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South Puget Sound and Nisqually Reach Aquatic Reserve
Pigeon Guillemot Breeding Surveys
2016-2018 Monitoring Report
Abstract
The Nisqually Reach Aquatic Reserve Citizen Stewardship Committee conducted Pigeon Guillemot
surveys beginning in 2013 through 2018 in South Puget Sound, to document number of adults observed,
burrow occupancy, chick feeding, disturbances, and seasonal changes at a maximum of 41 sites per year.
Each week from June through September for an hour at a time, the highest number of Pigeon
Guillemots were counted at each site along with burrow visits, fish deliveries, and disturbances. The
purpose of the monitoring is to collect baseline data for South Puget Sound as part of a larger regional
effort to detect trends and changes in Pigeon Guillemot populations.

Introduction
Project Background
In 2006, Anne Mills, as Program Coordinator for South Sound GREEN, a watershed education program,
arranged for Francis Wood, founder of Whidbey Island Guillemot Research Group, to give a presentation
about Pigeon Guillemots (PIGU) to local watershed educators in South Sound for a workshop on Marine
Birds. Inspired by the talk, Anne resolved to become involved in researching these birds and thus added
it to her retirement bucket list.
A count of PIGU around Anderson Island had been documented by Lindsay K. Raab and Govinda Rosling
in 2010 as part of establishing the Nisqually Delta Important Bird Area (IBA). The Nisqually Reach
Aquatic Reserve was established in 2011 and included the the IBA and colonies along the Nisqually
Reach. Research and networking suggested multiple colonies were near or in the other South Sound
inlets.
When Anne retired in 2012, she visited Whidbey Island to view PIGU breeding habitat, participated in
their training, met volunteers, and heard results of their survey work. The South Sound PIGU Breeding
Survey was initiated in 2013, serendipitously, when Anne found a sponsor in Daniel Hull, Executive
Director of Nisqually Reach Nature Center (NRNC). She was seeking an organization for support in order
to begin the research, and he was actively seeking an appropriate citizen science project to be
conducted within the Nisqually Reach Aquatic Reserve.
Substantial and ongoing support has been provided by Whidbey Island Guillemot Research Group,
including coming to Olympia to present and assist with volunteer training, sharing of survey materials,
South Puget Sound and Nisqually Reach Aquatic Reserve Pigeon Guillemot Breeding Surveys
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such as survey protocol and data sheets, answering questions, and coordinating regional consistency.
The first year of the PIGU Breeding Survey in South Sound was coordinated by Anne, with additional
support from the Nisqually Reach Aquatic Reserve Citizen Stewardship Committee and Washington
Environmental Council. Terence Lee began to manage NRNC’s citizen science projects, including this
study, in 2014 as the science technician for the Center.
Currently, NRNC is compiling an extended dataset on the breeding ecology of PIGU colonies throughout
South Puget Sound, to inform best practices in ecological conservation by establishing baseline data for
historical population changes and trends (though an index of maximum abundance) over multiple years.
Conducting this study, in advance of evident declines of the PIGU, is a rare exercise in population
ecology studies, and the ability to affect such studies in a long-term monitoring effort is difficult to
sustain for most study groups (Bonebrake, Christensen, Boggs, & Erlich, 2010).
The record of South Sound data may promote future studies within the region, be used for comparisons,
or assist studies in other similar habitats through data-sharing. Most of the data collection occurs during
the summer breeding season, but winter monitoring of resident birds is also conducted. Acquired data
may be used for natural resource damage prevention, mitigation, and assessment; natural resource
management; and protection of critical habitats and protected species.

Pigeon Guillemot Description
The Pigeon Guillemot (PIGU) is a small diving seabird in the Alcidae (Auk) family that breeds widely in
Puget Sound. PIGU are stocky dark monomorphic seabirds with rounded wings, straight bills, and bright
red feet and mouth lining (Seattle Audubon Society, n.d.) During the breeding season, adult birds
develop a distinctive dark brown plumage with black iridescence and a white wing patch with a black
wedge while; however, they appear a mottled grey and black with white underparts in their
non-breeding phase and as juveniles (Seattle Audubon Society, n.d.). They usually are between 3-5
years old before breeding (Seattle Audubon Society, n.d.) and will live about 4.5 years after the onset of
breeding (Nelson, 1991). They nest on rocky shores and mainland cliffs close to shallow water. PIGU
dive for their benthic prey, usually between 50 to 70 feet deep, and usually select gunnel or sculpin
within the South Sound, although other prey species are taken. They differ from other alcids by usually
laying two eggs in a nest (Seattle Audubon Society, n.d.).
PIGU are one of the key marine bird indicators in Puget Sound; the vitality of their population can serve
as a measure of environmental health, biodiversity, habitat condition, and climate change (Pearson and
Hamel, 2013). This becomes even more evident when one knows they are “especially sensitive to the
quality of the marine environment” (Pyle, 2001) and are considered a “climate threatened” species by
the National Audubon Society (n.d., 2014). The species is so sensitive that Bixler (2010) asserts that they
are “currently the only avian species that is listed as ‘not recovering’ on the Exxon Valdez O
 il Spill
Trustee Council’s Injured Resources List,” 20 years later. The health of the PIGU population reflects the
health of the Salish Sea marine ecosystem, and can influence environmental policy changes, when
backed by solid research and data (Pyle, 2001). The Puget Sound Partnership (PSP) Puget Sound
Environmental Monitoring Program (PSEMP) Marine Birds Workgroup selected the PIGU as a vital sign
species because these birds are Puget Sound-dependent throughout the year. Pigeon Guillemots are
South Puget Sound and Nisqually Reach Aquatic Reserve Pigeon Guillemot Breeding Surveys
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common in the waters of the NRAR during the summer breeding season and forage in nearshore waters.
Past and current studies have also identified the presence of Pigeon Guillemots throughout the Sound in
the fall, winter and spring seasons (Nysewander, et al, 2005; Puget Sound Seabird Survey, 2018). They
are burrow-nesters and utilize high bluffs along shorelines. A previous study of Pigeon Guillemot
breeding colonies and populations indicated a strong preference towards sand/clay bluffs as nesting
habitat (Evenson et al., 2003). Populations in South Puget Sound were found to be relatively stable over
a period of about 16 years, but smaller on average compared to populations on Whidbey Island where
these birds have been studied for a longer period of time (Pearson, 2016). Breeding and non-breeding
Pigeon Guillemots mingle as a group on the water, on the beach, and on the bluffs near the burrows,
and show strong social interactions including vocalizing, synchronized flying, billing, and mating (US Fish
and Wildlife Service(USFWS), 2006). Both male and female birds incubate eggs and care for chicks
(Drent, 1965). Chicks typically hatch in late June and fledge in August, between 29 - 37 days after
hatching (Thoresen & Booth, 1958; USFWS, 2006).

Reserve Background
The NRAR is part of the Washington State Department of Natural Resources (WDNR) Aquatic Reserves
Program. An aquatic reserve can be designated for any of the following purposes, singly or in
combination: educational, environmental, or scientific. Educational reserves are accessible areas of
aquatic lands typical of selected habitat types which are suitable for educational projects.
Environmental reserves are areas of environmental importance, sites established for the continuance of
environmental baseline monitoring, and/or areas of historical, geological or biological interest requiring
special protective management. Scientific reserves are sites set aside for scientific research projects
and/or areas of unusually rich plant and animal communities suitable for continuing scientific
observation (WDNR, 2011). NRAR was designated as an educational, environmental, and scientific
reserve.
The NRAR encompasses approximately 14,826 acres (6,000 hectares) of state-owned and DNR-managed
tidelands and bedlands. The ownership of adjacent lands is diverse: Tolmie State Park, the Billy Frank Jr.
Nisqually National Wildlife Refuge (formerly known as Nisqually National Wildlife Refuge), local park
districts, and private, tribal, Washington Department of Fish & Wildlife (WDFW), military, city, and
county lands. There are nearly 39 miles (63 km) of shoreline adjacent to the reserve, the majority being
privately owned. The NRAR area is shown in Figure 1.
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Figure 1. Nisqually Reach Aquatic Reserve and surrounding areas map ( WDNR, 2011).
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Goals and Objectives

The goals of the pigeon guillemot breeding surveys in South Puget Sound, near the NRAR, are to:
1) Provide a baseline for detecting changes and trends in local pigeon guillemot populations.
2) Create a multi-year dataset containing:
● The number of Pigeon Guillemot breeding sites throughout South Puget Sound.
● The number of active burrows at each site.
● Colony and South Sound population estimates.
● Prey type delivered to chicks.
● Time of fish deliveries and burrow visits.
● Nesting disturbances and colony reaction to the same.
3) Continue vital monitoring efforts by educating and training volunteers to monitor Pigeon Guillemot
breeding sites.
In order to accomplish the goals above, the following objectives are necessary to be accomplished:
● Train and retain a team of at least 30 volunteers to identify and monitor active breeding
burrows of Pigeon Guillemots and be available each year for the surveys.
● Record weekly observations of Pigeon Guillemot behaviour during the breeding season at 30 or
more sites on the data sheet at Appendix A.
● Provide data and findings to appropriate local and state agencies and the public, via website and
other outreach, such as presentations to community groups.

Methods
Basis and Protocols
The Pigeon Guillemot study, conducted by the Nisqually Reach Nature Center, has produced a dataset of
six discrete elements of the breeding ecology of these birds at colonies throughout South Puget Sound
(see goal 2, above), with the intent of establishing baseline data for future studies and to estimate
effects from both natural and anthropogenic disturbances, should they arise.
The survey protocols used for this project are detailed in Appendix B as well as the Quality Assurance
Project Plan (QAPP) (Appendix C). Monitoring surveys conducted by volunteers, interns, and staff
generated the data used in this report. The survey technique was based on the method established by
the Guillemot Research Group, formerly Whidbey Island Pigeon Guillemot Research Group.
In the South Sound, our methods deviate from the Guillemot Research Group in two ways. First, we
begin our survey visits to the selected colony sites about one week earlier than is done on Whidbey
Island. Second, our surveys begin on any day no later than 7:45 am, rather than 8:45 am as on Whidbey
Island. Both of these deviations from the base and established methods are due to our discoveries that
feeding activity was already occurring upon arrival of the volunteers in the first study week, and that our
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birds are active earlier in the day and have already left the burrows if we start later. Not wishing to miss
collecting good data points for the baseline, we opted to make the changes described.
Three types of data were collected:
1. Population data - Counts of PIGU are taken at the beginning of the survey, at the middle, and at
the end. Throughout the survey hour, a tally of the highest number of birds observed at a given
point in time is recorded. This may or may not coincide with one of the three counts. Emphasis
is placed on counting only birds that are associating with the site being monitored.
2. Burrow data - Times when birds enter or leave burrows with prey are recorded as are fish
deliveries, and entering without prey is recorded as a no prey visit. Fish are identified to general
types (gunnel, sculpin, other) with times for each type recorded separately. All times of various
burrow activities are recorded by burrow number.
3. Disturbance data - Events that can cause unnatural changes in behavior are categorized by type
and duration. Start and end times for each event are recorded as applicable.

Surveys and Procedures
Monitoring surveys were conducted between the first week of June through the first week of September
in 2016, 2017, and 2018, to capture data points within breeding colonies at a maximum of 41 beaches or
sites. This effort was possible as a result of the more than 600 hours per year by a total of 61
volunteers. These hours include both transportation and on-site time.
A site survey consists of at least one person, but ideally two or more, arriving at the designated site no
later than 7:45 to conduct the counts and record the data elements for one hour. That observer will go
to their designated site once a week, for at least ten weeks from the start date. Each site is closed after
ten weeks, if there have been at least two consecutive weeks without burrow activity (the delivery of
prey to the burrow). If the two weeks have not been met at the ten week time frame, the site remains
open until there are two consecutive weeks without burrow activity.
Most survey sites are accessible via beach access by foot, but all of the sites on Ketron Island are only
accessible by boat, these are Ketron Ferry, Ketron NE, and Ketron SW. Visual observations of birds and
burrow activity are typically augmented by the use of binoculars; spotting scopes are used exclusively
during non-breeding surveys. In order to minimize disturbance and influence on the PIGUs, volunteers
typically sit off to the side of the colony, positioned in such a manner that it is possible to simultaneously
monitor all the burrows and activity on the water.
Since PIGU are more apt to be at their burrows on mornings with a high tide (Vermeer, Morgan, &
Smith, 1993), this can cause access difficulty during especially high tides at some sites.
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Figure 2. Typical survey site; exposed sedimentary bluff with moderate sized holes preferred by PIGU
(NRAR, n.d.).

Sites
Sites are typically characterized by high banks with exposed faces pockmarked with burrows of varying
sizes as seen in Figure 2. The smallest burrows are used by swallows, while kingfishers use small to
medium burrows with PIGUs using medium to large burrows.
For the purposes of the study, a “beach” or “site” is the location from which observations are made of
the PIGU “colony” in that location, so the terms are interchangeable within this paper. A colony can
have multiple sites with individual sites designated using a lettering system (A, B, C). Site identifiers are
assigned based on the order in which sites are located and determined to have suitably sized burrows.
Therefore, the colony is named for the site, and site visits are of that colony. Names are typically
associated with geographic landmarks marked on maps such as points, coves, bays, or in cases where
there isn’t a prominent land/water feature, road names or neighborhood names are used. Site selection
was determined a couple different ways. Initial efforts were based on anecdotal, word of mouth on
‘historical’ breeding colonies, which were visited beginning in fall of 2012 to locate and assess the
habitat. Site access was, and still continues to be, a significant driver of site selection since most sites
are located on private beaches. Not all sites were surveyed each year; Table 1 shows survey effort
South Puget Sound and Nisqually Reach Aquatic Reserve Pigeon Guillemot Breeding Surveys
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(number of visits is equivalent to hours on site, but is not adjusted to the number of observers at the
site). Within each site, burrows were numbered, and burrow activity was attributed to the specific
burrows as they occurred. Two types of data were collected by time and burrow number: PIGU
entering a burrow without food (considered as an attempt to choose a site for laying or incubation), or
PIGU delivery of a prey animal. In the first case, the burrow was considered “occupied” and in the
second, the burrow was designated as a “chick burrow.” Prey animals were identified as either gunnel
(Pholidae) or sculpin (Cottidae). Any unidentified prey species, or those from other families were
reported as “other prey.”
The criteria used to select data for analysis within this report was consistent with the requirements
outlined in the QAPP; resulting in the exclusion of 14 sites in 2016, 24 sites in 2017, and 15 sites in 2018.
In each case of exclusion, the respective site’s data points did not meet the criteria of providing 10
weeks of observational data. However, since many of the excluded sites had good observations of bird
numbers, prey delivery by type and number, and burrow usage, additional discussion of those values will
be presented.
In addition to excluded sites, several other sites were added or removed from monitoring each year.
The number of unmonitored sites was 27 in 2016, 14 in 2017, and 16 in 2018. These unmonitored sites
are subtracted from the total number of sites we have surveyed (n=54) over the total duration of the
study. As an example, if a new site was added in 2018, it is counted as an unmonitored site for 2016 and
2017, even though it did not exist as a site at those times.

Recordkeeping
Survey observations are recorded on a standardized data sheet (Appendix A), and entered into the
www.pigeonguillemotdata.org database, that is operated by the Whidbey Island group. The sheet is
requested to be turned in to the NRNC within one week of the survey date.
The survey data sheet requests basic information about the survey site, such as the name of the site,
date of survey, and time of survey start, tide information at the start of the survey. It also has space for
information about the observers at the site that day; capturing the team lead name and email, names of
other observers, and the total volunteer time for that survey.
The actual data entries captured on the sheet include the hour’s highest PIGU abundance count, with
beginning/middle/end counts for the hour; burrow number identification and use (described as a no
prey delivery, or by type of prey delivered at a specific time); disturbances experienced during the
survey, the time of occurence, type and time of PIGU response, and additional notes about the burrows
or the colony/site. Each data sheet is mailed or emailed to the NRNC for filing and quality assurance and
control measures.
Quality assurance and quality control (QA/QC) measures stated in the QAPP (Appendix C) are
implemented in all project steps, including ensuring each sheet is complete, that the data is entered into
the database, and the sheets are properly filed within the NRNC. One of the most difficult QA/QC tasks
is to ensure each survey has the respective data sheet on file as a backup to the online record, and that
lack has caused some potential data to be excluded.

South Puget Sound and Nisqually Reach Aquatic Reserve Pigeon Guillemot Breeding Surveys
2016-2018 DRAFT Monitoring Report

15

Reporting Individual Abundance Data
For colonies that could commingle, especially at those at a single site name with multiple individual
sites, only the highest count of PIGU at either of the sites counted as the high count for the combined
colony. This would only be shown if there was data for those sites. Although PIGU have burrow fidelity
(Nelson, 1991), the high counts of birds did not attempt to differentiate between breeding pairs and
non-breeding birds in this monomorphic species; and in colonies with multiple sites, the birds are well
able to travel to those other sites nearby. Below is a list of sites for which the individual abundance data
would be reported only on one main site name:
Andy’s Marine Park South + Andy’s Marine Park West --> Andy’s Marine Park Combined
Butterball Cove South A + Butterball North --> Butterball Cove Combined
Mill Bight A + B --> Mill Bight Combined (Mill Bight C remains separate)
Totten @Elizen A Tower + A North + A South + B +C --> Totten @Elizan Combined (@Legacy remains
separate)
Walnut Rd A + B + C --> Walnut Rd Combined
Young’s Cove A + A West + B --> Young’s Cove AB Combined
Young’s Cove C + D + F --> Young’s Cove CDF Combined (Young’s Cove E remains separate)
Zangle Cove A + B + C --> Zangle Cove Combined

Citizen Science Training
Since inception of this project, the Nisqually Reach Nature Center provided training for volunteers from
Thurston County. We conducted similar training in Pierce (Anderson Island) and Mason (Harstine Island)
Counties, as well. Training provides access to diverse population of learners at different skill levels
through use of multiple methods, and includes: background information about PIGU, breeding habitat,
prey identification, data collection, and data entry. Classroom sessions lasted an average of four hours.
Field orientations are included as part of the training to demonstrate site locations, associated burrows,
and best practices for site use during observations/surveys.
Table 1: Numbers of Volunteers Trained by Year and Location

Survey Site Locations
Altogether, 57 sites were selected for monitoring during the course of the last three years. Figure 2
represents the geographical extent of our study area. The vast majority of sites are represented except
for ones that were in close proximity to one another and therefore would not fit on the map at the
displayed scale. Not all sites were surveyed each year and not all sites were completely surveyed each
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year. Sites were chosen by conducting site visits and making visual observations of birds in the
immediate vicinity of burrows, birds visiting burrows, or fish deliveries.

Figure 3. Map of 2016-2018 South Sound Pigeon Guillemot breeding survey colony locations (Lee, 2018).
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Table 2. Sites Surveyed 2016 - 2018 (data extracted from annual reports at
http://www.pigeonguillemotdata.org).
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Results
Sites
Only sites with at least 10 weeks of surveys and two consecutive weeks without burrow activity to close
out the season were included in the following analyses.
Table 1, above, shows survey efforts across the three years and the total number of survey locations
monitored each year. From the efforts at the various sites, the abundance of PIGU was calculated from
adding the highest count of PIGU seen throughout the year’s surveys at each reported site, following the
methodology from Whidbey Island (Bishop, Rosling, Kind, & Wood, 2016). Individual colony high counts
were added to provide an estimated aggregate of PIGU abundance in the South Sound, Figure 4. In
2016, the 14 sites reported 185 PIGU; 2017 had 181 PIGU; and 2018 accounted for 288; the three-year
average was 218 (Figure 4). A one-way ANOVA was run for the three years’ data and found there was
no statistically significant difference between or within the measures of maximum abundance reported
[F(2, 39) = 0.73, p = 0.488].

Figure 4. Annual sum of maximum index of abundance of Pigeon Guillemots at each reportable colony
during June to September, 2016 through 2018 in South Puget Sound (2016: nsites = 14; 2017: nsites = 11;
2018: nsites = 17).

However, an additional amount of 149 PIGU were counted at the sites without ten or more observations
(excluded sites), for a total of 334 for the year. These annual values were incorporated into the
reported data used in Figure 4, and an adjusted sum of maximum abundance was derived for
comparison, Figure 5. A one-way ANOVA was run for the three years’ data and found there was no
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statistically significant difference between or within the measures of maximum abundance reported [F(3,
2) = 0.0, p = 1.00].
As on Whidbey Island (Bishop, et. al., 2016), the numbers of birds counted and the resulting estimates of
maximum abundance do not include birds who were not seen for the reasons of remaining within
burrows, or absent from the colony for the entire survey time, nor do they attempt to exclude birds who
may have traveled from another colony to the site being surveyed. However, in order not to confound
the numbers with birds considered as a single colony with multiple sites that are able to be reasonably
commingled, as previously mentioned, we reported as a single site with only the highest number
entered as the combined response.
The average yearly index of maximum abundance for the South Sound was the adjusted value of 380
individuals. The largest site was the Walnut Road Combined colony, with a high count of 41 PIGU in
2018, and the smallest was the Hearthfire colony with 3 PIGU also in 2018. An average abundance per
site was not calculated, due to the great disparity of the range of abundance between the sites, however
it will be possible to compare years within a single colony in the future.

Figure 5. Adjusted annual sum of maximum index of abundance of Pigeon Guillemots at each surveyed
colony during June to September, 2016 through 2018 in South Puget Sound (2016: nsites = 30; 2017: nsites
= 41; 2018: nsites = 37) as compared to those reported sites from Figure 4 and the second column in each
year (2016: nsites = 14; 2017: nsites = 11; 2018: nsites = 17).

Burrows
Occupied burrows, without prey deliveries, were compared to burrows with prey delivery, chick
burrows. Occupied burrows, for reporting sites, were 24 in 2016, 25 in 2017, and 44 in 2018. Chick
burrows were 18 in 2016, 25 in 2017, and 35 in 2018. The mean for the type of burrow is 31.00 for
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occupied burrows and 26.33 for chick burrows per year. The adjusted data raised these values to 47, 61,
and 52 occupied burrows by year, and 31, 41, and 37 for chick burrows, in each year respectively,
beginning at 2016. Individual results by site are presented in Table 3. A one-way ANOVA was run for the
three years’ data and found there was no statistically significant difference between or within the
amount of occupied versus chick burrows reported [F(2, 52) = 0.73, p = 0.487].
Table 3. Occupied and chick burrows by site and year for reporting sites.

Note: Colors used in Tables 3 and 4 indicate sites to be combined for estimates of population
abundance, and for which only the highest site count will be entered as the result for the combination of
sites.
Data was also gathered at the sites excluded from full reporting for not having enough data points, and
were included in a calculation of burrow usage by year, the results of which are listed in Table 4. The
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inclusion of this data changed the number of burrows in both categories, adding 24, 36, and 8 occupied
burrows, as well as 13, 15, and 2 chick burrows, respectively. Again, there was no statistically significant
difference between or within the amount of occupied versus chick burrows
Table 4. Adjusted occupied and chick burrows by site and year for reporting and excluded sites.
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reported after the adjustment [A one-way ANOVA was run for the three years’ data and found F(2, 104) =
0.21, p = 0.811]. The mean for each burrow type is 31.00 for occupied and 36.33 for chick burrows for
each year.

Prey Delivery
The number and type of fish delivered to burrows was monitored and recorded, and the data was used
to calculate the rate of fish delivery per hour across the three years, and to determine a three-year
mean rate of delivery. It was also used to determine the delivery proportions between gunnel, sculpin,
and other prey.
In each year, and for the mean value, the PIGU delivered more than 2 fish per hour to their burrows.
There was no statistically significant difference between or within the amount of reported prey
delivered by year [F(2, 52) = 1.71, p = 0.318], Table 5. PIGU who were feeding chicks delivered a total of
332 gunnel, 96 sculpin, and 31 other prey (Figure 6) over the reported period, without a statistical

Table 5. Fish delivery rate to South Sound burrows and three-year mean rate for reported colony sites.
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difference between the years within the type of fish delivered [gunnel one-way ANOVA (F(2, 52) = 1.12, p
= 0.334), sculpin one-way ANOVA (F(2, 52) = 1.08, p = 0.347), and other prey one-way ANOVA (F(2, 52) =
0.09, p = 0.914)].
Sites with excluded data also recorded fish deliveries, so adjusted rates of fish delivery were calculated
by species, in total, and by week. Table 6 provides the adjusted rate of delivery for all fish over the years
of this study.
Table 6. Adjusted fish delivery rate to South Sound burrows and three-year mean rate for reported
colony sites. The additional hours with less fish delivered brought the rates down for 2016, 2018, and
the mean value, although the rate increased for 2017. These results were not statistically different in a
one-way ANOVA (F(1, 6) = 2.82, p = 0.144).

Prey choice, based on numbers delivered to burrows are shown in Figures 6 and 7. In the South Sound,
PIGU are highly selective of gunnels as their preferred species (71-72%), with sculpins their next
preference (21-22 %), and finally, any other species at a consistent 7%, despite adjustments.

Figure 6. 3-Year total prey delivered to burrows at each surveyed colony during June to September,
2016 through 2018 in South Puget Sound (2016: nsites = 30; 2017: nsites = 41; 2018: nsites = 37) .
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Figure 7. Adjusted 3-Year total prey delivered to burrows at each surveyed colony during June to
September, 2016 through 2018 in South Puget Sound, with the addition of excluded sites to the base of
the reported sites in Figure 5 (2016: nsites = 14; 2017: nsites = 11; 2018: nsites = 17).

Figure 8. 3-Year summary of prey deliveries by week, all prey combined.
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The summary of prey deliveries were not significantly different between and within the three years of
this report in a one-way ANOVA (F(2, 45) = 1.19, p = 0.314). The addition of the excluded sites increased
deliveries of prey species by almost 300, and is at Figure 9.

Figure 9. Adjusted 3-Year summary of prey deliveries by week, all prey combined.

Discussion
To date, we have six years of data - three of which are included in this report. However, as evidenced in
Table 2, not all sites were consistently surveyed over that time. Various factors can lead to less than the
minimum number of surveys conducted including: early breeding, inactivity, tide heights, and/or lack of
volunteers. Anderson Island is a locale that has proven challenging to recruit and retain volunteers for.
More effort will be required to resume monitoring at a number of sites. Multiple key sites have been
identified (Andy’s Marine Park, Lyle Point, Sandy Point) and will be prioritized in coming years, as well as
those for which we have identified a data shortfall in not having reportable data with 10 survey dates.
These are deemed key sites, because PIGUs are frequently observed using the breeding habitat on an
annual basis by birders and beach goers. NRNC staff have observed birds at these locations during
transit while conducting other surveys or during site visits for reasons other than to conduct breeding
surveys. Additionally, 10-week monitoring for all sites would create a more robust dataset. Improving
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training by emphasizing the how crucial it is to have 10 consecutive weeks of surveys in order for the
data to be analyzed would provide basis for a more complete dataset.
The number of pigeon guillemots observed for sites surveyed at least 10 weeks for all three years
generally did not vary much (Figure 8). This indicates some level of stability, but more data is needed to
verify whether that is true or not. According to the US Fish and WIldlife Service (2006), the world
population of this species is estimated, and “use of unsystematic census techniques permits detection of
only dramatic changes and little trend information is available.” This survey attempts to rectify that
situation within the NRNC sphere of influence. Documenting physical habitat changes at the breeding
sites would also help explain why the number of birds observed changes from year to year, especially in
light of their propensity toward burrow fidelity (. If there is a decrease in available burrows, the number
of birds would change unless they could adapt in different ways such as different breeding pairs utilizing
burrows at different times during the season or potentially finding different habitats elsewhere.
Gunnels are the most common prey of choice across all years of this study (Figure 6 and 7). They are
almost always observed at least three times as often as sculpin. The composition appears to increase by
10% from 2016 to 2017, but levels off the following year. This stability in prey composition suggests that
Pigeon Guillemot prey species have remained at equally healthy levels during this study period. More
data is needed to detect any long term changes and trends. More consistent data collection across all
sites would give a more complete picture of the prey composition throughout the region.
Another interesting facet of the prey composition is why the PIGUs prefer gunnel to sculpin. They are
both benthic fish that utilize similar habitats and are often found in the same areas. A study of Mandt’s
Black Guillemots found in the Arctic showed that reproductive success was tied to prey type; diets high
in cod resulted in greater success while diets high in sculpin resulted in greater failure (Waters, 2017).
The sculpins represented a poor diet choice due to the bony nature of the fish and difficulty in digestion.
Retreating sea ice as a result of rapid climate change led to decreased availability of cod, which forced
the guillemots to seek less desirable prey. Although both birds and prey are different species in the
cited study, the similarity could explain why PIGUs prefer gunnels to sculpins. Litzow, Piatt, Prichard,
and Roby (2001) conducted a study comparing the lipid content of the local PIGU prey that may provide
further insights into preference towards gunnels, even in the South Sound. Additionally, the pressure of
climate change could potentially have an effect on prey availability in Puget Sound as waters become
warmer, or on the birds, themselves. As PIGU are listed by the National Audubon Society (2014) as
“climate threatened” on their website, we can anticipate the birds, will begin experiencing additional
population pressures, such as failed breeding attempts in “unusually warm water temperatures”
(National Audubon Society, n.d.), and their population numbers may drop. It also highlights the
importance of more research to determine whether or not gunnels will continue being the preferred
prey item.
PIGU are highly susceptible to oil spill deaths (Bixler, 2010; US Fish and Wildlife Service, 2006) due to
their sensitivity to the marine environment, and they experience the effects longer than many other
species. Oil or other hazardous materials spills into the environment that change their food availability
would affect PIGU sooner, and longer than other species. Data collected during this study is also
intended to be applied to natural resource damage assessment in the event of an oil spill or other
anthropogenic catastrophe, and used for aquatic reserve management.
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Recommendations and Improvements
A number of recommendations were made over the years to improve spatial coverage, training, data
collection, and quality control. The implementation of some of these recommendations increased the
number of sites monitored, provided better trained volunteers, improved data quality, and more
enhanced quality control measures. There remain some recommendations to be fully implemented or
considered, and some clarifications to be made. Recommendations for following years were included in
reports at the end of each season using results of informal survey evaluation and debrief.
The following recommendations were made at the end of YEAR 6 (2018) and will be implemented in
YEAR 7 (2019):
●
●
●
●
●
●
●
●

●
●
●
●
●
●

Refocus survey efforts on sites with previous documented burrow activity where fish deliveries
were observed to ensure complete coverage of said sites for the entirety of the survey season
Ensure all monitoring sites have team sizes adequate for complete coverage
Make a stronger effort to ensure that sites are surveyed for the amount of time required to
ensure data integrity
Make sure all surveys are conducted according to the established protocol and designate team
leads to perform field level quality control
Continue exploring options for long-term data storage and data visualization
Explore options for additional extended morning surveys and/or mid-day or afternoon survey
data which may yield information about patterns and frequency of feeding
Conduct preseason surveys on a more consistent basis to ensure completeness
Hire interns for fall and winter terms. This should result in earlier compiling and analysis of data
and release of results, provide earlier feedback and reward to volunteers for their efforts, and
allow planning for the following season to begin earlier
Post past seasons’ reports on NRNC website and/or create a 2 page high interest summary for
the public
Pair new volunteers and those who request it with the intern or an experienced volunteer who
will provide additional mentoring
Facilitate a more efficient process for submitting electronic copies of field data sheets to ensure
all data is accounted for
Provide database training, probably at two venues
Change the non-breeding database user interface to obtain more complete anecdotal
observations
Develop a standard for the minimum number of surveys in order for data to be included in
statistical analysis

We plan to collect 10 or more years of data that will establish a strong dataset of population, breeding
sites, breeding pairs, and prey patterns. We hope this data can be analyzed for trends and patterns or
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red flags that might indicate any trouble for PIGU populations. We continually add new breeding sites
as they are discovered when volunteers can be recruited to conduct surveys at these sites. Some sites
are discontinued when survey data indicates the sites are not currently active ford at least one full
season. Recruiting new volunteers is an ongoing effort.
We plan conduct advanced research to learn more about other facets that are not currently being
addressed or have only received cursory attention. Pre-season surveys are one of those activities that
would provide insight into how early some sites become active and when chicks at those sites are
hatching. Conducting surveys during other times of day may yield information on how much burrow
activity occurs outside of normal survey times. We are also initiating efforts to learn more about the
population dynamics by starting a pilot banding project. This would allow us to learn about male to
female ratios, population age structure for a single breeding colony, and site fidelity.
Another area of interest is to conduct a pilot banding effort in order to learn more about population age
structure, sex ratio, site fidelity, and migration patterns. We intend to explore the feasibility of such a
project.
We have chosen not to change major methods in the protocols without discussions with other area
PIGU surveys, especially Whidbey Island Guillemot Group, who have been the lead on the survey for
many years. We hope to keep the survey methods consistent region-wide, so regional analysis is more
feasible.
Ongoing annual surveys will allow comparisons from year to year. In doing so, changes in population
abundance and distribution may be detected. If detected, causes could be potentially evaluated and
investigated. Additionally these surveys will fill existing data gaps. Synchronicity of data will allow for
advanced data analysis by regional researchers. These surveys may also be used in any Natural
Resource Damage Assessment in the event of an oil spill or other environmental disaster. The NRAR CSC
should review the results to evaluate what value the data may have to NRAR and how these surveys can
be used to improve management of the aquatic reserve.
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Appendix A: Data Sheet
Below is the two-sided data sheet used in this project for standardized record keeping between
observers:
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Associated data sheets remain on file at the NRAR.
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Appendix B: Data Collection Protocols Used
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Appendix C: Quality Assurance Project Plan (QAPP)
The quality assurance project plan was written in 2016 and has been used as the basis for monitoring
conducted from 2016 to 2018. That plan can be found here:
https://www.aquaticreserves.org/wp-content/uploads/2016-Pigeon-Guillemot_QAPP-NRNC-FINAL_020
1UPDATE.pdf
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