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Long-term changes in the autumn migration phenology of dabbling 
ducks in southern Ontario and implications for waterfowl 
management

Bethany G. Thurber, Christian Roy and J. Ryan Zimmerling

B. G. Thurber (https://orcid.org/0000-0002-6973-9810) ✉ (bethany.thurber@gmail.com), 5 Best Avenue, Dundas, ON, L9H 5Z1, Canada. 
– C. Roy (https://orcid.org/0000-0002-5599-6234) and J. R. Zimmerling (https://orcid.org/0000-0001-7892-6602), Canadian Wildlife Service, 
Environment and Climate Change Canada, Gatineau, QC, Canada.

Delays in waterfowl autumn migration have been widely reported by hunters and ornithologists throughout North Amer-
ica. The implications of such delays are vast, with potential effects on the efficacy of population management, reduced 
social and economic opportunities, and reduced resource availability by overuse and over-grazing in key staging areas. 
In this study, we tested for changes in autumn migration timing for six abundant species of dabbling ducks in southern 
Ontario, Canada. We applied generalized linear mixed models to test for effects of year and climate indices El Niño South-
ern Oscillation (ENSO) and North Atlantic Oscillation (NAO) on the Julian date of peak abundance as observed during 
aerial surveys conducted throughout the lower Great Lakes. Our analyses revealed delays of 11–18 days between 1968 and 
2011 for four of six focal species: mallard, American black duck, American wigeon and gadwall. La Niña and El Niño 
events had no effect on migration timing for American black duck, American green-winged teal or American wigeon, while 
an increase in the annual NAO index resulted in a delayed migration for American wigeon. There was an NAO:ENSO 
interaction for mallard and gadwall migration; an increase in NAO advanced peak migration dates during La Niña events. 
However, an increase in NAO delayed migration for gadwall during the neutral phase of the ENSO and delayed migration 
for both species during El Niño events. Blue-winged teal and American green-winged teal showed no change in migration 
timing. Given that climate forecasts indicate continued positive-value phases, the autumn migrations for mallard, Ameri-
can black duck, gadwall and American wigeon may become increasingly delayed. Wildlife managers should use all available 
data, including from standardized aerial surveys, citizen science and climate models to inform and direct adaptive popula-
tion management, hunting regulations, wildlife emergency response and habitat conservation.

Keywords: climate change, dabbling duck, lower Great Lakes, migration phenology, waterfowl

Climate change has yielded significant consequences for 
the migration phenologies of bird species across the globe 
(Visser and Both 2005, Knudsen et al. 2011). Many migra-
tory species depart from their wintering grounds and arrive 
on the breeding grounds earlier in the year compared to his-
torically (Murphy and Noon 1991, Murphy-Klassen  et  al. 
2005, Knudsen et al. 2011, Travers et al. 2015). This trend 
has been observed among landbirds in Europe (Cotton 
2003, Hüppop and Hüppop 2003, Jonzén et al. 2006), Aus-
tralia (Chambers et al. 2014) and North America (Van Bus-
kirk et al. 2009, Francoeur 2012, Hurlbert and Liang 2012, 
Barton and Sandercock 2017; but see Marra  et  al. 2005). 

Few studies, however, have focused on phenological shifts 
for waterfowl species, and even fewer during autumn migra-
tion in North America.

In North America, the spring arrival of lesser scaup 
Aythya affinis and greater scaup A. marila on the breeding 
grounds has been shown to be earlier and their migrations 
were more rapid in years with warmer temperatures and 
more precipitation (Austin et al. 2002, Finger et al. 2016). 
In autumn, migration has been occurring later for some 
European waterfowl species since the late 1970s (Lehikoinen 
and Jaatinen 2012). These results may be consistent with 
projected changes to migration timing and distance based 
on climate models in North America (Notaro et al. 2016). 
By 2050, seven species are expected to exhibit delays in their 
autumn migrations, with the greatest shift expected for mal-
lard Anas platyrhynchos (Notaro  et  al. 2016). There is also 
evidence that the wintering populations for 21 of 44 water-
fowl species monitored through the Christmas Bird Count 
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increased between 1966 and 2013 (Soykan et al. 2016). This 
increase may be due to a northward shift in wintering range 
that has been observed among mallard (Brook et  al. 2009; 
but see Green and Krementz 2008), American black duck  
A. rubripes (Link  et  al. 2006, Brook  et  al. 2009, Robert-
son et al. 2017), and other diving and dabbling duck species 
(Petrie and Schummer 2002, La Sorte and Thompson 2007).

Conservation planning is dependent on accurate data 
related to the geographic distribution of a migratory species 
throughout its annual cycle (Kirby et al. 2008, Williams et al. 
2014, Runge et al. 2015). These data enable wildlife man-
agers to plan the protection of key habitats throughout the 
range of the species, which increases the likelihood that 
the energy needs of the species can be met (O’Neal  et  al. 
2012, Williams et  al. 2014). Delayed waterfowl migration 
in autumn could have important consequences under the 
current habitat conservation planning strategy of the North 
American Waterfowl Management Plan (NAWMP), which 
is based on bio-energetic models that aim to ensure that 
there are sufficient food resources during this critical period 
(Williams  et  al. 2014). Delayed autumn migration could 
also disrupt the efficacy of harvest regulations if there are 
discrepancies between open season timing and the presence 
of migratory waterfowl. Further, these shifts may have eco-
nomic and social consequences for hunters, particularly in 
the southern USA. Along with ornithologists, hunters rely 
on predictable migration timing to plan their species-specific 
bird watching and hunting and have anecdotally described 
shifts in migration phenology since the 1960s (Glick 2005, 
Kaminski  et  al. 2005, Browne and Humburg 2010). A 
proper understanding of the mechanisms that drive migra-
tion phenology would help identify appropriate manage-
ment strategies.

Local weather conditions such as air temperature and 
snow cover influence general migratory behaviour and 
may also affect timing of migration in autumn (Davis et al. 
2014). For example, mallard were shown to winter further 
south during wetter and colder winters between 1950 and 
1980 (Nichols  et  al. 1983). However, weather patterns in 
North America associated with dabbling duck migration 
have been less severe since the 1980s, and are correlated with 
abundance (Schummer  et  al. 2010, 2014) and may delay 
migration (Schummer et al. 2017).

Variation in climatic indices, such as the North Atlantic 
Oscillation Index (NAO) and the El Niño Southern Oscilla-
tion Index (ENSO), have been shown to predict spring arrival 
dates on the breeding grounds (Hüppop and Hüppop 2003, 
Francoeur 2012; but see Marra  et  al. 2005) and departure 
and transience probabilities at stopover sites during autumn 
migration among landbird species (Calvert  et  al. 2009). 
Waterfowl migration phenology may be similarly affected. 
Climate indices also predict waterfowl abundance on breed-
ing (Sorenson et al. 1998, Flint 2012, Pöysä and Väänänen 
2014, Ross et al. 2015) and wintering grounds (Sedinger et al. 
2006) and have contributed to northward shifts in wintering 
range across bird species (Walther et al. 2002).

Quantifying the magnitude of change in autumn migra-
tion phenology may help guide harvest management policies 
if a more thorough understanding of potential discrepan-
cies between open season timing and waterfowl presence 
during migration can be achieved. For example, this may 

be of particular importance for the American black duck 
Adaptive Harvest Management Strategy, which seeks equity 
in harvest between Canada and the United States (Conroy 
and Peterson 2012). Understanding the climatic drivers will 
further support this effort, as this may help wildlife manag-
ers predict future changes in migration timing, abundance 
and distribution and inform habitat conservation strategies 
at the local, regional and flyway levels to ensure that tar-
geted protected areas offer sufficient food resources to sup-
port migrating populations (Vonbank et  al. 2016). In this 
study, we examined abundance data collected via the Great 
Lakes Migrant Waterfowl Survey (GLMWS), an aerial sur-
vey conducted from the late 1960s to 2011, to quantify the 
change in autumn migration phenology for waterfowl in 
southern Ontario. We defined autumn as the period between 
15 August and 31 December; although this period overlaps 
with late summer and early winter, it aligns with the tim-
ing of the southbound migration between breeding and 
wintering territories for dabbling ducks in the Great Lakes 
region. We focused our analyses on six of the most common 
migrant dabbling duck species within the lower Great Lakes 
and tested whether two climatic indices were related to the 
timing of their peak abundances during autumn.

Methods

Survey area

The lower Great Lakes falls within Bird Conservation Region 
13, lower Great Lakes/St. Lawrence Plain, in the North 
American Bird Conservation Initiative. The landscape is 
predominantly agricultural, with interspersed portions of 
mixed, coniferous and deciduous forests, wetlands and urban 
areas (EC 2014). The shores of the lower Great Lakes and St. 
Lawrence River are conservation priority areas identified by 
the Eastern Habitat Joint Venture (EHJV; EHJV 2017) and 
provide critical habitat to hundreds of wildlife and plant spe-
cies, including diving and dabbling ducks. Specifically, the 
lower Great Lakes represent continentally important staging 
habitat for migrating waterfowl (Bookhout et al. 1989).

Data collection

The Canadian Wildlife Service of Environment and Cli-
mate Change Canada periodically surveys the coastlines and 
associated wetlands of the Great Lakes to determine sea-
sonal waterfowl abundance and habitat use throughout the 
non-breeding periods, primarily spring and autumn, of the 
annual cycle. Visually estimated counts of individual water-
fowl observed from fixed-wing aircraft by two biologists 
were recorded within a series of survey sectors that were dis-
tributed throughout the St. Lawrence River, Lake Ontario, 
Lake Huron/Georgian Bay, Lake Superior, Lake Erie and 
Lake St. Clair. Individual survey sectors spanned variable 
lengths of shoreline and are based on geographic landforms 
or other distinct features such as points of land, bays, river or 
stream outflows, and roads. Counts were recorded by species 
or species group when species were difficult to distinguish  
(e.g. unidentified teal species, large dabbling duck) and were 
organized by waterbody, survey sector and date. The autumn 
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GLMWS was conducted during 15 August–31 December 
every two weeks in a survey year, resulting in n = 4–11 sur-
veys per sector per year. The GLMWS was carried out peri-
odically between 1968 and 2011, with variation in survey 
frequency among sectors. Much or all of the study area has 
been surveyed at an approximate interval of 10 years. Ross 
(1989) provides additional details regarding the survey his-
tory and methodology. All GLMWS data were downloaded 
from a publicly available online database (ECCC 2018).

We compiled autumn GLMWS data from survey sectors 
that were sampled in three or more years between 1968 and 
2011. This resulted in a dataset representing 90 survey sec-
tors distributed throughout the lower Great Lakes, including 
the St. Lawrence River, Lake Ontario, Niagara River, Lake 
Erie, Detroit River and Lake St. Clair (Fig. 1), shoreline that 
spans ~800 km from east to west.

Focal species

We focused our analyses on six species of dabbling ducks 
that are commonly observed in large portions of Canada and 
the USA: mallard, American black duck, gadwall Mareca 
strepera, American wigeon M. americana, American green-
winged teal Anas crecca carolinensis and blue-winged teal A. 
discors. We included all autumn GLMWS survey data for the 
focal species and excluded records from ambiguous species 
groups, e.g. unidentified teal species. Each species is migra-
tory, among the most harvested species throughout Canada 
and the USA (Gendron and Smith 2017, Raftovich  et  al. 
2019), and commonly observed in varying abundances 
during the GLMWS. The NAWMP has identified each of 
these species as priorities for management and conserva-
tion (NAWMP 2018). The mallard, American black duck 
and American green-winged teal are priorities species of the 
EHJV (EHJV 2017).

Climate data

There are several climatic teleconnections active through-
out North America and the most common indices to track 

these climatic anomalies include the ENSO, the NAO, the 
Pacific North America (PNA) and the Arctic Oscillation 
(AO); such indices represent causal connections between 
meteorological phenomena that occur over large distances. 
The NAO climatic index represents the pressure differential 
between Iceland and the Azores. Its impact on winter cli-
mate is evident from Greenland to Florida (Visbeck et al. 
2001, Stenseth  et  al. 2003), which includes the breed-
ing and wintering grounds for many temperate migrants. 
Overall temperature warming in North America has been 
correlated with sustained positive phase NAO (Hurrell and 
Deser 2010) and weather conditions are generally warm 
but wet in the southern USA and cool and dry in east-
ern Canada when NAO is positive (Visbeck  et  al. 2001, 
Stenseth et al. 2003). The ENSO is a coupled ocean–atmo-
sphere phenomenon that causes global climate variabil-
ity on inter-annual time scales. Sustained positive ENSO 
indices (i.e. >5 consecutive months) are associated with El 
Niño, or warming, while sustained negative ENSO indi-
ces are associated with La Niña, or cooling, in Central and 
South America (Stenseth et al. 2003, NOAA 2018). In the 
Great Lakes region, there is a positive correlation between 
ENSO and winter weather severity during El Niño years 
(Rodionov and Assel 2003). The ENSO and NAO indices 
have been linked to migration timing for North American 
landbirds in spring and autumn (Calvert et al. 2009, Van 
Buskirk  et  al. 2009, Francoeur 2012) and are important 
climate indicators throughout the geographic ranges of our 
study species. We used the Oceanic Niño Index (ONI) as 
an indicator of the ENSO and reclassified the ONI as a 
categorical variable to better capture La Niña and El Niño 
events (Schummer et al. 2014). Each year in which there 
were five consecutive overlapping three month seasons with 
an ONI ≥0.5 between June–August–September and Janu-
ary–February–March was categorized as an El Niño event, 
while years with an ONI ≤−0.5 was categorized as a La 
Niña event (NOAA 2018). Years that did not meet either 
definition were categorized as neutral. We downloaded 
climate data from the National Oceanic and Atmospheric 
Administration (NOAA 2018).

Figure 1. Map of the Great Lakes Migrant Waterfowl Survey area throughout the lower Great Lakes of southern Ontario. Each polygon 
represents a survey sector for which peak migration dates were determined using dabbling duck abundance data collected during aerial 
surveys between 1968 and 2011. Surveyed waterbodies include the St. Lawrence River, Lake Ontario, Niagara River, Lake Erie, Detroit 
River and Lake St. Clair.
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Hypotheses and data analysis

We predicted that the timing of autumn migration for 
five of our target species (all except blue-winged teal) has 
changed, such that the date of peak abundance has become 
later through time, from the late 1960s to 2011. We pre-
dicted that La Niña events would have a negative relation-
ship with the date of peak abundance because negative 
ENSO conditions have been linked to lower transience and 
departure probabilities among landbirds at autumn stopover 
sites (Calvert et al. 2009). We predicted a negative relation-
ship between the annual index for NAO and peak migra-
tion date because NAO variation has been associated with 
local weather factors that affect mallard abundance during 
autumn migration (Schummer  et  al. 2014). There is evi-
dence that the effect of NAO on mallard migration in the 
autumn is mediated by ENSO conditions (Schummer et al. 
2014), so we included an interaction between the two cli-
matic indices in our candidate models. For blue-winged teal, 
we hypothesized that migration timing would be unchanged 
through time, as photoperiod has been shown to be a more 
informative predictor of abundance in autumn than are 
weather conditions (Van Den Elsen 2016).

For species or populations that exhibit a change in migra-
tion phenology through time, the magnitude of change 
varies according to the phenological measure (Van Bus-
kirk  et  al. 2009, Francoeur 2012, Barton and Sandercock 
2017). Studies often describe phenology by comparing 
first arrival dates, although simulation-based analyses sug-
gest this metric can be inaccurate and biased (Moussus et al. 
2010, Knudsen et al. 2011). Mean passage date, however, is 
representative of the timing of the broader population and 
provides unbiased results in comparative studies (Mous-
sus  et  al. 2010). We opted to describe migration timing 
using the Julian date of peak abundance in each year because 
the number of GLMWS surveys completed per year were 
limited in some sectors (n = 4–11). As the temporal distribu-
tions of abundance were unimodal across species and years, 
we assumed that this metric was an acceptable substitute for 
mean passage date.

We used generalized linear mixed-effects models (GLMM) 
with a normally distributed error structure to test for varia-
tion in autumn migration phenology. We constructed 10 a 
priori models to test our hypotheses of the effects of climate 
and year. For each model, Julian date of peak abundance was 
the response variable and survey sector was included as a ran-
dom effect to account for geographic variation in migration 
phenology (Table 1). The full model included year, annual 
indices for NAO, the ONI categorical variable to represent 
ENSO, and the interaction between NAO and ENSO as  

predictor variables. Predictor variables for NAO and year were 
centered before the analysis to facilitate model convergence. 
We used the Neutral phase of the ENSO as the reference class 
in all analyses. To account for the fact that the timing of the 
GLMWS is not always optimally aligned with the migration 
period, we included the mean survey date in each year as an 
offset. The intercept in the models therefore represented the 
difference between the date of peak abundance and the mean 
survey date in days. Including the offset for mean survey 
date affected the intercepts but did not affect the slope of the 
regressors. Model fit was visually assessed by plotting residu-
als versus fitted values and we visually assessed the normality 
of the scaled residuals of the best fitting models. Data for each 
focal species were modelled separately.

For blue-winged teal and American green-winged teal, 
the GLMMs provided a singular fit (i.e. the variance param-
eter was estimated as zero), which indicated that survey sec-
tor had a limited effect on the Julian peak of abundance. We 
therefore refit the model set for this species using a series of 
simplified generalized linear models (GLMs) with the same 
predictor variables indicated in Table 1 and excluded the 
random effect for survey sector (Matuschek et al. 2017).

We used Akaike’s information criterion corrected for 
small sample sizes (AICc) to assess support among candidate 
models (Hurvich and Tsai 1989). The most parsimonious 
model was the one with the lowest AICc but models within 
two AICc units were considered competitive (Burnham and 
Anderson 2002). We averaged across models to calculate 
parameter estimates and 95% confidence intervals (CIs). 
Parameters were considered significant if the 95% CIs did 
not overlap zero. All statistical analyses were conducted in 
R ver. 3.5.2 using packages lme4 to fit GLMMs (Bates et al. 
2015) and AICcmodavg to conduct model selection and 
model averaging (Mazerolle 2019).

Table 1. A priori candidate models to explain the variation in phe-
nology for six species of dabbling ducks during autumn migration 
(15 August–31 December) between 1968 and 2011 throughout the 
lower Great Lakes in southern Ontario.

Model No. of fixed parameters Fixed parameters

M1 1 Intercept only
M2 2 NAO
M3 3 ENSO
M4 4 NAO + ENSO
M5 6 NAO + ENSO + NAO × ENSO
M6 2 Year
M7 3 Year + NAO
M8 4 Year + ENSO
M9 5 Year + NAO + ENSO
M10 7 Year + NAO + ENSO + NAO × ENSO

Table 2. Detection summaries of six species of dabbling ducks surveyed during autumn migration (15 August–31 December) throughout the 
lower Great Lakes in southern Ontario between 1968 and 2011.

Species No. of years observed n year−1 (SD) Average no. surveys observed/year Average peak abundance

Mallard 35 33 156 (32 036) 45 7171
American black duck 35 15 846 (14 088) 41 4413
American green-winged teal 32 2711 (3460) 10 1042
Gadwall 34 763 (1396) 10 362
Blue-winged teal 29 1196 (1526) 7 643
American wigeon 35 11 006 (12 377) 13 4666
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Results

An average of 33 sectors were surveyed in each year that the 
GLMWS was completed, with a minimum of three in 1968 
and a maximum of 68 in 2000. A total of 1204 surveys were 
completed in the 43 year history of the GLMWS. Over-
all, mallard was the most abundant species, with an aver-
age annual peak abundance of >7000 individuals (Table 2). 
American black duck and American wigeon were observed 
in similar numbers and gadwall was the least common. 
While the most abundant species were detected in every year 
that surveys were completed (n = 35 years), blue-winged teal 
was observed in just 29 years. There was considerable annual 
variation in abundance across species (Table 2).

In the survey area, blue-winged teal migration was the 
earliest, with a predicted date of peak abundance in early 
September followed by American green-winged teal and 
American wigeon in mid-October (Table 3). Predicted gad-
wall and mallard abundances peaked in late October, while 
American black duck abundance peaked in early Novem-
ber (Table 3). The most parsimonious model varied among 
species (Table 4). Models with the NAO:ENSO interaction 
were not among the best fitting (i.e. ∆AICc ≤2) for Ameri-
can black duck, American green-winged teal and American 
wigeon, and had low AICc weights (<0.10). Since the inter-
pretation of the main effects differ when they also appear 
in an interaction, we excluded the models with an interac-
tion term from the candidate set for model averaging pur-
pose for these three species. Conversely, models with the 
NAO:ENSO interaction were in the best fitting models and 
had a cumulative weight ≥0.50 for mallard, blue-winged 
teal and gadwall. We therefore restricted the model averag-
ing to include these models for mallard, blue–winged teal 
and gadwall.

Model averaged predictions indicated a strong positive 
effect of year on four of six species (Table 3, Fig. 2). Over 
the 43 year study, peak migration occurred 14 ± 7 days 
(mean ± 95% CIs) later for mallard, 18 ± 6 days for Ameri-
can black duck, 11 ± 11 days for gadwall, and 13 ± 11 days 
for American wigeon (Fig. 2). La Niña and El Niño events 
had no discernible effect on the peak migration date for 
American black duck, American green-winged teal or Amer-
ican wigeon but an increase in NAO resulted in a delayed 
migration for American wigeon (Table 3, Fig. 3). The effect 
of NAO depended on ENSO phase for mallard and gadwall, 
such that an increase in NAO advanced the peak migration 
date during La Niña events (Table 3, Fig. 4). However, an 
increase in NAO delayed the peak migration date for gad-
wall during neutral phase of the ENSO, and delayed the 
migration of mallard and gadwall during El Nino events.

Discussion

Changes in winter distributions of dabbling duck spe-
cies have been well documented in eastern North America 
(Petrie and Schummer 2002, Link et al. 2006, Brook et al. 
2009, Robertson et al. 20107), as has the impact of climate 
on waterfowl movement during migration (Schummer et al. 
2014, 2017, Notaro et al. 2016). However, our study is the Ta
bl
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first to directly measure a temporal shift in the timing of 
autumn migration among dabbling ducks in North America.

Between 1968 and 2011, we found that peak autumn 
migration occurred 11–18 days later for four of six focal 
species, the equivalent of 3–5 days/decade. These results are 
consistent with those from Lehikoinen and Jaatinen (2012) 
who documented delays in the timing of autumn migration  

among European waterfowl species. Weather severity and 
habitat conditions are thought to be important factors 
that influence autumn migration among waterfowl (Nich-
ols et al. 1983, Schummer et al. 2010, O’Neal et al. 2012, 
Baldassarre 2014). In North America, there has been a conti-
nental increase in winter temperature and a decrease in snow 
cover since 1955 (Field et al. 2007), which may help explain 

Table 4. Akaike’s information criterion corrected for small sample sizes and model weight for each candidate models to explain the variation 
in phenology for six species of dabbling ducks during autumn migration (15 August–31 December) throughout the lower Great Lakes in 
Ontario between 1968 and 2011. Best model for each species is indicated in bold font.

Mallard American black duck
American 

green-winged teal Gadwall Blue-winged teal American wigeon

DAICc
wi DAICc

wi DAICc
wi DAICc

wi DAICc
wi DAICc

wi

M1 42.30 0.00 23.56 0.00 0.62 0.16 7.17 0.02 3.83 0.06 8.12 0.01
M2 33.28 0.00 25.59 0.00 1.78 0.09 8.34 0.01 2.35 0.12 6.56 0.02
M3 46.16 0.00 27.00 0.00 1.68 0.10 10.19 0.00 4.20 0.05 8.16 0.01
M4 37.34 0.00 29.00 0.00 3.21 0.05 11.32 0.00 2.88 0.09 7.40 0.01
M5 12.93 0.00 30.97 0.00 3.20 0.05 2.58 0.18 0.00 0.38 9.79 0.00
M6 25.13 0.00 0.00 0.57 0.00 0.22 4.28 0.08 3.82 0.06 3.82 0.07
M7 20.23 0.00 1.59 0.26 1.39 0.11 5.24 0.05 3.31 0.07 0.00 0.45
M8 29.13 0.00 3.12 0.12 1.50 0.11 7.86 0.01 5.33 0.03 3.74 0.07
M9 24.25 0.00 4.94 0.05 3.17 0.05 8.89 0.01 4.68 0.04 0.98 0.28
M10 0.00 1.00 7.94 0.01 2.46 0.07 0.00 0.65 2.23 0.12 3.23 0.09

Figure 2. Model averaged Julian date of peak abundance during autumn migration (15 August–31 December) throughout the lower Great 
Lakes in southern Ontario versus Year for six species of dabbling ducks. Shaded areas represent 95% confidence intervals. Parameters sig-
nificant at the 95% level are identified in blue.
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the observed delays in migration (this study) and northward 
shifts in winter distributions reported elsewhere from the 
1970s and onward (Petrie and Schummer 2002, Link et al. 
2006, Brook et al. 2009, Robertson et al. 2017). Additional 

factors that could explain the later migration include, but 
are not limited to, increased food availability from agricul-
tural resources such as waste grain and corn (Stafford et al. 
2010, Pearse et al. 2012), the introduction of exotic species 
as an abundant food source like the zebra mussel Dreissena 
polymorpha in the Great Lakes (Petrie and Schummer 2002), 
and supplemental feeding in wildlife refuges (Palumbo et al. 
2019) near breeding territories or at staging sites.

In our tests of the effects of climate on migration phe-
nology, we included the annual index for NAO and a 
categorical representation of the ENSO to represent the 
variable conditions to which birds are exposed throughout 
their geographic range (Ahola et al. 2004), regardless of their 
migration timing. In the Great Lakes, there is a positive cor-
relation between ENSO and the winter weather severity, 
such that warm winters and reduced ice coverage are cor-
related with a warm phase of the ENSO (i.e. El Niño events; 
Assel 1998, Rodionov and Assel 2003). The observed cor-
relations between mallard, American wigeon and gadwall 
migrations and ENSO and NAO indices indicate that these 
species are prone to migrate earlier in years with harsh condi-
tions in the autumn and migrate later in years when condi-
tions are less severe. Our observations are consistent with 
previous research done on the impact of a ‘weather severity 
index’ (WSI), an index that summarizes the impact of tem-
perature and snow cover, on autumn migration phenology 
among waterfowl species in eastern North America (Schum-
mer  et  al. 2014, 2017, Notaro  et  al. 2016). Overall, the 
climatic indices had a positive effect on the timing of peak 
migration. Given that climate models forecast that both 
indices will be in positive-value phases in the future (Tim-
mermann et al. 1999, Visbeck et al. 2001), wildlife managers 
should expect that migrations for mallard, American black 
duck, gadwall and American wigeon will become increas-
ingly delayed with time. There was, however, considerable 
variation among species in their response to climate varia-
tion, and more targeted species-specific analyses will help 
managers refine their future waterfowl management plans.

There was no evidence of a phenological shift for the 
blue-winged teal or the American green-winged teal. Like-
wise, the annual climate indices were poor predictors of 
migration timing for both species in our study. That there 
was no evidence of a change in migration phenology for 
the blue-winged teal is consistent with other research that 
concluded that photoperiod was a better predictor of blue-
winged teal abundance during autumn migration compared 
to weather or climate variables (Notaro  et  al. 2016, Van 
Den Elsen 2016). The blue-winged teal is a long distance 
migrant, and is among the last duck species to migrate north 
in spring and among the earliest to migrate south in autumn 
(Rohwer et al. 2002). The timing of its migration creates a 
short breeding season with little opportunity to initiate an 
earlier or later autumn migration based on weather. For the 
American green-winged teal, other research has established 
a link between its migration timing and a WSI in North 
America (Schummer et al. 2014, 2017, Notaro et al. 2016) 
while the autumn migration for Eurasian teal in Europe was 
delayed between 1979 and 2009 (Lehikoinen and Jaatinen 
2012). However, American green-winged teal migration was 
relatively insensitive to the WSI in autumn (i.e. between 
October and January) and was more strongly correlated with 

Figure 3. Model averaged Julian date of peak abundance during 
autumn migration (15 August–31 December) throughout the 
lower Great Lakes in southern Ontario versus NAO index for 
three species of dabbling ducks. Shaded areas represent 95% con-
fidence intervals. Parameters significant at the 95% level are iden-
tified in blue.
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the index in the spring, February–April (Schummer  et  al. 
2017). Our results reflect that of Schummer et al. (2017), 
such that American green-winged teal autumn migration 
timing was consistent between 1968 and 2011.

A limitation of our study was the survey dates for the 
GLMWS, 15 August–31 December. Given that male blue-
winged teal depart from the breeding grounds earlier than 
females, often in late July to early August (Rohwer  et  al. 
2002), a portion of the population that migrated through 
the Great Lakes may have been missed in autumn surveys in 
some years. Summer surveys of the Great Lakes were periodi-
cally undertaken between 1968 and 2002, but at a smaller 
scale and on a less frequent basis than the GLMWS (ECCC 
2018). Data collected during summer surveys, therefore, 
could not be used to understand the early phases of autumn 
migration for the blue-winged teal. For later migrating 
species, we cannot be sure that all individuals had passed 
through the Great Lakes prior to 31 December in all years. 
For example, gadwall have been shown to arrive on the win-
tering grounds on the Chesapeake Bay as late as 8 January 
(Reese and Weterings 2018). Given that Chesapeake Bay 
is south of our study area, autumn migration would there-
fore be observed comparatively later in the year. However, 
midwinter survey data collected in January have shown 

that relatively few American green-winged teal, gadwall and 
American wigeon remain in the lower Great Lakes (Fronscak 
2012), suggesting that while temporal coverage for these spe-
cies might be truncated at the end of the season, peak migra-
tion should be well captured by the GLMWS.

The general shift towards a later autumn migration among 
some waterfowl species may yield negative economic, social 
and ecological consequences. Annually, waterfowl hunting 
generates millions of dollars in revenue for recreation, tour-
ism and conservation initiatives throughout North America 
(Grado et al. 2011, Heffelfinger et al. 2013, Henderson et al. 
2014, Cooper et al. 2015). Hunting is also a key tool used 
by wildlife managers to manage some species populations at 
acceptable levels (Heffelfinger et al. 2013). Should a chang-
ing migration phenology create a timing mismatch between 
open hunting season dates and the presence of waterfowl, 
there will be fewer opportunities to harvest waterfowl, which 
could result in an inability to manage a specific species at an 
acceptable population level or contribute to dissatisfaction 
among hunters and a decline in economics revenues for man-
agement agencies (Green and Krementz 2008, Vrtiska et al. 
2013). That the migration phenologies of dabbling ducks in 
the lower Great Lakes will continue to change is corrobo-
rated by Notaro et al. (2016), who projected increased delays 

Figure 4. Model averaged Julian date of peak abundance during autumn migration (15 August–31 December) throughout the lower Great 
Lakes in southern Ontario versus NAO index and phase of the Oceanic Niño Index (La Niña, Neutral and El Niño) for three species of 
dabbling ducks. Shaded areas represent 95% confidence intervals. Parameters significant at the 95% level are identified in blue.
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of 12–19 days by 2050, such that American black duck and 
mallard may overwinter in the region by 2100. Jurisdiction-
level adjustments to hunting regulations that reflect current 
migratory timing for key species of waterfowl could help 
mitigate hunter dissatisfaction, maintain social engagement 
and stabilize economic opportunities.

Our study looked at the timing of peak migration but did 
not address change in residency time. However, the change 
in autumn migration phenology that we detected is also 
coincident with a northward shift in the wintering distri-
bution for mallard, American black duck and other species 
of diving and dabbling ducks (Petrie and Schummer 2002, 
Link et al. 2006, Brook et al. 2009, Robertson et al. 2017), 
which may compound resource depletion in some habitats 
in the future. Areas that are occupied by an increasing num-
ber of wintering waterfowl may be subjected to limiting food 
resources via over-exploitation (Hagy and Kaminski 2015), 
which could then affect the broader ecosystem health and 
its carrying capacity (Abraham  et  al. 2005). In the lower 
Great Lakes, Churchill  et  al. (2016) found that Lake Erie 
dressenid mussel and submerged aquatic vegetation densities 
declined from 1992 to 2009, thus diminishing the overall 
carrying capacity for both diving ducks and dabbling ducks. 
The potential for increased usage of wetlands in the Great 
Lakes throughout the annual cycle highlights the need for 
accurate estimates of carrying capacity (Hagy  et  al. 2014) 
that can be used to inform habitat management and con-
servation through Habitat joint ventures and cross-border 
partnerships.

Conclusion

Our study revealed notable temporal trends in migra-
tion timing in which four dabbling duck species delayed 
their autumn migration through the lower Great Lakes in 
Ontario between 1968 and 2011. Our results indicate that 
the reported declines in waterfowl abundance observed dur-
ing the hunting season in the southern USA (Glick 2005, 
Kaminski  et  al. 2005, Browne and Humburg 2010) are 
potentially due to shifts in the timing of autumn migration. 
The delay ranged 11–18 days for mallard, American black 
duck, gadwall and American wigeon; such a magnitude may 
have direct implications for harvest opportunities for these 
species, and suggests that wetland habitat in the lower Great 
Lakes may face increased pressure by waterfowl throughout 
the annual cycle in the future. Declining population sizes 
could further compound the effect of a changing migration 
phenology for hunters in the southern USA, although this 
was not addressed in our study. Future research should exam-
ine waterfowl migration timing with a broader geographic 
lens to enable adaptive, cross-border harvest management 
policies that are species specific. Such studies will allow man-
agers to gauge the impacts to regional hunting opportuni-
ties throughout each of the major migratory flyways and will 
guide habitat procurement, conservation and protection to 
support current and future habitat use by migrant waterfowl. 
This research should be undertaken using all relevant sources 
of information, including citizen science data, in order to 
better understand the variable effects of climate change on 

waterfowl migration timing, abundance and distribution 
and to inform management and conservation plans at local, 
regional and continental scales.
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