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I ntroduction

Project rationale

Coastal areas of British Columbia are recognized for their regional and international
importance for numerous species of coastal waterbirds, including species of loon, grebe,
cormorant, heron, waterfowl, shorebirds, gulls, terns, and alcids (Butler ard Vermeer 1994).
During the wintering season, waterbirds are attracted to British Columbia' s relatively moderate
climate, extensive estuaries, tidal flats, and numerous near-shore protected habitats (Butler and
Campbell 1987, Butler and Cannings 1989, Butler and Vermeer 1994). The Strait of Georgia
contains several smaller internationally recognized Important Bird Areas each of which reflect
the diversity of habitats and associated bird populations wintering in British Columbia (Butler
and Vermeer 1994).

Waterbirds in the Georgia Basin are subject to many anthropogenic influences including
recreation, seaside industry, shipping/boating traffic, and the associated possible negative effects,
such as disturbance, effluent discharges from industry, sewage overflow, and oil spills from ships
(Vermeer 1994). There are several internationally Important Bird Areas in the Strait of Georgia
close to major population centers that have much industry and shipping activity (e.g., the Fraser
River deltaincluding Boundary Bay and the Roberts and Sturgeon Banks and the Burrard Inlet
near the city of Vancouver). Further, al waterbird populations in the Strait of Georgia (and other
coastal areas of British Columbia) are adjacent to major oil shipping lanes and may be subject to
disruptive and potentially harmful anthropogenic activities.

The proximity and interaction of waterbirds and humans in coastal areas of British Columbia
highlights the importance and need for a long-term monitoring program to determine annual
population sizes, distributions, and temporal change in these population parameters. Such
information is critical for monitoring natural changes and fluctuations in waterbird populations.
Broad scale, longterm monitoring programs also provide baseline population data that could be

used to assess impacts of human induced environmental perturbations.

British Columbia Coastal Waterbird Survey background

In response to the need for data on coastal waterbird populations in British Columbia, Bird
Studies Canada, with additional support from the Canadian Wildlife Service (CWS), initiated the



British Columbia Coastal Waterbird Survey (BCCWS). This program was established as a
volunteer based survey to monitor coastal waterbird populations and their distribuions
throughout British Columbia, with a focus on the more populated areas of the lower mainland
and island areas associated with the Strait of Georgia.

The BCCWS began in the winter of 1999/2000 as a five- year pilot project using survey
protocols developed by BSC, CWS, British Trust for Ornithology scientists, university
researchers, and local naturalists at a workshop held in July 1999. All individuas involved with
the establishment of the survey protocols were familiar with coastal waterbird ecology and many
have extensive expertise with survey design and implementation of long-term waterbird
population studies. Presently, five seasons of data have been received from volunteers and
entered into the BCCWS database (winters 1999/2000, 2000/2001, 2001/2002, 2002/2003, and
2003/2004). Thus, it is prudent at this time to present an updated analysis of survey power and to
present seasonal estimates of relative abundance (population) indices, associated trends, and

geographic distributions of waterbirds resulting from this survey.

Scope of the evaluation

The main god of this report is to assess trends in numbers and distribution of coastal
waterbirds Thisreport also includes a brief review of the BCCWS objectivesand survey
protocols, including any improvements made since the first scientific evaluation of the program
(see Badzinski 2003). Thisevaluation includes an assessment of the rigor of the information
currently collected by volunteersof the survey. A major part of thisreport deals with an
evaluation of the current sample sizes (number of BCCWS sites) and the resulting power the
survey hasto detect annual and longer-term changes in waterbird populations. Preliminary
estimatesof seasonal abundanceindices and linear trends over the first five winters of the survey
are presented. Relative abundances and distributions of waterbirds also are presented based on
maximum numbers of individuals recorded at BCCWS sites (within species-specific survey
windows) during the first five years of the survey. Data used in most statistical analyses were
restricted to those collected only from Georgia Basin sites and from within species specific
survey windows (i.e., months where species numbers are thought to be “stable” throughout
winter). Several statistical analyses and major data summarizations are included as appendices to
improve the readability of the document.



BCCWS Project Design

Survey protocol

The BCCWS is based on coordinated, volunteer counts of waterbirds conducted on the 2
Sunday of the month (“or as close to that date as possible”) from September through April (i.e., 8
monthly visits per winter). Waterbirds, for the purpose of the BCCWS, include loons, grebes,
cormorants, herons, waterfowl, shorebirds, gulls, terns, and alcids. Volunteer surveyors must be
comfortable identifying all waterbird species that regularly occur in their survey area and at their
specific survey site. All surveyors are required to use either a pair of binoculars and/or spotting
scope that enables them to identify birds out to a distance of at least 500m. Surveys are to be
conducted only on days with reasonable weather conditions (relatively calm seas, at least 500m
visibility), during the period beginning 2 hours before high tide of the day until 2 hours after high
tide of the day. Prior to participating in their first BCCWS all volunteers were provided with a
“Survey Protocol” booklet that outlines the mandated survey protocols and contains standardized
data recording forms.

Volunteers recorded brds in four general “habitats’ during surveys, including inland, near-
shore, off-shore, and unknown categories. “Inland” refersto all birds on shore, in fields, or on
inland bodies of water that are visible from their vantage point. “Near-shore” refers to birds
observed from the high tide mark of the shoreline to 500m out onto the water. “Off-shore” refers
to birds in the area from 500m off shore to as far as an observer can see waterbirds during each
visit. At some sites where birds can be seen more than 500m away but obviously are not in
offshore habitats (e.g., estuaries or narrow inlets), observers are asked to place counts of birdsin
the most appropriate habitat class. Whenever observers are not entirely sure of which habitat
class to use they are asked to place the birds into the “unknown” habitat category. Observers
also recorded data on weather conditions, sea conditions, visibility, tide stage, optics, human

activity, and birds of prey.

Survey site designation and selection

During a protocol workshop, the BC Coastline was divided into survey sites approximately
1-2 km long and designated with a site code. 1:250,000 scale topographic maps with designated
site boundaries are housed in the BSC BC Projects Coordinator office. Sites may be relatively



linear stretches of shoreline or they may be a cove, bay, inlet, or some other indentation in a
section of shoreline. During each survey volunteers record total counts of all waterbirds
observed at their survey site (by habitat class, see above) and should be surveyed within 2-4
hours.

Because many coastal sites along the British Columbia coastline are inaccessible, survey
sites were not selected at random. Many sites are selected by volunteers with guidance and input
from BSC's BC coordinator based mostly on volunteer interest in conducting a monthly survey
at aparticular location. Volunteers generdly live in relatively close proximity to their survey
sites, which should facilitate obtaining consistent monthly waterbird counts. Efforts are made to
include sites of varying habitats, such as estuarine, rocky intertidal, and sandy beach (but this
information currently is not recorded on data sheets or contained in the data base).

Upon their establishment, sites are mapped on Gl S-derived topographic maps (1:250,000
scale). Many survey sites share common starting and ending boundaries and some sites are on
opposite sides of water-bodies of varying width. In these situations, the probability for multiple
counts of the same birds is higher than at relatively isolated, non-adjoining, sites. Some of these
more problematic survey sites were/are monitored by organized and coordinated groups of

volunteers belonging to naturalist or birding groups or organizations.



Counting waterbirds

No standardized protocol has been developed for observers to use while at sites counting
birds. Because of the diverse nature of survey sites and their habitats, coupled with issues of
accessibility to coastline areas, counting techniques are determined by the volunteer conducting
the survey. Some volunteers count from one or several fixed points within their survey sites,
while others walk the entire section of shoreline counting as they travel. Some volunteers count
birds from the waters edge, while others count from more considerable distances. These variable
survey techniques introduce considerable variation in surveyor effort and detection of some
species of coastal waterbirds. This also makes counts difficult to compare, both within and
among Sites.

Volunteer and data management

Volunteer participation and information

Individual surveyor participation has been good over the first five years of the survey. The
number of sites surveyed each year ranged from 171 to 207 and over al five winters volunteers
surveyed atotal of 260 sites (Figure 1) and submitted 6343 completed survey forms (Table 1).
Bird Studies Canada is very grateful to the dedicated surveyors involved, many of whom have
submitted 5 years of data and continue to survey their sites (see Appendix 1 for volunteer names

and years of service).



Table 1. Total numbers of sites surveyed and forms received each winter

Winter # Sites surveyed # Forms received
1999/2000 195 1204
2000/2001 207 1423
2001/2002 183 1318
2002/2003 171 1138
2003/2004 190 1260
1999 - 2004 260 6343

(complete set of sitesinprogram)
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Figure 1. Total BCCWS sitesin British Columbia, Canada



Severa naturalist groups have numerous members that participate in the BCCWS. Currently,
there are about six naturalist groups that have been or are involved in the survey. Often the
group members conduct their surveys together, but in many cases individualsfrom the group
conduct their survey independently. Naturalist groups that have coordinated survey efforts are:
The Squamish Estuary Conservation Society (Squamish 20 sites), Arrowsmith Naturalists
(Parksville, 9 sites), Malaspina Naturalists (Powell River, 3 sites), Mayne Island Naturalists
(Mayne Idand, entire island perimeter), Nanaimo Field Naturalists (Nanaimo, 15 sites), Comox
Valley Naturalists Society (Comox, 15 sites), and Bowen Nature Club (Bowen Idand, 10 stes).
In afew other regions volunteers conducted surveys together and had a“regional coordinator”,
but were not necessarily part of aformal naturalist group (e.g., Denmanldand [11 sites] and
Hornby Idand [21 sites]).

Database structure and management

The deadline for participants to mail BCCWS data recording forms to the BC coordinator is
May of each year, but most volunteers send data as it is collected throughout the winter season.
Data entry begins at the end of May and is completed by the end of June. Data are error-checked
and then entered into a Microsoft Access Database maintained, housed, and managed by BSC's
coordinator in British Columbia. New site locations and boundaries are digitized from
topographic maps (1:50,000 to 1:250,000 scale) returned by volunteers. Geo-referenced
locations are subsequently added to the existing BCCWS GIS data file/theme layer.

The BCCWS Microsoft Access database currently contains six tables. The ‘observer’ table
includes the surveyors' name, surveyor code, address, phone number, and e-mail address. The
‘regions’ table has information on the area (i.e., Gl for guf islands) and the region (i.e., Salt
Spring Island) where surveys are undertaken with the region code (i.e., GISS). More specific Site
information is housed in the ‘sites’ table where the area-region combination is provided with a
specific site number (i.e., GISS1 = Gulf Islands, Salt Spring Island, Goat I1sland, Ganges Inner
Harbour). The ‘species’ table lists species likely to be observed during the survey and the
species code (i.e., MALL = Madllard (scientific names Appendix 8)). The ‘survey’ table srows
date of survey, survey site name and code, start and end time, weather conditions, sea state, tide
state, tide movement, visibility, survey equipment used, and level of human activity observed
during the survey. ‘Census’ is the table where the data on the species observed is recorded and
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this includes where the species was observed (inland, near-shore, off-shore, unknown) and how

many of each species were observed.

M ethods

Speci es-specific survey windows

Survey windows were developed for the BCCWS to ensure that data used for developing
measures of waterbird abundance indices and trends was most representative of the biological
time frame of interest. Because the main focus of this survey is to monitor numbers of wintering
waterbirds, the survey window specified for most species included the period from December,
January, and February. However, severa other survey windows were specified for species that
were largely migratory transients through BC. Survey windows for each species ultimately were
based on published (Butler and Cannings 1989, Butler and Vermeer 1994) and expert knowledge
(R. Butler, Canadian Wildlife Service and R.J. Cannings, Bird Studies Canada, personal
observations) of migration chronology and/or winter residency of waterbirds in British Columbia
Reductionsin the total number of survey months included in analyses (i.e., not using al surveys
from September — April) also increases number of sites that can be included in analyses each
winter because sites missing a required month’s data were excluded. Appendix 2 contains the
survey windows specified for each species included in this report.

Anaysis metric

In this report, counts were summed over all habitat categories to produce atotal count of
each species for each survey. The mean total count (within a survey window) of each speciesat a
survey site each winter was chosen as thebasic statistical unit for most statistical analyses. As
such these data also were used to develop relative abundance indices for trend analyses and in
determining initial variance estimatesfor power analyses Only sites with 100% monthly
coverage of a survey window were included in analyses. Preliminary comparisons showed that
using annual, site specific mean counts as the analysis metric consistently provided slightly more
power to detect annual changes in abundances of most species thanusing a maximum count
(Appendix 3).
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Power and trends

The ability of the BCCWS to meet its population monitoring objectives depends on the
adequacy of the survey design, volunteer adherence to survey protocols, inherent limitations
within the data, and the statistical power of the survey (Badzinski 2003). The estimated power of
asurvey aso depends partly on the appropriateness of statistical methods used in analyses of
data. Data used in the analyses that follow met, at least approximately, all the assumptions of the
models employed and the underlying distributions used to generate parameter or variance
estimates. It also must be remembered that power cannot be measured, only estimated. Thus, if
only asmall sample is available to generate a variance for a specific species, the estimate will not
be very precise and may change dramatically once more data is collected. However, for the
purpose of this evaluation, we assume that variance estimates are representative after 5 years of
data collection and provide a reasonably reliable indication of the potential power of the
BCCWS.

For determining power to detect temporal changes in waterbird populations, variance
estimates were derived from statistical modelsemploying a “route-regression” technique to
analyze long-term population trends This method has been used extensively in trend analyses of
Breeding Bird Survey data (Link and Sauer 19973, b) and other large-scale population
monitoring programs developed and/or administered by Bird Studies Canada (e.g., Weeber and
Valianatos2000). This method of evaluating trendswithin count data uses a loglinear
regressionto estimate changes in relative abundance over time while accounting for variation and
changes occurring at individual survey locations (i.e., sites for the BCCWS). Long-term trends
of waterbird abundances monitored by the BCCWS also will be evaluated using this statistical
technique (see below).

Power analyses

Count data collected by volunteers of the BCCWS most closely approximated a Poisson
distribution, so variance estimates were derived from species specific, regressionmodels (Y =
BCCWS site [class variable], Winter period [class]) for each pair of winters (e.g., 1999/2000 vs.
2000/2001, etc.). Site-specific counts of species were included in analyses only if survey sites
were visited in consecutive winters and at |east one individual of a species was counted during

each winter (see Appendix 4 for sample sizes). Further, because there were some problems with



calculating percentage changes within sites using only 2 winters (1 winter-pair) of data (e.g., the
percentage change is undefined if the count is O the first year), a combined ratio estimator was
used to determine percentage change from the observed data. A combined ratio estimator
essentially is the mean value in winter x divided by the mean value in winter x + 1. Poisson
regression models were iterated 1000 times in order to obtain estimates of species-specific
variances for each winter-pair period; error distributions for many species were not perfectly
Poisson distributed, so variance estimates were also corrected for overdispersion (PROC
GENMOD, DIST=POISSION, PSCALE option; SAS Ingtitute Inc. 1989). Winter-pair period
specific variances were summed and averaged over all winter-periods to obtain the final variance
estimates for each species; subsequently, these estimates were weighted by the total number of
sites detecting each species over al 4 winter-pair periods Monte Carlo simulations and other
analytical techniques were then used to estimate the relationships between variance after 5 (6
surveys) and 10 (11 surveys) winter-intervals. These simulations were done assuming log linear
relationships and a uniform, consistent population change across al sites and winters. The
magnitude of annual change that could be detected based on these variance estimates with 80%
power (13 =0.8) and 95% confidence (a = 0.05) was determined from formulas in Snedecor and
Cochrane (1967:113). Final power estimates have been adjusted to account for the proportion
(average over al 5-winters) of BCCWS sites that actually detected each species.

It is important to note that the power of the BCCWS may be somewhat over-estimated
because the rate of population change may vary among sites. For example, if populations on
some routes are increasing by 5% while others are decreasing by 10% such that the overall effect
is anet decline of 5% per year, it will take more sites to detect that magnitude of change than if
all routes are declining by 5% per year (which is an assumption of these analyses).

Annual abundance indices and trend analyses

The number of BCCWS sites included in trend analyses for each species varied from year
to year (Appendix 5). Appendix 6 shows a5-year summary of the number of different sites that
detected at least 1 individual of each species and numbersof site-winters for each species
Because data used in most statistical analyses were restricted to those collected only from
Georgia Basin sites, sample sizes may be less than the total sites surveyed for the entire province

(Table 1). Poisson regression models (PROC GENMOD; SAS Institute Inc. 1990) were
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employed to generate annual abundance indices for each species deemed of interest. For

calculation of relative abundance indices, species specific regression models were designated as
follows:

Mean count [over survey window] (Y) = Winter period (class), Site (class)

Regression models were iteratively run (1000 times) to stabilize variances and to obtain
annual/seasonal abundance (parameter) estimates for each species. Prior to significance testing
and calculating abundance indices, estimates of variance (and its derivatives) were corrected for
overdispersion (PROC GENMOD, PSCALE option; SAS Ingtitute Inc. 1990). Annual estimated
species counts were converted into relative abundance indices using the following formula:

(1) Annual abundance index=e” ™

where:

e = 2.7183, the base of the natural logarithm

A = gpecies-specific annual estimate (i.e., “Winter period” class coefficients from

regression models)

M = mean number of individuals of aspecies over al sitesin the final survey year
This transformation allows determination of relative (percent) annual differencesin bird
abundances scaled to the average value for the most recent survey year. These annua winter
estimatesare presented in figures along with their associated upper and lower 95% confidence
limits.

Linear trends in relative abundance of species monitored by the BCCWS from the first five
winters (i.e., 1999/2000 — 2003/2004) were evauated for statistical significance and reliability
using Generalized Linear Models (PROC GENMOD; SAS Ingtitute Inc. 1990). The same input
data, error distribution, and regression modeling structures and procedures as described above for
calculating abundance indices were used for these analyses, except that “Winter period” was
included as a continuous variable to provide alinear estimated rate of change in each species
abundance through time. Species-specific parameter (slope) estimates and measures of
variability (corrected for overdispersion) from Poisson regression models were converted into
relative indices of change (abundance trends) by using the following formula:

(2) Abundance trend= 100 ? (e®—1)
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where:

e = 2.7183, the base of the natural logarithm

3 ="Winter period” coefficient from species-specific regression models
This transformation allowed determination of percent annual change (and associated 95%
confidence limits) in bird abundance indices over thetime. Likelihood ratio tests were used to
calculate the probability that the addition of “winter period” effects into statistical models
provided better fit to these data than did models not including such effects (Collett 1994). To do
this, differencesin deviance between models with and without year effects were calculated and
those valueswere then used to obtain probabilities from a chi-square distributionthat were
subsequently converted (1 - chi-square probability) into p-values. Seasonal trends in species
relative abundances (and our confidence in those estimates) are presented in Appendix 7.

Geographic distribution

For each species, distributions were mapped based on their relative abundances at each site
over the five survey seasons. For each site, mean counts per year were calculated within each
species survey window (survey windowsin Appendix 2) and these yearly means were averaged
to produce the overall 5-seasonmean count plotted at each site. Mean counts were mapped only
for sites for which each month in the survey window was surveyed at least once over al five
survey seasons. Sites that did not meet these criteriawere considered to have insufficient data at
the time of analysis.

For each species, four different sizes of circles show relative abundances at sites across the
BC coast. The number of birds represented by each circle varies for each species, and the natura
breaks between abundances were determined using Jenks method. Sites with insufficient data or
where zero birds were observed were also mapped to be able to distinguish between the absence
of a species and the lack of data on that speciesat a particular site. ArcMap desktop mapping

software was used to create maps.

Results/ Discussion
Power analysis
The estimated power of the BCCWS to detect annual changes in relative abundances of

wintering bird species are presented in Table 2. This table shows the annual percentage change
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in relative abundance that could be detected by monitoring 160, 180, and 200 sites (i.e., the
approximate number of sites presently active or potentialy could be active in future years) after
5 (6 surveys) and 10 (11 surveys) year-intervals of monitoring.

Although a standard has not yet been determined, a 3% annual trend is considered by many
bird monitoring specialists as a reasonable criterion for adequate resolution of bird trends
(Weeber and Vallianatos 2000). Based on this criterion and assuming that about 180 BCCWS
sites are consistently surveyed for 5 winter- intervals (6-winters), adequate trend resolution is
expected for 8 of 58 species commonly recorded at BCCWS sites, including Bufflehead,
Common Goldeneye, Harlequin Duck, Mallard, Double-crested Cormorant, Common Loon,
Horned Grebe, and Bald Eagle (Table 2). However, after 10 winter-intervals (11 winters),
surveying 180 sites should allow good trend resolution for 33 of 58 species commonly recorded
during BCCWS; trends for many other species also are approaching an acceptable resolution
after that amount of time (Table 2). These extrapolations suggest that presently the BCCWS
results probably can be considered reliable for relatively few species, but the survey has a good
potential to detect meaningful changes in several different species abundances over longer
periods of time (10+ years). These calculations aso show the importance of retaining high levels
of volunteer participation and annual coverage of existing BCCWS sites, with optimal benefits
resulting from maximizing both survey longevity and the number of available survey sites run

annually.
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Table 2. Percent annual change (% change per winter) in species-specific abundance indices that
can be detected by monitoring 160, 180, and 200 BCCWS sites after 5 and 10 winter- intervals
(species’ scientific names Appendix 8).

Routes / winter®

160 180 200
Group/species Adj ust’ 5 10 5 10 5 10
Waterfowl
American Wigeon 0.83 34 14 32 13 3.0 1.2
Barrow's Goldeneye 0.68 3.9 1.6 37 15 35 14
Black Scoter 0.45 6.1 25 5.8 2.3 55 2.2
Brant 0.25 102 4.2 9.7 3.9 93 38
Bufflehead 0.94 21 0.8 20 038 19 0.7
Canada Goose 0.70 46 1.9 44 18 42 17
Canvasback 0.09 149 6.0 141 5.7 134 55
Common Goldeneye 0.88 3.0 1.2 28 11 27 11
Common Merganser 0.81 3.6 14 34 14 32 1.3
Eurasian Wigeon 0.33 65 26 6.2 25 59 24
Gadwall 0.12 9.0 37 85 35 81 33
Greater Scaup 0.38 8.8 3.6 84 34 8.0 3.2
Green-winged Teal 0.34 55 2.2 52 21 5.0 2.0
Harlequin Duck 057 2.6 11 25 1.0 24 1.0
Lesser Scaup 0.23 80 32 76 3.1 73 29
Long-tailed Duck 0.39 5.3 2.1 50 20 4.8 1.9
Mallard 0.87 2.6 1.0 24 1.0 23 0.9
Mute Swan 0.08 185 7.5 176 7.2 16.8 6.8
Hooded M erganser 0.60 4.3 1.7 41 16 39 1.6
Northern Pintail 0.30 5.0 2.0 4.7 1.9 45 1.8
Red-breasted Merganser 0.73 3.7 15 35 14 33 1.3
Ring-necked Duck 0.10 10.6 4.3 100 4.1 95 3.9
Surf Scoter 0.77 42 17 40 16 38 15
Snow Goose 0.09 100 41 95 38 90 3.6
Trumpeter Swan 0.27 6.9 2.8 65 26 6.2 25

White-winged Scoter 0.55 3.8 15 36 14 34 14




Table 2. Continued.

Routes/ winter

160 180 200

Group/species Adjust 5 10 5 10 5
Cormorants

Brandt's Cormorant 0.18 9.5 3.8 90 3.6 8.6 35

Double-crested Cormorant 0.87 2.8 11 27 11 26 1.0

Pelagic Cormorant 0.70 3.9 1.6 37 15 35 14
Herons

Great Blue Heron 0.90 3.0 1.2 28 11 27 11
Loons

Common Loon 0.77 2.7 11 25 10 24 1.0

Pacific Loon 0.61 6.3 25 5.9 24 56 2.3

Red-throated Loon 0.40 6.7 2.7 6.3 26 6.0 2.4
Grebes

Horned Grebe 0.80 32 13 30 12 28 11

Red-necked Grebe 0.60 4.1 1.6 3.9 1.6 37 15

Western Grebe 052 7.0 2.8 66 27 6.3 25
Seabirds

Common Murre 0.28 8.2 3.3 78 3.2 74 3.0

Marbled Murrelet 0.18 113 46 107 4.3 102 4.1

Pigeon Guillemot 0.25 89 36 84 34 80 33
Gulls

Bonaparte's Gull 0.29 125 5.1 119 48 114 4.6

California Gull 0.29 119 438 113 4.6 108 4.4

Glaucouswinged Gull 0.97 37 15 35 14 33 13

Herring Gull 041 8.6 35 8.1 33 7.8 31

Mew Gull 0.82 37 15 35 14 33 13

Ring-billed Gull 0.26 8.0 32 76 3.1 72 29

Thayer's Gull 0.52 59 24 56 2.2 53 21




Table 2. Continued.

Routes/ winter

160 180 200
Group/species Adjust 5 10 5 10 5 10
Shorebirds
Black-bellied Plover 0.20 9.7 39 9.2 37 88 3.6
Black Oystercatcher 043 6.3 25 6.0 24 57 23
Black Turnstone 0.39 7.6 3.1 72 29 6.9 2.8
Dunlin 0.32 7.5 3.0 7.1 29 6.8 2.7
Greater Yellowlegs 022 10.3 4.2 98 4.0 94 3.8
Killdeer 0.34 87 35 83 33 79 32
Sanderling 0.16 116 47 111 45 106 4.3
Surfbird 0.16 143 58 136 55 130 5.3
Raptors
Bald Eagle 0.94 3.0 12 29 11 27 11
Northern Harrier 0.10 9.7 39 9.1 37 8.7 35
Peregrine Falcon 011 150 6.1 142 5.8 136 55
Red-tailed Hawk 0.30 95 38 90 36 86 35

#Number of sites active during each winter are as follows: 1999/2000 = 196, 2000/2001 = 206,
2001/2002 = 183, 2002/2003 = 164, 2003/2004 = 178.

bAverage proportion of sites that detected each species; these values were used to adjust power

estimates.
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Species trends and distributions

Although surveyors recorded atotal of 154 species over all seasons (waterbirds, raptors &
corvids, Appendix 8), we report species trends and distributions only for the 58 species that were
commonly recorded at BCCWS sites. Annual winter estimates are presented along with their

associated upper and lower 95% confidence limits in Figure 2. The following are species

summaries and distribution maps for the 58 species of interest:

Waterfowl

American Wigeon

Wigeons are clearly concentrated in the Fraser Delta, particularly in Boundary Bay, where tens
of thousands are present each winter. The data show a significant increasing trend over the

survey period, but it is by no means a smooth curve.
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Barrow’s Goldeneye

Barrow’ s Goldeneyes are clearly concentrated along rocky shores in the Vancouver area, where
they are feeding on mussels. The population index shows a significant downward trend over the
last four years, but this may be simply a return to normal levels after particularly high numbers
were seen in 2001. The maximum number was from West Vancouver (2012).
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Black Scoter

Black Scoters are locally common aong the British Columbia coast, especially where sandy and

gravelly bottoms hold clams and other bivalves. Thereis no clear population trend; highest
numbers were at |carus Point, Nanaimo (2700), Roberts Creek north (1130) and lona Island

(1006).
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Brant

Some Brant winter in the Boundary Bay area and around Skidegate Inlet, but most are seen
during spring migration on the eelgrass beds along the east shore of Vancouver Iland. High
counts are 7200 between French Creek and Eaglecrest Beach (Qualicum) and 2375 at the Little
Qualicum River estuary. There is a steep decline in the population index over the last five years,
but this may be an artefact of the survey design, which does not perform well for species that are
primarily migrants rather than winter residents.
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Bufflehead

Buffleheads are common up and down the coast with no obvious concentrations. The three
highest counts were all from Fillongley Prov. Park, Denman Island, the maximum being 839.
There was a significant increasing trend in the population index even though values fell in the
fina year of the survey.
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Canada Goose

Canada Geese are common all along the coast; there is no significant population trend. High
counts were from Halfmoon Bay (600) and the Campbell River estuary (510). Thissurvey is

perhaps inappropriate for geese, since it concentrates on birds on the water, while geese spend
most of their time grazing inland.
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Canvasbacks are uncommon ducks along the coast except around the Fraser Delta. Thereisa

significant decreasing population trend, resulting entirely from low counts in the last year of the
survey. Highest counts were at Lost Lagoon (510) and lona Island (334).
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Common Goldeneye

Common Goldeneyes are found all along the coast with concentrations at river estuaries such as
the Big Qualicum, Nanoose, Viner and Squamish. The population indices have been flat over
the last 5 years. High counts were at the Big Qualicum River estuary (780) and Fillongley Prov.
Park, Denman Island (670).
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Common M erganser

Common Mergansers are found all along the coast. The largest concentrations are on freshwater

lakes which are not well covered by this survey, but the speciesis a'so common in estuaries and
protected basins. Highest numbers were reported from Quamachan Lake (1950) with other good
totals from the Squamish delta, Victoria waterfront, Sooke Basin and Comox Bay Farm. There

is no significant population trend.
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Eurasian Wigeon
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Eurasian Wigeon are generally found with large flocks of American Wigeon, so the distribution
maps look very similar. There was a significant increasing trend in the population index.

| : |
Nerth Coast | N, Vancouver sland |
|

Eurasian Wigeon - Average Counts
o . InsuFisiert data

O Did-08

) ng-27
() 2772
o

L ) 73-155

Gadwall

100 Kilamstras

Gadwall are highly concentrated at the mouth of the Fraser River. With the exception of a one-
time high count of 2400 on Boundary Bay between 12" and 64'" Streets, the highest numbers
have been on Lulu Island South (700) and lona Island (340). The Nanaimo River estuary also

has good numbers in winter. Survey data show a significant increase.
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Greater Scaup

Greater Scaup are concentrated along the east coast of Vancouver Island and around the Fraser
Delta. Populations of scaup have been decreasing throughout North America, and data from this
survey show a significant decline over the past five years. The highest count was 6900 seen at
lona, though usual numbers at that site are about one-tenth that. Other good sites are Nanoose
Bay, Deep Bay and the Big Qualicum River estuary.
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Greenwinged Teal

Like most dabbling ducks, Green-winged Teal flock to the Fraser Delta and Boundary Bay.
There is no significant population trend. The highest number reported was 10,000 at lona Island.
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Harlequin Duck

While Harlequins are found all along the coast, their highest numbers are clearly on the central
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part of the east coast of Vancouver Idland. The population index is steady. Highest numbers are

from Fillongley Prov. Park, Denman Island (871) and Middle Bay, Hornby Island (750).
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Small numbers are scattered along the coast, but there are almost no records from the north coast.
Highest numbers are on the east coast of Vancouver Island, where 245 were seen on Quamachan

Lake. Thereisno significant population trend.
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L esser Scaup
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This speciesis found on salt water much less often than the Greater Scaup. Highest numbers on
this survey were on the Duncan Sewage Lagoons (1686), White Rock, West Promenade to 131%
Street (900) and lona Island (616). There is no significant population trend in the data.
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Numbers of wintering Long-tailed Duck show one of the strongest declining population trends of

any species detected in this survey. High counts were from lona Island (6121) and Deep Bay
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Mallard
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Numbers of Mallards are highest in the Fraser Delta area although they are found almost
everywhere along the coast. Numbers peaked in 2002 and then declined; there is no significant
population trend. Highest numbers were at Reifel (10,600) and lona Idand (9196).
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Mute Swan

South Coast

In the survey region, Mute Swans are only found on south-eastern Vancouver Island and the
Fraser Delta. High numbers were at Quamachan Lake (42), Esquimalt Lagoon (21) and Lost
Lagoon (13). The latter birds are obviously of captive origin. There are no significant

population trends.
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Northern Pintail

Pintall graze on mudflats in winter, so are concentrated with many other dabbling ducks in the
Fraser Delta-Boundary Bay area. Thereisa significant increasing trend in the population index.
Highest numbers were at 12! St to 64" St, Boundary Bay (31,600) and Iona lsland (13,621).

Merth Coast M, Vancouwvisr [sland South C
5
1 o 4
+ l:q ‘}"
¥ q q:. -
: * u g
='n>% ¢
A e . G s
& ¥, % ‘I \.I
% o e
%* % g
L H‘L‘F
\
o ¥,
]
Morthern Pintail - Average Counts
o + Insuficiant data
O DiG-1174 )
B SR N0 550 100 Kikmetes
=
iy [ e
[} =e#53-@e00
oy
b, E0O-14e52

Red-breasted M er ganser

Red-breasted Mergansers have much more affinity to salt water in winter than do Common
Mergansers. They are found all along the coast, more commonly in the south and with a distinct

concentration at the mouth of the Fraser River. The highest peak count was at lona |sland
(6700). Thereisno significant population trend.
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Ring-necked Duck

The Ring-necked Duck is primarily a freshwater species; highest count from the survey was at
Quamachan Lake (221). Other important sites were the Somas Estuary, Port Alberni and Beaver
Lake, Hornby Idand. There is no significant population trend.
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Snow Goose

There is only one significant concentration of Snow Geese on the coast—the Fraser Delta. That
population arrives in the fall and usudly leaves in mid-winter to return again in spring. All high
counts came from the Fraser Delta, with the highest number being 30,000 at Reifel. Thereisno
significant population trend in the survey data, but this survey is not the best way to sample such

aconcentrated and mobile population that is often feeding inland outside normal survey
boundaries.
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Surf Scoter

Surf Scoters associate with Barrow’ s Goldeneyes on the coast since they are both feeding in the
same habitat on the same item—mussels on rocky shores. They aso gather at herring spawn in
spring and can sometimes be seen in immense flocksin that season. Peak counts were obviously
of migrant flocks—90,012 at lona Island; 28,048 at the Englishman River estuary; 16,775 in
Nanoose Bay; 15,000 at Deep Bay. There is no significant population trend.
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Trumpeter Swan

Trumpeter Swans winter in estuaries, particularly those with associated agricultural land. The
Comox Valley has long been the site of the most significant wintering flock in the world. The
highest count came from Dyke Road, Comox (910); other significant sites include Reifel Refuge,

Delta (260) and Comox Bay Farm (210). There is no significant population trend.
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White-winged Scoter

White-winged Scoters are generally found in sandy or gravelly bottomed bays. They also
migrate in large flocks, often appearing at herring spawn sites with other species. The highest
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counts are from lona Island and are obviously migrating flocks—12,111 and 10,020. Longbeak
Point on Denman Island had consistently high numbers. There is no significant population trend.
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Active Pass, but this survey did not pick up many large flocks. Thereis no significant

population trend. High counts were from Page Lagoon, Nanaimo (524), Ogden Point to Clover

Point, Victoria (350) and Ford Cove, Hornby Island (330).
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Double-crested Cor mor ant

Double-crested Cormorants are common in the Strait of Georgia, but decidedly uncommon off
north Vancouver Island and the north coast. This species increased significantly in the Strait of
Georgia from 1959 to 1987, but then decreased significantly until 1999. Data from this survey
indicate an increasing wintering population over the last 5 years. Highest numbers were reported
in Victoria (Saxe Point to Macaulay Point, 412; Whiffin Spit, 335) and the mouth of the Fraser
River (Lulu Iand South, 315; Reifel, 268).
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Pelagic Cormorant

Pelagic Cormorants prefer rockier shores and more saline waters than Double-crested
Cormorants. Like the Double-crested, Pelagic Cormorant breeding numbers declined in the
1990s along the east coast of Vancouver Islands. Interestingly, thereisasignificant increasing
trend to the populationindex in this survey. Highest peak counts were at Grassy Point, Hornby
Island (400) and Page Lagoon, Nanaimo (268).
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Herons

Great BlueHeron

Herons are found all aong the coast, but numbers are generally low on the north coast and a
distinct concentration occurs in the Fraser Delta and Boundary Bay. Thisislisted as a species of
Specia Concern by COSEWIC. High counts are from Blackie Spit, Crescent Beach (86). The
population index shows a significant increase.
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Loons

Common Loon

Common Loons are found all along the coast, with highest numbers on the east coast of
Vancouver Iland and the Fraser Delta. There is no significant population trend. Highest

numbers were at Blackie Spit, South Surrey (277) and Saanichton Bay (212).
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Pacific Loon

Pacific Loons concentrate in flocks at sites where strong tidal currents create high zooplankton
and schooling fish numbers. Perhaps the best known of these sites in British Columbiais Active
Pass between Mayne and Galiano Islands. They aso gather at herring spawn in the spring.
Highest numbers were at Oyster Bay (3411) and Middlepoint Bight, Sunshine Coast (3003).
There is a significant increasing trend in the population index.
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Red-throated Loons winter all along the coast, with highest numbers around the Fraser Delta.
Highest peak number was 7000 at lona Island, a remarkable concentration; other high numbers
were less than one-tenth that figure. There is no significant population trend.
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Grebes

Horned Grebe

Found in small numbers all along coast, with no significant population trend. Highest numbers
were all from lona lsland (650) and White Rock, West Promenade to 131% Street (364).
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Red-necked Grebes winter along the length of the coast, but have only one distinct
concentration—the White Rock- South Surrey area on the eastern shores of Boundary Bay. The
highest counts there were: East Pier to West Promenade (2716), 1001 Steps to Beecher Street
(1000), Blackie Spit (780). Thereis a significant downward trend in the population index.
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Western Grebe
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Western Grebes are a species of great concern on the British Columbia coast. Over the past 30
years, numbers on Christmas Bird Counts have declined by 90 to 95 per cent. Unfortunately, all
of that decline occurred before this survey began. The population has been steady at alow level
for the past five years with the exception of 2003 when a significant increase occurred (reflected
in Christmas count data as well). This peak in 2003 creates a significant increasing population
trend for the species over five years, but since the population dropped in 2004 it likely is not
meaningful in the long term. Peak counts were at the Oyster River estuary (8000) and Iona

Island (7273).
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Alcids

Common Murre

Common Murres nest at Cape St. James on the southern tip of the Queen Charlottes, on Triangle Idand
off the northern end of Vancouver Island and on rocky idets off the Olympic Peninsula. After breeding
they swim to the Strait of Georgia and feed in nutrient-rich areas with strong currents. Two sites had
single sightings of large flocks: Mayne Idand (503) and Rose Spit, Queen Charlotte Idands (483). There
is a decreasing population trend, generated by a high index during the first survey year.

torth Coost W Vancouver Island South Coast
# #
p "]
"
i £
, *
""w :
e T
# oy yics
J S ‘
§ F 9 : ¥
4 1_ T
] +
s i
)
LS :1"\
Common Murre - Average Counts
1] Insufficient data
05106
10.7 = 29.0 ".l 0 =3 5 HO Kpomatres
H T
[ ] 21-634
) B35 483.0

Marbled Murrelet

Numbers are concentrated along the Sunshine Coast and in Johnstone Strait. There is no significant
population trend. High numbers were at Middlepoint Bight, Sunshine Coast (604) and at the Viner River

estuary, off Queen Charlotte Strait (247). This speciesis listed as Threatened by COSEWIC because of
the continued loss of nesting habitat -old growth forests- as well as mortality from fishery bycatch.
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Pigeon Guillemot

Guillemots forage along rocky shores, numbers are highest in the Gulf Islands and southern
Vancouver Idand. There is no significant population trend. Highest numbers were reported
from Island View Beach (156), Saanichton Bay (141), Blunden Point, Nanaimo (120) and
Gordon Head, Victoria (113).
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Gulls

Bonaparte’' s Gull

Bonaparte' s Gulls migrate along the coast in spring and fal, relatively few spend the winter. Thereisno
significant population trend. However, migration peaks are in late April and mid-September, so this
once-monthly survey from September through April is not idea for monitoring the species. Numbersare
clearly concentrated where strong tidal currents produce arich crop of zooplankton; areas such as Active
Pass and along eastern Vancouver I1dand. High counts included 2200 at Neck Point, Nanaimo, 1912 at the
Nanoose Estuary and 1900 at Active Pass, Mayne Idand.
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California Gull
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Cdlifornia Gulls are primarily migrants on the coast, and thus may be missed as this survey concentrates

on winter months. There is no significant population trend; variances are very high due to the flocking

and migratory behaviour of the species. The highest count (more than twice as high as any other) was at

Gartley Beach, Comox (1500).
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Glaucous-winged Gulls are common all aong the coast but are obviously in higher numbersin
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the Strait of Georgia. There is no significant population trend. Peak numbers all come from the
east coast of Vancouver Isl