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Abstract 

Satellite telemetry was used to identify migration routes and stopovers, estimate 
migration chronology, and describe variation in movements among American Black 
Duck Anas rubripes marked in Delaware, New Jersey, New York, Ohio and Virginia 
between 2007–2009. Thirty-one transmitters each provided data for at least one  
spring migration. The ducks departed their wintering areas during 18 March–7 June  
(x̄ ± s.e. = 17 April ± 3.3 days), averaged 3.35 ± 0.3 stopovers (range = 1–5 stopovers) 
and spent 6.44 ± 0.8 days at stopover sites (range = 0.54–12.2 days), migrated 1,126.1 
± 89.5 km (range = 270–1,396 km), and arrived at inferred nesting areas during 16 
April–28 June (x̄ = 9 May ± 3.4 days). Black Duck on the South Atlantic Flyway 
migrated nearly twice as far (P < 0.01), made twice as many stopovers (P < 0.01) and 
arrived at their inferred nesting areas two weeks later than those on the North Atlantic 
and Mississippi Flyways (P = 0.04). Transmitters on 13 ducks provided at least partial 
data during autumn migrations. Black Duck departed inferred nesting or moulting 
areas during 5 October–1 December (x̄ = 24 October ± 4.3 days), averaged 2.0 ± 0.3 
stopovers (range = 1–4 stopovers), spent 12.6 ± 3.5 days at stopover sites (range = 
0.25–41 days), migrated 993 ± 202.9 km (range = 277–1,485 km), and arrived at 
wintering areas during 18 November–18 December (x̄ = 1 December ± 5.8 days). Our 
study confirmed known migration routes and stopovers and emphasises the need for 
habitat conservation and management along seasonal corridors, especially for Black 
Duck transitioning between their southern wintering and western breeding ranges. 
Furthermore, migration chronology and stopover duration of  stay from our study 
should be incorporated into energetic carrying capacity models, to inform and direct 
habitat goals for Black Duck in north-eastern North America. 
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American Black Duck Anas rubripes 
(hereafter Black Duck) populations have 
declined over the last 50 years. Numbers 
counted during mid-winter waterfowl 
surveys ranged from > 750,000 birds in 
1954/55 to < 300,000 in 1983 and 1984 
(USFWS 2012). The goal for Black Duck 
numbers was set at the 1970s level of  
385,000 wintering birds in the 1986 North 
American Waterfowl Management Plan 
(NAWMP). The NAWMP also called for the 
formation of  Joint Ventures (JV), including 
the Black Duck JV (BDJV), to help achieve 
the goal by 2000 (NAWMP 1986). Despite 
the increased focus on the species, the 
1999/2000 mid-winter waterfowl survey 
counts recorded 260,372 Black Duck and as 
few as 246,334 were counted in winter 
2011/12 (USFWS 2012). Their population 

remains more than 30% below the NAWMP 
goal (Fig. 1). 

Several explanations for the Black Duck 
decline have been proposed, principal 
among them being overharvest, competition 
and hybridisation with Mallards Anas 

platyrhynchos, habitat loss and disease. 
Attempts to identify the primary factor  
have been inconclusive (Conroy et al.  
2002). Previous studies have uncovered 
information regarding Black Duck breeding 
(Reed 1975; Seymour 1991; Merendino & 
Ankney 1994; McAuley et al. 2004; Link  
& Sauer 2006; Maisonneuve et al. 2006; 
Zimmerman et al. 2011), post-breeding 
(Parker 1991; Bowman & Brown 1992; 
Longcore et al. 2000) and wintering ecology 
(Morton et al. 1989; Brook et al. 2007; 
Plattner et al. 2010; Cramer et al. 2012; 

Figure 1. Number of  American Black Duck counted during the mid-winter waterfowl survey, 1955–
2012. 
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Newcomb et al. 2016). Those that have 
addressed migration are based on standard 
band recovery data, count data and 
population modelling (Robinson et al. 
2016a,b,c), which provide rather general 
descriptions of  migratory patterns. Migration  
influences the ecology, evolution and 
conservation of  migratory animals (Webster 
et al. 2002), yet explicit data on the 
movements between migratory destinations 
(i.e. their inferred nesting and wintering 
areas) is virtually unknown for Black  
Duck. 

Describing Black Duck migration routes 
and stopovers, along with the chronology, 
length and duration of  their migrations, has 
been identified as a priority action by the 
BDJV (2008) and by the Upper Mississippi 
River and Great Lakes Region JV 
(UMRGLRJV; Soulliere et al. 2007). This 
information is required for developing 
regional Black Duck use day objectives, 
from which habitat objectives are estimated 
using energetics models. Additionally, an 
improved understanding of  the connectivity 
between Black Duck migratory destinations 
can help waterfowl managers direct 
conservation efforts to key areas at the 
appropriate time (Robinson et al. 2016a,b,c). 

We used satellite telemetry to identify 
migration routes and stopover sites, estimate 
migration chronology and describe variation 
among Black Duck migratory movements. 
Our study was not the first attempt to 
examine connectivity across their entire 
range, but is distinguished by the highly 
detailed individual-level data collected. Our 
study helps to address priority information 
needs of  the BDJV and UMRGLRJV, and 
can aid population and habitat modelling 

and inform management decisions for Black 
Duck during their annual life cycle. 

Methods 

Study area 

Black Duck were trapped during 4 January–
14 March in winters 2007/08 and 2008/09 
at multiple sites in northern Ohio (at 
Castalia, Mud Creek Bay and the Ottawa 
National Wildlife Refuge [NWR]), Virginia 
(at Brownsville Farm, Caledon Natural 
Area, Chincoteague NWR and the Eastern 
Shore NWR), and New Jersey (at Cape May 
NWR and the Edwin B. Forsythe NWR).  
In 2008/09, birds were also trapped in 
Delaware (at Prime Hook NWR) and Long 
Island, New York (at Hubbard County Park; 
Fig. 2). Trapping locations were selected on 
the basis that Black Duck could be caught 
there, in areas with the greatest known 
concentration of  the species wintering in 
eastern North America (USFWS 2012). 

Waterfowl habitat in the north-eastern 
(New York) and mid-Atlantic (New Jersey, 
Delaware, Virginia) states feature a mix of  a 
saline tidal estuarine systems and freshwater 
tidal and non-tidal riverine and palustrine 
(depth < 2 m, size < 8 ha) systems. Coastal 
salt marshes consist of  high and low marsh 
habitats, drained by shallow, meandering 
creeks to expose mud flats where periwinkles  
Littorina sp., Fiddler Crab Uca pugnax and 
Soft-shelled Clam Mya arenaria are abundant 
(Cramer et al. 2012). Cordgrass Spartina sp. is 
the dominant emergent vegetation. Inland, 
freshwater systems are dominated by 
smartweed Polygonum sp. and Buttonbush 
Cephalanthus occidentalis, with invertebrates 
such as copepods, amphipods, snails and 
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crabs (Jorde et al. 1989). Waterfowl habitat 
along the southwest shore of  Lake Erie 
(Ohio) is almost entirely impounded 
marshes controlled for waterfowl hunting, 
consisting of  several species of  aquatic 
plants and surrounded by grain fields 
(Bookhout et al. 1989). 

Study design 

On catching and handling the Black Duck, 
protocols described by Fair et al. (2010)  
were followed to ensure that animal welfare 
was not jeopardised during scientific data 
collection. Three methods were used to 

catch Black Duck: cloverleaf  (swim-in) 
traps, walk-in traps and rocket-nets baited 
with corn. Bill, cloacal and feather 
characteristics were used to identify and 
retain females in at least their third calendar 
year since hatch (i.e. adult birds; Ashley et al. 
2006) in an effort to eliminate age-specific 
variability in a small sample. Additionally, 
females were weighed and those ≥ 1,000 g 
selected (x̄ ± s.e. = 1,134 ± 13.6 g; n = 63). 
Females with a lower body mass are 
considered more likely to be adversely 
affected on carrying satellite transmitters, 
because the mass and/or aerodynamic 

Figure 2. Approximate trapping locations for adult female American Black Duck PTT-tagged in New 
Jersey, Ohio, Virginia, Delaware and New York, USA during winters 2007/08 and 2008/09. 



impacts of  the devices may result in aberrant  
behaviour or mortality (Miller et al. 2005a). 

Each selected female was fitted with a 
standard USGS leg-band and solar-powered, 
satellite Platform Transmitting Terminal 
(PTT; Model 100; Microwave Telemetry, 
Columbia, USA). The PTTs weighed 22 g, 
measured 62 × 22 × 21 mm and had a  
178 mm nylon-coated flexible-stranded 
stainless-steel antenna that protruded 
posteriorly at a 45° angle. PTTs were 
attached mid-dorsally between the wings 
using a 13 g harness, 0.38 cm in width,  
made of  Natural Tubular Teflon® tape 
(Bally Ribbon Mills, Bally, USA). The 
harness set included breast and belly loops, 
connected by a strap along the edge of  the 
keel, similar to designs used by Malecki et al. 
(2001), Petrie & Wilcox (2003) and Miller  
et al. (2005a,b). The PTT and harness 
combined amounted to 3% of  the ducks’ 
average body mass at capture, which 
satisfied the guidelines established by Fair et 
al. (2010) and the U.S. Geological Survey 
Bird Banding Laboratory (http://www. 
pwrc.usgs.gov/bbl/MANUAL/aarequs.cfm).  
Marked females were kept in straw-lined 
poultry cages with food and water to afford 
them time to acclimatise to the harness and 
then released diurnally at the capture site 
within 24 h following capture. Because the 
PTTs were attached prior to spring departure,  
marked females had time to adjust to  
the transmitter (Cox & Afton 1998) and 
potentially find new mates if  necessary 
(Miller et al. 2005a). 

PTTs were programmed to acquire six 
GPS fixes daily, which were staggered to 
provide consistent 24 h coverage of  bird 
movement throughout the year. GPS fixes 

were primarily used because of  their accuracy  
(± 15 m) but Argos (Argos, Inc., Landover, 
USA) fixes were also used to supplement 
missing data when a transmitter recorded 
GPS fixes as either no fix, low voltage or 
battery drain. Argos estimates positional 
locations from the Doppler shift in 
transmission frequency and groups them by 
accuracy into Location Classes (LCs; Argos 
2011), of  which we used LCs 3, 2 and 1. 
Argos (2011) lists their accuracy as < 150, 
150–350 and 350–1,000 m, respectively. 
Location data from GPS and Argos fixes 
were uploaded every 3rd day to the Argos 
satellite tracking system (CLS America, Inc., 
Largo, USA). Marked Black Duck were 
tracked until the PTT lost connection or the 
birds died, which was determined as ≥ 3 
consecutive fixes in the same location 
simultaneous with on-board sensors 
indicating an irregular drop in body 
temperature (Krementz et al. 2011). 

Data analyses 

The birds’ migratory destinations were 
described as sites where they remained with 
movement of  ≤ 0.5 degrees latitude or 
longitude (Afton 2008) for ≥ 30 days (Miller 
et al. 2005b; Krementz et al. 2011). Migratory 
moves were defined as a flight > 0.5 degrees 
latitude or longitude, and each stopover site 
as a clustered location (> 1 fix) varying by  
≤ 0.5 degrees (Afton 2008). Arrival was 
defined as the first fix at a clustered location 
and departure as the last fix at the same 
location (Miller et al. 2005a; Haukos et al. 
2006), despite 4 h data gaps between daily 
fixes. When data gaps of  > 1 day but < 10 
days occurred, and an individual Black Duck 
made a migratory move during that time, 
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departure was redefined as the median date 
and time between the last known fix at the 
previous location and the first known fix at 
the next clustered location; the original 
definition of  arrival date was maintained. 
Departure from the previous clustered 
location, arrival at the next or length of  stay 
at either were not calculated if  the data gap 
was ≥ 10 days (Miller et al. 2005a; Haukos  
et al. 2006). The same criteria were followed 
to estimate the minimum number of  
stopovers, length of  stay at stopovers and 
total straight-line distance between stopovers  
and terminal positions. 

For comparison, Black Duck were 
grouped by wintering area (i.e. Mississippi 
Flyway = Ohio; North Atlantic Flyway = 
New Jersey and New York; South Atlantic 
Flyway = Delaware and Virginia), similar to 
evaluations by Rogers & Patterson (1984), 
Rusch et al. (1989), Petrie (1998) and 
Zimpfer & Conroy (2006). Also established 
were a latitudinal boundary at the 40th 
parallel and a longitudinal boundary at the 
76th meridian to create north and south  
(i.e. north = Ohio and New York; south = 
New Jersey, Delaware and Virginia) and  
east and west (i.e. east = eastern shore of  
Virginia, Delaware, New Jersey and New 
York; west = Ohio and western Virginia) 
groups, respectively. The former was 
selected because the 40th parallel afforded 
even data distribution, whereas the latter 
was selected because the 76th meridian 
effectively cleaved the Chesapeake Bay. 

The difference among geographic groups 
in the date and time of  day at which Black 
Duck commenced spring migration, and 
also the date and time of  day at which they 
arrived at their destinations, was investigated 

(Miller et al. 2005a; Haukos et al. 2006; 
Malecki et al. 2006). So, too, were the 
difference between minimum number of  
stopovers, duration of  stay at stopover sites 
(days), distance of  each migratory move 
(km), total distance travelled (km) and rate 
of  movement (km/h) investigated among 
geographic groups. Analyses were conducted  
using Analysis of  Variance with a block on 
year (i.e. the year in which the migration 
occurred, included as a factor) in JMP 9.0.1 
(SAS Institute, Inc., Cary, USA). A Tukey’s 
mean separation test was used to detect 
differences among treatment levels when 
significance was detected. 

Finally, simple linear regression in JMP 
was used to evaluate the relationship 
between several migratory variables (i.e. main  
effects) and their responses irrespective of  
geographic group. Specifically, the combined  
data was analysed to determine the effect  
of: 1) departure date on the number of  
stopovers, duration of  stay at stopover  
sites and the total distance of  migration,  
2) number of  stopovers on the duration  
of  stay at stopover sites, 3) total distance  
of  migration on the number of  stopovers  
and the duration of  stay at stopover sites,  
4) distance and duration of  a migratory 
move on the duration of  stay at the next 
stopover site, and 5) duration of  stay at a 
stopover site on the distance and duration of  
the following migratory move. Mean values 
are given ± s.e. throughout. An a priori alpha 
of  ≤ 0.05 was used to determine statistical 
significance. 

Results 
Twenty-nine PTTs were affixed to Black 
Duck during winter 2007/08 (New Jersey,  
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n = 10; Ohio, n = 9; Virginia, n = 10) and 
another 39 Black Duck during winter 
2008/09 (New Jersey, n = 10; Ohio, n = 11; 
Virginia, n = 10; Delaware, n = 5; New York, 
n = 3). Of  the 29 PTTs deployed in winter 
2007/08, 12 provided a full data set during 
spring migration 2008 (New Jersey, n = 1; 
Ohio, n = 6; Virginia, n = 5). Two of  the 
2008 PTTs continued transmitting during 
winter 2008/09 and provided another full 
data set during spring migration 2009. 
Additionally, 17 of  the 39 PTTs deployed 
during winter 2008/09 provided a full data 
set during spring migration 2009 (New 
Jersey, n = 1; Ohio, n = 5; Virginia, n = 4; 
Delaware, n = 5; New York, n = 2). Still 
another PTT provided partial data during 
spring migration 2009, which was included 
in the analyses where appropriate. 

Black Duck departed their wintering areas 
during 18 March–7 June (x̄ = 17 April ± 3.3 
days) averaged 3.35 ± 0.3 stopovers (range 
= 1–5 stopovers) and spent 6.44 ± 0.8 days 
at stopover sites (range = 0.54–12.2 days) 
during spring migrations 2008 and 2009 
combined. Of  the 139 migratory moves 
identified in our study, only six needed 
adjustment to account for data gaps of  > 1 
day and < 10 days. The ducks migrated on 
average 1,126.1 ± 89.5 km (range = 270–
1,396 km) and arrived at their inferred 
nesting areas during 16 April–28 June (x̄ = 9 
May ± 3.4 days). Departure dates, departure 
and arrival time of  day, the duration of  stay 
at stopover sites and the average distance  
of  each migratory move did not vary by 
geographic group (Tables 1–3). 

South Atlantic Flyway Black Duck 
migrated nearly twice as far (P < 0.01) and 
made twice as many stopovers (P < 0.01) 

than those from the Mississippi and North 
Atlantic Flyways (Table 1). Black Duck 
south of  the 40th parallel migrated > 50% 
further (P < 0.01), took nearly twice as many 
stopovers (P = 0.02) and, despite migrating 
almost 10 km/h faster during each migratory  
move (P = 0.03), arrived at their inferred 
nesting areas two weeks after their 
counterparts (P = 0.04; Table 2). Although 
not statistically significant, Black Duck east 
of  the 76th meridian migrated nearly 25% 
farther than those to the west (P = 0.07). 
They also arrived at their inferred nesting 
areas three weeks later (P = 0.01; Table 3). 

Black Duck followed a variety of  routes 
during spring migration in both years (Fig. 3).  
Among those wintering along the eastern 
seaboard, nine ducks spent all or part of  
their migration along the Atlantic Coast and 
10 used the Hudson and St. Lawrence River 
valleys. Stopover sites included Long Island 
Sound, Narragansett Bay, Lake Champlain, 
Merrymeeting Bay and the Gulf  of  St. 
Lawrence. All 11 ducks wintering in Ohio 
used stopover sites in Lake St. Clair, Saginaw 
Bay, St. Mary’s River and the Georgian Bay. 
Black Duck settled at inferred nesting areas 
in Newfoundland (n = 1), Labrador (n = 4), 
New Brunswick (n = 2), Quebec (n = 7), 
Nova Scotia (n = 1), Vermont (n = 1) and 
Ontario (n = 16). The two Black Duck that 
completed spring migrations in consecutive 
years returned to the same wetlands on 
inferred nesting areas despite different 
trajectories (Fig. 4). 

Among all the PTT-tagged Black Duck 
(Table 4), departure date explained 18% and 
number of  stopovers explained 44% of  the 
variation in duration of  stay on stopover 
sites, respectively. Total distance of  migration  



explained 61% and 33% of  the variation in 
number of  stopovers and duration of  stay  
on stopover sites, respectively. Duration of  a 
migratory move explained 3% of  the variation 
in length of  stay on the next stopover. 

A total of  13 PTTs (Ohio, n = 6; Virginia, 
n = 3; Delaware, n = 2; New York, n = 2) 
provided at least partial data during autumn 

migrations in either 2008 or 2009. Of  those, 
five provided a full data set (Ohio, n = 2; 
Delaware, n = 2; New York, n = 1), whereas 
the others lost contact during migration  
(n = 4) or were lost due to hunter harvest  
(n = 4). Eighteen of  the 31 migratory moves 
identified in our study needed adjustment to 
account for data gaps of  > 1 day and < 10 
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Table 2. Migratory variables (mean ± s.e.) of  adult female American Black Duck by latitude 
during spring 2008 and 2009; levels not connected by the same letter within a row are 
significantly different. 
 
 
                                                                    Latitude 
 
                                                North                              South 
 
                                     n              x̄ ± s.e.           n              x̄ ± s.e.               F        d.f.          P 

 

Departure date           16    12 Apr ± 3.6          16    21 Apr ± 5.5            1.75     1, 29      0.20 

  (s.e. in days) 

Departure time           16   1,806.3 ± 2.3          16    1,806.3 ± 1.7             0.00     1, 29      1.00 
  (s.e. in days) 

Arrival date                 16     2 May ± 3.5 B      16   17 May ± 5.4 A        4.60     1, 29      0.04 
  (s.e. in days) 

Arrival time                16   1,444.8 ± 3.8          16    1,337.5 ± 3.6             0.11     1, 29      0.74 
  (s.e. in days) 

No. of                          15          2.6 ± 0.4 B      16           4.1 ± 0.4 A        5.85     1, 28      0.02 
  stopovers 

Duration of  stay        41        7.41 ± 1.4          65         5.82 ± 0.9             1.02    1, 103    0.32 
  (days) 

Total distance             15      862.3 ± 76.0 B    16    1,373.5 ± 132.5 A    10.7     1, 28    < 0.01 
  (km) 

Distance                      58      239.0 ± 24.5        81       271.3 ± 19.3           1.09    1, 136    0.30 
  (leg; km) 

Rate of  movement     58        31.7 ± 3.0 B      81         41.5 ± 3.1 A        4.99    1, 136    0.03 
  (km/h) 
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days. In total, Black Duck departed their 
inferred nesting or moulting areas during  
5 October–1 December (x̄ = 24 October  
± 4.3 days), averaged 2.0 ± 0.3 stopovers 
(range = 1–4 stopovers), spent 12.6 ± 3.5 
days at stopover sites (range = 0.25–41 days),  
migrated 993 ± 202.9 km (range = 277–
1,485 km) and arrived at wintering areas 

during 18 November–18 December (x̄ = 1 
December ± 5.8 days). Eight Black Duck 
returned to wintering areas or reappeared 
there after prolonged PTT inactivity, four of  
which settled into the same location where 
they had been caught the previous winter 
(Prime Hook NWR, n = 2; Ottawa NWR,  
n = 1; Castalia, OH, n = 1). Black Duck that 

Table 3. Migratory variables (mean ± s.e.) of  adult female American Black Duck by longitude 
during spring 2008 and 2009; levels not connected by the same letter within a row are 
significantly different. 
 
 
                                                              Longitude 
 
                                                East                              West 
 
                                     n              x̄ ± s.e.           n              x̄ ± s.e.            F           d.f.          P 

 

Departure date           11    23 Apr ± 7.9          21      3 Apr ± 2.8          1.77      1, 29      0.19 
  (s.e. in days) 

Departure time           11   1,718.2 ± 3.0          21    1,852.4 ± 1.5          0.01      1, 29      0.94 
  (s.e. in days) 

Arrival date                 11   23 May ± 7.2 A      21      2 May ± 2.6 B      7.76     1, 29      0.01 
  (s.e. in days) 

Arrival time                 11   1,409.1 ± 4.6          21    1,381.0 ± 3.1          2.31     1, 29      0.14 
  (s.e. in days) 

No. of                          11          4.0 ± 0.6          20           3.0 ± 0.4          0.01     1, 28      0.94 
  stopovers 

Duration of  stay         44        7.16 ± 1.4          62         5.93 ± 0.9          0.43    1, 103    0.51 
  (days) 

Total distance             11   1,284.4 ± 165.0      20    1,039.1 ± 102.9      3.68     1, 28      0.07 
  (km) 

Distance                      55      256.9 ± 22.5        84       258.4 ± 20.5      < 0.01    1, 136    0.96 
  (leg; km) 

Rate of  movement     55        39.7 ± 4.0          84         35.9 ± 2.6          0.98    1, 136    0.32 
  (km/h) 
 



completed either full or partial autumn 
migrations largely followed different routes 
than their spring trajectories. Additionally, 
PTTs on two Ohio Black Duck continued 
transmitting data over winter, during which 
they spent an average of  157.5 ± 7.5 days.  

Discussion 
Transmitter weight, attachment 
methodologies and limited sample size  
(i.e. n < 30) have the potential to bias results 
in satellite tracking studies of  migratory 
animals (Webster et al. 2002; Miller et al. 
2005a; Lindbergh & Walker 2007; Barron  
et al. 2010; Lameris & Kleyheeg 2017; 

Lameris et al. 2018). In our study, 68 Black 
Duck were affixed with PTTs. They were 
caught on wintering areas that accounted for 
67% of  all Black Duck counted during the 
2008 mid-winter waterfowl survey (USFWS 
2012). Although the geographic distribution 
of  PTT-tagged ducks is not entirely 
representative of  the proportion of  Black 
Duck within and between flyways, our goal 
was to collect information from across their 
entire range, subject to cost and logistical 
constraints. In the future, more samples 
from these and other Black Duck wintering 
concentrations and reduced gaps between 
programmed daily fixes would provide 

158  American Black Duck migration

© Wildfowl & Wetlands Trust                                                                          Wildfowl (2020) 70: 148–166

Figure 3. Spring migration routes of  adult female American Black Duck PTT-tagged in New Jersey, 
Ohio, Virginia, Delaware and New York, USA during winters 2007/08 and 2008/09. 
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Figure 4. Spring migration routes and inferred nesting locations of  2 adult female American Black 
Duck PTT-tagged in Ohio during winter 2007/08. 
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additional insight. Therefore, inference is 
restricted to PTT-tagged Black Duck and 
the data collected during the two years of  
our study. 

Our PTT-derived data corroborate 
documented spring migration routes (Addy 
1953; Bellrose 1980), stopovers (Bookhout 
et al. 1989; Jorde et al. 1989; Belanger  
& Lehoux 1994) and band recovery 
associations, especially for Black Ducks 
wintering in the Mississippi and South 
Atlantic Flyways migrating to breeding areas 
in western Quebec and Ontario (Zimpfer & 
Conroy 2006; Robinson et al. 2016a). All 14 
Black Duck wintering in Ohio remained in 
the Mississippi Flyway during spring 
migrations, where they were joined by four 
from the South Atlantic Flyway (three from 
western Virginia; one from Delaware). All 
other Black Duck wintering in Delaware or 
on the eastern shore of  Virginia progressed 
into the eastern breeding range. Contrary to 
Addy (1953), western Virginia Black Duck 
displayed no apparent aversion to crossing 
the Chesapeake Bay, as three of  seven did so 
at the onset of  migration. 

Waterfowl migration may span several 
months each year, though migration 
chronology varies by season (Wege & 
Raveling 1983; Petrie & Wilcox 2003), year 
(Wege & Raveling 1983; Murphy-Klassen  
et al. 2005), origin (Haukos et al. 2006) and 
destination (Miller et al. 2005a). We failed  
to detect a difference in the onset of  
migration, with Black Duck from different 
regions, latitudes and longitudes departing 
their wintering areas at approximately the 
same time in both years. 

Given that departure date was a non-
factor in group-wise comparisons, delayed 

arrival at inferred nesting areas among South 
Atlantic Flyway Black Duck was likely a 
result of  the positive relationship between 
total distance of  migration and both the 
number of  and duration of  stay at stopover 
sites. In our study, South Atlantic Flyway 
Black Duck migrated farther, took more 
stopovers, spent a greater amount of  time 
on stopovers and, despite travelling faster, 
arrived several weeks later at inferred 
nesting areas. Their behaviour is consistent 
with the increased energetic demand of  
longer migrations (Arzel et al. 2006;  
Newton 2006), but has the potential to have 
an adverse effect on reproductive success, 
recruitment and survival (Heitmeyer & 
Fredrickson 1981; Krapu 1981; Kaminski  
& Gluesing 1987; Raveling & Heitmeyer 
1989; Alisauskas & Ankney 1992; Rohwer 
1992; Dubovsky & Kaminski 1994; Arnold 
et al. 2002; Devries et al. 2008). Black  
Duck from their southern wintering and 
western breeding ranges have experienced 
disproportionate declines (Rogers & 
Patterson 1984; Petrie 1998; Zimpfer & 
Conroy 2006). Although our study does  
not provide any direct evidence linking 
delayed arrival at inferred nesting areas with 
population declines among South Atlantic 
Flyway Black Duck, the potential for 
causality warrants further consideration. 

To develop habitat conservation goals 
using energetics models, planners must 
estimate the length of  time that migrating 
waterfowl stay at their stopover sites. The 
UMRGLRJV assumed that Black Duck on 
average occupy the region for 45 days during 
spring migration and 90 days over winter, 
giving an estimated total of  135 days in  
the UMRGLR (Soulliere et al. 2007). In  



our study, Mississippi Flyway (i.e. Ohio) 
Black Duck averaged only 7.22 ± 2.0 days  
(range = 0.08–23.2 days) in the UMRGLR 
during spring migration and 157.5 ± 7.5 days  
over winter, giving an estimated total of  
164.7 days in the UMRGLR during spring 
migration and winter combined.  

The UMRGLRJV established its Black 
Duck population goal as a product of  the 
NAWMP goal and the proportion of  Black 
Duck harvested in the UMRGLR (Soulliere 
et al. 2007). The JV population goal was 
multiplied by the estimated duration of  stay 
to determine duck-use days, which in turn 
was multiplied by daily energy requirements 
(kJ/bird/day) to calculate the total energetic 
requirements of  Black Duck, later converted  
to habitat required to meet the JV 
population goal. The habitat requirements 
calculated using our duration of  stay 
estimates for the spring and winter periods 
combined was 58,005 ha (95% CI = 51,488–
64,562 ha) compared to the UMRGLRJV 
estimate of  47,539 ha. This suggests  
the UMRGLRJV underestimated the  
non-breeding habitat objectives for Black 
Duck in the UMRGLR by 10,466 ha, or 
approximately 18%. 

Our data on migration routes, wintering, 
stopover and inferred nesting locations,  
and estimates of  duration of  stay will be 
useful in Black Duck conservation efforts. 
Wintering, spring and autumn stopover, and 
inferred nesting locations identified in our 
study represent important targets for 
population monitoring and conservation 
efforts aimed at Black Duck recovery. In 
addition, our estimates of  duration of   
stay provide valuable information for 
developing energetics models to predict 

habitat goals to support Black Duck during 
the non-breeding period. Thus, we suggest 
that the UMRGLRJV and others consider 
combining satellite telemetry data with 
waterfowl counts (Petrie et al. 2011), food 
availability sampling (Brasher et al. 2007; 
Straub et al. 2012) and band returns when 
recalibrating models and management 
strategies. 
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