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ABSTRACT Once extirpated from much of their North American range, temperate‐breeding Canada geese
(Branta canadensis maxima) have reached high abundance. As a result, focus has shifted from restoration to
managing harvest and addressing human‐goose conflict. Conflict persists or is increasing in urban areas
throughout the Mississippi Flyway. Managers need more information regarding demographic rates to de-
termine how hunting affects geese breeding in urban areas and what management actions may be required to
achieve management goals. We estimated survival, dead recovery, live recapture, and fidelity probabilities
using data from 77,872 Canada geese banded in Iowa, USA, during 1999–2019 using Burnham joint live‐
dead band recovery models. Factors predicted to affect parameters in candidate models included age (juvenile,
subadult, adult), banding site (urban, rural), time, trend, harvest regulation index, and winter severity index.
We predicted Canada geese banded in urban areas would have higher survival and lower dead recovery rates
than geese banded at rural sites. The top model indicated support for age and banding site effects, and trends
in survival and recovery rate (Brownie parameterization). Adult survival was similar for urban (0.75;
range= 0.60–0.92) and rural (0.75; range= 0.66–0.82) geese and relatively constant across years. Mean
juvenile survival was lower in urban (0.74; range= 0.48–0.93) than rural (0.85; range= 0.68–0.92) areas.
Survival increased for urban‐banded juveniles and recovery rates increased during liberalization of harvest
regulations and decreased after regulations stabilized. Recovery rates of subadults increased for the urban and
rural groups. Our results suggest Canada geese breeding in urban areas contribute to harvest and specialized
regulations can affect these populations. Harvest regulations in place during our analysis may not have reached
a threshold required to observe substantial changes in survival. Current human‐goose conflict in urban areas
suggests survival has not decreased to a level required to completely address conflict via reduction in goose
abundance. Managers may consider additional liberalization of harvest regulations and monitoring via
banding to determine to what degree hunter harvest contributes to reducing human‐goose conflict and what
additional management actions will be required to achieve goals. © 2020 The Wildlife Society.
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Temperate‐nesting, or giant Canada goose (Branta
canadensis maxima) populations have increased substantially
in the last 50 years. Giant Canada geese were thought to be
extinct in the late 1930s until a remnant population was
discovered in Rochester, Minnesota, USA, in the early
1960s (Hanson 1997). Subsequent efforts to restore Canada
geese began in a number of states, including Iowa, USA,
where Canada geese were extirpated by the early 1900s
(Hanson 1997, Jones and Hancock 2014). Captive rearing,
establishment of areas closed to goose hunting, restricted
harvest regulations, and translocation of geese successfully
reestablished Canada geese throughout Iowa (Jones and
Hancock 2014). Annual Canada goose breeding population
estimates in Iowa over the last decade ranged from 80,000

to 100,000 individuals (O. E. Jones, Iowa Department of
Natural Resources [DNR], unpublished data). In the last
several years, annual Canada goose harvest has exceeded
mallard (Anas platyrhynchos) harvest, the most‐harvested
duck species in Iowa (U.S. Fish and Wildlife Service
[USFWS] 2016, 2018), an indication of the importance of
Canada geese to Iowa waterfowl hunters.
As Canada goose populations increased, management

focus shifted from restoration to increasing harvest
and minimizing human‐goose conflict (Luukkonen and
Leafloor 2017). Canada geese have adapted to urban
environments in Iowa and elsewhere (Balkcom 2010,
Beston et al. 2014, Dorak et al. 2017), resulting in
increasing conflict with people (USFWS 2005). Abundant
temperate‐breeding Canada goose populations often result
in conflict between geese and people, including reduced
water quality and damaged landscape aesthetics due to
fecal concentrations and over‐grazing, crop depredation,
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and safety concerns related to aircraft strikes (Conover
and Chasko 1985, Ankney 1996, Dolbeer et al. 2000,
Coluccy et al. 2001, Luukkonen and Leafloor 2017).
Canada geese also have ecological, social, and economic
value. Important ecological functions provided by Canada
geese include nutrient cycling, seed dispersal, and prey for
predators (Unckless and Makarewicz 2007, Reiter and
Anderson 2011, Nichols 2015, Buij et al. 2017).
Additionally, Canada geese hold social and economic
value by providing hunting and bird‐watching oppor-
tunities. Expenditures of waterfowl hunters in the United
States (direct and indirect) in 2011 was estimated at about
$3 billion (Carver 2015). Waterfowl were the most‐
watched group of birds by birders making trips away from
home in 2011, with expenditures associated with bird
watching that year in the United States estimated at over
$40 billion (Carver 2013). Thus, management of Canada
geese must consider balancing conservation of a valued
resource with minimizing human‐goose conflict.
Hunting is often a preferred method for managing wildlife

and can be used to reduce overabundant populations
(Conover 2001). Hunting is also a primary cause of Canada
goose mortality (Trost and Malecki 1985), but Canada
geese that use urban areas may be less susceptible to harvest
by hunters because of ordinances restricting hunting or
firearm‐discharge within municipalities or other challenges
associated with hunting in or near city limits. Researchers
examining survival and recovery rates of Canada geese
banded in urban and rural areas have reported mixed results
based on geographic location, cohort, or specific cities
within the same geographic region (Heller 2010, Beston
et al. 2014, Dorak et al. 2017, Shirkey et al. 2018, Ladin
et al. 2020). Furthermore, survival and harvest of Canada
geese is likely influenced by winter weather (Conover
et al. 2015, Shirkey et al. 2018). Information regarding
factors affecting survival and harvest of Canada geese in
urban areas is important when considering management
options. Additional knowledge of Canada goose vital rates
and harvest in Iowa will improve management, particularly
in urban areas. Studies of survival and recovery rates would
allow managers to determine whether survival differs
between geese marked in urban and rural areas, to what
degree harvest affects these populations, and what
management actions may be required to achieve goals.
Our objective was to compare annual survival and recovery

rates of Canada geese banded in urban and rural areas in
Iowa. We hypothesized that Canada geese banded in urban
areas would be less susceptible to hunter harvest, regardless
of age, and that winter severity and harvest regulation in-
dices would be inversely related to survival. We predicted
that Canada geese banded in urban areas would have higher
survival and lower recovery rates than geese banded at rural
sites.

STUDY AREA

Canada geese were banded in Iowa (145,743 km2) and
recovered throughout the central part of North America in
the United States and Canada 1999–2019. Iowa is located

in the Mississippi Flyway between the latitudes of approx-
imately 40.4–43.5 decimal degrees. Elevations in the state
range from 146 to 509m above sea level (Prior 1991). The
climate classification is humid continental, characterized by
cold winters and hot, humid summers (Peel et al. 2007).
Average statewide monthly temperatures ranged from
−10°C to 27°C and average statewide monthly precipitation
ranged from 1 cm to 25 cm (Midwestern Regional Climate
Center 2019a). Iowa soils consist primarily of Mollisols
(Griffith et al. 1994), a highly fertile soil type that typically
develops under prairie or grassland vegetation (Liu
et al. 2012). Historically, the dominant land cover types in
Iowa were prairie and woodland, comprising about 80% and
18% of the land area, respectively (Gallant et al. 2011).
Forests were predominantly oak (Quercus spp.)‐hickory
(Carya spp.) including white oak (Q. alba), burr oak
(Q. macrocarpa), chinkapin oak (Q. muhlenbergii), post oak
(Q. stellata), bitternut hickory (C. cordiformis), and shagbark
hickory (C. ovata; Eilers and Roosa 1994). Widespread
prairie plants included big bluestem (Andropogon
gerardii), little bluestem (Schizachyrium scoparium), prairie
brome (Bromus kalmii), and sideoats gramma (Bouteloua
curtipendula; Eilers and Roosa 1994). Canada geese were the
most abundant species of breeding waterfowl in the state.
Wetlands once covered approximately 11% of Iowa, but
wetland destruction has resulted in current coverage of 1.2%
(Dahl 1990). Land cover in the state was composed of
approximately 72% cropland, 9% pasture and grassland, 7%
woodland, and 7% urban development (Gallant et al. 2011,
U.S. Department of Agriculture [USDA] 2015). The
primary crops were corn and soybeans (U.S. Department of
Agriculture [USDA] 2018).

METHODS

Goose Banding Data
The Iowa DNR captured and banded Canada geese under
permit of the United States Geological Survey (USGS
permit 06790) Bird Banding Laboratory (BBL). During
2018–2019, Iowa State University personnel assisted with
capturing and marking geese under Institutional Animal
Care and Use Committee permits (4‐18‐8741‐Q and
19‐068) following all approved guidelines for animal
handling and care. Crews captured geese in June and July
when adults were flightless because of feather molt and
juveniles had not yet attained flight capability. Capture
techniques primarily involved herding geese over land or
water into corral traps. We targeted brood flocks where both
adult and juvenile geese could be captured and banded. We
aged individuals as adult (after hatching year [AHY]) or
juvenile (local), sexed geese using plumage characteristics and
cloacal examination (Elder 1946), and banded geese with a
size 8 aluminum USGS leg band. We classified geese aged as
local as hatching year (HY) when they attained the ability to
fly, and refer to them as juveniles hereafter. We recorded
recaptures of previously banded geese during banding
operations. We released banded geese at the capture site
immediately after marking and recording data.
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We obtained data for Canada geese banded in Iowa from
June through August during 1999–2019 and dead
recovery data for these individuals through the 2019–2020
hunting season from the USGS BBL. We included
banding records for normal, wild birds released in the
same 10‐minute block as captured (BBL status code 300)
of known age, known and unknown sex, and marked with
standard aluminum bands. We excluded records of geese
marked with reward bands, neck collars, or other auxiliary
markers. We included dead recovery records for Canada
geese shot or found dead from August through February
or with USGS BBL inexact date codes corresponding to
fall (22 Sep–20 Dec), winter (21 Dec–19 Mar), or hunting
season (1 Sep–31 Mar). Because previous studies have not
identified large differences in goose survival between sexes
(Sheaffer et al. 2005, Francis and Cooke 2007, Iverson
et al. 2014, Sanders and Dooley 2014), we included
banding records for geese of unknown sex and did not
include sex as a variable in our modeling. We obtained live
recapture records for Canada geese from 1999–2019 from
the Iowa DNR banding database. We excluded live re-
capture records of unknown year. For live recaptures
where original bands that were too worn to read were
replaced with new bands, we assigned the band number to
each live recapture record corresponding to the banding
record in the BBL database so live recaptures could be
assigned to the correct individual. In instances where
multiple live recaptures were recorded after a dead re-
covery, we removed the dead recovery record from the
dataset; when only 1 live recapture was reported after a
dead recovery, we removed that individual from the

dataset entirely (Beston et al. 2014). We used the
banding, live recapture, and dead recovery data to
construct encounter histories for each goose. We
implemented all data preparation and analysis in Program
R (R Core Team 2019) unless noted otherwise.
We assigned banding locations of Canada geese as either

urban or rural in ArcGIS 10.5 (Esri, Redlands, CA, USA).
The Iowa DNR established urban Canada goose manage-
ment zones around large metropolitan areas where the ma-
jority of human‐goose conflict complaints occur (O. E. Jones,
unpublished data). Urban goose management zones were
established around Des Moines and Iowa City and Cedar
Rapids in 2003, and around Waterloo and Cedar Falls in
2008 (Jones and Hancock 2014). These areas contain 32% of
Iowa's human population but cover only 2.4% of the state's
land area (Walker and Herman 2020). Canada goose harvest
regulations were liberalized in these areas with the goal of
increasing harvest and reducing conflict. Urban goose man-
agement zone regulations primarily consisted of a special
urban season occurring in early to mid‐September with a
daily limit of 5 Canada geese. We captured Canada geese
banded in the urban goose management zones inside city
limits in developed areas where hunting was unlikely to occur
because of municipal ordinances. We assigned geese banded
in these zones as urban, and geese banded in the remainder of
the state as rural (Fig. 1).

Survival and Recovery Analysis
To compare the distribution of band recoveries between geese
banded in urban and rural areas, we plotted recoveries for each
group by age and banding site in ArcGIS 10.5. We plotted

Figure 1. Canada goose banding locations and number of geese banded in relation to urban Canada goose management zones in Iowa, USA, 1999–2019.
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direct recoveries and recoveries 1 and 2 years after banding for
geese banded as juveniles, and included juvenile recoveries
occurring ≥3 years after banding in adult plots. We then
created recovery densities in band recoveries per 100 km2 using
the kernel density function in ArcGIS 10.5 to improve visu-
alization of recovery distributions. We also calculated the
proportion of recoveries that occurred north of the banding
location. This allowed comparison of harvest distributions by
age at recovery for urban‐ and rural‐banded geese.
We used Burnham joint live‐dead recovery models

(Burnham 1993) in Program MARK (White and
Burnham 1999) implemented in package RMark (Laake
and Rexstad 2018) to estimate annual Canada goose sur-
vival and recovery rates. The Burnham model enables
estimation of survival (S; probability an individual alive at
the time of banding in year i is alive at the time of banding
in year i+ 1), live recapture rate (p; probability that an
individual present in the banding area at the time of
banding in year i is recaptured at the time of banding in
year i+ 1 given the individual survived and returned to the
sampling area), Seber dead recovery rate (r; probability
that an individual that dies during year i is found dead and
its band reported to the BBL; Seber 1970), and fidelity (F;
probability that an individual present in the banding area
at the time of banding in year i is also present in the
banding area at the time of banding in year i+ 1, given
that it is alive in year i+ 1; Burnham 1993, Sanders and
Dooley 2014). Because we were most interested in survival
and recovery rate estimates, we kept the same model
structure, interactive effects of age and site, for p and F for
all models. We constructed 21 candidate models a priori
based on our hypotheses, biological relevance, and study
objectives. Model variables included age (juvenile, sub-
adult, adult), banding site (urban, rural), time (yr as a
factor), trend, harvest regulation index, and a winter se-
verity index (see below for calculations). To reduce the
number of possible candidate models and because we ex-
pected survival and dead recovery rates to be affected
similarly by the factors in our analysis, we kept the same
structure for the survival and dead recovery parameters
in each model. We reduced the candidate model set to
16 models after preliminary analyses revealed models with
time interaction effects were strongly favored over all
other models (Shirkey et al. 2018). This prevented us from
examining models with other time‐dependent variables of
interest (White and Burnham 1999) and resulted in issues
with ranking models using Akaike's Information Criterion
(AIC; Burnham and Anderson 2002) because the time
variable explained most of the variation in the data.
Additionally, models with time effects may be in-
appropriately favored using AIC when banding sample
sizes are high and the proportion of the goose population
making a molt migration is large (Heller 2010), which are
likely to apply to our dataset. We retained 2 models that
included time as a linear trend variable because these were
relevant and of interest for goose management in Iowa and
report estimates from the fully time‐dependent model for
reference.
We adapted methods described by Shirkey et al. (2018)

to create annual harvest regulation and winter severity

indices during 1999–2019. We calculated the harvest
regulation index as the annual sum of the number of days
in a goose hunting season multiplied by the daily bag limit
of the season; thus, larger values indicated more liberal
goose hunting regulations that year. We calculated our
winter severity index as the Z‐transformed sum of the
average temperature (°C) from December to February
minus the Z‐transformed sum of the average December
through February precipitation (cm). Therefore, lower
winter severity index values represented colder,
wetter winters. We obtained monthly temperature
and precipitation data for Iowa from the Midwestern
Regional Climate Center (Midwestern Regional Climate
Center 2019b).
Most Canada goose band recovery analyses consider only

2 age classes because it is often only possible to age geese
accurately as AHY or local in the field. We considered 3 age
classes because geese undergo 3 behaviorally distinct life
phases, and 2‐age‐class models can result in biologically
improbable estimates (Heller 2010, Dooley et al. 2019).
Juvenile Canada geese typically have higher recovery rates
(Heller 2010) and thus are expected to have lower survival
than adults. Subadult Canada geese may undertake a molt
migration before they attain breeding status, typically at age
3, and the proportion of the population engaging in molt
migration may be >50% (Abraham et al. 1999, Luukkonen
et al. 2008). Researchers using the Burnham model and
incorporating 3 Canada goose age classes have reported
subadult survival probabilities to differ from adults (Iverson
et al. 2014, Pilotte et al. 2014, Ronke 2014, Sanders and
Dooley 2014). An important assumption is that individuals
within an age class have the same survival probability
(Brownie et al. 1978); thus, including subadults in the adult
age class using 2‐age‐class models can bias estimates.
Dooley et al. (2019) reported estimates of juvenile survival
are most likely to be biased high when only considering
2‐age‐class models for Canada geese. Therefore, we used
3 age classes where juveniles were <1 year old, subadults
were 1‐ and 2‐year‐old geese, and adults were ≥3 years old
(Dooley et al. 2019).
Prior to model selection, we used the median ĉ estimator

in Program MARK to assess overdispersion using the most
parameterized model without covariates. After running
candidate models, we adjusted AICc (AIC corrected for
small sample size) values for all models using our estimate of
overdispersion to obtain a QAICc (quasi‐AICc) value for
each model. We then ranked models using QAICc. For
interpretation, we converted Seber dead recovery rate (r) to
Brownie recovery rate (f; probability that an individual alive
in year i is killed, retrieved, and the band is reported to the
BBL; Brownie et al. 1978) using = ( − )f r S1

i i i . We esti-
mated standard errors on Brownie recovery rates using the
delta method via the msm package (Jackson 2011) and
calculated 95% confidence intervals. We graphed parameter
estimates from the top‐ranked model and survival and
Brownie recovery rate parameters from the fully time‐
dependent model for presentation. Additionally, we calcu-
lated odds ratios on mean survival and dead recovery rate
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probabilities to compare differences between urban and rural
geese in each age class.

RESULTS

We included 77,872 Canada geese banded in Iowa (20,487
banded as adults and 57,385 as juveniles) with 29,376 dead
recoveries and 9,324 live recaptures in our analyses. We
banded 10,233 geese in urban areas (4,033 adults and 6,190
juveniles). The mean number of geese banded annually
during 1999–2019 was 3,708 (range= 2,938–4,349). We
removed the dead recovery record from 5 encounter his-
tories for individuals that were reported as recaptured alive
multiple times after a dead recovery. We excluded encounter
histories of 50 individuals that were reported as recaptured
alive once after a dead recovery. Winter severity indices were
variable annually with no apparent trend over time
(Table 1). Harvest regulation indices were low and relatively
constant from 1999 to 2002, increased from 2003 to 2010,
and then were high and relatively constant from 2011 to
2019, reflecting an overall liberalization of Iowa's goose
harvest regulations during our study (Table 1).
Sixty‐two percent of all dead recoveries occurred within

Iowa. Subadults had the highest proportions of recoveries
north of banding sites with 58% of rural and 56% of urban
subadult recoveries occurring north of banding locations.
Adults had lower proportions of recoveries north of banding
areas than subadults with 45% and 40% of recoveries at
locations north of banding sites for rural and urban adults,
respectively. Juveniles had the lowest proportion of northern
recoveries with 26% and 27% of recoveries north of banding
locations for rural and urban juveniles, respectively.
Recovery distributions of geese banded in rural, statewide
areas covered much of Iowa, and recovery distributions of

geese banded in urban areas occurred in proximity to the
3 urban Canada goose management zones (Fig. 2).
The median ĉ goodness‐of‐fit procedure indicated over-

dispersion with a ĉ estimate of 1.34. The top model received
over 99% of the QAICc model weight and included inter-
active effects of age, banding site, and trend on survival and
dead recovery probabilities (Table 2). The second‐ranked
model was 30 QAICc units from the top model (Table 2).
We report estimates from the top‐ranked model hereafter
unless indicated otherwise.
Average annual survival of Canada geese banded at rural

sites was 0.75 (range= 0.66–0.82) for adults, 0.85
(range= 0.68–0.92) for juveniles, and 0.67 (range=0.55–0.79)
for subadults in the fully time‐dependent model. Average
annual survival of geese banded at urban sites was 0.75
(range= 0.60–0.92) for adults, 0.74 (range=0.48–0.93) for
juveniles, and 0.77 (range=0.50–0.90) for subadults in the
fully time‐dependent model. The top‐ranked model indicated
trends in survival over time that differed between age and
banding site. Annual survival estimates remained relatively
constant for rural geese; however, in urban areas adult survival
slightly decreased, juvenile survival increased, and subadult
survival decreased (Fig. 3). Average adult survival did not differ
between geese banded in urban and rural areas (odds ratio=1),
average subadult survival was greater for rural geese (odds
ratio=1.65), and average juvenile survival was greater for
urban geese (odds ratio= 1.99).
Brownie dead recovery rates were also similar between

urban‐ and rural‐banded adults (Fig. 3). Dead recovery rates
increased for urban‐banded juveniles during the period
when harvest regulations were steadily liberalized, then
decreased after harvest regulations stabilized. Subadult
dead recovery rates increased for both urban and rural
geese during the years included in our analysis (Fig. 3).

Table 1. Number of Canada goose bandings, dead recoveries, live recaptures, winter weather severity indices, and harvest regulation indices annually for
Canada geese banded in Iowa, USA, 1999–2019.

Year Number banded Recoveriesa Recaptures Winter severity index Harvest regulation index

1999 3,075 337 13 1.74 144
2000 3,097 690 114 −2.77 144
2001 2,938 684 231 2.93 140
2002 3,405 833 226 1.86 140
2003 3,963 1,184 286 0.27 185
2004 4,051 1,400 333 0.90 169
2005 4,349 1,703 525 1.69 189
2006 4,197 1,635 586 −0.80 229
2007 4,277 1,864 655 −2.04 259
2008 3,196 1,703 3 −0.55 255
2009 3,591 1,714 449 −2.26 255
2010 3,564 1,675 534 −0.80 307
2011 3,753 1,286 551 0.82 306
2012 3,580 1,251 658 0.41 313
2013 3,478 1,560 694 −0.89 305
2014 3,460 1,532 720 0.49 304
2015 3,418 1,318 405 −1.01 303
2016 4,345 1,569 654 0.75 306
2017 4,118 1,866 663 0.18 299
2018 3,939 1,641 387 −2.13 304
2019 4,078 1,931 637 1.21 303

a Includes direct and indirect recoveries.
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On average, adult dead recovery rate was slightly greater for
urban than rural geese (odds ratio= 1.12), slightly greater
for rural than urban subadults (odds ratio= 1.09), and
greater for urban than rural juveniles (odds ratio= 1.2).
Live recapture rates were 0.134 (95% CI= 0.129–0.138)

and 0.052 (95% CI= 0.047–0.056) for rural adults and
subadults, respectively. Live recapture rates were higher for
urban birds at 0.30 (95% CI= 0.28–0.31) and 0.20 (95%
CI= 0.17–0.23) for adults and subadults, respectively.
Juveniles enter the subadult age class just prior to when
recaptures occur and thus there is not an opportunity to
recapture juveniles.
Fidelity, or the probability of a goose remaining in or

returning to Iowa, was 0.95 (95% CI= 0.94–0.96) for rural

adults and 0.22 (95% CI= 0.21–0.24) for rural juveniles.
Subadult fidelity for rural geese was poorly estimated with
high uncertainty, likely because of low numbers of rural
subadult live recaptures. Fidelity for urban‐banded geese
was 0.87 (95% CI= 0.85–0.90), 0.24 (95% CI= 0.20–0.27),
and 0.96 (95% CI= 0.77–0.99) for adults, juveniles, and
subadults, respectively.

DISCUSSION

We found support for trends in Iowa‐banded Canada goose
survival that varied with age and urban or rural banding
areas. Models that included harvest regulation or winter
weather severity indices were less supported, indicating
trends were perhaps not strongly related to our measures of

Figure 2. Band recovery (direct and indirect) kernel densities for Canada geese banded in rural (left) and urban (right) locations in Iowa, USA 1999–2019.
Adult (top) includes geese banded as adults and juveniles recovered as adults, subadult (middle) includes geese banded as juveniles and recovered as subadults,
and juvenile (bottom) consists of geese banded and recovered as juveniles.
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harvest regulations or winter weather conditions. Despite
increasingly liberal harvest regulations, adult survival esti-
mates were relatively stable and did not differ between urban
and rural geese, contrary to our predictions. This is note-
worthy because adult survival in long‐lived species such as
geese is the vital rate most influential to population dy-
namics (Schmutz et al. 1997, Gauthier et al. 2007,
Alisauskas et al. 2011). Harvest regulations around Iowa's
large metropolitan areas were more liberal (the only areas in
the state with a 5‐bird daily limit early season that occurred
in addition to the regular, statewide season) than in rural

areas, potentially reducing urban adult survival to a level
comparable to rural geese, and perhaps without these
liberal regulations urban adult survival would be higher
(Balkcom 2010, Beston et al. 2014, Dorak et al. 2017).
Dead recovery rates did not differ for adults banded in urban
and rural areas, suggesting that harvest rates were similar
for geese in both groups. Further, geese included in the
rural‐banded category include individuals marked in smaller
municipalities in Iowa, and although these areas are not as
developed as the 3 large metropolitan areas, demographic
rates may still differ for these locations because of refuge

Table 2. Burnham joint live‐dead model (Seber parameterization) results using Akaike's Information Criterion adjusted for small sample size and over-
dispersion (QAICc ) for Canada geese banded in Iowa, USA, 1999–2019. Model parameters include survival (S), dead recovery rate (r), live recapture rate (p),
and fidelity (F) and are a function of age (juvenile, subadult, adult), banding site (urban or rural), harvest regulation index (harvest), winter weather severity
index (weather), and trend. We also present Akaike weight (ω) and number of model parameters (K ).

S r p F QAICc ΔQAICc ω QDeviance K

Age× site× trend Age× site× trend Age× site Age× site 205,935.30 0.00 1.00 11,853.99 36
Age× site× harvest Age× site× harvest Age× site Age× site 205,965.25 29.95 0.00 11,883.95 36
Age× trend Age× trend Age× site Age× site 205,966.75 31.44 0.00 11,909.46 24
Age× harvest Age× harvest Age× site Age× site 205,978.67 43.37 0.00 11,921.38 24
Age×weather Age×weather Age× site Age× site 206,013.48 78.18 0.00 11,956.19 24
Age+weather Age+weather Age× site Age× site 206,018.07 82.77 0.00 11,968.79 20
Age× site×weather Age× site×weather Age× site Age× site 206,025.81 90.51 0.00 11,944.51 36
Age+ site+ harvest Age+ site+ harvest Age× site Age× site 206,053.22 117.92 0.00 11,999.94 22
Age+ harvest Age+harvest Age× site Age× site 206,057.08 121.78 0.00 12,007.79 20
Age× site Age× site Age× site Age× site 206,065.00 129.70 0.00 12,007.71 24
Age+ site Age+ site Age× site Age× site 206,067.93 132.62 0.00 12,018.64 20
Age Age Age× site Age× site 206,068.95 133.64 0.00 12,023.66 18
Age+ site+weather Age+ site+weather Age× site Age× site 206,090.99 155.69 0.00 12,045.71 18
Weather Weather Age× site Age× site 207,390.13 1,454.83 0.00 13,348.85 16
Site Site Age× site Age× site 207,412.51 1,477.20 0.00 13,371.23 16
Harvest Harvest Age× site Age× site 207,424.94 1,489.64 0.00 13,383.66 16

Figure 3. Annual survival (S; filled circles, dashed trendlines) and Brownie dead recovery ( f; open circles, solid trendlines) probability estimates from the
fully time‐dependent model (points, 95% CIs) and trend model (lines, shaded 95% confidence region) for adult, subadult, and juvenile Canada geese banded
in rural (left) and urban (right) areas in Iowa, USA, 1999–2019.
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effects. Thus, geese in the rural group could be thought of as
a statewide sample. Although geese designated as urban‐
banded in our study were banded in the most urbanized
environments in the state, reality may be more complex and
the effect of urban environments on vital rates may occur
on a gradient across differing sizes and intensity of
developments. For example, Canada geese wintering in
Chicago, Illinois, USA, rarely left city limits and had high
survival (Dorak et al. 2017) compared to urban‐banded
geese in our study, which left city limits more frequently and
were harvested at a higher rate. This may be related to the
landscape of each study area because metropolitan Chicago
encompasses a much larger and more heavily developed area
than any metropolitan area in Iowa.
Urban juvenile goose survival increased despite liberaliza-

tion of harvest regulations. Dead recovery rates for urban
juveniles increased during the period when seasons became
longer and bag limits became higher, but decreased after
harvest regulations stabilized (2010–2019). An additional
change was a reduction in the length of the special urban
Canada goose season by 7 days beginning in 2010, which
may have contributed to reduced recovery rates in sub-
sequent years. This may suggest that changes in harvest
regulations have the greatest effect when first implemented
and may be more likely to affect juvenile geese than adults.
In contrast, survival and dead recovery rates of rural juve-
niles were constant during this time. One possibility for the
difference is that harvest pressure is greater near
large metropolitan areas than in rural areas. The Iowa
metropolitan areas with urban goose management zones
have high human and goose abundance, and high goose
hunting effort (C. I. Ensminger, Iowa DNR, personal
communication). Therefore, the large metropolitan areas
with urban Canada goose management zones may have
greater potential for goose harvest than most rural areas.
Although some researchers have reported that goose survival
in urban areas is greater than in rural areas (Balkcom 2010,
Beston et al. 2014), suggesting urban geese are less available
for harvest, our results indicate that geese in urban areas
were harvested at rates comparable to the rural, statewide
population.
Subadult survival was fairly constant in rural areas but

decreased in urban areas. Additionally, dead recovery rates
increased for subadults in urban and rural areas. Subadults
and unsuccessful breeders are known to molt migrate
(Abraham et al. 1999, Luukkonen et al. 2008, Dieter and
Anderson 2009) and subadults had some of the lowest
survival estimates of any cohort. Subadults making molt
migrations are exposed to additional harvest pressure in
relatively unfamiliar areas, and others have reported low
subadult survival relative to adults and juveniles (Iverson
et al. 2014, Pilotte et al. 2014, Ronke 2014, Dooley
et al. 2019). As Canada goose harvest regulations also
became more liberal in other Mississippi Flyway states
(Luukkonen and Leafloor 2017) in addition to in Iowa, it
was expected that subadults would be the cohort most af-
fected by harvest regulations, particularly regulations in
Iowa, Manitoba, Canada, and Minnesota, USA, for

subadults in our study. Similar proportions of recoveries
north of banding sites for urban and rural subadults may
suggest similar molt migration incidence for subadults from
urban and rural areas. If subadults are the cohort most likely
to be affected by harvest regulations, the decreasing trend in
urban subadult survival could be partially due to liberalized
regulations in Iowa's urban goose management zones.
Further research is needed to determine if the probability of
molt migration of subadults differs for geese originating
from urban and rural sites.
Survival estimates for geese in Iowa were similar to

estimates reported for Canada geese banded in the Central
Flyway east‐tier states, particularly South Dakota and
Nebraska (Dooley et al. 2019). Survival of juvenile geese was
slightly higher than adult survival in rural areas in our study,
and others had similar results (Heller 2010, Groepper
et al. 2012, Beston et al. 2014, Ronke 2014). Dooley et al.
(2019) reported the most probable bias resulting from using
2‐age‐class models for Canada geese is a positive bias in
juvenile survival; however, this was minimized through our
use of 3‐age‐class models with the Seber parameterization.
Unsuccessful breeders and potentially subadults are more
likely to molt migrate from rural areas (Luukkonen
et al. 2008), which may partially explain differences in
comparing adult and juvenile survival between urban and
rural areas (Heller 2010). The potential for capturing and
banding subadults was minimized by our targeting of brood
flocks for banding.
Previous studies comparing Canada goose survival in

urban and rural areas have reported mixed results. For
Canada geese banded in Iowa 1990–2007, Heller (2010)
reported survival of geese marked in Des Moines was
higher, and survival of geese marked in Iowa City and
Cedar Rapids was lower than survival in rural areas for
adults and juveniles. Preliminary analyses of our dataset did
not find support for survival rate differences between the
3 metropolitan areas with urban Canada goose management
zones. Adult survival at an urban site (0.958) in Georgia,
USA, was significantly higher than at a rural site (0.682;
Balkcom 2010). Likewise, geese banded at urban sites in
New Jersey, USA, tended to have higher survival than those
banded in rural areas, although differences were less pro-
nounced than those reported in Balkcom (2010) and adult
survival estimates were similar between urban and rural
areas, whereas juvenile survival was higher in urban areas
(Beston et al. 2014). Survival of urban and rural Canada
geese was similar for adults and juveniles banded in Ohio,
USA (Shirkey et al. 2018); in contrast, Canada goose sur-
vival in rural areas was higher than urban areas in Virginia,
USA (Ladin et al. 2020). Our comparisons of Canada goose
survival in urban and rural areas of Iowa suggest adult
survival was similar, juvenile survival was lower, and sub-
adult survival was higher for geese banded at urban sites
compared to rural areas. Further research is needed to
determine how developed areas may affect survival and re-
covery rates and how this varies within and between flyways.
Live recapture and fidelity estimates indicated generally

similar fidelity for urban and rural geese, although urban
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birds were more likely to be recaptured. Subadults had low
recapture rates, indicating they were likely not present
during banding because of their propensity to molt migrate.
Subadult fidelity was high, however, indicating that
subadults were likely to return to Iowa to breed as adults in
both urban and rural areas. Live recapture rate was not
estimable for juveniles because geese marked as juveniles
become subadults prior to when they would be recaptured,
although fidelity was lowest for juveniles, indicating their
tendency to molt migrate as subadults at 1 year of age.
Subadult fidelity was poorly estimated for geese banded in
rural areas, potentially because of a low number of live
recaptures. Sanders and Dooley (2014) reported that fidelity
was inestimable for many cases where age and year effects
were included for the fidelity parameter for Canada geese in
Colorado, USA.
Band recovery distributions revealed that although most

recoveries occurred in Iowa, Canada geese breeding in the
state may migrate south during winter and also may molt
migrate north during summer. Spatial distributions of band
recoveries were similar at a broad scale for geese marked in
urban and rural areas, indicating adults and subadults may
molt migrate from urban and rural sites. Additionally, urban
recoveries occurred south of Iowa, illustrating that geese
banded in urban areas may also migrate during winter.
The primary difference between urban and rural recovery
distributions is that most recoveries of urban‐banded geese
occur around large urban areas. This is likely due to high
philopatry in geese (Hanson 1997); thus, individuals
marked in urban areas during brood rearing are likely to stay
near these areas during autumn. Liberal regulations in urban
Canada goose management zones may further contribute to
harvest of urban geese in these areas.

MANAGEMENT IMPLICATIONS

Our results suggest adult Canada goose survival was not
significantly different in urban areas than in rural areas, and
that geese in urban areas contribute considerably to hunter
harvest. Thus, managers in Iowa may first consider hunter
harvest in managing goose populations, regardless of loca-
tion. Opportunity exists to further liberalize goose hunting
regulations in Iowa and elsewhere in the Mississippi Flyway.
Experimentally liberalizing harvest regulations with con-
tinued monitoring via banding would help managers decide
whether further regulation change could affect survival at a
level that would help address human‐goose conflicts.
Quantifying effects of regulation change on vital rates would
be enhanced through consistent regulations and annual
banding for ≥5 years because effects may take several years
to be observed and parameters may be poorly estimated or
inestimable during the first and last year. A combination of
liberalized harvest regulations and additional management
actions will likely be required to achieve management goals
for Canada geese nesting in urban areas.
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