows approximately 60% of the shoreline with high habitat values (green and yellow) (Figure 2-32 and Fi...
	Figure 2-39 Subsection 7 – Snohomish Estuary WDFW Shoreline Habitat Quantitative Assessment Index.  Composite index indicating relative value of shorelines for fish and wildlife habitat conservation.
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	“Characteristics of the watersheds that make up Puget Sound ecosystem vary dramatically across the region.  Sharp topographic relief creates highly variable local-scale climate, and in combination with diverse soil types, results in wide variety of en...
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	 Beaches
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	A bluff is described as a steep, high coastal slope cut into unconsolidated sediment with a broad face.  While banks are not as tall as bluffs they share some of the same characteristics.  Typically, both can be vegetated on top (in the study area, ve...
	3.1.2. Investigation of Cumulative Effects Along the Shoreline of the Study Area.

	“The Great Northern Railroad constructed the tracks along the beach at the toe of the bluffs in the late 1890s. Landslides have long been an issue for the railroad (now Burlington Northern Santa Fe), requiring frequent maintenance and cleanup followin...
	Figure 3-2 Typical shoreline today in Subsection 5 – Edmonds with railroad track next to the beach.  Photo is taken during low tide.
	3.1.3. Nearshore Disturbances in the Study Area
	Dredging
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	 Disturbance.  The physical act of dredging and the time it takes is a source of disturbance every time it occurs.  Most dredging occurs either in a channel or in the nearshore slips where boats are moored.  Noise, lights, anchors being dragged, use ...
	 Changes in salinity patterns. One obvious effect of dredging is the increase in depth or change in elevation of the channel or river in which it occurs.  In marine environments this has caused a major change to the distribution and depth to which sa...
	Ferry Terminals and Other Overwater Structures.
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	All of these structures shade the water and parts of the shoreline and many were built in nearshore habitats that were important for aquatic species requiring forage or refuge.  The following impacts are associated with overwater structures:
	“Juvenile salmon were most often observed away from the edge and toward open water.  This supports the premise that juvenile salmon avoid overwater structures because they physically block normal movement patterns or decrease light levels.”
	Shoreline Hardening

	Recently, the widespread extent of shoreline hardening has been examined as significant issue in shoreline management in Puget Sound.  Shipman et al. (2010) states, “The issue is complicated by the long-term and cumulative nature of the impacts…”.  Ro...
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	Source: Carman et al. 2011
	Figure 3-6 Bankline armoring and levees in the study area.
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	Salmon are a keystone species in the Pacific Northwest.  Not only are they an important commercial and cultural species but from a biological point of view they are an excellent bellwether of ecosystem health. Juvenile salmon use the nearshore area of...
	Modified Transitions between Terrestrial and Aquatic Ecosystems/Decreased Debris

	Figure 3-7 Typical shoreline today in Subsection 1 – Federal Way .  Photo was taken during low tide. Source: WDOE 2006
	3.1.5. Ecological Thresholds (Triggers)

	While researching the information for this study, an effort was made to determine whether ecological triggers are identified within the literature.   When considering shoreline development, the question remains of whether there is a “tipping point,” a...
	3.2. Historical Loss of Special Aquatic Sites

	Wetlands are one type of special aquatic sites, as these sites are defined in the Clean Water Act (CWA). Mudflats and vegetated shallows are two other types. Three additional types are defined in the (CWA 40 CFR 230, Subpart E) but do not exist in the...
	3.2.1. Wetlands

	Wetlands are key sources for primary and secondary productivity, which, when coupled with detritus generation, are the main source of energy that drive the local aquatic food chain.  Prior to human modification, this was particularly true in the Duwam...
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	1. Water quality benefits:
	 Filters out nutrients, and some pollutants.  Microorganisms within the soil metabolize nutrients and some pollutants.
	2. Sediment control that benefits adjacent receiving waters:
	 Soil that is porous and permeable, due to being vegetated, helps improve water absorption.
	 LWD helps accumulate detritus which is also a food source for decomposition.
	3.3.2. Trends in Riparian Vegetation within the Study Area
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	Source: Franklin and Dyrness (1973)
	3.4. Urbanization

	By 1900, population started to rise dramatically in the study area. The combined population of King County and Snohomish County, which includes the study area, increased from 1.4 million in 1970 to 2.5 million in 2005 (Figure 3-17) (Washington Office ...
	/
	While the focus of this cumulative impact study was on regulatory actions within the study area and their potential effects, early research identified that the driver of many of the 404 actions were the result of urbanization and development. The ques...
	3.4.1. Roads

	/
	In the Northern portion of the study area railroads are also adjacent to the shoreline (Figure 3-23). The impacts from railroads are similar to roads.  While society and our economy are dependent on the road system there is a downside to having so man...
	 Roads provide an avenue for chemical input into the aquatic system. Most chemical transport from roads occurs in stormwater runoff through or over soil.  Many of the pollutants come from cars or atmospheric deposition.  Toxics such as lead, Zinc, ca...
	Trends in road density in the study area

	Figure 3-24 Road density in the nearshore subsections.  Subsection 1 – Federal Way, Subsection 2 – Burien/West Seattle, Subsection 3 – Elliott Bay, Subsection 4 – Duwamish Estuary, Subsection 5 – Edmonds, Subsection 6 – Everett, Subsection 7 – Snohomish.
	Figure 3-25 Road Density by subsection in the process unit. Subsection 1 – Federal Way, Subsection 2 – Burien/West Seattle, Subsection 3 – Elliott Bay, Subsection 4 – Duwamish Estuary, Subsection 5 – Edmonds, Subsection 6 – Everett, Subsection 7 – Sno...
	Methodology for Determining Road Density

	 Primary Highways = 16 meter buffer
	 Unimproved Roads = 5 meter buffer
	3.4.2. Impervious surface
	3.4.3. Methodology for Determining Imperviousness

	Surface imperviousness for the 1943-1953 and 1956-1968 time periods was determined for each NLCD based land classification that was delineated in the study area. This was based on land cover type utilizing USGS topographic maps, aerial photography, ob...
	Trends in impervious surface

	Between the years 1943-2001, 75% of the total land in Subsection 2 – Burien/West Seattle was undeveloped (0-10% impervious) (Figure 3-27). The amount of medium intensity development remained at a steady 17% of the total land between the years 1943-196...
	Figure 3-27 Change in area of impervious surface over time in Subsection 2 – Burien/West Seattle.
	/
	The northern subsections showed less change in land type than the four southern subsections. In all subsections, a trend toward increased impervious surface over time is apparent.  The trend is more pronounced in subsections such as 2 (Burien to West ...
	3.4.4. Results from other studies that include a portion of this study area
	A threshold of concern for impacts to the aquatic environment
	Fragmentation


	“Habitat fragmentation, by definition, is an event that creates a greater number of habitat patches that are smaller in size than the original contiguous tract(s) of habitat,” (Bender et al. 1998).
	“Landscape ecological studies focus on the effects that spatial patterning and changes in landscape structure (e.g. habitat fragmentation) have on the distribution, movement and persistence of species” …The size, shape and diversity of patches also in...
	 Edge species are those that can exploit the areas between two different habitat types.  Examples of edge species would include the robin in your back yard that borders a woodland, or crows (Northwest and common) or the rufus humming bird.  Juvenile ...
	3.4.5. Methods for Landscape Analysis

	To evaluate trends in the study area in regards to their landscape composition, a software program called FRAGSTATS (McGarigal and Cushman 2012) was used. Information on land cover comes from two sources.  The most recent information (2001) comes from...
	Landscape level metrics

	Figure 3-34 The total number of patches in Subsection 1 – Federal Way at the Landscape level. This graph depicts the total number of patches and is inclusive of all land cover classes.
	Figure 3-35 The total number of patches in Subsection 3 – Elliott Bay at the Landscape level. This graph depicts the total number of patches and is inclusive of all land cover classes.
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	Class level metrics

	Figure 3-46 Changes in patch density of mixed forest versus time in Subsection 3 – Elliott Bay.
	Figure 3-48 Changes in edge density for High intensity development at the class level for Subsection 1 – Federal Way
	3.4.6. Results

	4. Resources Affected
	4.1. Impact of habitat loss and modification on salmon and trout

	The previous section summarized the large-scale direct loss of special aquatic sites within the study area and the functions associated with the lost habitat. This section on fisheries examines the implications of loss of both function and habitat.  I...
	4.1.1. Loss of Function Associated with Loss of Special Aquatic Sites

	These functions are best exemplified by Bottom et al (2005):
	“The magnitude of the impact of estuarine condition on salmon life history is considerable…that with zero habitat left pristine, the estimated average survival rate is 0.5%, while the estimated survival in total pristine estuaries is more than three t...
	There are also specific examples of indirect effects of habitat loss within the study area.  Haas and Collins (2001), estimated that the historic loss of estuarine habitat reduced Chinook smolt production within the Snohomish system by approximately h...
	Figure 4-1 Chinook smolt production capacity in the lower Snohomish estuary by habitat zone.
	Similarly, Pess et al. (2003), estimated that Coho densities in the Snohomish were reduced by two to three times due to wetland loss and specifically loss of forested wetlands that were historically abundant in the system but are now rare, as they obs...
	4.1.2. Declining Chinook salmon populations
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	Summary of Chinook populations in Puget Sound

	4.1.3. Loss of Special Aquatic Sites Summary
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	a.  Category 5 waters are those that have exceed water quality standards but do not have a Total Maximum Daily Load (TMDL) plan established.
	4.2.2. Pre Spawning Mortality
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	4.3. Marine birds as indicators of cumulative effects
	4.3.1. Findings of an Interannual Marine Bird Trend Analysis from Historical Marine Bird Aerial Census


	 two Aythya species (lesser and greater scaups: A. marila and A. affinis, respectively);
	 three Bucephala species (Barrow’s and common goldeneyes: B. islandica and B. clangula, respectively; and buffleheads, B. albeola);
	 Change in reproductive success for Washington oriented component of individual species
	Other studies have also indicated declines in marine bird and waterfowl populations likely due to human influence.  Using the same PSAMP data that was included in USACE evaluation Rice (2007), concluded that human activity did affect marine bird and w...
	In the previous report Cordell et al. (2001) describes site specific disturbance in more detail;
	“At T-105 a decline in abundance began in the later part of the summer 1997 season and this trend continued through the next four seasons of data collection.  The timing of the downward trend in abundance at T-105 was closely tied to the construction ...
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