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Abstract
The purpose of this study was two-fold: (1) to collect observational data about the Bald Eagle
convocation that gathers along a two-kilometer length of shoreline in east Dabob Bay on Hood
Canal, WA, during the spring and early summer, and (2) to investigate the ecological factors that
are drawing Bald Eagles to this location, in order to inform management of these state-owned
tidelands. To the best of our knowledge, this is the first study investigating a spring Bald Eagle
convocation that has been conducted in the western United States. The results of the study
demonstrate that the Bald Eagles gather annually on these tidelands in Dabob Bay between the
months of May and July to feed on spawning Plainfin Midshipman. The eagles’ foraging activity
occurred primarily within two distinct habitats in the intertidal zone where Plainfin Midshipman
nests were found: in oyster beds located on a stretch of public tidelands, and among rock-like clay
deposits below a large feeder bluff on tidelands that are privately leased for shellfish aquaculture.
Bald Eagle foraging activity on this beach was strongly linked to the tidal cycle. Eagles gathered
in larger numbers at low tides, and more prey captures occurred on the outgoing tide than on the
incoming tide. Although there were proportionally more adult than subadult eagles present, few if
any were nesting pairs. Information on various types of human disturbance and their effects on the
Bald Eagles was recorded during the study period, with foot traffic being the most common and
most disruptive activity observed. The potential for the Bald Eagle convocation to be affected by
commercial shellfish farming on the privately leased tidelands is discussed with recommendations
provided for limiting possible human disturbance and negative impacts to Bald Eagles gathered
on this beach.

Background
Dabob Bay, located in the central portion of Hood Canal in the southern Salish Sea (Figure 1), is
home to one of the last relatively intact salt marsh estuarine systems in the Puget Sound (Todd et
al., 2006) and ranks among one of the top three oyster growing areas in the world (TNC, 2009).
The bay is more than 500 feet deep at its deepest point, and the shorelines are mostly comprised
of the gravel and sand beaches typical of Hood Canal. In addition to coastal forests and feeder
bluffs, this area contains forage fish spawning grounds, eelgrass beds, Pacific oyster reefs, and
nearshore tidelands and mudflats. As stated in the WA DNR Puget Sound Eelgrass Recovery
Strategy (2015), the presence of eelgrass, sensitive to a wide range of environmental stressors, is
an indicator of estuary health. This comparatively pristine ecosystem also supports higher trophic
level species, including waterfowl, birds of prey, seals, and even orca whales.
Most of the watershed surrounding Tarboo-Dabob Bay is included within the boundaries of the
Dabob Bay Natural Area. Of the approximately 10,000 acres of private and public lands within
the boundaries, to date 2,771 acres of forestland, marsh, and shoreline have been permanently
protected through purchase from willing landowners or transfer of state timberland into Natural
Area management (Figure 4) (DNR, 2018).
Bald Eagles, Oyster Beds, and the Plainfin Midshipman: Ecological Intertidal Relationships in Dabob Bay
Northwest Watershed Institute, October 2018
Page 2

Figure 1: Dabob Bay is located in Hood Canal, on the Olympic Peninsula of western Washington state. The study
site on the east side of Dabob Bay is shown in red.

The study took place on an approximately two-kilometer stretch of shoreline on the east side of
the bay, south of Long Spit and north of Camp Discovery. The beaches in this area are relatively
wide and flat, with large mudflats exposed at low tides. Maps created by the Washington
Department of Fish and Wildlife have documented spawning grounds for several species of forage
fish including herring and sand lance on this stretch of tidelands (WDFW, 2018). Mature upland
forests and shorelines are protected by the Washington Department of Natural Resources (DNR)
as part of the Natural Area Preserve (NAP). The beaches are backed by the tallest feeder bluffs in
Dabob Bay. Erosion of sediment from the steep slopes of the bluffs feeds the beaches below, and
through the process of longshore drift, the bluffs continue to build and maintain Long Spit.
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The Bald Eagle (Haliaeetus leucocephalus)
(Figure 2) is a keystone species in the Puget
Sound food web that exerts top-down
trophic control as a top predator (Harvey et
al., 2012). In recent decades, populations of
Bald Eagles in the Puget Sound region have
increased by orders of magnitude; in 2007,
the species was de-listed as Endangered by
the federal government (Harvey et al.,
2012). Throughout the Pacific Northwest,
large groups of overwintering and resident
eagles have been documented feeding on
Figure 2: Adult Bald Eagle. Photo by David Gluckman
spawning runs of chum and coho salmon
and wintering waterfowl. Less well-studied are the convocations of eagles that occur during the
nesting season from January through August, when their activities are restricted largely to nesting
territories (Watson et al., 1991).
Notable research on this topic, conducted in southern British Columbia, documented a gathering
of up to 110 Bald Eagles gathered at Crescent Beach, Vancouver, between March and June during
the years 1998-2002 (Elliott et al., 2004). Elliott et al. (2004) discovered that the eagles were
congregating on this beach to feed on spawning Plainfin Midshipman (Porichthys notatus) (Figure
3), a deep-water marine fish that spawns in the intertidal zone along the Pacific coast of North
America (Bose et al., 2018). The midshipman is a demersal, or bottom-dwelling, fish that lives at
ocean depths up to 300 m
(Cogliati et al., 2015). It is
found along the Pacific coast
from Alaska to Mexico, making
a vertical migration in the
spring to spawn in the rocky
intertidal zone. The spawning
period is relatively long, lasting
3 months from May through
July (Bose et al., 2014). Large
males, called guarder or Type I
males,
excavate
nests
underneath rocks or another
suitable substrate in the
intertidal zone. Females usually
Figure 3: Guarder male Plainfin Midshipman in nest. Photo by
lay their eggs on the underside
Heather Gordon
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of the rock and leave the nest once spawning is complete, as do Type II “sneaker »x males who do
not build nests or provide parental care but attempt to fertilize eggs laid in guarder males’ nests.
The guarder males remain in their nests for up to 4 months caring for the offspring (Cogliati et al.,
2015).
Elliott et al. (2004) found that the greatest influence on eagle abundance at Crescent Beach and
prey consumption rate was the tide height, with peak consumption occurring between 1-2 meters
on outgoing tides, likely because breeding Plainfin Midshipman are exposed at that tide level.
Other studies have also documented the influence of tide height on Bald Eagle foraging success
throughout the Pacific Northwest, illustrating the importance of tidal flats for nesting eagles
(Elliott et al., 2005; Watson et al., 1991; Thompson et al., 2005).
Beginning in 2012, Bald Eagles were observed congregating in large numbers annually in east
Dabob Bay from May through July on a stretch of tidelands managed by DNR, south of Long Spit
and north of Camp Discovery. The largest recorded convocation was 175 eagles on June 18, 2015
(K. Lazelle, personal communication) and may be the largest recorded seasonal gathering in Puget
Sound. The study site appeared to have a relatively low level of human activity and disturbance
although residents noted that the number of foraging eagles on the beach was lower on weekends
compared to weekdays, corresponding with an increase in human activity on the beach. A study
of Bald Eagles conducted in northwest Washington found that feeding activity declined
exponentially with increasing recreational activity (Stalmaster and Kaiser, 1998). Although boat
traffic accounted for a greater proportion of the disturbances, foot traffic was found to be most
disturbing – resulting in the eagles flushing farther from the foraging site, and requiring nearly
four hours to resume feeding compared to 36 minutes to resume feeding after disturbance by boat
(Stalmaster and Kaiser, 1998).
In 2017, the Jamestown S’Klallam and Port Gamble S’Klallam Tribes submitted a proposal for a
shellfish farm in east Dabob Bay on two intertidal lease parcels covering 74 acres, managed by
the WA DNR (Figure 4); the southern 35-acre lease parcel overlaps with the tidelands used by
the spring Bald Eagle convocation. The proposed project would include up to 6,000 on-bottom
oyster bags per acre on up to 20 acres of the southern lease parcel, up to 5 acres of Manila clams
with predator netting, and up to 20 acres of on-bottom beach oyster of which up to 2 acres would
be covered with predator netting for 90 to 120 days. The proposal notes that 1-2 boat trips to the
site would occur during the months of May-July (Miller 2018). Due to concerns about how
shellfish aquaculture activities might impact the eagles, the Northwest Watershed Institute was
commissioned by local landowners and the two Tribes to conduct an observational study of the
Bald Eagle convocation in Dabob Bay.
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Figure 4: The two DNR aquatic lease parcels proposed for shellfish aquaculture, on the east side of Dabob Bay, are
shown on the right. The map on the left shows the boundary of the Dabob Bay Natural Area in purple.

Objectives
The purpose of our study was to investigate the ecological factors that support a large convocation
of Bald Eagles on a two-kilometer stretch of tidelands in east Dabob Bay during the spring and
early summer. Our objective was to examine when, where, and on what prey species Bald Eagles
were feeding in this location. We also planned to study the current level of human disturbance to
the foraging eagles in order to inform management of human activity on these tidelands.
Specific objectives were to:
1) Collect data on Bald Eagle numbers and age distribution, foraging location, prey selection
and consumption.
2) Investigate the spatial distribution of Plainfin Midshipman spawning habitat throughout
the intertidal zone.
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3) Gather qualitative and quantitative information on the types of human disturbance and their
effects on Bald Eagles foraging on the beach.
4) Explore the relative importance of this site for Bald Eagles within Hood Canal.
5) Determine the potential impacts of shellfish farming to Bald Eagles and feasible mitigation
measures.

Hypotheses
Based on similar research that has been conducted in the Pacific Northwest, we hypothesized that
the eagles are gathering at this beach to feed on Plainfin Midshipman spawning in the intertidal
zone. Furthermore, we hypothesized that the intertidal area at this beach contains specific types of
substrate that provide suitable midshipman spawning habitat, with eagle foraging activity
concentrated in these habitats compared to the surrounding tidelands. From anecdotal evidence we
knew that eagles congregated on at least several other beaches in Hood Canal. We expected that
Dabob would be among the most important beaches for Bald Eagles in Hood Canal, because a
convocation comparable in magnitude to that recorded in previous years at Dabob Bay had not
been reported.

Methods
Bald Eagle observation
Most of the field work consisted of
Bald Eagle observations conducted
on 22 days between May 15 and July
12, 2018. We used a 22-67x spotting
scope with a camera attachment to
observe the eagles from a point on
the public beach about 200 m south
of the study area. We used two
sampling methods to collect data on
eagle foraging behavior. The first
method was focal-animal sampling,
Figure 5: Bald Eagle with midshipman prey captured in Dabob
in which an individual eagle
Bay. Photo by Heather Gordon
was selected based on a behavior
criterion (leaving a perch or initiating flight) and observed for a 10-minute interval. Focal-animal
sampling was conducted on 14 days of observation. To investigate the eagles’ foraging behavior
and the prey species they captured, we observed 216 individual eagles for 10-minute intervals over
4-6 hour periods, covering all tide levels and times of day. For each individual followed, we
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recorded the age class of the eagle based on its plumage (Clark & Wheeler, 2001), time and tide
height, prey capture attempts, identity and approximate size of the prey captured, foraging location,
foraging habitat type, and the location where the prey was consumed. Photos were taken to aid in
prey identification.
The second sampling method, used on 8 days of observation, was all-occurrences sampling. This
method can be more useful in studying behavioral events like prey capture but was challenging
when large numbers of eagles were present in the study site. Using this method, we recorded every
prey capture among all eagles present during 30-minute intervals, also over 4-6 hour periods. The
same data collected in the focal-animal method was collected using all-occurrences sampling. We
also recorded the number of eagles present in the study area every hour, including the number that
were foraging and the number that were visibly perched in the upland forest.

Habitat survey and nest search
We defined the boundaries of the study area after conducting preliminary Bald Eagle observations.
The study area encompasses the full extent of the shoreline used by the eagle convocation. The
southern portion of the study site is located on publicly accessible state-owned tidelands, the
northern portion on tidelands with a private aquatic lease managed by WA DNR (Figure 6).
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Figure 6. The study area in east Dabob Bay. Red flags mark the boundaries of each numbered beach section, and the
yellow pins are the start and end points of the transects we surveyed in the intertidal zone.
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The study area was split into 6 sections, each about
150-200 m in length, that were defined based on easily
identified landscape features, to enable the observer to
record the locations of the foraging eagles. Habitat
surveys of the intertidal zone were conducted within
each section on June 4 and June 5, 2018 and the results
were classified using the Washington DNR Marine
and Estuarine Habitat Classification System (Dethier,
1990). We used a GPS to reference the boundaries of
each section of the study area, as well as the start and
end points of the transects. We surveyed habitat
transects (Figure 7) at 45-meter intervals within each
section, beginning at the high tide line and running
perpendicular to the shoreline. For each transect, every
10 meters, we sampled an area 0.8 m2 and recorded the
Figure 7: Sampling habitat along a transect.
primary and secondary substrate as well as any
Photo by Heather Gordon
vegetation that was present.
The transects varied in length because they fall
within the intertidal zone and were therefore
limited by the tides. (Note the extent of the
intertidal zone surveyed in Figure 6; surveys
were conducted on days with higher afternoon
low tides in an effort to limit disturbance to the
eagles). We searched for midshipman nests
within 1 meter on each side of the transects, and
recorded the location of each nest, the number
of fish in the nest, and the presence or absence
of eggs (Figure 8).
Figure 8: Midshipman nest with eggs under clay “rock.”
Photo by Heather Gordon

Additional data collection
We commissioned Aerial Images Northwest to take aerial photos of the tidelands by drone on May
16, 2018. A second set of photos were taken on July 13. We also conducted a fixed-wing aerial
survey of Hood Canal shorelines on June 26, 2018 at low tide, to count eagles and document their
general location. During the study period (May 15 – July 12) we visited several locations in the
central Hood Canal region that were known to have large numbers of eagles in the spring or were
documented midshipman spawning sites to conduct Bald Eagle counts, in addition to groundtruthing our observations from the flight survey.
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Results
During more than 70 hours of observation, the Plainfin Midshipman was the most common prey
item we observed eagles consuming. Of the 617 recorded prey captures, 75% were positively
identified as midshipman (n = 460). Because of their size and their location when captured, it is
likely that most of the unidentified prey captures were also midshipman. Near the end of the study
period, some of the eagles showed more opportunistic foraging behavior and were observed eating
small silver forage fishes, flounder, and gunnel (Figure 9, Figure 10).

Number observed captures

Total Prey Captures by Species
500

460

400
300
200

155

100
0

Midshipman

Unidentified

1

1

Flounder

Gunnel

Species
Figure 9. The number and identity of prey species captured by Bald Eagles in Dabob over 22 days of observation.

Figure 10: Bald Eagle with midshipman captured in an oyster reef. Photo by David Gluckman
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The majority of eagle foraging activity occurred on foot on the tidelands. Foraging activity was
concentrated in two areas of the tidelands: section 2, which is characterized by large Pacific oyster
reefs (Crassostrea gigas) and areas with scattered clusters of oysters, and section 5, where the
substrate is dominated by clay deposits that likely originated from the collapse of a large feeder
bluff in the early 1990s (Figure 11). The oyster beds in section 2 were exposed beginning at about
a 0.9 m tide, and the clay ‘rocks’ of section 5 were exposed around a 1.3 m tide. In the absence of
human disturbance, eagles were usually present on the beach in these areas for the entire duration
that they were exposed, with a greater number of eagles present on the beach at low tides
(correlation, -0.74).

Proportion of total foraging
activity

Bald Eagle Foraging Activity by Location
50%
40%

43%
37%

30%
20%
10%

12%

0%

I

II

2%

1%

III

IV

4%
V

VI

Section of beach
Figure 11: The location of eagle foraging activity on the tidelands from focal animal and all-occurrences sampling
observations, recorded by the beach sections shown in Figure 6.

The results of the habitat survey and midshipman nest search supported our hypothesis that eagle
foraging activity would be concentrated in areas of greatest prey abundance – in this case, areas
with the highest midshipman nesting density. Our sampling effort located midshipman nests
underneath oysters in sections 2 and 3, with an estimated nesting density of 0.14 nests/m2.
Although all the nests were found in areas where sand is the primary substrate, 42% of nests in the
sample were found in densely clustered Pacific oyster reef, whereas 48% were located underneath
isolated clusters of Pacific oysters that did not form a continuous reef (see Appendix, Figures 2425). Nests under isolated oyster clusters were created by a midshipman excavating the sand from
beneath a cluster that was a minimum of 20 cm in diameter. Within the reefs, nest characteristics
were more variable; eggs and midshipman were even found inside individual large oyster shells.
Nests were also located in sections 5 and 6, primarily underneath clay “rock”’ that were generally
larger than 20 cm in diameter, with an estimated nesting density of 0.02 nests/m2 (see Appendix,
Figure 23). In these sections, 88% of the nests were underneath these clay deposits, where the
primary substrate was mixed-fine sediment, with the remainder of nests underneath driftwood logs
and the few large rocks found on this beach (Figure 12).
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Legend
Nest under oysters
Nest under clay “rock”
Nest under driftwood
Nest under rock

Figure 12: Plainfin
Midshipman nests located
during habitat sampling in
the upper intertidal zone.
Nests are colored according
to the substrate under which
they were built; nests under
oysters were found only on
the public beach.

Eelgrass beds covering the mudflats were exposed beginning at around a 0.3 m tide, and during
low tides, many of the foraging eagles hunted on foot in the eelgrass to capture stranded
midshipman. In this part of Dabob Bay, eelgrass beds are found all along the shoreline in the low
intertidal and subtidal zones. Eagle foraging activity in the eelgrass occurred in every section of
the study area, and the greatest proportion of all recorded captures took place in the exposed
eelgrass beds (Figure 13).
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Bald Eagle Foraging Activity by Habitat
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Water

22%
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23%

Eelgrass

38%
0%

10%

20%

30%

40%

50%

Figure 13: The locations of Bald Eagle prey captures analyzed by habitat type.

Tide was a dominant environmental factor influencing eagle activity on this beach. Foraging
activity peaked during the outgoing tide and usually increased up until the low tide, with more
prey captures occurring on the outgoing than the incoming tide throughout the tidal cycle; most
captures took place when the tide was between –0.5 and 0.3 m (Figure 15). Captures made in flight
occurred more frequently during the outgoing tide, likely because the receding tide left fish
exposed or stranded in shallow water. The success rate of captures made by an eagle in flight was
high (77%), but most captures were made by eagles foraging on the tidelands, where every attempt
was successful, resulting in a 94% capture success rate overall (Table 1). 103 kleptoparasitism
attempts were recorded, of which only 37, or 36%, resulted in an eagle successfully pirating prey
captured by another bird. All the piracy attempts involved midshipman prey, with one or more
eagles usually attempting to steal from conspecifics (Figure 14), but eagles were also observed
attempting to pirate fish from Glaucous-winged Gulls and Great Blue Herons.

Figure 14: An eagle attempts to pirate fish from another adult eagle. Photo by Heather Gordon
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Table 1: Bald Eagle prey capture methods and success rates.

Method
In-flight
Foraging
Piracy

Attempts
119
657
103

Captures
92
617
37

Success rate
77%
94%
36%

All the prey captures observed (Figure 16) on this beach during the study period were consumed
on site, either on the tidelands or from a tree perch. This indicates that few if any eagles were
actively nesting because no eagles were observed leaving the site with their prey; nesting eagles
return to their nest with prey to feed their nestlings. The overall ratio of adult to subadult eagles
throughout the study period was 2.3 to 1, and the proportions of subadults in each age class were
0.03 (juveniles), 0.26 (1st years), 0.35 (2nd years), 0.12 (3rd years), and 0.23 (4th years).

Influence of Tidal Cycle on Bald Eagle Prey Capture
Number of successful prey captures
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0.1 -

0.3

0.3 -

0.5

0.5 -

0.7

> 0.7

Tide Height (m)
Outgoing tide

Incoming tide

Figure 15: All recorded Bald Eagle prey captures evaluated by the tide height at the time of capture, comparing
those made on the outgoing vs the incoming tide.
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The highest eagle count recorded at the
Dabob site during the study was 49
eagles on June 18, 2018. Eagle
numbers peaked several times
throughout the study period, with the
highest eagle counts recorded on May
31, June 18, and June 27, 2018 (Figure
17). Between 2012 and 2018, the
highest counts were usually recorded
between June 15-30 (Figure 18). 2018
represents the smallest number of
eagles gathered at Dabob since
observations began in 2012. From
2012-2014, numbers fluctuated before
increasing to 175 in 2015; the peak
number of eagles on the beach has
declined each year since 2015.

Figure 16: A subadult eagle captures a midshipman on the beach at Jackson
Cove. Photo by Heather Gordon

Eagle Counts and Associated Tide Height
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Figure 17: The highest eagle count and tide height at the time of the count from each day of observation during the
2018 field season (correlation, -0.59).
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Trends in Bald Eagle Counts at Dabob Bay from 2012 to 2018
May 16 - 31

June 1 - 14

July 1 - 15

150

151

80
80

88

115
108

52

50

40

25

20

24

50

50

50

75

48
40
49
40

110

125

125

134

150

90

Number of eagles present

175

100

June 15 - 30

175

May 1 - 15

0
2012

2013

2014

2015

2016

2017

2018

Year
Figure 18: The peak number of eagles recorded at the Dabob site annually from 2012 to 2018.

During the study period, we also visited four other beaches to conduct Bald Eagle counts: Jackson
Cove and Seal Rock Campground, both north of Brinnon; Big Beef Creek where it enters Seabeck
Bay; and privately-owned tidelands at the tip of the Boulton Peninsula, which separates Quilcene
Bay from Dabob Bay. Results are shown in Table 2. All counts were made by an observer on the
beach around the time of the low tide, except for the counts made on June 26, which are the results
of a two-hour aerial survey of Hood Canal, also conducted during a low tide (Figure 19). The
largest eagle count recorded during the study period was 100 eagles at Jackson Cove on May 30.
Eagle numbers at Jackson Cove showed a significant decline to 10 eagles recorded on June 26,
likely due to an increase in human activity on the beach following the start of a Boy Scout camp
at this location in mid-June. The second largest eagle convocation was identified at the southern
tip of the Boulton Peninsula during the aerial survey. A subsequent field visit confirmed a
gathering of at least 80 eagles at this site. Extended periods of Bald Eagle observation were not
conducted at any of these other beaches, but during several hours of observation at each site,
Plainfin Midshipman was the only prey item observed to be captured by Bald Eagles.
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Table 2: Bald Eagle counts recorded at five sites in the central Hood Canal region.

Location
Jackson Cove

5/30/2018

6/13-15/2018

6/26/2018

100

59

10

Seal Rock
Big Beef Creek
Boulton
Peninsula
Dabob Bay

6/2829/2018

7
24

41

21

28

6
78

80

40

45

Figure 19: Bald Eagle counts recorded during an aerial survey of Hood Canal on June 26. Only locations with 2 or
more eagles are shown.
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During the observational study at Dabob, information on the type and effects of all observed human
disturbance events was recorded. An event was considered a disturbance if it resulted in an eagle
flushing, or flying away from, its foraging area. At least one disturbance event was recorded on 15
out of 22 days of field work. The most commonly occurring disturbance type was foot traffic,
followed by boat traffic, and then shellfish harvesting (Figure 20). When feasible, we recorded the
time it took for an eagle to resume foraging after a disturbance. Figure 20 also shows the average
time (in minutes) it took an eagle to resume foraging after each of the disturbance types, with
disturbance by foot traffic requiring the most time for eagles to resume foraging.

25

25

Number of occurrences

22
20

21±4.7

20
15.4±6.1

15

15

12.3±1.5
10

10
7

6
4

5

0

5

0

Foot traffic

Boat

Shellfish harvesting

Other

Time to resume foraging (min, Mean ±SE )

Human Disturbance to Foraging Eagles

Disturbance Type
Figure 20: The number of human disturbance events throughout the study period at the Dabob Bay site, classified by
type, are shown in blue. The secondary axis shows the mean and standard error of the time it took the eagles to
resume foraging activities following a disturbance.

We also recorded the proximity of the disturbance to the eagle or group of eagles at the time that
they flushed, shown in Table 3. There was considerable variation in the distance of the person or
boat to the eagles at the time that they flushed, for all disturbance types, but shellfish harvesting
showed the least amount of variability and the proximity to eagles at the time of disturbance was
the greatest (furthest away from eagles when they flushed). Most commonly, following a
disturbance, eagles would flush to the nearby forest and perch in the trees, but during shellfish
harvests, it was more likely that they would fly away to land on a different section of the beach at
least 150 meters from human activity.
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Table 3: The proximity of human activity from an eagle or group of eagles at the time they left the foraging site.
Both the range in distances recorded for each event and the mean of all events is shown, as well as eagle response.

Disturbance
Type

Proximity:
Range

Boat traffic
Foot traffic
Shellfish harvesting

30 – 150 m
15 – 150 m
60 – 150 m

Proximity:
Mean ± SE
101 ±23 m
76 ±17 m
122 ±20 m

Most Common
Response
Flush to trees
Flush to trees
Flush >150 m away on
beach

Discussion
Large gatherings of Bald Eagles during the nesting season are not well-documented in the
scientific literature. To the best of our knowledge, ours is the first study of spring Bald Eagle
convocations in the western United States. Monitoring this phenomenon, and documenting
changes in eagle diet or behavior, can provide insight into life history traits as well as potentially
important foraging habitat features. Prey choice of Bald Eagles, like that of other raptors, is flexible
and can be representative of ecosystem conditions (Hanson and Baldwin, 2017). The abundance,
composition, and distribution of prey species are all affected by ecosystem conditions, which
influences prey availability to predators. Eagle foraging activity in turn influences the ecosystem
through the direct impact to prey populations and the indirect effects that ripple throughout the
food web.
The results of our research indicate that the Bald Eagles gathered on the east side of Dabob Bay
are feeding almost exclusively on Plainfin Midshipman for two to three months of the year.
Observations at other beaches on Hood Canal suggest that the midshipman may be of primary
importance to the diet of Bald Eagles during this period. This period represents a significant
proportion of the eagles’ yearly foraging activity, with implications for eagle fitness and health
that go beyond the scope of this study. The long spawning season of the midshipman, its
vulnerability to predators at low tides, its relatively large size (up to 40 cm in length), as well as
its density within nesting habitats, together explain the value of the midshipman as a high-quality
prey base. The high capture success rate demonstrates further the importance of the midshipman
to foraging Bald Eagles, perhaps especially for subadult eagles who are less skilled at capturing
prey. The large gathering of adult and subadult eagles may provide an opportunity for subadults
to learn hunting techniques from more experienced adult eagles.
We identified the most important foraging habitats for Bald Eagles at the Dabob site to be two
specific types of Pacific oyster beds, where midshipman nesting density was highest; among clay
deposits that resemble large rocks; and in eelgrass beds when exposed at suitably low tides. Bald
Eagle foraging at the other sites in Hood Canal took place primarily on gravel or cobble beaches
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with large rocks and boulders, which are more typical of the midshipman spawning habitat
reported in the literature. The only other location where we observed eagles feeding on
midshipman nesting in Pacific oyster beds was at Big Beef Creek in Seabeck. All the locations we
visited that supported a convocation of Bald Eagles had at least two factors in common: suitable
Plainfin Midshipman spawning habitat and relatively low levels of shoreline development and
human activity (see Appendix, Figures 26-28 for photos of the other Hood Canal locations). The
effect of eagle predation on midshipman reproductive success is unknown.

Figure 21: Left: A Bald Eagle foraging among oyster reef in section 2 of the Dabob site. Right: Eagles foraging
among clay deposits of section 5. Photos by Heather Gordon

Both direct and indirect disturbances to foraging Bald Eagles were recorded at the study site in
Dabob Bay. Direct disturbances include any activity that physically alters the habitat. Indirect
disturbances are those that reduce habitat quality by excluding eagles from their preferred foraging
locations, altering behavioral patterns, and “have been shown to have both short- and long-term
effects on birds” (Steidl and Anthony, 2000). Most disturbance events recorded during our study
were indirect disturbances and altered both the foraging locations of the eagles and their behavior.
Eagles avoided areas of the beach with human activity and, when there was human activity
somewhere on the tidelands, often stood vigilant instead of actively foraging. From the data
collected, the most frequently disturbing activity was foot traffic. Not enough data was collected
to determine whether there was a significant difference among disturbance types in the average
time it took eagles to resume foraging after a disturbance.
The different types of disturbance differed greatly in intensity, duration, and spatial extent, making
them challenging to compare. From the data collected, foot traffic was the activity most greatly
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disturbing to eagles. Foot and boat traffic were characterized by relatively fast and sometimes
unpredictable movement but were comparatively short in duration and covered only a small area
of the beach at any one time. In contrast, a commercial tribal shellfish harvest that took place over
three days from June 11-13 covered large sections of the beach and lasted for several hours;
however, this was characterized by little movement around the beach for most of the harvesting
period resulting in eagles moving to other areas to forage(Figure 22). During the harvest eagles
foraged on the tidelands, mainly in the eelgrass beds and among the clay deposits beneath the large
feeder bluff, but they were excluded from the oyster beds due to the activity of the harvesters.

Figure 22: Tribal shellfish harvesters on the public beach at the Dabob site, June 11, 2018. Eagles can be seen
foraging in the clay section several hundred meters away. Photo by Heather Gordon

The events within each type of disturbance showed considerable inconsistency. As seen in Table
3, for each type of disturbance there was a wide range in the proximity of the activity to the eagles
at the time the eagle(s) flushed. This depended on the specific characteristics of each event and
likely the individual eagles that were disturbed, as individual birds can have different levels of
habituation to human activity. Overall, the effects of disturbance to eagles at this site are somewhat
different from those previously mentioned in the published literature, the most notable difference
being the shorter time at this site for eagles to resume foraging following a disturbance.
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Recommendations
Due to increasing recreational and development pressures, the potential for conflict between
human and eagle activity in estuarine systems is high (Thompson et al., 2005). A large proportion
of Bald Eagle foraging activity in east Dabob Bay takes place on tidelands that are leased by WA
DNR for commercial shellfish aquaculture. Although the tidelands are not currently being
commercially farmed, future shellfish farming at this site could impact the Bald Eagle convocation.
Possible impacts include increased indirect disturbance to foraging eagles by an increase in foot
traffic, boat traffic, and harvesting activities, especially during the peak foraging time, which
occurs on the outgoing tide. The use of predator netting to protect clams and seeded oysters could
be a direct disturbance to foraging eagles, due to the amount of time they spend foraging directly
on the tidelands and the potential for their getting caught in the netting. Other species -- including
Great Blue Herons, Northwestern Crows, and Glaucous-winged Gulls -- congregate to feed on the
midshipman and could also be affected by netting. The type of netting used and its location on the
tidelands would largely determine the associated risk; however, if a bird is caught in predator
netting, there is a limited amount of time to free it before the high tide.
Other possible impacts include the potential loss of Plainfin Midshipman spawning habitat if there
are alterations to the substrate in the nesting areas identified in this study. Such habitat loss could
include harvest of the mature oyster reef and clusters, destruction of the clay deposits, and removal
of driftwood in the intertidal zone. Midshipman have been documented attempting to spawn
underneath oyster on-bottom bags, but the success rate of midshipman nests under oyster bags is
unknown. If oyster bags covering nesting midshipman are flipped, we speculate high mortality of
both eggs and adults. However, if reproductive success of midshipman spawning under bags is
high, the addition of these artificial nesting sites as well as cultivation of oyster beds at a similar
successional stage to those where midshipman nests were documented could potentially increase
the amount of spawning habitat for Plainfin Midshipman.
Given the potential impacts of shellfish aquaculture we identified, we developed the following set
of recommendations for limiting the possible impacts to Bald Eagles at this site. In addition to
those listed below, we recommend that the Tribes, landowners, and DNR create an educational
campaign for recreational visitors to the public beach to limit disturbance to the foraging eagles
during the spring gathering period.
1) Limit activity as feasible from May 1 to July 15
This timeframe covers the period that eagle convocations have been observed at Dabob Bay from
2012 to 2018. Limiting the use of predator netting, the number of boat trips per day, and the number
of people working on the tidelands would all reduce the potential disturbance level. We
recommend installation of oyster gear such as on-bottom bags outside of this time frame.
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Additionally, keeping human activity at least 150 meters away from foraging eagles could reduce
the number of disturbance events.
2) Limit activity during the outgoing tide
This study found that the outgoing tide was more important than the incoming tide for Bald Eagles
foraging at this site. The peak in eagle activity usually began several hours before the low tide and
continued up until the low tide. During minus tides a large proportion of foraging activity was
concentrated in the exposed eelgrass beds along the shoreline. However, it may be difficult to limit
activities to the incoming tide, because boats need to arrive at the beach early on the outgoing tide
in order to avoid disturbing the ecologically sensitive eelgrass beds that are exposed below a 0.3
meter tide.
3) Avoid alteration of habitat in the rocky, clay beach below the largest feeder bluff
This area supports the largest documented midshipman spawning habitat on the tidelands that are
proposed to be leased for shellfish aquaculture. Midshipman were found to nest most densely
underneath the clay deposit “rocks,” but nests were also located underneath driftwood logs in the
intertidal zone. The rocky, clay deposit area was one of the most consistently used by foraging
eagles throughout the study period; therefore, we recommend limiting activity in this area during
the eagle convocation and avoiding any alterations to the substrate that would reduce the amount
of spawning habitat available to midshipman (e.g., removal of clay “rocks” or driftwood).
4) Monitor Bald Eagle activity on the tidelands
The Bald Eagle convocation should be monitored in the future to collect more data about foraging
behavior and habitat use, the number of eagles gathered at this site, and the impacts of human
disturbance. Such data could provide valuable information about trends in eagle foraging activity
and its relation to other environmental factors. It could also serve as an aid in the creation of an
adaptive management plan for future commercial and recreational activity in east Dabob Bay.
5) Monitor Plainfin Midshipman spawning activity
On-bottom oyster bags should be monitored for the presence of spawning Plainfin Midshipman
and not flipped until all eggs on the bag have hatched. We recommend monitoring the success of
forage fish species spawning under the bags, training farm workers to limit the disturbance of
spawning fish, and recording nesting locations (including tidal elevation if possible). Midshipman
spawning surveys should also be conducted in the existing clay rock section and within any newlyestablished oyster reefs.
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Appendix. Photos of Plainfin Midshipman spawning habitats

Figure 23: Rocky clay substrate containing spawning midshipman habitat in section 5 of the study site at Dabob
Bay, located on the southern aquatic lease parcel. Photo by Peter Bahls

Figure 24: Isolated large oyster clusters containing midshipman spawning habitat, on the public tidelands at the
Dabob Bay site. Photo by Peter Bahls
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Figure 25: Oyster reef on the publicly accessible tidelands at the Dabob Bay site, the high-density spawning area for
the Plainfin Midshipman. Photo by Heather Gordon

Figure 26: Eagles lining the shoreline on the cobble beaches of the Boulton Peninsula. Photo by Heather Gordon
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Figure 27: Rocky intertidal beach at Jackson Cove, north of Brinnon. Photo by Heather Gordon

Figure 28: Bald Eagles in the oyster reef at the mouth of Big Beef Creek, Seabeck. Photo by Heather Gordon
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