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Abstract.—The Columbia Wetlands are one of the largest contiguous wetland complexes in western North
America. Current population estimates are necessary for designation of priority conservation areas and for reliable
assessment of population status for species of conservation concern. This multi-year study (2016-2019) was de-
signed to estimate abundances of focal and secondary marsh birds using standardized call-broadcast protocols and
distance sampling methods. Abundances of focal species varied by year, and mean population estimates indicated
the most abundant secretive marsh birds were Sora (Porzana carolina; 4605 birds), followed by American Coot (fuli-
ca americana; 2358 birds), Virginia Rail (Rallus limicola; 2124 birds), and Pied-billed Grebe (Podilymbus podiceps; 1657
birds). Most abundant secondary species were Marsh Wren (Cistothorus palustris; 6328 birds), Red-winged Blackbird
(Agelaius phoeniceus; 5422 birds), Yellow-headed Blackbird (Xanthocephalus xanthocephalus; 884 birds), and Wilson’s
Snipe (Gallinago delicata; 445 birds). Habitat covariates for detection functions varied by species, tended to include
woody vegetation, tall vegetation, and open water; supporting previous studies proposing that a ‘hemi-marsh’ state
is an important habitat condition for many marsh bird species. The Columbia Wetlands provide important wetland
habitat and these estimates underscore the need for effective management for the conservation of British Colum-

bia’s avifauna. Received 20 Aug 2021, accepted 3 Jan 2023.

Key words.— abundance estimates, call-broadcast, Columbia wetlands, conservation, Distance sampling, focal

species, habitat covariates, hemi-marsh, marsh birds
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Wetlands are valuable ecosystems that pro-
vide multiple ecosystem services, including
carbon sequestration, flood damping, pollut-
ant filtering, and water storage (Mitsch et al.
2015). Many wetlands also provide important
habitats for numerous bird species that use
them for nesting and brood-rearing (McKin-
ney at al. 2011). Worldwide, nearly 57% of
global wetlands have been lost since 1900 AD,
and up to 87% of natural wetlands have been
lost since 1700 AD (Davidson 2014). These
losses are primarily driven by damming and
water diversions, climate change, and agri-
cultural practices such as filling, diking, and
draining (Brinson and Malvarez 2002). Wet-
land loss is one potential contributor to the
population declines documented in many
wetland-dependant bird species (Conway et
al. 1994; Niemuth and Solberg 2003; Peter-
john and Sauer 1997). Developing current
and reliable population estimates for birds
using regionally important wetlands is there-
fore a high priority for wetland conservation.

Wetland and riparian specialists such as
marsh birds may be particularly vulnerable

to changes in wetland availability and qual-
ity, and marsh birds can serve as excellent
indicators of the biological condition or in-
tegrity of wetlands (Crewe and Timmermans
2005; DeLuca 2004). However, many marsh
bird species are secretive, vocalize quietly
or infrequently, are cryptically coloured,
and often occupy densely vegetated and in-
accessible areas making them challenging
to accurately survey (Conway 2011). While
passive surveys of marsh birds may provide
some indication of population change, they
significantly underestimate abundances, and
broadcast techniques are recommended to
provide more accurate estimates (Conway
and Gibbs 2005; Gibbs and Melvin 1993).
Marsh bird species distributions, population
estimates, and trends generated using these
combined methods are also unestablished
for many wetland ecosystems.

The Columbia wetlands in the southern
interior of British Columbia, Canada, are
considered one of the largest contiguous
wetlands in western North America (Ham-
mond 2007), and their ecological signifi-

266

Downloaded From: https://bioone.org/journals/Waterbirds on 18 Jul 2023
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Environment Canada



MaRrsH BIRD ABUNDANCE ESTIMATES

cance is recognized internationally (Ramsar
Convention on Wetlands 1971; Hammond
2007). The diverse habitats comprising the
wetlands act as refugia for numerous water-
bird species that use the area during breed-
ing and migration (Darvill 2020; Hammond
2007; Rooney et al. 2013). Recent multi-year
spring and fall bird surveys documented at
least 163 bird species using the Columbia
wetlands (Darvill 2020), 14 of which are
considered atrisk by the British Columbia
Conservation Data Centre. The Columbia
wetlands holds exceptional bird species di-
versity, with at least 237 bird species docu-
mented to occur in this habitat (Leighton
2006). While these bird surveys indicate the
potential importance of the wetlands for nu-
merous waterbird populations, few standard-
ized surveys have been conducted to estab-
lish population estimates in the area (Kaiser
et al. 1977).

Anthropogenic disturbances such as
agricultural practices, increasing levels of
non-motorised recreational use, and urban
and rural development nearby the wetlands
with high potential to negatively influence
these avian communities further highlights
the need for baseline population data. Lo-
cal livestock grazing can negatively affect
wetland ecosystems by altering the composi-
tion and structure of vegetation (Jones et al.
2011), nutrients, conductivity, and pH levels
(Epele and Miserendina 2015), and pro-
mote invasive species introductions (Hobbs
2001), and trampling of riparian and emer-
gent vegetation required by waterbirds for
nest building material and food (Weller
and Spatcher 1965, Jones et al. 2011). Sev-
eral studies (Korschgen and Dahlgren 1992;
Hockin et al. 1992; Korschgen et al. 1985;
Liddle and Scorgie 1980; York 1994) have
reported the negative consequences of rec-
reational activities on waterbirds, such as
reduced foraging and resting periods; in-
creased flushing, flight times, and energy
expenditure by birds reducing their overall
energy intake; increased nest abandonment
and egg loss; discouragement of late-nest-
ing pairs from breeding; disruption of pair
bonds and parent-offspring bonds; reduced
use of feeding, resting and breeding sites.
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Assessing population-level repercussions of
such uses of wetland habitat requires reli-
able population estimates.

Gathering reliable baseline population
data for marsh birds using the Columbia
wetlands, including which species are pres-
ent, in what numbers, and general habitat
associations can supply critical information
to decision makers. Additionally, having an
accurate baseline assessment is important to
ensuring that species population losses are
documented, timely conservation steps are
taken, and the success or failure of manage-
ment actions are measurable. The overall
objective for this project was to derive popu-
lation estimates for secretive marsh birds in
the Columbia wetlands. Using data collected
as the Columbia Wetlands Marsh Bird Moni-
toring Project (CWMBMP), we report on a
fouryear study aimed at collecting annual
baseline data on marsh birds during the
breeding season. We used distance sampling
techniques to develop detection functions
and then estimate total abundance of marsh
birds using established habitat models.

METHODS

Study area

The Columbia wetlands (50°51'37.31"N,
116°20'12.06"W) are situated along the Rocky Moun-
tain Trench between the Rocky and Purcell mountain
ranges in southeastern British Columbia, Canada. The
wetlands cover nearly 26,000 hectares and are adjacent
to approximately 180 km of the Columbia River; they
occupy the floodplains from Canal Flats to Donald near
the Kinbasket Reservoir (Pedology et al. 1983). Much
of the Columbia wetlands fall within the provincial Co-
lumbia Wetlands Wildlife Management Area and the
smaller federal Columbia National Wildlife Area. Addi-
tional wetland areas are privately owned, including First
Nation Reserve Lands (BC Hydro 2014), conservation
lands, and parcels within the Agricultural Land Reserve.

Study design

To generate population estimates of the Columbia
wetlands complex, we conducted bird surveys at up to
65 individual stations per year from 2016-2019. Most
stations were surveyed annually, however some were not
surveyed each year due to logistical constraints (e.g.,
hard to access with kayak during high water, private
land owner access permissions had changed). As such,
the yearly number of survey stations ranged from 61 to
65 stations, except for the 2016 pilot year study when
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37 stations were surveyed. Following Conway (2011), we
conducted three surveys per station during peak breed-
ing season each year when individuals were more likely
to be vocal and responsive while establishing territories
and seeking mates. Typically, surveys were completed
between 04 May and 30 June, with the exception of one
survey route completed on 01 July 2017 due to persis-
tent poor weather conditions. To control for habitat
variables that may influence bird detectability and/or
abundance we paired bird surveys with habitat surveys.

Station site selection

The Columbia wetlands complex encompasses a mo-
saic of broad habitat types each of which may vary in its
suitability to support marsh birds. To ensure our popula-
tion estimates were representative of the majority of the
wetland complex we aimed to establish survey stations at
random points situated throughout the wetland. How-
ever, since much of the Columbia wetlands are inacces-
sible (there is little road access on the west side and pri-
vate land covers much of the east side) we selected some
station locations based on accessibility and landowner
permissions (Fig. 1). While kayak-accessed stations were
situated within paddling distance of safe boat launches
and often closer together than road accessed locations,
all survey stations were spaced in accordance with the
Standardized North American Marsh Bird Monitoring
Protocol (Conway 2011). Upon arriving at each station,
we marked the location with a handheld GPS and noted
specific landmarks to ensure survey areas were consistent
within seasons and among years.

*Golden.
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* Place Names Columbia Wetlands Marsh Bird

Monitoring Stati
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M Lakes & Rivers
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[] Parks and Protected Areas T

Figure 1. Locations for all point count stations of the
Columbia Wetlands Marsh Bird Monitoring Project.
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Bird surveys

We conducted single-observer bird surveys follow-
ing the Prairie and Parkland Marsh Monitoring Pro-
gram developed by Birds Canada (BSC 2010) and the
Standardized North American Marsh Bird Monitoring
Protocol by Conway (2011). Broadcast techniques are
more effective in detecting secretive species compared
to exclusively passive surveys (Conway and Gibbs 2005;
Gibbs and Melvin 1993). Thus, during surveys we used
a FoxPro Firestorm speaker to broadcast call sequences
from a focal point at each survey station. Each survey
was conducted in the morning by one primary observer
per station, often accompanied by a volunteer who re-
mained silent during the survey window. The surveys
began no earlier than 30 minutes before sunrise and
ended no later than 10:00 hr on each survey date (Con-
way 2011); we did not conduct evening surveys which
differed from the Conway (2011) protocol. When an
individual bird was heard, we used a laser rangefinder
to estimate distance from observer. We then converted
exact location distances from observers into distance
bins (i.e., < 50 m, 50-100 m, > 100 m).

Adjusting to local conditions, survey start date and
time of day deviated slightly from the Conway (2011)
protocol. A few stations were visited less than three times
during each breeding season when it did not make lo-
gistical sense (i.e., access difficulties), and survey start
dates differed slightly across years (May 4-May 14). Sur-
veys began when marsh birds were initially heard with
frequency within the study area in a given year. Surveys
were conducted only when weather conditions were fa-
vorable, for instance, no precipitation, minimal wind,
good visibility. If weather conditions were unfavourable,
or become poor partway through a survey route, the re-
maining surveys were postponed and usually conducted
on an alternate day.

Our call-broadcast surveys focused on five focal
marsh bird species: American Bittern (Botaurus lentigi-
nosus), American Coot (Fulica americana), Pied-billed
Grebe (Podilymbus podiceps), Sora (Porzana carolina),
and Virginia Rail (Rallus limicola). In addition to focal
species, we also passively surveyed 51 secondary species
of interest including: Brewer’s Blackbird (Fuphagus
cyanocephalus), Eared Grebe (Podiceps nigricollis), Marsh
Wren (Cistothorus palustris), Red-necked Grebe (Podiceps
grisegena), Red-winged Blackbird (Agelaius phoeniceus),
Wilson’s Snipe (Gallinago delicata), and Yellow-headed
Blackbird (Xanthocephalus xanthocephalus) .

Vegetation surveys

Upon completion of all bird surveys in late-June
or early July, we conducted vegetation surveys follow-
ing Prairie and Parkland Marsh Monitoring Program
protocol (BSC 2010). During each survey we classified
the station as being in one of the four dominant habitat
types described above and estimated the proportional
amount of each land cover type within a 100-m radius of
the centre of each survey station. For land cover, we first
estimated the percent cover of major vegetation com-
munities (i.e., herbaceous emergent vegetation, open
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water/floating vegetation, exposed mud/sand/rock,
trees, and shrubs) and then the percent cover of the
dominant vegetation types within the herbaceous emer-
gent vegetation and open water/floating communities.

Statistical analyses

Distance sampling. We used the Distance package
(Miller et al. 2019) in R Studio (Core Team 2020) to es-
timate the abundances of marsh birds observed during
surveys. Distance sampling methods are widely used to
estimate species density and abundance while correct-
ing for imperfect detection (Buckland ef al. 2001). This
approach calculates a detection function by determin-
ing how habitat covariates and distance from observer
affect the probability of detecting individuals. Each
detection function can then be used to estimate the
density of birds within the survey area (Buckland et al.
2001) and then extended to estimate abundances over
the entire study area (Miller e al. 2019).

Distance sampling methods rely on the assump-
tion that four key criteria are met to produce reliable
abundance estimates (Buckland et al. 2001). First, ob-
jects of interest are distributed independently of survey
points, which can be achieved by ensuring points are
randomly distributed throughout available habitat. Sec-
ond, all objects directly on the point (i.e., distance 0
m from the observer) are detected and objects are cor-
rectly identified. Each observer was expertly trained in
both aural and visual identification of local marsh birds
and individual birds near the observer were readily
detected, therefore, we are confident in our detection
certainty. Third, objects were detected at their original
location (i.e., prior to any movement, particularly any
that may be related to the observer). We significantly
increased the probability of detecting secretive species
at their initial locations by using call-broadcast surveys
with conspecifics to elicit responses (Gibbs and Melvin
1993). Lastly, distances between the observer and object
of interest must be measured accurately. Each observer
was well-trained and we used a handheld rangefinder to
ensure the recorded distances between observer and in-
dividual were accurate. We feel confident that the mea-
sures we have taken ensure that these key criteria have
been met and our estimates are reliable.

Model selection

Following Buckland et al. (2001), we initially consid-
ered models with half-normal, hazard-rate, and uniform
key function detection-distance relationships. We used
Akaike’s Information Criterion (AIC) to rank models
and examined models with AAIC values of less than 2
more closely (Akaike 1973). Models with half-normal
key functions outperformed those using other key func-
tions and were therefore used to estimate species abun-
dance in subsequent models. A minimum sample size
of 60-80 detections is recommended to produce reli-
able abundance estimates (Buckland et al. 2001). In our
study, we detected fewer than 60 individuals of Virginia
Rail, American Coot, American Bittern, Brewer’s Black-
bird, Eared Grebe, Red-necked Grebe, Wilson’s Snipe,
and Yellow-headed Blackbird in some or all years. To
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account for this, we pooled detections across years to
produce a global detection function before stratifying
estimates by study year.

Once a key function was selected, we incorporat-
ed additional covariates into more complex models
to increase the accuracy of our abundance estimates.
As the effects of vegetation and time of season on de-
tectability may vary among species, we included both
temporal and vegetation covariates. We included
“Visit” (i.e., visit 1, 2, or 3) as a temporal covariate
to account for variation throughout the breeding pe-
riod. We included the proportional cover of differ-
ent vegetation types to account for the influence of
habitat. If habitat variables were highly correlated (r
= (0.70) we only considered one in the model.

For species that were detected more than 60 times
in each of three or more study years we ran a full suite
of models that included individual and additive ef-
fects of year, and percent cover of open water/float-
ing vegetation, woody vegetation (trees and shrubs),
emergent vegetation (all species), and tall vegetation
(i.e., cattails, Typha spp.; and rushes, Scirpus/Juncus
spp., specifically). For species with fewer than 60 de-
tections in a year, we considered an abbreviated set of
models that only considered single covariates. In most
instances the model with the lowest AIC value or with-
in 2 AIC was selected; however, in a few instances the
model with the lowest AIC value produced estimates
with high coefficients of variation. In these instances,
the next best model with lower coefficients of varia-
tion was selected. We used the final selected model
and stratified detections by year to produce annual
abundance estimates.

Abundance estimates

Following station site selection we checked for any
habitat-related biases by calculating the proportion of
sites situated in each major habitat type relative to the
proportional availability of the habitat. To improve ac-
curacy of our total abundance estimates and eliminate
biases caused by over- or under-sampling “good” marsh
bird habitat types relative to their proportional areas,
we calculated the proportion of habitat types surveyed
in relation to the true proportional area of those habi-
tats in the entire wetland complex estimated using Li-
DAR (Ecologic Consultants, unpublished; Table 1).
Since our survey locations were within 5% of the true
availability of habitat calculated using LiDAR, we were
confident in our ability to extrapolate our abundance
estimates. For our total population estimates, we as-
sumed the number of marsh birds occupying upland
forest or anthropogenic habitat was negligible.

REsuLTS

From 2016-2019 we conducted between
88 and 177 marsh bird surveys across the
Columbia wetlands (Tables 2 and 3). The
best supported models (AAIC < 2) for both
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Table 1. Overview of the area and proportion of different habitat types and frequency at which each habitat type
was surveyed in the Columbia Wetlands, British Columbia.

Proportion of Number Proportion
Dominant habitat Area (ha) total area (%) of Surveys of surveys (%)
Marsh 7,806 47 34 52
Open Water 3,337 20 10 15
Shoreline/Floodplain 3,719 23 15 23
Swamp 1,607 10 6 9
Total 16,469 100 65 100

focal and secondary species contained the
covariates “water”, “woody”, and “tall” most
often (Tables 4 and 5). Among the top
models (AAIC = 0), the co-variate “year” was
most frequently selected for focal species
(Table 4); however, “water” and “woody”
were similarly selected for secondary spe-

cies (Table 5).

Detections

For the focal species, Sora (x = 158 de-
tections/year) had the highest number of
detections per year followed by Pied-billed

Grebe (x = 149), American Coot (X =
92), Virginia Rail (x = 35), and American
Bittern (n < 10; Table 2). The few detec-
tions of American Bittern were all from
five stations within the same general area.
Among the secondary species, Red-winged
Blackbird (X = 302 detections/year) had
the highest number of detections followed
by Marsh Wren (x = 177), Yellow-headed
Blackbird (X = 80 birds), Wilson’s Snipe
(x = 48), and Red-necked Grebe (X = 22).
Across study years, both Brewer’s Black-
bird and Eared Grebe had fewer than ten
observations in a single season (Table 3).

Table 2. Abundance estimates and summary table for focal marsh bird species. Abundance estimates are calculated
within the entirety of the Columbia wetlands, based on 16,469 ha of available habitat. Survey effort reflects the total
number of surveys conducted over a study season across all study stations.

Survey Number Abundance
Species Year effort observed estimate CV (%) 95% CI
Sora 2016 38 152 7,080 19 4,861 10,313
2017 159 126 1,973 24 1,246 3,125
2018 177 162 3,598 19 2,484 5,211
2019 172 190 5,770 18 4,060 8,200
Virginia Rail' 2016 38 11 975 32 513 1,852
2017 159 39 2,387 33 1,252 4,550
2018 177 36 1,926 30 1,070 3,467
2019 172 54 3,206 29 1,807 5,688
Pied-billed Grebe 2016 38 109 1,984 23 1,262 3,120
2017 159 127 1,409 23 893 2,225
2018 177 108 1,762 22 1,156 2,685
2019 172 85 1,471 26 885 2,443
American Coot 2016 88 108 4,562 41 2,057 10,119
2017 159 35 548 52 207 1,453
2018 177 91 3,316 50 1,290 8,524
2019 172 134 1,007 46 418 2,428
American Bittern 2016 88 1 — — — —
2017 159 7 — — — —
2018 177 10 — — — —
2019 172 3 — — — —

Abbreviated model suite run.
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Table 3. Abundance estimates and summary table for secondary marsh bird species. Abundance estimates are cal-
culated within the entirety of the Columbia wetlands, based on 16,469 ha of available marsh habitat. Survey effort
reflects the total number of surveys conducted over a study season across all study stations.

Survey Number Abundance
Species Year effort observed estimate  CV (%) 95% CI
Brewer’s Blackbird 2016 88 9 — — — —
2017 159 0 — — — —
2018 177 0 — — — —
2019 172 0 — — — —
Eared Grebe 2016 88 6 — — — —
2017 159 0 — — — —
2018 177 6 — — — —
2019 172 4 — — — —
Marsh Wren 2016 88 130 4,125 24 2,559 6,651
2017 159 211 7,369 21 4,890 11,103
2018 177 175 6,067 23 3,878 9,490
2019 172 192 7,752 20 5,211 11,534
Red-necked Grebe! 2016 88 12 234 68 68 810
2017 159 11 69 69 20 238
2018 177 24 210 56 74 597
2019 172 39 415 56 147 1,167
Red-winged Blackbird 2016 88 180 5,272 14 3,973 6,997
2017 159 306 5,337 14 4,078 6,984
2018 177 339 5,246 14 3,973 6,927
2019 172 382 5,834 12 4,572 7,443
Wilson’s Snipe'! 2016 88 28 183 20 122 275
2017 159 25 92 56 33 258
2018 177 62 726 35 371 1,420
2019 172 77 779 31 430 1,411
Yellow-headed Blackbird! 2016 88 54 1,108 33 576 2,133
2017 159 58 586 33 309 1,114
2018 177 96 894 27 530 1,507
2019 172 112 949 25 583 1,545

Abbreviated model suite run.

Population Estimates

Using abundances calculated by our top
models for each species and extrapolat-
ing to the area of entire wetland complex
(16,469 ha), we generated population es-
timates for breeding focal and secondary
species. Of the focal species, Sora was the
most abundant (X = 4605 birds/year) with
relatively low uncertainty (Table 2). Sora
was followed by American Coot (X = 2358
birds/year), Virginia Rail (X = 2124 birds/
year), and Pied-billed Grebe (X = 1657
birds/year), with American Coot estimates
generating the most uncertainty (Table 2).
The most abundant secondary species (Ta-
ble 3) was Marsh Wren (X = 6328 birds), fol-
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lowed by Red-winged Blackbird (X = 5422
birds), Yellow-headed Blackbird (X = 884
birds), Wilson’s Snipe (X = 445 birds), and
Red-necked Grebe (X = 232 birds). Red-
winged Blackbird estimates consistently had
the least uncertainty [smallest coefficient of
variation (CV) ], whereas Red-necked Grebe
had the greatest (Table 3). Populations of
American Bittern, Brewer’s Blackbird, or
Eared Grebe were not estimated, since the
few observations would generate inflated or
unreliable estimates even when pooling across
study years. Abundance estimates calculated
for study years with fewer than 60 detections of
a given species generally had higher CVs and
should be interpreted with caution. In terms
of evaluating the fit of the models and the
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Table 4. Summary of best supported (AAIC < 2) models for focal species by year. All models used the “Half-
normal” detection function. Average detectability (P,) and its associated standard error (Pgse) are included for
reference and model comparison. Covariates refer to year of study as a factor and relative percent cover of open
water/floating vegetation (“water”), woody vegetation (trees and shrubs; “woody”), emergent vegetation (i.e., all
species, “herb”), and tall vegetation [i.e., cattails (Typha spp.), and rushes (Scirpus/Juncus spp.) specifically; “tall”].

Species Formula Pa Pgse AAIC
Sora ~water + tall + year 0.14 0.01 0.00
~water + tall + woody + year 0.14 0.01 0.32
Virginia rail' ~herb 0.06 0.01 0.00
~1 (intercept only) 0.04 0.61 0.53
~water 0.06 0.01 1.03
Pied-billed grebe ~water + tall + year 0.26 0.02 0.00
~water + tall + woody + year 0.26 0.02 0.55
American coot ~herb + woody + year 0.17 0.02 0.00
~water + woody + year 0.17 0.02 0.69
~woody + year 0.17 0.02 1.45

soundness of the resulting estimates, we con-
sidered all available detection functions, and
we chose the one best supported by the data.

Discussion

Abundance of marsh birds and conserva-
tion thresholds

While marsh bird populations around
the world are facing significant population
declines, the Columbia Wetlands provide

refuge for multiple breeding marsh birds
with ample and relatively ecologically in-
tact breeding habitat. Using call-broadcast
sequence surveys combined with distance
sampling methods we estimate the Colum-
bia wetlands provide breeding habitat for
over 24,000 marsh birds (10,744 focal and
13,312 secondary species) each year. This
estimate includes the five focal marsh bird
species as well as the five secondary species
that were found in highest abundance. Sev-
eral additional marsh bird species are pres-

Table 5. Summary of best supported (AAIC < 2) models for secondary species by year. A less supported (AAIC > 2)
model was included for Wilson’s snipe, as this was the final model selected. All models used the “Half-normal” de-
tection function. Average detectability (P4) and its associated standard error (Pgse) are included for reference and
model comparison. Covariates refer to year of study as a factor and relative percent cover of open water/floating
vegetation (“water”), woody vegetation (trees and shrubs; “woody”), emergent vegetation (i.e., all species, “herb”),
and tall vegetation [i.e., cattails (Typha spp.), and rushes (Scirpus/Juncus spp.) specifically; “tall”].

Species Formula Po Pose AAIC
Marsh Wren ~water + tall + woody + year 0.11 0.01 0.00
~water + tall + year 0.11 0.01 1.69
Red-necked Grebe! ~woody 0.35 0.08 0.00
Red-winged Blackbird ~water + tall + woody + visit 0.21 0.01 0.00
~water + tall + visit 0.22 0.01 0.28
~water + tall + woody 0.22 0.01 0.32
~tall + woody + visit 0.22 0.01 0.66
~water + tall 0.22 0.01 1.05
~tall + woody 0.22 0.01 1.34
Wilson’s Snipe! ~year 0.36 0.08 0.00
~water 0.37 0.06 2.21
Yellow-headed Blackbird' ~water 0.36 0.04 0.00

Abbreviated model suite run.
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ent in this region and are unaccounted for
in this study [e.g., Wood Duck (Aix sponsa),
Great Blue Heron (Ardea Herodias), Osprey
(Pandion haliaetus), etc.]. There is significant
inter-annual variation in marsh bird abun-
dance in the Columbia Wetlands. Potential
drivers may include climatic and water level
fluctuations correlating to differences in the
amount of available food, breeding habitat
(emergent and floating vegetation), and
cover from predators. Differences in the tim-
ing, location, and the amount of human ac-
tivities may also have an effect on the abun-
dance of breeding marsh birds.

An unanticipated result of this study
was the identification (largely aural) of a
relatively high abundance of both Sora and
Pied-billed Grebe breeding in the wetlands,
likely owing to their secretive and elusive na-
ture. The resultant abundance estimates for
Pied-billed Grebe may indicate that the Co-
lumbia Wetlands qualify for inclusion into
the ‘Key Biodiversity Area’ (KBA) program,
an initiative that works to identify, monitor
and protect the world’s most important bio-
diverse habitats (TUCN 2016).

Habitat relationships

Within the Columbia Wetlands, the habi-
tat variables most frequently highlighted
within our detection models were percent
cover of vegetation and open water/floating
vegetation. Previous studies have found neg-
ative associations between woody vegetation
and some marsh bird species (Bolenbaugh et
al. 2011, Darrah and Krementz 2010, Darrah
and Krementz 2009, Naugle et al. 1999), pos-
sibly due to an increased presence of preda-
tors (Darrah and Krementz 2010, Naugle et
al. 1999). Our strong association of woody
vegetation with marsh bird presence is main-
ly owing to the shrubs on the levees that line
all the river channels in the Columbia wet-
lands, not from an abundance of taller trees
that predators tend to perch on. Smaller
mammals (nest predators) may be using
the shrubs to some extent, but this has not
been investigated. Emergent vegetation has
strong ecological relevance as a source of
food, cover, and/or nesting material, and is
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frequently correlated with marsh bird pres-
ence (Baschuk et al. 2012, Bolenbaugh et al.
2011, Darrah and Krementz 2009, Fairbairn
and Dinsmore 2001, Forbes et al. 1989, Lor
and Malecki 2006). Dead stems of species
like cattails and rushes may be particularly
valuable to marsh birds given their persis-
tence over-winter, providing early nesting
material and cover in the spring (Gorenzel
et al. 1982, Forbes et al. 1989, Lor and Mal-
ecki 2006). Relationships between marsh
birds and open water or water depth, how-
ever, tend to be more species-dependent
(Baschuk et al. 2012, Bolenbaugh et al. 2011,
Lor and Malecki 2006).

Studies frequently note a “hemi-marsh”
condition, where wetlands exhibit an even
ratio of well-interspersed emergent vegeta-
tion and open water, as being ideal for many
marsh bird species (Kaminski and Prince
1981, Lor and Malecki 2006, Murkin et al.
1982). The ideal ratio varies among species,
for example approximately 50:50 for Pied-
billed Grebes compared to > 70:30 for Sora
and Virginia Rail (Lor and Malecki 2006).
This ‘hemi-marsh’ concept been used glob-
ally for the management of wetlands for wa-
terfowl and other birds (Smith et al. 2004).
Greater species richness and usually higher
waterbird density in hemi-marsh wetlands
are generally identified in these areas, an ob-
servation attributed to more plentiful food,
as well as the visual isolation that is provided
between breeding pairs (Smith et al. 2004).
While we did not examine interspersion
specifically, we did find that both open wa-
ter and tall vegetation were consistently im-
portant for detecting marsh birds. We also
noted that marsh birds were not distributed
equally across survey stations within the Co-
lumbia wetlands. Areas containing specific
emergent plant species (i.e., cattails, Typha
spp.; and rushes, Scirpus/Juncus spp., specifi-
cally) with open water patches frequently
had greater abundances and diversity of
marsh bird species.

Recommendations for future studies

Before conservation initiatives and man-
agement strategies can be developed and
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implemented, it must first be determined
what species are present, in what quantity,
and what habitat areas are the most impor-
tant to target for conservation efforts. The
call-broadcast technique appeared effective
for eliciting responses from all five focal
species, and Sora and Pied-billed Grebe in
particular. However, detections decreased
significantly for all species as the day pro-
gressed, and we therefore suggest that sur-
veys cease by 08:30 hr, rather than 10:00
hr. Additionally, only morning surveys were
conducted for this project, yet the standard-
ized protocol allows for both morning and
evening surveys. We recommend that, where
it is logistically possible, both morning and
evening surveys be implemented in future
monitoring programs. Certain broadcast
species are detected more frequently dur-
ing morning (Pied-billed Grebe) while de-
tections are significantly higher for others
(American Bittern, Sora, Virginia Rail) dur-
ing the evening (Tozer et al. 2017). During
one of the few surveys where American Bit-
tern were detected, they were seen, but did
not respond to calls. Evening surveys may
help increase the detection frequency of
bitterns, although monitoring during the
evening can also pose logistical challenges
(e.g., kayaking in the dark). While the call-
broadcast technique can be effective, it is im-
portant to recognize that few, if any, survey
methods are perfect. Another challenge can
involve placement of survey stations. While
spacing survey stations can help prevent
double counting, some species may roam or
their calls may carry over greater distances.
This can introduce challenges in defining
sufficient spacing between stations when
surveying a range of species. Ultimately, the
survey technique and study design used was
an effective way to estimate marsh bird spe-
cies populations in the Columbia wetlands,
and we recommended that this approach be
expanded to other regions looking to moni-
tor marsh bird species and their habitats.

ACKNOWLEDGEMENTS

Funding and support for this work was provided
by the Canadian Wildlife Service and Wildlife Re-
search Division of Environment and Climate Change

Downloaded From: https://bioone.org/journals/Waterbirds on 18 Jul 2023
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Environment Canada

‘WATERBIRDS 45 (3) — SEPTEMBER 2022

Canada, the Fish and Wildlife Compensation Pro-
gram funded by BC Hydro, Simon Fraser Univer-
sity, and British Columbia Institute of Technology.
The methods used meet all ethical guidelines for
the use of wild birds in research, as stipulated by
the standards and policies of Canada. We thank and
acknowledge that reserve lands were surveyed with
permission of the Akisqnuk First Nation (of the Ktu-
naxa Nation) in the Columbia wetlands, and British
Columbia Parks for providing access permission to
survey in Columbia Lake Provincial Park and Burgess
and James Gadsden Provincial Park. Our thanks to
private landowners whom allowed surveying on their
properties, to Verena Shaw who assisted with numer-
ous marsh bird surveys, and to the invaluable contri-
bution of several volunteers to this project

LiTERATURE CITED

Akaike, H. 1973. Information theory and an extension
of the maximum likelihood principle. Pages 267—
281 in 2nd International Symposium on Informa-
tion Theory (B. N. Petrov and F. Csdki, Eds.). Aka-
démiai, Kiad6, Budapest.

Baschuk, M.S., N. Koper, D.A. Wrubleski and G. Golds-
borough. 2012. Effects of water depth, cover and
food resources on habitat use of marsh birds and
waterfowl in boreal wetlands of Manitoba, Canada,
35(1), 44-55.

BC Hydro. 2014. Fish and Wildlife Compensation Pro-
gram. Columbia Basin Riparian and Wetlands Ac-
tion Plan: Draft. http://www.bchydro.com/content/
dam/hydro/medialib/internet/documents/about/
our_commitment/fwcp/fwcp-columbia-riparian-wet-
land-action-plan.pdf/, accessed 15 July, 2020.

Bird Studies Canada (BSC). 2010. The Prairie and Park-
land Marsh Monitoring Program — Training kit and
instructions for surveying marsh birds and their
habitats. Bird Studies Canada, Saskatoon, Saskatch-
ewan, Canada.

Bowler, D. E., H. Heldbjerg, A. D. Fox, M. de Jong and
K. Bohning-Gaese. 2019. Long-term declines of Eu-
ropean insectivorous bird populations and potential
causes. Conservation Biology, 33(5): 1120-1130.

Bolenbaugh, J.R., D.G., Krementz and S.E. Lehnen.
2011. Secretive march bird species co-occurences
and habitat associations across the Midwest, USA.
Journal of Fish and Wildlife Management, 2(1), 49-
60.

Brinson, M. M. and A. Inés Malvdrez. 2002. Temperate
freshwater wetlands: Types, status, and threats. Envi-
ronmental Conservation. 29(2):115-133.

Buckland, S. T., D. R. Anderson, K. P. Burnham, J. L.
Laake, D. L. Borchers and L. Thomas. 2001. Intro-
duction to Distance Sampling: Estimating abun-
dance of biological populations. Oxford University
Press Inc, New York, NY, U.S.A.

Calvert, A. M., C. A. Bishop, R. D. Elliot, E. A. Krebs, T.
M. Kydd, C. S. Machtans, and G. J. Robertson. 2013.
A synthesis of human-related avian mortality in Can-
ada. Avian Conservation and Ecology 8(2): 11.



MaRrsH BIRD ABUNDANCE ESTIMATES

Conway, C. J. 2011. Standardized North American
marsh bird monitoring protocol. Waterbirds 34(3):
319-334.

Conway, C. J., W. R. Eddleman and S. H. Anderson.
1994. Nesting success and survival of Virginia Rails
and Soras. The Wilson Bulletin, Sept 1: 466-473.

Conway. C. J. and J. P. Gibbs. 2005. Effectiveness of call-
broadcast surveys for monitoring marsh birds. The
Auk 122(1): 26-35.

Core Team. 2020. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-
project.org/.

Crewe, T. L. and S. T. Timmermans. 2005. Assessing
biological integrity of Great Lakes coastal wetlands
using marsh bird and amphibian communities. Proj-
ect# WETLAND3-EPA-01 Technical Report. Bird
Studies Canada, Canada.

Darrah, A. J. and D. G. Krementz. 2009. Distribution
and habitat use of King Rails in the Illinois and up-
per Mississippi river valleys. Journal of Wildlife Man-
agement 73(8): 1380-1386.

Darrah, A. J. and D. G. Krementz. 2010. Occupancy
and habitat use of the Least Bittern and Pied-billed
Grebe in the Illinois and upper Mississippi river val-
leys. Waterbirds 33(3): 367-375.

Darvill, R. 2020. Columbia wetlands waterbird survey.
Report submitted by Goldeneye Ecological Services
prepared for Wildsight Golden. Retrieved from:
https://wildsight.ca/wp-content/uploads/2016,/01/
CWWS-2015_2019-Final-Report_Jan-2-2020.pdf

Davidson, N. C. 2014. How much wetland has the world
lost? Long-term and recent trends in global wet-
land area. Marine and Freshwater Research 65(10):
934-941.

DeLuca, W. V., C. E. Studds, L. L. Rockwood and P. P
Marra. 2004. Influence of land use on the integri-
ty of marsh bird communities of Chesapeake Bay,
USA. Wetlands, 24(4): 837-847.

Epele, L. B. and M. L. Miserendino. 2015. Environmen-
tal quality and aquatic invertebrate metrics relation-
ships at Patagonian wetlands subjected to livestock
grazing pressures. PloS one, 10(10), ¢0137873.

Fairbairn, S. E., and J. J. Dinsmore. 2001. Local and
landscape-level influences on wetland bird commu-
nities of the prairie pothole region of Iowa, USA.
Wetlands 21: 41-47.

Fiske, I., and R. Chandler. 2011. Unmarked: An R pack-
age for fitting hierarchical models of wildlife occur-
rence and abundance. Journal of Statistical Soft-
ware. 43:1-23.

Gibbs, J. P. and S. M. Melvin. 1993. Call-response sur-
veys for monitoring breeding waterbirds. Journal of
Wildlife Management 57(1): 27-34.

Hammond, B. 2007. The conservation rationale for
regulating the use of navigable waters in British Co-
lumbia’s Columbia wetlands. Canadian Wildlife Ser-
vice, Environment Canada. Delta, British Columbia,
Canada.

Hobbs, R. J. 2001. Synergisms among habitat frag-

mentation, livestock grazing, and biotic invasions

Downloaded From: https://bioone.org/journals/Waterbirds on 18 Jul 2023
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Environment Canada

275

in southwestern Australia. Conservation Biology,
15(6), 1522-1528.

Hockin, D., M. Ounsted, M. Gorman, D. Hill, V. Keller
and M.A. Barker. 1992. Examination of the effects
of disturbance on birds with reference to its impor-
tance in ecological assessments. Journal of Environ-
mental Management, 36(4), 253-286.

IUCN. 2016. A Global Standard for the Identification
of Key Biodiversity Areas, Version 1.0. First edition.
Gland, Switzerland: TUCN.

Jones, W. M., L. H. Fraser and P. J. Curtis. 2011. Plant
community functional shifts in response to livestock
grazing in intermountain depressional wetlands in
British Columbia, Canada. Biological Conservation,
144(1), 511-517.

Kaiser, G. W., R. W. McHelvey and D. W. Smith. 1977. Pre-
liminary report on aerial surveys in the Columbia Val-
ley, British Columbia. Canadian Wildlife Service. In Pe-
dology Consultants, 1983. Opportunities for Wildlife
and Recreation Development in the Columbia River
Wetlands. Prepared for Fish and Wildlife Branch, Brit-
ish Columbia Ministry of Environment, National Sec-
ond Century Fund of British Columbia, Ducks Unlim-
ited Canada and Canadian Wildlife Service.

Kaminski R. M. and H. H. Prince. 1981. Dabbing duck
and aquatic macroinvertebrate responses to ma-
nipulated wetland habitat. The journal of Wildlife
Management, Jan 1: 1-15.

Korschgen, C. E., L. S. George and W. L. Green. 1985.
Disturbance of diving ducks by boaters on a migra-
tional staging area. Wildlife Society Bulletin (1973-
2006), 13(3), 290-296.

Korschgen, C. E. and R. B. Dahlgren. 1992. Human dis-
turbances of waterfowl: an annotated bibliography
(No. 188). US Fish and Wildlife Service.

Leighton, D. 2016. Birds of the lower Blaeberry Valley-
Moberly Area (Columbia River Valley) North of
Golden, B.C. to February 28, 2006. Retrieved from
https://s3-us-west-2.amazonaws.com/epscwsp/
Leighton %202006.pdf

Liddle, M. J. and H. R. A Scorgie. 1980. The effects of
recreation on freshwater plants and animals: a re-
view. Biological conservation, 17(3), 183-206.

Lor, S. and R. A. Malecki. 2006. Breeding ecology and
nesting habitat associations of five marsh bird spe-
cies in western New York. Waterbirds, 29(4), 427-
436.

Loss, S. R., T. Will and P. P. Marra. 2015. Mortality of
birds from anthropogenic causes. Annual Review of
Ecology, Evolution, and Systematics 46(1): 99-120.

McKinney, R. A., K. B. Raposa and R. M. Cournoyer.
2011. Wetlands as habitat in urbanizing landscapes:
patterns of bird abundance and occupancy. Land-
scape and Urban Planning, 100(1-2), 144-152.

Miller, D. L., E. Rexstad, L. Thomas, L. Marshall and ].
L. Laake. 2019. Distance Sampling in R. Journal of
Statistical Software, 89(1), 1-28.

Mitsch, W.J., B. Bernal and M. E. Hernandez. 2015. Eco-
system services of wetlands. International Journal of
Biodiversity Science, Ecosystem Services & Manage-
ment, 11(1), 1-4.



276

Murkin, H.R., R.M. Kaminski and R.D. Titman. 1982.
Responses by dabbling ducks and aquatic inver-
tebrates to an experimentally manipulated cattail
marsh. Canadian Journal of Zoology, 60: 2324-2332.

Naugle, D.E., K.F. Higgins and S.M. Nusser. 1999. Ef-
fects of woody vegetation on prarie wetland birds.
Canadian Field-Naturalist, 113(3).

Niemuth, N. D. and J. W. Solberg. 2003. Response of
waterbirds to number of wetlands in the Prairie
Pothole Region of North Dakota, USA. Waterbirds,
26(2), 233-238.

Oksanen, J. F., G. Blanchet, M. Friendly, R. Kindt, P.
Legendre, D. McGlinn, P. R. Minchin, R. B. O’Hara,
G. L. Simpson, P. Solymos, M. H. H. Stevens, E.
Szoecs and H. Wagner. 2019. Vegan: Community
Ecology Package. R package version 2.5-6. https://
CRAN.R-project.org/package=vegan.

Pedology Consultants, Quadra Economic Consultants
Ltd., Robinson Consulting & Associates Ltd., Glen
Smith Wildlife Resource Consultant Ltd. 1983. Op-
portunities for wildlife and recreation development
in the Columbia River wetlands. Prepared for Fish
and Wildlife Branch, British Columbia Ministry of
Environment, National Second Century Fund of
British Columbia, Ducks Unlimited Canada, and
Canadian Wildlife Service.

Peterjohn, B. G. and J. R. Sauer. 1997. Population trends
of Black Terns from the North American Breeding
Bird Survey, 1966-1996. Colonial Waterbirds, Jan 1:
566-573.

Rooney, R. C., C. Carli and S. E. Bayley. 2013. River
connectivity affects submerged and floating aquatic

Downloaded From: https://bioone.org/journals/Waterbirds on 18 Jul 2023
Terms of Usc; hitps://bicona.org/terms-of-uselAccess provided by Environment Canada

‘WATERBIRDS 45 (3) — SEPTEMBER 2022

vegetation in floodplain wetlands. Wetlands, 33(6),
1165-1177.

Rosenberg, K. V., A. M. Dokter, P. J. Blancher, . R. Sau-
er, A. C. Smith, P. A. Smith, J. C. Stanton, A. Panjabi,
L. Helft, M. Parr and P. P. Marra. 2019. Decline of
the North American avifauna. Science, 366(6461):
120-124.

Smith, L. M., D. A. Haukos and R. M. Prather. 2004. Avian
response to vegetative pattern in playa wetlands dur-
ing winter. Wildlife Society Bulletin, 32(2): 474-480.

Thomas L., S. T. Buckland, E. A Rexstad, J. L. Laake,
S. Strindberg, S. L. Hedley, J. R. B. Bishop, T. A.
Marques and K. P. Burnham. 2010. Distance soft-
ware: design and analysis of distance sampling sur-
veys for estimating population size. Journal of Ap-
plied Ecology 47(1): 5-14.

Tozer, D., C. Falconer, A. Bracey, E. Gnass Giese, G .J.
Niemi, R. W. Howe, T. M. Gehring and C. Norment.
2017. Influence of call broadcast timing within
point counts and survey duration on detection prob-
ability of marsh breeding birds. Avian Conservation
and Ecology, 12(2), Art.8.

Weller, M. W. and C. S. Spatcher. 1965. Role of habitat
in the distribution and abundance of marsh birds.
Agriculture and Home Economics Experiment Sta-
tion. Iowa State University of Science and Technol-
ogy. Special Report No. 43.

York, D. 1994. Recreational-boating disturbances of nat-
ural communities and wildlife: An annotated bibli-
ography (No. FWS-22). National Biological Survey
Fort Collins Co Information Transfer Center.


https://www.researchgate.net/publication/372442758

