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Introduction

The dream of many biologists would be to know as
much as their own molecules do.
			

– Tibika 2013

T

his is the first book on the natural history
of the Gadwall, a pleasant duck among
puddle ducks. In the waterfowl group, the
showy grandeur of the male Wood Duck
is realized by using all the crayons in the box. A
Gadwall’s tasteful, restrained colors serve it just

as well. In our color-saturated world, the gray duck
relieves our eyes from the lavish neon and blends
easily into a misty marsh at dawn. It is now my
favorite duck.
A marsh is a home to which I migrate, where I let
my nucleus enlarge to absorb the ancient ecologies.
A place without pretension, where birth, growth,
and death are repeated a thousand times a day.
A prolongation of well-being, recycling everything,
generating no unused waste. A place of dynamic
ingredients and fashionable hues – 50 shades of
green; 50 shades of brown. A place where water,
plants, animals, and bacteria make everything work
at once.
“Every life remains open to its own accidents
and its own purpose. Geography may exercise a
cultural influence on how people envisage nature.
This influence is a visual one, and since until very
recently nature constituted the largest part of what
men saw, one can further propose that a certain
geography encourages a certain relation to the
visible” (Berger 1991).
The Gadwall, like us, is totally dependent on
freshwater in its liquid form. It floats on water,
drinks, and copulates on its surface, nests near it,
and feeds on aquatic plants and invertebrates. A
Gadwall is part of the definition of a prairie marsh.
Old-fashioned ideas of prey (ducks, songbirds) and
predators (crows, skunks, snakes, mink) should
be retired. Plants and animals interact through an
ecological puzzle, each adding to the long picture
by living their lives to the fullest. There are no good

Gadwall Female (left), male (right),
22 November 2016, Toronto, Ontario
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or bad events in a marsh, only our self-imposed
morality onto communities of cells that know nothing
of our likes and dislikes, or economic structures.
Predators are a figment of our imaginative
culture, which traditionally condemns certain
animals, usually birds and mammals, because of
what they eat. A Raccoon gets hungry and dines
on eggs of a Gadwall. That makes it a Raccoon,
not a predator. Let us not forget the mammal Homo
sapiens is the planet’s greatest predator of plants
and animals. Today, our numbers are so vast and
consuming, we are now altering air, soil, plant and
water biospheres. We have not yet begun to think
and act globally, with other species in mind.
With the continuous disappearance of wetlands
in this era of climate change and human-induced
extinction, habitats on a continental scale are
being reshaped. Each day thousands of hectares
are changed globally as more people build and
alter their habitat with little thought to wildlife that
actually lives there – plants, insects, mammals,
fish, bacteria, spiders, etc. Most people don’t think
in ecological terms. We only want our personal
comforts, and as long as they are provided and we
can pay for them, the world remains a wonderful
place to live. In this century, humans could well
have to deal with a lack of water, food and security.
Waterbirds may resurface in future conversations
as the human population undergoes its inevitable
decline in our unsustainable world. How far nature
will or can rebound is uncertain in 2019.
Nature is a series of changing moments along a
sliding scale. A scientific measurement in a journal
is usually an estimate at best. Precise counts are
rare. Therefore, in this book, I often round large
numbers and make a whole number from those that
included an unnecessarily precise measurement.
Also, some results are similar, others conflicting.
In the field no two investigations are ever held
under similar conditions or in the same place.
Consequently, identical results are rare. Nature is
always changing; always on the move.
This book is a compilation of hundreds of
articles from journals. There is no research added
from my side. Photographs of Gadwalls were taken
over two years, fall and spring at the mouth of the
Humber River in Toronto, Ontario.
Whenever I browse through a calendar on birds,
the caption below the monthly photo always tells
me the name of the bird. The plant, on which the
bird is perched, is never mentioned, not even as a
deciduous or coniferous tree, wildflower or grass, to
draw our attention to it. Some birders probably think
plants only serve to get in the way of their seeing
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a bird. Few birders, I would guess, know as many
vascular plants by name as they have names of birds
in their personal list. To compensate for this lack
of botanical erudition among birders, I have often
mentioned plants, to begin the difficult process of
crafting birders into ecologists.
At the start of each section is a small image of
water, often with a reflection of plants, as a reminder
of how the world functions. A Gadwall's tibiotarsus
underlines each chapter's heading. ▄▀

Fringed Sedge, Carex crinita, has 2–6
female drooping spikelets (shown), each
up to 10 cm long. It grows in large clumps
up to a meter tall in wet areas
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Taxonomy

T

he Gadwall was first described by the
Swedish botanist Carolus Linnaeus in
1758. The naturalist John Ray (right) was
the first to attach the name Gadwall to this
duck. The name has been in use since 1666. Past
scientific names for the Gadwall are Chaulelasmus
streperus or Anas strepera. The International
Ornithological Congress (IOC) World Bird Names,
and BirdLife International (2004) label the Gadwall,
Mareca strepera, the name I use in this book. Gray
Duck is often used by hunters. ▄▀
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John Ray 1627–1705, is widely regarded
as one of the earliest English parsonnaturalists. He published about 20 works
on botany, zoology, and natural theology.
His classification of plants in his Historia
Plantarum, was an important step leading
to modern taxonomy. He was the first to
give a biological definition of a species in
his 1686 History of Plants, and the first
to use the name Gadwall. Painting in the
National Portrait Gallery 563, London, UK.
Artist unknown (Wikipedia)
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Anatomy

A

t the Delta Waterfowl Research Station
in Manitoba, 5-week-old Gadwall
ducklings were released into the wild on
20 August 1969. In mid-September, one
of the young had a broken humerus bone in its left
wing. (next page) It was placed in a flight pen and
by 16 November it could fly (Batt 1971).
My photographs depict some of the skeletal
bones and measurements of a juvenile female
Gadwall shot November 1949 in Ontario. The
loose skeleton (76587) resides at the Royal Ontario
Museum in Toronto. Two Gadwall skeletons, one
female and one male averaged 39 (36–41) grams
which is 4% of a 900 gram Gadwall (pers comm.
Mark Peck, March 2017).
Eyes of Gadwalls –
Average eye transverse diameter 14 mm
Average corneal diameter 8 mm
Eye axial diameter 12.5 mm
In all species of ducks, the peak cell densities in
the retina were found within the visual streak in the
central part close to the superior pole of the pecten.
Gadwall have a peak cell density of about 21,600.
Waterfowl employ 4 foraging modes – grazing,
dabbling, diving, and pursuit diving. Overall, there
are differences in eye shape among the 4 foraging
modes, but retinal topography was similar among
the species investigated (Lisney et al 2013). ▄▀
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Gadwall Upper bill and top of skull. Length
9.3 cm, width 2.3 cm, depth 2.7 cm
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Gadwall juvenile recovered flight after its broken left humerus healed in 7
weeks. The healed top humerus with a bend is about 1 cm shorter than the
lower normal 8.8 cm long humerus (Batt 1971)

Gadwall Skull 9.3 cm, width 2.3 cm, depth 2.7 cm; nasal
opening 1 cm long. Humerus 8.6 cm long by 5 mm wide,
large end 1.8 cm wide
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Gadwall Pectoral Girdle 8.3 cm long by 3.9 cm wide by
4 cm deep. Humerus 8.6 cm long by 5 mm wide, large
end 1.8 cm wide

Gadwall Pelvic Girdle 7.7 cm long by 5.3 cm wide by 1.5
cm deep. Humerus 8.6 cm long by 5 mm wide, large end
1.8 cm wide
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Gadwall Sclerotic (eye) rings, 11 mm
outside diameter, about 2 mm wide.
It supports the large eye of a bird

Gadwall Upper bill and skull 9.2 cm long, the skull 2.3
cm wide. Bill width mid-way 1.6 cm. Eye socket 2 cm long,
nasal opening 10 mm long by 4.5 mm wide
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Gadwall hen shot while flying in the fall of
1956 in Saskatchewan. Tarsus missing on
left leg and most of the toes and webs gone
on the right foot. A worn patch on the breast
may be from rubbing on the ground while
trying to walk (Leitch, McCabe 1957)

Ulna

Radius
Humerus
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Gadwall shot in Brazoria
County, Texas, on 9
November 1958. Its flight
appeared normal as it
approached decoys.
Lead shot that broke
the wing can be seen
embedded in the bone
(arrow). The break and
the large bridge growth
of bone indicate the
bird may have been
wounded several months
earlier. The recovery is
remarkable (Dillon 1961)

To m

Reaume

Ra n g e

Gadwall

traveling through south-western Saskatchewan,
Arthur C Bent, an American ornithologist, “ The
disappearance of birds is not due to persecution, as
they are seldom killed, and their eggs are not often
taken for food, but the prairies are being cultivated,
the sloughs are being drained and the whole country
is being settled so rapidly that they will soon have
no suitable breeding grounds left.
A field survey from 29 May into early August,
1905 and 1906, followed the Canadian Pacific
Railway line. Several lakes were visited. “Gadwall
were abundant everywhere, the commonest of the
ducks. We found in all 29 nests from June 10 to 17
in 1905 and from June 18 and 23 in 1906. Most of
these nests were on islands in the lakes, but some of
them were on meadows or prairies which we found by
flushing the birds as we drove along. Downy young
were taken on August 3, 1906. ” (Bent 1907).

Range

Westward Breeding Expansion

T

he North American population of
Gadwalls is estimated to be 3–4 million
birds. In North-west and north-east
Europe / Black Sea & Mediterranean,
Western Siberia / SW Asia & NE Africa,
the population is about 350 thousand mature
individuals (Wetlands International 2017) . Gadwalls
have increased dramatically over the last 40 years
in North America. The European population is also
increasing. Globally, it is listed as a species of
Least Concern (LC) (BirdLife International 2004).
Gadwalls colonized the North American continent
from Eurasia (Peters et al 2008).
In the first decade of the 1900s, while

Early field workers usually found breeding Gadwalls
east of the Cascades, a mountain range from
southern British Columbia to northern California.
By the mid-1960s reports of Gadwalls nesting west
of these Cascades began to appear. Ten years
later, Gadwalls were a fairly common resident in
Seattle, Washington. Soon, a few Gadwall nests
were reported from Seattle or nearby Everett each
year. Gadwalls nested in four counties of western
Washington from 1978–1982. Reports of 7 nests and
23 broods; then 13 nests and 19 broods of Gadwalls
were celebrated. As well, some were nesting in
the Vancouver, British Columbia neighborhood.
This breeding pocket is about 1,400 km west of
the Gadwall’s extensive breeding grounds on the
northern prairies (Canning, Herman 1983). In the
Southern Lakes Loop of the Yukon, along the BC
border, Gadwalls were rare and localized (Southern
Lakes Wildlife Coordinating Committee 2012).

Eastward Breeding Expansion

Common Blue Violet, 16 May 2016, London
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Early reports, many from National Wildlife Refuges
(NWR) or Wildlife Management Areas (WMA), of
Gadwalls nesting along the Atlantic Coast were
based on ducklings observed in North Carolina
(Grey 1940), and Delaware in the 1930s (Griffith
1946). At Pea Island Refuge, North Carolina, at
least 60 young Gadwalls were produced in 1945. By
the 1960s, nesting stretched from South Carolina
to Long Island. Most reports from the 350 kmlong Maryland to Virginia corridor centered about
Chesapeake Bay (Henny, Holgersen 1974). Many
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ducks occupied freshwater impoundments, which
started to be built around 1935. By 1970, some
4,800 freshwater hectares existed and supported
aquatic plants such as Widgeon Grass, Ruppia
maritima, and the pondweeds, Potamogeton
species, important foods for herbivorous Gadwalls.
Jones Beach along the south-western edge of
Long Island, New York, was favored by a couple of
Gadwalls in August 1946. On 29 December 1946,
several Gadwalls wintered in central Long Island
at Dean’s Sanctuary. In July of 1947, 55 young
ducklings swam at Jones Beach, a first for the state.
(Sedwitz et al 1948).
In the early 1950s, Gadwalls paddled at the
Jones Beach area year-round and nested in the
summer. The highest count of 290 young Gadwalls
was in 1950. More federal wildlife refuges in the
area attracted new breeders. In the 1930s, Tobay
Pond became a bird sanctuary. Its water level was
stabilized which wrote a new botanical chapter.
Small patches of brush attracted nesting hens. In
July, 1954, 60 adult Gadwalls were on Tobay Pond.
Gadwalls nested in salt marshes at the Bombay
Hook National Wildlife Refuge, Delaware. Thirty
mated pairs and 8 broods totaling 40 young were
counted in 1942 (Griffith 1946). In Maryland, nests
and broods turned up in 1948 (Springer, Stewart
1950). At Egg Island WMA in New Jersey, 63 pairs
of Gadwall filled 1959 (Parnell, Quay 1962). In the
1930s there was a verbal history of Gadwalls from
western Pennsylvania. Center County at the State
College finally had records published in the early
1940s (Holzman, Curry 1942).
To establish breeding populations of Gadwalls
in the east, September 1957 was chosen for the
release of two dozen grown young from Delta,
Manitoba at a NWR in Massachusetts. In the early
1960s a few broods were seen. Another 52 Gadwalls
were released in 1965 (Borden, Hochbaum 1966).
Additional transplants ensued in some eastern
states at NWRs. These, however, did not generate
an increase in local populations of Gadwalls.
Hunting can reveal range expansions. A
locally rare Gadwall was shot 14 October 1904, in
Glastonbury, Connecticut (Morris 1905). Hunters
took 4 Gadwalls from a flock of 6 in October 1909
at salt marshes near Lawrence, Long Island. In the
same locale, 11 Gadwalls were shot, equal to the
number shot by the same hunter over the previous
18 years. Lawrence is well east of the usual range
of Gadwalls in western Lake Erie. In those marshes,
records of a shooting club for 21 years up to 1908,
showed one Gadwall per 200 ducks was killed
(Herrick 1910).
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Gadwall nesting expansions reported
from the late 1930s into the early 1970s in
eastern North America from 30 WMAs and
NWRs  which are named in the original
paper (Bellrose, Sieh 1960)
Hunting in the eastern states confirmed
increases in Gadwalls. In 1962–63 in the northern
states of the Atlantic Flyway, 1,250 Gadwalls were
taken. By 1969–70 about 13,900 were harvested.
With such large numbers shot, it was clear many
Gadwalls nested successfully in areas outside
NWRs and WMAs. Banded birds from Manitoba
rarely showed up in harvests of the eastern States,
indicating these Gadwalls were locally produced
(Henny, Holgersen 1974).
Much further north, in the Cape Churchill (Lat.
58º) area of Manitoba, two records of Gadwalls had
their earliest arrival on 8 June 1968 (Cooke et al
1975). (Range Map next page). ▄▀
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Breeding
Year-round
Wintering
Gadwalls’ three annual ranges in North
America. Gadwalls have expanded their
breeding ranges east, north and west of their
main nesting habitat on the mid-continental
flatlands and potholes. Breeding populations in eastern Canada and north-eastern
USA are in small geographic pockets. Map
from The Birds of North America online
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(LeSchack et al 1997). Breeding Gadwalls ●
have been reported near Yellowknife, NWT
(Fournier et al 1992). Wintering Gadwalls ●
occurred at Quatsino Sound in north-western
Vancouver Island, British Columbia (Vermeer, Vermeer 1975). Earliest spring arrival
● at Cape Churchill, Manitoba on 8 June
1968 (Cooke et al 1975)
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described as being filled with migrating birds, with
tales of incredible journeys, physiological feats of
endurance, and homing abilities that rival our best
Global Positioning System devices.” (Zink 2011).

Mortality at Towers
Waterfowl mortality at communication towers in
central and eastern North America is slight – 15
species at less than 1% annually. Near Horicon
Marsh National Refuge in Wisconsin, bird deaths
at 29 of 86 wind turbines during migrations were
few. A Mallard, was collected in the spring of 2010
(Grodsky et al 2013).

Migration

Spring

A

n innate program, using the geomagnetic
field and celestial rotation as directional
references, enables young birds to reach
their still unknown winter quarters on their
first migration flight (Wiltschko, Wiltschko 2009).
“It is difficult to think of a superlative concerning
avian migration that has not already been
expressed multiple times. Indeed, skies have been

Hens may return to breeding areas in sequential
years especially if successful nesters. Gadwall
males, marked on the breeding grounds also return,
but in fewer numbers. The Central Flyway is their
multi-lane avenue of choice.
Thousands of Gadwalls overwinter in the
marshes of coastal Louisiana. Their numbers along
the Gulf Coast begin decreasing in late February.
The greatest drop occurs in March and most birds
have headed north by early April.
Over two springs, 33 radio-tagged hens, mostly
older birds, favored three stopover locations on their
northward migration – South Dakota 76%, North
Dakota 64%, and Saskatchewan 48%. Juvenile

Arthur Cleveland Bent (1866–1954) was an
American ornithologist. His 21-volume, Life Histories of North American Birds, was published
between 1919–1968. Bent was brought up in
Massachusetts, where, as a child, he became
interested in birds. Successful in business, he
traveled throughout North America, acquiring
an extensive knowledge of its avifauna. Following a request from the Smithsonian Institution in 1910, Arthur started work on the project
that would dominate the rest of his life. He put
together the most comprehensive repository of
knowledge about the biology of birds in North
America. In 1940 Bent was awarded the John
Burroughs Medal for distinguished nature writing. He was awarded the Daniel Giraud Elliot
Medal from the National Academy of Sciences
in 1949. (Wikipedia)
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females spend more days migrating northward,
traveled further north, used more stopovers, and
arrived later at their inferred breeding locations than
did older females. Tracking older female Gadwalls
during their 46-day migration over 2,400 km, they
flew an average of 450 km between their 4 typical
stopovers, each of which lasted about 10 days (Gray
2010). Map of spring migration next page.
Small flocks of paired Gadwalls began to arrive
in North Dakota at the end of March into early
April. Sex ratios were about equal and remained
so through the peak of migration in April. Numbers
declined in early May, and the sex ratio favored
males as many pairs continued north (Dwyer 1974).
Near London, Ontario where I live, Gadwalls
move through in late March into April (Pete Read
per. comm 2018).

150º
Km

Autumn
At Delta Marsh, Manitoba, towards the end of
August and into early September, flocks of Gadwall
increased in numbers. They fed offshore in clusters
of fruit-bearing pondweed (Potamogeton, now
Stuckenia). By mid-September Gadwalls were
leaving the marsh (Oring 1966). Nearly all Gadwalls
leave Delta by mid-October. A few remain until the
marsh freezes (Hochbaum 1944).
On 19 October, about 2,000 Gadwalls were at
the Montezuma National Wildlife Refuge (west of
Syracuse) in the Finger Lakes area of New York
state. This was the highest number reported in the
state on this date (Spofford 1969).
In the United States, puddle ducks stop at
autumnal wetlands to feed, rest and socialize. How
long these stopovers last depends on weather, water
levels, and available food. Weather surveillance
radar was used to identify ducks leaving a complex
of wetlands in the Illinois River Valley. The stopover
time of 28 (11–48) days, matched the amount of
quality food available for them each year. This hightech estimate was similar to the historical estimate
of 28 days. The total number of ducks leaving each
year was 136,000 (O’Neal et al 2012).
Ducks heading south from the Illinois River
Valley did not follow the valley, as expected.
Dabblers, including Gadwalls, had one departure
per night and flew in a SSE (150º) direction at 500
meters height away from the valley. For 8 autumns,
average departure time was within an hour after
sunset (O’Neal et al 2015). (map this page)
O ccasionally a Grand Passage of waterfowl
takes place. An estimated half-million ducks,
probably from central Saskatchewan, arrived in

21

Weather Radar showed a gray cloud of an
estimated 20,000 ducks (mostly puddle)
migrating at 11:40 PM on 8 November 2008
from the Illinois River Valley along a departure track of 150º SSE (O’Neal et al 2015)
Louisiana on the night of 24 October, and during
the day and night of 25 October, 1957. Some were
Gadwalls.
The average speed of all migrating ducks was 75
kph. Their flying height varied from 150–850 meters,
the lowest in the evening at sunset. Favorable winds
from the north-west escorted migratory flights. A
drop in temperature and change in air pressure
accompanied the migration. Skies were generally
cloudy over in a wide area (Bellrose, Sieh 1960).
Another Grand Passage of waterfowl along
the Mississippi Flyway in late October and early
November 1955, was brought on by weather across
the Canadian prairies. Gadwall populations in
Louisiana, jumped from 15,000 on 31 October to
225,000 by 4 November 1955 (Bellrose 1957).
Near London, Ontario Gadwalls move through
in late September and in October. Overall, numbers
are low (Pete Read per. comm 2018). ▄▀
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Gadwalls' migration pattern north in the spring along the Mississippi & Central Flyways. 25
radio-tagged hens had the most stopovers (●) in the Dakotas and southern Saskatchewan.
Most nesting probably took place in the Prairie Pothole Region (Gray 2010)
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Molt, Plumage

M

olt is “the normal shedding of feathers
and the replacement of most or all of
them by a new generation of feathers.
Plumage is a single generation of
feathers. The number of plumages is equal to
the number of molts in a given cycle.” Molts are
named for the incoming generation of feathers. For
example, a pre-alternate molt leads to an alternate
plumage (Humphrey, Parkes 1959).
Molting renders ducks flightless for several
weeks. They often socialize in the same molting
area each year, an area with familiar food and cover.
The molting period for Gadwalls extends from early
July into late September. The female molt begins
somewhat later and lasts longer (Ringelman 1990).
At Delta Marsh, in southern Manitoba, flocks
of Gadwall males ready to molt gather in mid-June.
Unlike males, the hens are not gregarious during
wing molt. They scatter about a marsh hiding in
emergent cover. Flight feathers are not shed until
the hen is finished raising her brood (Hochbaum
1944).
The basis of the Humphrey-Parkes system of
molt nomenclature reflects the natural relationship
between molts and plumages (Watson 1963). An
overview of the molting process will suffice for most
readers, “Most true ducks [Gadwalls] replace body
feathers twice per annual cycle and flight feathers
once annually, while whistling ducks, geese and
swans replace body and flight feathers only once
per annual cycle. Male ducks replace their colorful
alternate (breeding) plumage body feathers with
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duller-colored feathers (basic or “eclipse” plumage)
shortly after breeding in midsummer, and they
remain in this plumage until autumn when they reacquire their colorful alternate plumage. It is during
the basic molt that males will replace flight feathers.
The newly acquired drab body coloration helps to
avoid predators. Female Anatinae members undergo
a discontinuous basic molt. They typically begin this
process by replacing head feathers, most other body
feathers, and developing longer and fluffier down
feathers prior to nesting. Molting is halted during
the nesting period. Once nesting is complete, the
molting process is resumed, and flight feathers are
replaced.” (Wilkerson 2016).
The molting system described for ducks
depends on which system you follow – HumphreyParkes from 1959, or Peter Pyle in 2005. These
two authors reverse their descriptions of Basic and
Alternate Plumages and differ on what to name a
molt that introduces the new plumage of a duck.
I prefer Humphrey-Parkes. Accordingly, over the
course of a Gadwall's year, two plumages develop –
The Basic Plumage is the ephemeral, incomplete,
brownish, dull feathers (eclipse) displayed by males
after the nesting season.
The Alternate Plumage is the obvious, colorful
breeding feathers developed by male Gadwalls in
fall and winter when courtship is underway.
Plumage (about 10% of a bird’s weight)
replacement takes energy. The sequence of body
molt in both geese and ducks generally proceeds
front to rear. Typically, tertials and rectrices (tail
feathers) are the last feathers replaced during the
first prebasic (post-juvenile) molt, often in winter or
early spring, following replacement of body feathers.

Female Adults
Delays in molting do happen. In October of 1962, 18
flightless female Gadwalls swam on the 30,000 ha
Rockefeller Wildlife Refuge, Louisiana bordering
the Gulf of Mexico. Two adults in their post-nuptial
molt were captured. Their growing primaries were in
the blood quill stage. Then, on 26 October, from 32
flightless Gadwall, all adult females, 7 were captured
and kept until they regained flight. Five were able
to fly by 6 November. Two were flightless until 15
November. These hens probably had late broods,
then migrated to the wintering grounds before
molting their primary feathers (Chabreck 1966).
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General Pattern
Lewis Oring (1968) provides a 25-page illustrated
paper in The Auk on molts and plumages of
Gadwalls. His terminology follows the HumphreyParkes system. He studied 185 captive ducks of
known age (1 day to 27 months) and 98 wild adults.

Eggs
Fresh eggs in incubators at the Delta Waterfowl
Research Station were kept at 37 ºC, then at 38 ºC
as eggs began hatching in 24 days (average).

Embryos
Days 9 &10 – Nictitating membrane visible. Tarsus
3 mm long. Upper and under tail covert papillae well
developed
Day 13 – All feather tracts apparent. Body filaments
were 2–15 mm long, rectrices about 6 mm, and
secondaries 2–3 mm long. Tarsus 7 mm long with
scales evident
Day 21 – Tarsus 18 mm long
Day 24 – Hatching day. Tarsus 2 cm long. Freshly
hatched Gadwall ducklings are wet, with down still
enclosed in sheaths that fall off as they dry. Within
12 hours a duckling is fluffy. The sharply pointed
egg tooth falls off during the first day outside the
egg. As ducklings have to walk and swim hours after

hatching, their legs, feet and ventral body feathers
are well developed. Wing feathers are the last to
grow.

Juvenile Gadwall’s Feather Growth
Week 1 – Natal down is not yet badly worn. Gray
feather bases are visible.
Day 8 – Natal tail feathers have been pushed out a
few millimeters by incoming juvenile quills
Day 14 – Juvenile plumage is now easily noticeable
Day 17 – Sheathed tertials are finally visible
Day 21 – Feathers are growing over the whole body
and flight feathers (remiges) are visible
Day 28 – Oil gland tufts are fully grown
Day 35 – Body and tail feathers clear; wing growth
surges
Day 42 – Juvenile tail, scapulars, and side feathers
are completely grown
Days 50–56 – Primaries, secondaries and tertials
are fully grown. Most birds raised in captivity were
able to fly when at least 5 primary quills were clear.
Better yet, several Gadwalls reared in a flight pen
could fly in 48 days.

Juvenile Plumage (JP)
Once completed, the Juvenile Plumage is the first
covering of true feathers for a duck. Adults are
white below; juveniles darker below. Dark-bellied

The Humphrey–Parkes System (1959) of Molting
Plumage Name		

Molt Replacing the Plumage 		

Extent of Molt

Natal down			Prejuvenile molt				Complete
Juvenile plumage		Prebasic 1 molt				Partial
Basic 1 plumage 		
Prealternate 1 molt				
Partial
Alternate 1 plumage		
2nd prebasic molt				
Complete
Basic 2 plumage		
Prealternate 2 molt				
Partial
Alternate 2 plumage		
Prebasic 3 molt				
Complete
Basic 3 plumage		
Prealternate 3 molt				
Partial
Alternate 3 plumage								Partial

*

* A complete molt includes the remiges (primary flight feathers). Partial molts do not.
In the H-P system, starting with a new duckling in natal down, its prejuvenile molt leads to the
juvenile plumage. Its prebasic 1 molt leads to the basic 1 plumage, a short-lived, dull, summer
eclipse plumage, followed by its first prealternate molt which leads to the duck’s alternate 1
plumage (breeding plumage acquired in fall and winter) Hawkins 2011
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30
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25
20
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15

		 Juvenile tail feathers (rectrices)
are replaced from September into
early February in males, and from
late October to January in female
Gadwalls. A duck requires 12–15
weeks for renewal of its tail feathers
and 30 days for its long tertials. From
55 Gadwalls whose tail feathers were
counted repeatedly for more than a
year, 86% had 16 (15–19).

Alternate 1 Plumage
(breeding)

10

In females the Alternate 1 plumage
is similar to the Alternate 2 plumage.
Because the first Prealternate Molt
is a partial one, juvenile lower back,
5
upper rump, and wing feathers
are worn along with an Alternate 1
plumage. Juvenile tertials and tertial
coverts remain until about the start of
0
5
10
15
20
25
the Prebasic 2 Molt of body feathers.
They are then replaced by Alternate
A G E I N D AYS
1 tertials with more rounded tips and
extensive buff edges. Feathers grown
Gadwall embryos gain most of their weight in the
from August to May are Alternate.
last 10 days prior to hatching at 30 grams. Eggs
Only male Gadwalls, with more
hatch in 23–26 days (Oring 1968)
than 75% of their breeding plumage,
courted or were already paired. Adult
male Gadwalls complete their Prejuveniles vary – some are streaked, others spotted,
alternate
Molt
about
one month before young males.
some double spotted. A few juveniles are almost
The
Pre-alternate
Molt of females in fall was
white below with only a few spots (Oring 1968) .
much heavier than males and primarily involved
the lower breast, belly, rump, and back. Immature
Basic 1 Plumage
females appeared to molt at a rate similar to adult
females in fall (Paulus 1984a).
A Gadwall’s juvenile plumage is partially replaced
		
during the Prebasic 1 Molt which develops into the
BILL Adult Female – Dusky with dull orange
Basic 1 Plumage. The molt becomes visible around
sides
before and during early stages of incubation.
65–80 days after hatching.
Bill
spotting
and brightness of orange increases
The bill of a juvenile male is gray with yellowish
slowly
in
late
stages
of incubation to hatching.
edges. Bills of juvenile females in summer may or
BILL
Adult
Male
– A dark slate gray, some with
may not have a few brown spots.
orange or pale yellow sides.

Prealternate 1 Molt

Juvenile feathers are shed in the Prealternate 1 Molt
which leads to the Alternate 1 (breeding) Plumage.
Most feathers are renewed by the end of November
(about 150 days), but some hens continue to shed
juvenile feathers into early January. Head and neck
feathers, rectrices, and tertials are the last to be
molted in spring.
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Nonbreeding captive male Gadwalls, not in courtship
activity, are among the first birds to molt in early
summer into their Basic, brownish plumage. Drakes
that enter into courtship activities, but do not breed,
(often yearlings) molt very late (Oring 1968).
At Delta Marsh, Manitoba, by the 5 th of August,
about half of wild adult males were flightless, but no
flightless females were noted (Oring 1966).
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Gadwall ducklings weigh about
30 grams at hatching. Darker
one (top) is from the Valentine
National Wildlife Refuge in
Nebraska. Lower bird is from
Delta, Manitoba (Nelson 1993)

Molting primary flight feathers causes weight
loss among waterfowl. Flightless female Gadwalls
lost an average of 10% of normal body weight,
while males dropped about 4%. Hens are lighter
when molting late, indicative of successful nesting.
However, both sexes regain weight near the end
of their flightless period. Changes in muscle mass
may explain the decrease and then recovery of
body weight. As we learn more about habitats where
waterfowl choose to molt, we should manage those
habitats (Gehrold, Köhler 2013).

Molting Behavior

Gray's Sedge,
Carex grayi
with 15 mm
long inflated
perigynia in
spikes that
are close to
spherical,
with perigynia
radiating
equally in all
directions.
Brownish male
spike above

At the Camas National Wildlife Refuge in southeastern Idaho, Lewis Oring 1964 –
“When danger was extremely close, the flightless
birds dived. In an instant, a flock of about 200
ducks disappeared. When they surfaced, they were
no longer in a close-knit flock but scattered in all
directions. Dives of this type averaged about 30
seconds and were performed by American Widgeons
and Gadwalls, as well as by true diving ducks. These
birds surfaced slowly; often only the bill and upper
half of the head came out of the water. Then, without
making a splash, they completely submerged. This
was repeated as they moved farther away. Thus,
silently, an entire flock disappeared, so that I soon
could not find a single bird.” ▄▀
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Gadwall juvenile (immature)
skins with spotted breasts and
notched tips of tail feathers.
The birds are about 47 cm long
depending on neck and head
attitude. Body width is 12–13
cm across the middle. Dark
spots on the breasts are 3–4
mm wide by 4–5 mm long. Both
birds were collected in the fall
and winter (1930s) from British
Columbia.
From a straight line along
the lower edge, (tip to back)
the bills average 4.9 cm long
by about 1.5 cm wide, midway.
Lamellae extend along the
edge of the upper bill for about
4 cm and are longest (2 mm)
in the middle. Here the lamella
are about 1 mm apart. Lamellae
extend along the lower bill for
about 2.5 cm and are much
shorter. All photographs are
Gadwalls from the collection
at the Royal Ontario Museum
(ROM) in Toronto, Canada
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Common Yellowthroat male 13 cm long. They nest in
the low parts of vegetation in a marsh, laying 3–5 eggs
in a cup-shaped nest. Both parents feed the young.
Photo by Dan Pancamo. (Wikipedia)

Gadwall adult hen with no spots on its belly
and 16 gray, pointed tail feathers. Body 13
cm wide. Bill 4.8 cm long by 1.7 cm wide.
Collection – the Royal Ontario Museum,
Toronto
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Gadwall juvenile (immature) in September with
a notch at the tip of each tail feather. The shaft
(rachis) sometimes extends into the notch

Gadwall adult female with 15 tail
feathers, all evenly pointed with light tan
margins

Gadwall adult male tail feathers (16). The black rump feathers are distinctive
for the male. The middle tail feather (arrow) is 2 cm wide and pointed
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Wintering

At

1)
2)
3)

the Rockefeller State Wildlife Refuge
in south-western Louisiana, most
impoundments created in the late
1950s held marshes of 3 salinities –

Freshwater (salinity less than 0.5%)
Oligohaline (salinity 0.5–5%)
Mesohaline (salinity 5–18%).

Number of Gadwalls

Oligohaline ponds held the highest number of
Gadwall, Pied-billed Grebe, Mottled Duck, Great
Blue Heron, Snowy Egret, & Great Egret. Water
depth and oxygen levels influenced aquatic plants
and invertebrates (Bolduc, Afton 2004).

Louisiana [state flower, Magnolia] holds 95%
of the coastal marshes in the Mississippi Flyway.
Hurricane Ike hit on 14 September 2008, about
a month before Gadwalls began arriving on the
coast. The tidal surges inundated marshes with salt
water, causing many aquatic plants to die. Gadwalls
changed where and how often they fed.
Gadwalls were captured with rocket nets and
female Gadwalls weighing over 700 grams were
fitted with transmitters. Each winter intermediate
marsh and freshwater marsh were used most often
by Gadwalls. They spend more time foraging than
Mallards and pintails, possibly because they feed on
plants with low nutrient levels (Gray 2010).
Wintering Gadwalls select scrub swamps. The
Lower Mississippi Valley Joint Venture established
population goals by assuming food availability was
the limiting factor for wintering waterfowl. About
300 calories were needed per Gadwall for one day.
The waterfowl wintering period was about 110 days.
Habitat diversity provides ducks with food and cover
(Wilkerson 2016).
Gadwalls are common migrants and winter
residents (100–800) in the bays on Lake Powell, and
at sewage treatment ponds in Utah and Arizona.
Gadwalls have been recorded on all 12 CBCs in t he
area (Spence et al 2011).
Along the west coast of Vancouver Island,
BC, 20 Gadwalls were at Quatsino Sound, 14–16
February, 1973 (Vermeer, Vermeer 1975).
In
Toronto,
Canada,
the
overwintering
populations of Gadwalls have been steadily
increasing since the 1960s (Graph below).
In southern France, overwintering migratory
Gadwalls are vigilant, even when sleeping. Their

1500
1000
500
1957

1967		1977

1987

1997

2007

Years by Decades
Gadwall wintering populations have increased steadily in the Toronto, Ontario
area (Bronte Harbor to Whitby Harbor) along the north shore of Lake Ontario.
Mid-winter waterfowl survey results from the Toronto Ornithological Club's online journal Toronto Birds, February, 2008, p 25
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Gadwalls In 1964 they began arriving in early October, and by 26 October 8,000 were present in Louisiana (Chabreck 1966). Paths are of 4
radio-tagged hens, wintering in the coastal marshes of Louisiana, during
spring migration through the United States to their nesting marshes in
southern Saskatchewan and central Montana (Brasher et al 2007a)

peeks averaged about 32 per minute for both sexes.
Increased vigilance at mid-winter may monitor
predators and sexual partners (Gauthier-Clerc et al
2000).
Near Sinton, Texas, wintering Gadwalls ate
aquatic vegetation in a water depth of about one
meter (White, James 1978). Along the autumnal
coast of Texas [state flower, Bluebonnet], migrating
Peregrine Falcons interact with a dictionary of birds.
Gadwalls were absent in the kills (Hunt et al 1975).
W hen frost returns to the Canadian prairies in
September, Gadwalls begin to move south to winter
mainly in Louisiana and Texas. Several agencies
initiated a cooperative effort in 2006–2007 to learn
more about habitat use, movements, and survival of
wintering female Gadwalls along these Gulf Coasts
where about 75% of the population is found.
Hens were captured and fitted with 22-gram
backpack
satellite
transmitters.
Long-range
movements by hens over winter were infrequent.
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The average date of departure of 7 hens was 18
April 2007. Only 1 female made a non-stop flight.
Three days later she was 16 km north-west of Devils
Lake, ND. She flew 2,000 km in less than 72 hours
(average 30 km per hour). Three other hens were
located in Saskatchewan and 1 in central Montana
(Map above) (Brasher et al 2007a).

Plants
Because Gadwalls are mainly herbivorous, the
botanical aspects of their habitat must be studied.
Seed biomass was investigated in Arkansas and
Mississippi. Soil core samples showed the average
biomass of beneficial seeds, from 63 species, was
265 kg per hectare. On actively managed sites, the
3 most counted species by dry mass –
1)
2)

Salsify, Tragopogon porrifolius 76%
Cocklebur, Xanthium strumarium 74%
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American Coot, 40 cm long, pauses at
its nest where it lays about 10 eggs. July
2014, photograph by Atsme (Wikipedia). In
spring when the remains of aquatic plants
are well below the surface, Gadwalls and
American Widgeon steal plants brought to
the surface by diving coots. Opportunities
to steal food makes ducks tenacious in their
piracy attempts. It may be too costly for coots
to defend their food from several attending
pirates (Ryan 1981)

3) Barnyard Grass, Echinochloa crus-galli 32%
If only seeds beneficial to waterfowl are included,
the carrying capacity of a wetland in winter may be
lower than thought. Furthermore, managers may be
unable to greatly alter useful species richness or
community composition (Olmstead et al 2013).
Construction of flood-prevention lakes in
north-central Texas produced new habitat used by
thousands of migrating and wintering waterfowl.
Lakes ranged from 2–27 ha with an average depth
of 1.5 meters. Aquatic plants attractive to waterfowl –
Muskgrass, Chara species 71% of 55 lakes
Southern Naiad, Najas guadalupensis 20%
Fenelleaf Pondweed, Potamogeton pectinatus 5%

A) Common floating-leaved plants –
Longleaf Pondweed, Potamogeton nodosus
				
55% of lakes
Creeping Waterprimrose, Ludwigia peploides 40%

composition of aquatic plants.

Management Practices –
1) Fence selected areas around lakes to exclude
cattle
2) Seed with annual grasses all disturbed areas
around lakes to reduce erosion
3) Plan and construct lakes with aquatic plants and
waterfowl habitat in mind
Two small lakes less than 7 ha in size ranked 4 th
and 5 th in total duck numbers. Both lakes had
large areas of aquatic vegetation. Aerial counts
from August 1976 to April 1977, recorded 43,000
waterfowl of 18 species. Puddle ducks made up 77%
of this total. Gadwall (14%) and American Widgeon
(11%) were the top two (Hobaugh, Teer 1981).

Ducks In Winter

B) Emergent plants along the shore –

Private livestock ponds, less than 3 m deep, attract
wintering ducks in the Blackland Prairies Ecological
Region of north-eastern Texas in January and
February. Cattle grazing was common.

Pale Spikerush, Eleocharis macrostachya 76%
Smartweeds, Polygonum species 56%
Flatsedges, Cyperus species 44%
Cattails, Typha species 27% of 55 lakes

Daylight-time budgets for Gadwalls, Mallards and
Ring-necked Ducks involved 6 wintery activities. In
the evening Gadwalls left with other ducks for parts
unknown.

Emergent plants, grazed by cattle, added little to
the botanical coverage in lakes. Rapid water-level
changes up to 1 meter after a rainstorm alter the

		
Locomotion (swim, walk, fly) 47%
		Surface feeding 26%
		Sub-surface feeding 9%

These plants grew in dense stands 2–3 ha in size.
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Aggressive and courtship behaviors were seldom
noted. Gadwalls spent about one-third of their time
feeding and normally fed while swimming. About
18% of their time was devoted to resting and comfort
activities. Over a wet winter Gadwalls fed at the
surface during the day more than twice as much as
in a normal year. The higher waters likely changed
aquatic plant composition or placed plants beyond
the reach of tipping ducks. Gadwalls rarely spent
large blocks of time feeding. They rested at mid-day
and fed mornings and evenings. The percentage of
locomotion over the winter was much higher than
elsewhere. Consequently, less time was spent
feeding during daylight. Gadwall may feed at night
(Mason et al 2013).

Surveys In Winter
The 86 th Christmas Bird Count in North America in
1985 totalled 84,770 Gadwalls recorded in 560 count
circles (150 / circle). In the 116th count in 2015,
about 213,600 Gadwalls were in 1,110 counts (190 /
circle). The CBC is not useful for monitoring habitat
loss. Losses determined from aerial photographs or
satellite imagery work best (Sauer, Droege 1990).
Wintery weeks in Mississippi, at catfish
aquaculture sites including 6 active fish production
ponds and 4 idle ponds, provided a comparison of
waterbird use by 42 species. Inactive ponds had a
more diverse emergent vegetation / water interface

Barnyard Grass, Echinochloa crus-galli,
is an introduced annual, 50–200 cm tall, in
much of North America; fruit a grain 2–3 mm
long by 1–2 mm wide is consumed by waterfowl. Photograph of inflorescence 27 August
2006 by Michael Becker (Wikipedia)
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than did ponds producing fish. Ground counts of
Gadwalls numbers on idle ponds (26,000) were over
twice those on fish reproduction ponds (10,000).
Ponds of this nature may be important for wintering
ducks in light of the Deepwater Horizon massive oil
spill in April 2010 (Feaga et al 2015).
Aerial surveys from 5 January–3 May checked
abundance and distribution of waterfowl (ducks,
geese, swans, and coots) in Southern Oregon and
North-Eastern California (SONEC). SONEC is a
spring staging area for waterfowl wintering in the
Central Valley of California and other regions of
the Pacific Flyway. Most waterfowl used the Lower
(66%) and only 14% the Upper Klamath areas. From
mid-March into early May waterfowl numbered about
2 million; Gadwalls averaged 40,000 (Fleskes, Yee
2007a).
In the first decade of the 21 st century, surveys
around Lake Chapala, in west-centra Mexico, a
Ramsar site, revealed 30 species of birds. Gadwalls,
along with 5 other species of ducks, overwintered
(Villamagna et al 2012).

W

etlands in the Central Valley of California,
attract 3–4 million overwintering waterbirds
which arrive in autumn and feed on fruit and seeds
of aquatic plants. Seed production varies greatly
by area and year. The foraging value of agricultural
and wetland habitats remains the largest source of
uncertainty for waterfowl managers. Combining 2000
and 2001, 65% of seed present at the beginning of
a wintering period was gone by spring. Furthermore,
sites containing the highest initial amount of seed
had the greatest levels of depletion. Waterfowl
locate and use the best feeding areas.
Wetlands provide more food per hectare than
harvested grain fields. A perfect marsh can produce
about 2,200 kg per hectare of seeds, tubers, green
forage, and invertebrates combined. In California,
840 kg per hectare of available food was a worthwhile
objective for managers.
Moist-soil plants used to estimate seed
abundance in the Central Valley –
Barnyard Grass, Echinochloa crus-galli
Swamp Timothy, Crypsis schoenoides
Smartweed, Polygonum species
Bulrush, Scirpus species
Sprangletop, Leptochloa species
Spikerush, Eleocharis species
Dock, Rumex species
Panic Grass, Panicum species
Pigweed, Amaranthus species
Goosefoot / Lamb’s Quarters, Chenopodium spp.
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Rabbit’s Foot Grass, Polypogon monspeliensis
Pondweed, Potamogeton species
Aster, Aster species
Horned Pondweed, Zannichellia palustris
Sweet Clover, Melilotus species
1) Disking a large percentage of a dry wetland in
the fall will immediately decrease food availability.
It will, however, promote increased growth of highly
productive annual plants with large amounts of seed
in the spring.		
2) Seed production was nearly twice as high in
irrigated wetlands as in non-irrigated wetlands.
3) Very slow drawdowns (evaporation) yielded the
highest level of seed production, but only if other
variables were held constant, which never happens
in the world beyond controlled statistical analysis.
Early drawdowns may result in smartweed
germination, while mid- and late-season drawdowns
likely result in Swamp Timothy and watergrass
germination. Low-cost water for management
is needed to ensure long-term productivity of
waterbirds in the Central Valley (Naylor 2002). ▄▀
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American Crow juvenile enjoying a
prairie sunset. Overall, crows are not
a common predator of duck nests as
we were led to believe. It was a myth
started by greedy corporations in the
mid-1900s to increase the sale of
hunting equipment. Today we are more
enlightened. Crows feed mainly on
insects, earthworms, mice and roadkills.
They do more economic good than harm
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A large number of variables combine to make
each year different. As biologists have little, if any
control over these variables, differences in annual
results in any 2-year study are almost without value.
Our culture should support 50-year long looks.
Our present 2–5 year studies are inadequate and
unnatural events. A 30% change from one year to
the next may be normal, due to daily, monthly and
yearly weather events, etc.
Some of the following surveys gave similar
habitat requirements for nesting Gadwalls in different
parts of the country. This is good. Gadwalls are late
nesting ducks that prefer dense nesting cover. On
islands, they sometimes reach dramatically high
densities. The average clutch size is 10 eggs.

Nesting

T
Man is part of nature, and his war against nature is
inevitably a war against himself.
			– Rachel Carson 1963

hree Gadwall hens lifted effortlessly from the
shallow water and coursed to the south-west,
rising above a green collar of cattails, sedges, and
willows. Half a kilometer away, they slid to a wet
stop on the reflective surface of a bay. Their wings
stopped working; their webbed feet began.

Return Times and Rates

1

60 million hectares of wild prairie defined
the Great Plains. Europeans and their crops
quickly altered this thriving landscape. As
early as 1830, homesteaders in Indiana and
Illinois began to destroy ecosystems. The human
race was on (Samson, Knopf 1994).

In southern Manitoba, spring arrival dates, about
mid-April, coincided with the first thaw producing a
narrow band of open water along the edges of a
marsh (Hochbaum 1944). The peak arrival time of
returning ducks which breed in the marsh is 23 days
before the average first egg date of Gadwalls in the
last week of May (Oring 1966).
Successfully nesting hen Gadwalls in central
North Dakota returned as a group earlier than
nesting hens which were unsuccessful the previous
year. 10% of marked resident hens were noted by
16 April and 50% by 9 May. As well, the homing
rate increased with a hen’s age. For 3+ year-old
successful Gadwall hens, it was more than 80%,
about double that for second-year females.
Gadwall usually have high annual survival rates
– 75% in males; 70% in females. High survival rates
translate into high site fidelity.

Pair Formation
Autumn – Winter Bonding
At the mouth of the Humber River in west Toronto,
Ontario [provincial flower, White Trillium] 20–30
Gadwalls can be found in October on a couple of
ponds. All hens appear to be paired, often feeding
within a meter of their drakes. Several males were
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not paired and usually swam in groups. Aggression
was minimal. Feeding and swimming were the main
activities. My photographs were from these ponds.
For a few days beginning on 8 November 2016,
(the day Trump was elected the 45 th president), I
was in New York City to explore art museums and
galleries. On my last day I visited The Pond in the
south-east corner of Central Park. A lone pair of
Gadwalls swam and fed together. She always led
the way when they traveled about The Pond.
To determine who likes who at Delta Marsh
and Marshy Point, Manitoba, Gadwall pairs were
observed after banding,
Adult male & adult female pairs 51%
Adult male & yearling female 23%
Yearling male & yearling female 18%
Yearling male & adult female pairs 8%
Differences in plumage quality, or courtship behavior
probably give older experienced birds an advantage
in being selected by adult females (Blohm 1982).

Surveys
Aerial
Surveys provide an index of duck production which
may reveal decade-long trends. In central North
America aerial surveys are conducted each year
along repeatable transects in 50 strata by several
agencies (Map page 37). Only 3 types of ponds are
counted in southern strata 26–49. Ponds in cropland
scored 2; seasonal ponds 3; and semipermanent
ponds and reservoirs 4.
In eastern South Dakota, aerial surveys from
10–17 May do not adequately sample for diving
ducks and Gadwalls still migrating north. Only ducks
present can be counted. A 30% difference from year
to year may not mean much over 50 years.

Double Observer
Counting ducks from planes must be fairly accurate.
In south-western Ontario, the feasibility of doubleobserver methods was checked with on-the-fly
settlement by observers estimating detection rates
in regions of low waterfowl breeding density (Koneff
et al 2008).
Using the double-observer method in Nebraska,
[state flower, Goldenrod] over 3 years, an average
of 17,500 Gadwalls happened. The detection rate
for breeding ducks was about 90% (Vrtiska, Powell
2011) . Aerial and ground surveys in Wisconsin,
[state flower, Wood Violet] 1948–1956, placed
Gadwalls 8 th among puddle ducks. They made up
0.5% of the sampled population (Laurence, Hunt
1964).

Ground
In north-eastern North Dakota, breeding pair
counts were made from roads using an independent
double-observer method. Roadside surveys were
held from 4–15 May. All wetlands within 150 m of
the road for which 100% of the basin was visible
were checked.
Not all breeding pairs were observed. The
detection probability (1 is perfect) for Gadwalls
was 0.8. When a wetland holds a lot of ducks, an
observers’ ability to see and record all birds declines
(Pagano, Arnold 2009 & 2009a).
In North Dakota someone wondered how many
times roadside transects by car should be repeated
to produce usable numbers for analysis? The tests
ran from 20 May to 6 June. For Gadwalls and
Mallards, 3 roadside counts over a short time gave a
reliable index of breeding pairs (Sauder et al 1971).
A ground survey in North Dakota lasting from 24
April to 19 July, gave an average statewide density
for dabbling and diving ducks combined of 32 pairs

15
10
1950
1955
1960
1965
			 YEAR

1970

1975

Gadwalls Annual breeding pair densities began to increase in the early 1970s in
the Caron, Saskatchewan area, west of Moose Jaw. Six other dabbler species also
showed an increase at the same time (Leitch, Kaminski 1985)
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50 strata and their transects (dark straight lines) representing the breeding duck aerial
surveys each year by several organizations. Gadwall are prairie ducks. Few are counted
in northern Canada or Alaska (Smith 1995)
per 2.6 km 2 , or about 2.3 million pairs. Gadwall pairs
averaged 3 per 2.6 km 2 , with an estimated breeding
population of 217,000 pairs in the state (Stewart,
Kantrud 1972).
Roadside transects during May and June on
the High Plains of Texas gave Mallards top spot.
Gadwalls were 7 th (Ray et al 2003).

Courtship Displays
On Bodie Island, part of the Cape Hatteras National
Seashore in North Carolina [state flower, Flowering
Dogwood] Gadwall's time in courtship [as we define
it] decreased from November (2.2%) to February

37

(0.04%) as more hens had already chosen mates.
Courtship displays probably started in early
October. In November, males gave burping calls
most frequently and females the inciting display.
Copulation was first recorded on 9 November.
92% of female Gadwalls had formed pair bonds in
November, reaching 100% in February (Hepp, Hair
1983).
In the evolution of courtship displays, the display
repertoire was larger in species that exhibit courtship
exclusively on water and larger in species with
dimorphic plumage. These results suggest habitat
and sexual selection are important in the evolution of
displays in dabbling ducks (Johnson 2000).
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Gadwall Total number of pairs in sample 850

as they chased females of pairs. Male Gadwalls
occasionally gave aerial chases to American
Widgeon and Mallards.

Prairie Seasonal Ponds (Class 3)		
41%
Semipermanent Ponds & Lakes (Class 4) 26
Cropland Ponds (Class 2 & 3)		
11
Reservoirs & Large Impoundments		
8
Other Basin Wetlands				5
Streams & Oxbows				5
Other Habitats					4%
				
TOTAL 100%

   At Delta Marsh, Manitoba “In early June, a
band of 12 or 14 Gadwall drakes after one hen
is not an uncommon sight. I once saw a lone
Gadwall drake rise from the marsh to take part
in a courting party of his kind; yet the birds he
joined were so far away in the evening twilight
that I could not identify them without binoculars”
(Hochbaum 1944).

Gadwall breeding pairs in North Dakota were most
often on Class 2, 3 and 4 ponds and lakes (78%) on
the prairies, 1967–1969 (Stewart, Kantrud 1973)

2 Videos
In Bob Armstrong’s Nature Alaska shot near Juneau
in winter, male Gadwalls are giving courtship displays
and calls. The second video [online] by Larry Jordan,
was at the Sacramento National Wildlife Refuge in
California. With permission, I took 18 screen shots
of a male’s display on 5 February from the latter
[presented below]. http://www.10000birds.com/
gadwall-courtship-displays.htm#prettyPhoto

Aerial Chases
Territorial chases among Gadwalls occur from
pre-nesting into egg laying when a mated drake,
defending his hen, chases the hen of an intruding pair
away from his breeding area while the hen’s mate
follows at a short distance. To reduce competition,
unattached ducks were frequently driven completely
off a study area by one or more resident drakes.
Harrying chases during incubation occur when a
group of drakes chase a nesting hen to achieve a
forced mating (Gates 1962).
Pursuit flights (3-bird + ) are an aggressive
behaviour controlling spacing on the breeding
grounds. Aerial chases began to occur shortly after
ducks arrived on their breeding ground and peaked
when females began to lay eggs. Aerial chases
came to an end during incubation when males leave
the hens and move to molting areas.
In most pursuit flights by Gadwalls, “A territorial
male usually chased a persistent male originating
from the next, or nearby territory. Males left their
mates to chase other males with the same frequency
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    Before egg laying, near Ding Island on the JC
Slayer NWR in North Dakota, pairs of Gadwalls
formed flocks of 5–50 birds on the marsh to feed,
loaf, and display. Pursuit flights were intense
during the 2 nd and 3rd weeks of July, when the
majority of hens were incubating, but males were
still sexually active (Duebbert 1966).

Sexual Displays
Throughout the year, four puddle duck species in
Maryland produced 8 types of sexual displays –
		1)
		2)
		3)
		4)
		5)
		6)
		7)
		8)

Preliminary head shake
Grunt whistle
Head-up tail-up
Down-up movement
Nod-swim
Inciting
Pre-copulatory display
Mock preening

Copulatory Behavior
I couldn’t find a good account, photos, or videos of
Gadwalls mating. Next are 18 display stills.

1
The crest is raised on the forehead at the start
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3

2
The bill is partially dipped into the water

4

The head is quickly turned to flick water into
the air on the right side. The left side is also
used. The tail is high and white speculum is
visible for the first time

5

The water forms large white drops which sail high The head begins to rise, with the bill pointed
and past the tail. Head quickly returns to a down down. The forehead crest remains raised.
position. Bill opens to make a soft, short, highThe tail is submerged
pitched call which continues as the head is raised

7

6
The head continues to rise, with the bill pointed
down. The forehead crest remains raised. The
tail is submerged. The eyes are open
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The head continues to rise, with the
bill pointed down. The back makes a
45º angle to the waterline
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9

8
The top of the head has reached its zenith The
nape is erect and the back angled. This bill
follows the angle of the head

The top of the head begins to reach backward
and downward as the head and bill rise

11

10
The head continues to recess and regain
its normal position as the bill is almost level.
The forehead is still raised

The tail is raised as the breast begins to settle
into the water. The body is horizontal. With the
start of the splash (3) made with the bill, the
white speculum has been prominent

13

12
The tail continues to rise as the breast
settles lower into the water. The head is
slightly elevated, as is the crest
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39



The tail at its highest point is given a few wags
as the breast settles lower into the water. The
head is pushed forward in preparation for a
quick shake or two
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14

15

The tail remains high as the head is pushed
forward to begin its shake

The tail remains high as the head is twisted side
to side

17

16
The tail remains high as the head is shaken.
This is the last moment the white speculum
is visible

The tail remains high and the head is held on an
extended neck. A hen is nearby

Ovaries and Testes Size

18
The male returns to its natural posture. From
when the forehead crest was first raised until
now, 6 seconds have passed

Hen Gadwalls shot prior to nest initiation at Delta
Marsh, Manitoba had an average of six ova larger
than 6 mm in their ovaries. About seven days are
required for ova to develop from the 6 mm stage to
the 33–37 mm size at ovulation.
Male Gadwalls arrive at the brown, vernal
marshes with their paired testes slightly enlarged.
Drakes chasing unmated hens had testes 26 by 10
mm (left) and 18 by 8 mm (right). Fourteen males
attending hens had testes 34 by 16 mm (left) and 27
by 14 mm (right). In the majority of drakes the left
testis was larger than the right by about 7 by 2 mm.
The testes of 27 flightless adult drakes in molt after
breeding were 6–15 mm long (Oring 1969).
Waterfowl eggs and reproductive tissue contain
about equal amounts of lipid (fatty acids) and
protein. Fresh eggs from 32 Northern Shovelers,
which are similar to Gadwalls’ eggs, had an average
weight of 45 grams –
Yolk lipid 5.8 grams
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Gadwall in north-central North Dakota have most nest initiations early in May when
nest survival is highest. The estimated number of Gadwall nests initiated on days
122 and 123 (first two tall black bars) were 875 and 540. The main period of nest
initiation runs from 20 May to 20 June. Period survival rates drop steadily as a season
progresses. Solid red circles  give the estimated prospect of a nest surviving from
laying through hatching when initiated on specific dates that span the nesting period
(average 1998–2003). Thin bars indicate the expected number of nests initiated on
each date. Expected initiations include nests that did not survive long enough to be
discovered. Period survival is the probability a nest survives the period from its
initiation (on any particular date) through hatching of the first egg (Grant, Shaffer 2015)
Protein plus dry albumen 6.8 g
Dry egg shell 3.3 grams
Female Gadwalls were shot from 13 May to 17 June
within a 30 km radius of Minnedosa, Manitoba.
Yearlings had a 5–19 mm long bursa of Fabricius, a
glandular sac which produces antibodies and opens
into the cloaca. Adults did not have a bursa.
Two additional categories of females –
1) Prelaying – 1 to 6 developing follicles
2) Laying – 1 or more post-ovulatory follicles; dry
weight of largest ovarian follicle was greater than
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0.4 grams
Of 112 female (65 adults, 47 yearlings) Gadwalls
examined from 13 May–17 June –
28 were pre-layers (16 adults,12 yearlings)
51 were layers (29 adults, 22 yearlings).

Start of Egg Laying (nest initiation)
Nest initiation (start of egg laying) – The first 10%
of nests began within 2 days of 20 May in North
Dakota. The older, experienced hens arrived early
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Eggs and Incubation

and began to lay eggs before younger hens –
15 May hens more than 3-years-old
29 May hens 2-years-old

Weight Changes

Nest initiation dates (date of first egg laid) for
almost 4,000 nests of Gadwalls were tallied at 126
Canadian Prairie–Parkland sites. Initiation dates for
10% to 90% of nests took an average of 22 days
from 27 May to 19 June. The 50% date was 8th of
June.
Egg-laying begins about 1 May with 14.4 hours
of daylight and ends during the first week or so in
August with 14.4 hours of daylight. Near the summer
solstice (21 June), 90% of Gadwall nests in central
North Dakota were underway.
Specifically for Gadwalls, a greater proportion of
all nests were initiated early in its season, gradually
declining into June. Haying on National Wildlife
Refuges is delayed until the start of August. This
allows time for eggs to hatch (Grant, Shaffer 2015).

T

he nesting period of Gadwall on Ding Island,
North Dakota spanned 7 to 9 weeks from the
first egg to hatching of the last nest. Most
eggs hatched from 8–14 July. First eggs hatched
during the 2 nd and 3 rd weeks of June, and most
nests were finished after 8 weeks (Duebbert 1966).
		
Figures in the PPR of the Dakotas for Gadwall hens –
Body weight 855 grams
Clutch size 10–12 eggs
Weight of clutch 528 grams
Weight of an egg 44 grams
Body weight to clutch weight ratio 1.6
(Krapu et al 2004).
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Gadwall eggs are 4.9–6 cm long by 3.4–4.4 cm
wide, a whitish color and unspotted (Cornell Lab
of Ornithology online). From a 44 gram egg, the
weight of a one-day-old duckling is about 32 g or
25% less. As ducklings grow, their weights display
much variation. Under good wetland conditions,
Gadwall ducklings gained weight faster by eating
invertebrates. As juveniles are finishing primary
feather growth and learning to fly, the extra energy
they use causes them to loose weight.
For Gadwall hens, with 10% of their nests
initiated by 20 May, weight loss was not apparent
until early June. From their heaviest in spring, hens
lost 17% of their weight by the end of the nesting
season. Incubation accounted for a 12% weight
drop. Loss of weight by males began and ended
earlier than losses by hens. Males are more active
and fed less before their hens started nesting.
During incubation, the males are less protective,
feed more, and begin to gain grams (Lokemoen et al
1990a).

Density of Nests
On the 2.2 ha Goose Island in Saskatchewan,
Gadwalls reached an astonishing 284 nests per
hectare (100 x 100 meters) in a 0.5 ha patch of
Western Snowberry. From 355 completed clutches
by Gadwalls, about 17% of these nests were
parasitized: 9% by other Gadwalls, 8% by Lesser
Scaup, and less than 1% by both Gadwalls and
scaup. No parasitized nests were found in uplands,
where nest densities averaged 1 nest per hectare
(Hines, Mitchell 1984).

1,062
broods

20
15
10

87%

5
0

3–9

24–30

June

43

15–21

5–11

July

August

Gadwall hatching in the
Dakotas extends from early
June to early August with
the peak during the last
week of June. By 21 July
87% of nests were hatched.
To protect late nests in
fields of hay and Winter
Wheat, harvesting should
be delayed until the final
week of July (Duebbert,
Frank 1984)
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ens know the location of their nests. During
laying and incubating, hens with nests in short
cover usually landed 1–7 m away and walked to their
nest. Hens returning to nests in tall nettle in late
July, flew to a point above their nest and landed very
close to it. As soon as Gadwall males were away
molting, hens flew only a short distance during their
recess periods from incubating, unlike longer flights
during early incubation when they were chased

used a steel cable 35 m long by 1.5 cm thick towed
between two vehicles about 30 m apart and moving
about 6 kph. About 30 ha could be swept in 4–6
hours. Tires leave trails that crows and mammalian
predators may use for ease of walking.
Near Woodworth North Dakota, nests were
located by other searching methods before cable
dragging took place. Considering two common
nesters, 19 of 25 Blue-winged Teal hens and 4 of
4 Gadwall hens were flushed
from previously located nests
by dragging the cable, for an
overall efficiency of 80%.
At Delta Marsh, Manitoba,
captive Gadwalls usually laid
an egg between 9–11 AM and
sat on the nest for 4–6 hours
each day during the laying
period. The earliest a hen left
her nest after laying an egg
was 11:15 AM. Hens do not
stay on a nest overnight when
eggs are being laid (Oring
1966) .

Adults – Weights
and Diet
Gadwall nest at the Winberg Waterfowl Production Area
(WPA). “Female Gadwalls spend several weeks on the
breeding grounds and gain lipid reserves locally before
initiating nesting. Thus, Gadwall clutches are more likely to be
influenced by local food availability and water conditions on
the breeding grounds.” (Pietz et al 2000).
Female Gadwalls stop laying when they reach a certain
level of body protein reserves (Ankney, Alisauskas 1991). A
Gadwall hen lines the sides of her nest with feathers which
are used to cover the eggs when she leaves for a recess
during incubation. – Char Binstock, USFWS, 13 July 2012
(Wikipedia)

by males. In mid-July, nesting hens sometimes
gathered in groups of 3–5 at the edge of Ding Island
to feed, bathe, socialize, and rest.
Small groups of nests close to each other were
often in the same stage. When one hen departed
from her nest for a daily recess, nearby hens often
left within a few minutes (Duebbert 1966). The time
to find a nest is when a female duck is on her nest
during laying, or when incubating. A hen flushed
from her nest can be identified. Higgins et al (1969)

44

Adult Gadwalls feed mainly
on aquatic plants and less
on invertebrates. Diets of
yearlings and adults were
similar. Overall, the dry weight
of animal foods eaten averaged
42%. Combining the two age
classes, the amount of animal
food increased, and plant
food decreased as females
progressed into laying.
		

Animal 		

Pre-layers 	   44%		
Layers		  57%		

Plant
56%
43%

Animal Food – In potholes and freshwater marshes,
insects, mainly dipterans (2-winged or true flies)
and zooplankton (Daphnia species) in the order
Cladocera, were common in diets. Gastropods
(snails, slugs, etc) were remarkably uncommon in
diets. Molluscs were only consumed at the 5% level
by egg-laying hens. Calcium for egg shell production
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Dates of Nest Initiation, Utah
Gadwall nest initiation in 1956 began in early May, remained high through the first
week in June, then fell dramatically during July at Ogden Bay Refuge, Utah
(Gates 1962)

appeared to come from eating crustaceans,
especially cladocerans.
Plant Food – The most important plants were
duckweed (Lemna species) and green algae
(primarily Chlorophyceae).
About 78% of lipids deposited in eggs came from
body reserves. The largest proportion of proteins in
eggs (16%) came from protein reserves. Gadwalls
have egg production limited by lipids, not protein
(Ankney, Alisauskas 1991).

Egg Laying
By the summer solstice on 20–22 June, about 90%
of Gadwall nests are underway in the Dakotas. A
later start of nesting was adaptive, leading to less
reliance on temporary and seasonal ponds in May.
Many Gadwall females with late broods in 1993
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molted their primaries during October, and unable
to fly, died before or at freeze-up. Large Gadwall
broods from 20–30 September 1993 shows the
males are fertile up to two months beyond the
summer solstice (Krapu 2000).
Gadwall hens were monitored for 55 hours
during laying of eggs 2 to 10. They attended the
nest less in the early egg-laying period. Overall,
not all embryos are incubated for the same length
of time, yet all eggs hatch within 24 hours (Page 46
graphs) (Loos, Rohwer 2004).
Eggs lost up to 2.5% of their initial weight as
water vapor during pre-incubation delay. Embryo
mortality peaked in the first week and again just
before hatching. Females balance the costs and
benefits of laying additional eggs, maintaining egg
viability, and having a synchronous hatch (Arnold
1993).
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Number of eggs laid
Gadwall incubation begins to increase about the time the 5 th egg is laid (Graphs C and
A) and increases as each egg is added in the early morning. Arrival time of a hen on
her nest occurs in the morning (Graph B) and gets earlier as more eggs are laid (Loos,
Rohwer 2004)
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Egg Shifting

Yolk Sac
Gadwall twin embryos in one egg. The egg
was 42% heavier than an average weight
(33 g) in the clutch. The mean weight of 119
Gadwall eggs at pipping stage in 1979 was
39 grams. Drawing by Allison Banks
(Lokemoen, Sharp 1981)

Gadwalls are common nesters near the Northern
Prairie Wildlife Research Center, ND.
On 13 June 1975, a Gadwall nest with 10 eggs
was inside a fenced enclosure. Vegetation at the nest
site consisted of Smooth Brome (Bromus inermis)
and Absinthe (Artemisia absinthium). After 2 days
of incubation, on 5 July, 8 eggs were moved into a
new nest bowl on the outside of the fence adjacent
to the original one. Two eggs in the original nest
bowl were cold. Incubation of the 8 eggs in the
new nest was about 22 days. Eight ducklings left
this nest on 8 July and 2 dead embryos in partially
pipped eggs remained in the original enclosed nest.
Ducks use the ventral surface of their bills to pull
eggs through a fence (Johnson, Kirsch 1977).
188 female Gadwalls in southern Manitoba
were captured on nests. 12 instances of egg moving
were recorded (Blohm 1981a).

Clutch Size
Average first clutches for Gadwalls ranged from 10–
12 eggs. Yearlings produce clutches smaller by one

Gadwalls' eggs from two 10-egg clutches. One clutch is from North Dakota collected
20 June 1898, and the other is from Utah gathered on 2 June 1912. In the late 1800s
into the early 20 th century, field work included the collection of birds’ eggs for museum
and private collections. Gadwall eggs are 4.9–6 cm long by 3.4–4.4 cm wide. They
hatch in about 25 days. The boxes above are 14 x 15 cm, from the collection at the
Royal Ontario Museum, Toronto
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Egg-laying

Gadwall females spent a larger percentage of their time feeding than
did males, especially in the egg-laying stage (Dwyer 1974)

egg. At Delta, Manitoba four re-nests averaged 8
eggs (Oring 1969).
On one island in Miller Lake, North Dakota, full
clutches in 160 Gadwall nests ranged from 4–20
eggs. During all years, 88% of incubated Gadwall
clutches had 8–14 eggs, with an average of 10.
Clutches (9%) were compound, and held more than
14 eggs, 8% contained parasitic eggs (mostly from
Mallards), and 1% contained dwarf eggs. In 1977,
7 nests of Gadwalls held eggs of Redheads. The
presence of old membranes and eggshells, along
with weathered feathers, indicated 50% of Gadwall
nests in 1977 were placed in previously used bowls
of nests (Duebbert et al 1983) .
On Goose Island in Saskatchewan, clutch
size in nests where more than one Gadwall hen
participated averaged 18 eggs compared to the
usual 10. Nesting success fell from 76% to 54% in
such nests, while egg hatching success dropped
from 74% to 45% (Hines, Mitchell 1984).

Incubating & Hatching
Nest Initiation & Survival
Early in the egg-laying stage of dabbling ducks,
the hen is more likely to abandon her nest when
disturbed by a biologist, or other predator. For
Gadwalls, with 5 or fewer eggs laid, the percentage
of nests abandoned was 16. When the hen had laid
6 or more eggs, only 3% of nests were abandoned.
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Early abandonment will likely give a hen time to renest. Finally, during incubation, only 3% of nests
were abandoned (Garrettson et al 2011).
Nest attendance by hens during laying was
monitored in Manitoba and North Dakota from
1994–2002. A hollow egg was placed in the center
of the clutch, with an implanted temperature
recorder. Hens of all species spent more time on
the nest as clutch completion neared. Surprisingly,
“attendance during laying was not influenced by low
ambient temperature, precipitation, or nest initiation
date.” As well, “length of the incubation period may
be reduced by embryonic development during the
laying period.”
An unusual outcome in Utah began with the
marking of an incubating Gadwall on 21 June 1956.
She sat on 10 eggs. California Gulls apparently ate
5 of the eggs. On 5 July the hen was brooding 2
new ducklings in the nest. The 3 remaining eggs
were addled. The young left the nest with the hen.
But on 13 July, and for the next few days, the
female returned to her nest to incubate the 3 dead
eggs, which she eventually abandoned. It seems
the 2 ducklings had quickly disappeared (reason
unknown), so the hen returned to incubate her last 3
eggs (Gates 1958).

Incubation Recess
When a laying hen is off her nest (recess), there is
a chance she will copulate with a drake other than
her mate. North Dakota had only 5% of Gadwall
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ducklings in 30% of broods as extrapair young,
resulting from a hen mating with more than one
drake (Peters et al 2003).
Recesses (breaks) from incubation were
monitored from 1 May until 10 July in all weather
conditions. Most females in the early stages of egglaying were located early in a day. Naturally, females
in the late stages of laying were located later.
For Gadwalls, the average end of morning
recess was 7:50 AM. The average start of the first
afternoon recess was 3:40 PM. Searching for nests
from 8 AM until 2 PM, starting about 3 hours after
sunrise, gave the best chance (95%) of having the
hen present on her nest.
The best time to revisit a nest during the
incubation period without flushing a hen from her
nest is between 4 and 9 PM (Gloutney et al 1993).

Embryonic Development
Onset of incubation before completion of the clutch
leads to as many as 5 days of asynchronous
embryonic developmental in dabbling ducks. Yet
a clutch hatches within 24 hours. So how do hens
compensate for this time difference to arrive at
synchronism for their eggs? Position of eggs within
a clutch (inner and outer) may help synchronize
developing embryos.

E

Gadwall male in preening mode, 22 November 2016, Toronto, ON

ggs of Mallards had a notable “variation in
metabolic rate and incubation length among
eggs from different hens and among eggs
within a clutch.” From eggs in over 900 nests of
Gadwall, Blue-winged Teal, Mallard and Northern
Shoveler, the last three eggs were often found in a
central position in the clutch, but this only led to a
slight difference in embryonic development over the
first 12 days of incubation. It is probably a mixture of
several physical and physiological variations in eggs
that allow all ducklings to hatch within 24 hours and
follow their hen to water. Well-developed embryos in
wild duck eggs begin to vocalize 2–3 days prior to
hatching, after more than 90% of their development
inside an egg is finished (Eichholz, Towery 2010).

Surveys For Broods
Timing Of Surveys
One Drawback – The summer survey must be
completed by 22 July to be useful in setting hunting
bag limits in the fall. However, 65% of broods
of Gadwall hatched after the July aerial survey.
The peak abundance of all dabbling duck broods
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Female Ducklings Weights in Grams
Gadwall females ducklingsʼ weight gains in North Dakota. Ducklings 1–3
days-old were the lightest at about 30 grams. With a weight of about 550 g
at 50 days, the juveniles began to fly. Adult females will weight about 850
grams (Lokemoen et al 1990a)

happened over the first week in August when 75%
of the cumulative total number was at hand (Naugle
et al 2000).

Roadside Surveys of Broods
In both Dakotas, roadside surveys were conducted
in groups of three visits within 36 hours from 2007–
2009. On 167 plots, brood detection per species as
a percentage of 13,000 visits was very low.
		Blue-winged Teal 12%
		Mallard 9%
		Gadwall 8%
		Northern Shoveler 5%
		Northern Pintail 3%
Multiple visits to a wetland within a few days
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helped identify wetlands where broods were likely
to be found. As the percentage cover of wetland
plants increase, so too did the probability of brood
occupancy. And the estimated occupancy of wetlands
by Gadwall broods increased 3.5 times when wetland
area increased from 0.2 to 2.8 hectares. Small to
mid-sized wetlands in grass-dominated landscapes
are useful to breeding waterfowl (Walker et al 2013).

Dissolution Of Bonds
Pair bonds, at Delta Marsh Manitoba, of Gadwalls
nesting in large, outdoor pens dissolved about the
16 th day of incubation, from 13–22 June. At the 19 th
day of incubation, a hen no longer joined her mate
when leaving her nest (Oring 1966).
However, one drake stayed with its mate until
the 23 rd day of incubation, 2 or 3 days before
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overall annual survival rates influence population
growth of Gadwalls (Beauchamp et al 1996).
In South Dakota during 1973, and the drought
year 1974, field surveys on both sides of the Missouri
River gave an estimated total breeding pairs of 1
million in 1973 and about 440,000 in the dry year,
1974. For Gadwalls, ranked fourth –
				    
1973

1974

Breeding pairs on plots 		
146
Pairs per km 2 			0.4
Estimated breeding pairs
80
* (thousands)

102
0.3
60 *

These estimates were 10 and 18% different from
aerial surveys. In 1974, (drought) ground estimates
of Gadwall and Northern Shoveler populations
were 48% above and 80% below the aerial transect
censuses (Brewster et al 1976). So which survey do
we believe and use to represent how the Gadwall
population is changing?

Predation

Gadwall hen tipping to feed on aquatic plants.
This method of feeding usually last 2–3
seconds before the hen will right herself on the
surface. 22 November 2016, Toronto

Predators eat other animals and plants. Animals –
birds, fish, snakes and mammals sometimes include
eggs, ducklings and adult waterfowl in their diets.
They eat as do we, to survive and feed their young.
Predators have been interacting with waterfowl for
thousands of years. What they do is nothing new or
disturbing. Puddle ducks eat plants and insects to
live. They too are predators. We all survive on the
death of others.
Predator reduction cannot be practiced over a
vast landscape such as the prairie pothole region, nor
should it be. I am not aware of any instance where
predators, other than man, have driven another
numerous species into extinction. Hawks and owls
did not kill off 3 billion Passenger Pigeons.

Prairie Studies
hatching. By the end of June, males formed all-boy
groups and molting began. By the third week in July
some Gadwall drakes were flightless. By 5 August,
about 50% of wild adult males were flightless, but no
flightless females were noted (Oring 1969).

Nesting Parameters

i

n the Prairie Pothole Region declines in nest
success were similar in parkland and grassland
regions,
despite
differences
in
predator
communities and landscapes. Brood survival and
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Human Visits
Visiting nests to ID the hen, count eggs and map
locations forces one to walk to a nest, then away
from it, probably along the same trail, perhaps
not. The effect of human visitation is probably site
and study specific. One event – a crow flew to a
partially concealed artificial nest, searched on foot,
and consumed the eggs less than 5 minutes after a
biologist made the nest (Olson, Rohwer 1998).
		IN MY OPINION, this was a perfect setup
by the biologist to make it easy for a crow to find
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Lion Attacking a Horse, c 1585,
bronze. Probably after a concept
by Giambologna, Flemish, active
in Italy, d 1608. Detroit Institute
of Art, Michigan. The lion prefers to eat meat; the horse eats
plants. There is no morality (bad
or good) depicted in this scene.
It is a natural event occurring
millions of times a day as one
animal, including humans, eats
another in order to sustain itself

Hercules and
Arcadian Stag,
1600–1625, bronze.
After a model by
Giambologna,
Flemish, d 1608.
Detroit Institute of
Art, Michigan. Man
the modifier, the most
prolific game changer
of more flora and
fauna than any other
species, makes the
ecosystems of Earth
unsustainable
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Weeks in 1973
Gadwall Duration (secs) of 3-bird chases increased into early June when most hens
were egg-laying. The number of 3-bird chases peaked from 6–12 May and decreased
in the latter half of May into early June (Dwyer 1974)
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Gadwall As the start
of egg laying (nest
initiation) progresses
from May into June,
the length of incubation
drops from 25 to 23
days. Gadwalls have
an average of 24 days
devoted to incubation
by hens in North
Dakota
(Feldheim 1997)
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Nest Initiation Dates

53

To m

Reaume

Ne s t in g

Gadwall

Striped Skunk, Mephitis mephitis
Skull 7.5 cm long by 4.5 cm wide

Raccoon, Procyon lotor
Skull 10.6 cm long by 6 cm wide

Coyote, Canis latrans
Skull 19 cm long by 9 cm wide
Skulls Four mammals in North America with
varied diets that occasionally include wild
birds and their eggs. These mammals are
neither good nor bad in their relationships
with other animals and plants. They do what
they were born to do. At times we called them
predators, and killed them locally, but actions
by us against them throughout their ranges
are economically impossible. They thrive
in spite of our misguided intentions against
them, to satisfy our relentless need to control
nature. Skulls from the ROM in Toronto

and eat the eggs. Did the report mention the lack
of awareness of the biologist who may never have
seen the crow watching him, or thought concealing
the nest was all it took to fool an intelligent crow with
a fantastic spacial memory who was watching the
human building a nest? Crows know their fields and
territory at a level of detail a biologist cannot begin
to comprehend. The naive biologist helped in the
destruction of this nest by the crow. Its fate was
determined the moment the biologist entered the
field.

Red Fox, Vulpes vulpes
Skull 14.5 cm long by 7.3 cm wide
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A

t the St. Denis National Wildlife Area (360
ha)
near
Saskatoon,
Saskatchewan,
between 1984 and 1997, there was an
average of 33 (10–65) wetlands on 1 July on the
NWA. General habitats – Wetland (22%), Grassland
(36%), Cultivated land (34%), Woodland (6%).
The number of broods which made it to the
flying stage was warmly associated with wetland
abundance. Gadwall duckling survival was 12%
higher in a year with ideal wetland conditions than
in drier years (Gunness et al 2001).
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Wild Mammals

Across the prairies in Canada, predation is one
cause of duck nest failure. Red Fox, Coyote, Striped
Skunk, Raccoon, Badger and Mink reduce dabbling
duck productivity. Nest predation rates were lower
in years that had more seasonal or semipermanent
wetlands holding water during surveys in May. For
Gadwalls, the abundant, tall cover around their
nests in June and July tends to reduce predation
rates. The abundance of alternative (buffer) prey for
most predators, may also reduce predation rates on
Gadwalls (Johnson et al 1989).
Range expansion of Raccoons into the Canadian
Prairies has probably followed a food trail due to
global warming, which changed availability and
diversity of foods due to a longer growing season.
To what extent do Red Foxes dine on small
rodents? One answer is from field workers in eastern
Hokkaido, Japan. Foxes happily dined on 5 species
of small mammals, with 2 species comprising 94%
of the total weight eaten. Within an area of 415
hectares, foxes consume 4,000–10,000 rodents per
year (Yoneda 1983).
Total weight of prey needed by a typical family
of Red Fox, 2 adults and 5 pups, would be 12 kg per
week for the 12-week denning season, and 19 kg /
week for the post-denning period. Usually more hens

than drakes are eaten during the nesting season,
but overall ducks account for a small portion of a
fox’s diet (Sargeant 1978).
Peak time of day when 3 predators were active
and feeding on the prairies was based on 800 visits
to artificial nests –
Coyote 6:30 PM
Red Fox 10:45 PM
Striped Skunk 2:10 AM
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Radio-tagged skunks spent 2–25 minutes at artificial
nests and then 50% of the time became inactive after
their meal of scrambled eggs (Lariviere, Messier
2001).
Radio-equipped Red Foxes (Vulpes vulpes) on
the Cedar Creek area in Minnesota had adjacent
territories of about 3 to 8 km 2 . Remains of 172
adult dabbling ducks and 16 adult American Coots,
were collected at 35 rearing dens in eastern North
Dakota. The number of adult dabbler ducks per den
averaged 2, 6, and 10 for regions with relatively
low, moderate and high duck populations. 84% of
ducks were females. Most fox dens (92%) in the 6
townships were in pastured or idle lands (Sargeant
1972).
In the Dakotas, Red Fox were checked at dens
where young were being cared for. About 7% of
avian remains belonged to Gadwalls. In the eastern
parts of both states, an average of 4% of Gadwall
remains found at dens were hens. Three times as
many Gadwalls were taken by foxes after 12 June
(during incubation) than earlier in the season.
Foxes feed on many creatures. When all is
considered, it was estimated ducks comprise 15%.
In 1969 when waterfowl were abundant, some fox
families ate very few ducks. Keep in mind a Red
Fox is a beneficial animal, which adds diversity to a
prairie landscape (Sargeant et al 1984).

Edge Effect

P

redators, apparently do more damage to nests
located along edges of fields in fragmented
agricultural habitat on the prairies. For Gadwalls
at the St Denis NWA in Saskatchewan, distances
of nests to 3 edge-types showed no overall edgeeffect. With no pattern to nest placement, predators
have no pattern to learn. In most studies perhaps
the proper field variables were unidentified
(Pasitschniak-Arts et al 1998).
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In central North Dakota a slightly different
pattern emerged. Skunks and foxes were radiotagged. Agricultural-wetland edges were used most
often by skunks. Planted-cover was favored by foxes
along with agricultural-wetland edges (Phillips et al
2003).
“The identification of nest predators from nest
remains is a good example of a procedure ‘made into
a law through verbal repetition.’ The implementation
of management programs based on this technique is
unacceptable at the beginning of the 21 st Century.”
(Larivière 1999).

From partial predation, Gadwalls had a 37% loss
of eggs. After these losses, 23% of partial nests
of Gadwalls were successful. However, when only
the remaining eggs in partially destroyed nests are
considered, egg success was only slightly lower
from that of intact nests. During 3 years at the
marsh, 20% of Gadwall ducklings were generated
from nests suffering partial egg losses. And total
duckling production on the marsh was only reduced
by 9% for Gadwalls when females kept incubating
partial nests which were eventually successful
(Ackerman et al 2003a).

Artificial Nests
Success of both artificial and real nest types varied
by habitat and year. Data from artificial nests should
not be used to make valid inferences about outcomes
of natural nests in different habitats (Butler, Rotella
1998).

Bounties
Back in the first half of the 1900s, before we were
enlightened, sportsman pressured state and county
administrators to impose a bounty on certain
mammals and birds. The conclusions reached from
all studies were essentially the same. Bounties are
expensive, a waste of taxes, invite fraud, and have
not materially reduced numbers of so-called harmful
species (Switzenberg 1951).

Partial Nest Predation
When an upland nest experiences a partial
predation, the hen may abandon her eggs, re-nest,
or continue to incubate the remaining eggs. At the
Suisun Marsh in California, 30% of clutches were
partially destroyed. Of these, hens continued to
incubate 62%. Desertion of a nest generally happens
within 24 hours after a clutch loss (Goldsmith,
Williams 1980). Three scenarios developed at the
Suisun Marsh. From 221 nests of Gadwalls, with an
initial clutch size of 9 eggs, a palette of predators
exploited an average of 4 eggs per clutch from 37%
of the nests.
In summary, female Gadwall were more likely to
continue incubating after partial predation –
1) if a fairly large clutch size remained
2) the clutches were farther along into incubation
(older), and
3) nests had eggs entirely removed rather than
broken with shells present (Ackerman et al 2003).
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Skunks
S anta Clara County, California, is the most
populated county in the San Francisco Bay region.
Its 1.6 million human residents live near 4,000 ha of
salt ponds or tidal marshes with nesting waterfowl.
Red Fox, feral cats, Striped Skunk, Virginia Opossum
and Raccoons live there.
A total of 77 natural nests were located – 20%
Gadwall. The estimated nesting success at control
sites was 14% compared to 5% at sites where
predators were removed. The Striped Skunk was
the main culprit, based on hair samples and photos.
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The skunk had to go. It comprised 84% of the
predators removed, yet remained the commonest
nest predator at both removal and control sites.
Removal areas had higher nest densities (10 nests
/ site vs 3 nests / site), but lower hatching success
(6% vs. 31%) than control sites. Overall production
was similar in both areas (Meckstroth, Miles 2005).

A

t the Bear River Migratory Bird Refuge
in Utah, ways to reduce waterfowl nest
predation were tried. Several vegetative
variables determined the fate of a nest –
		
Lateral cover density
		
Understory cover height
		Species richness
		Vegetative penetrability
		Patch size
Nest success was also altered by 3 non-vegetative
variables –
		
Minimum distance to water
		Dike width
		
Nest initiation date
As expected, the structure of vegetation and its
density changed from June into July. 150 Gadwall
nests were examined in various habitats. Sixteen
adult (6 M, 10 F) skunks were fitted with a motionsensitive radio collar. Skunks had 2 feeding modes –
widely searching, or sit-and-wait. Widely searching
is best for locating stationary duck nests. Nest
survival increased in July due to an 80% decrease
of Striped Skunk foraging activity as their alternate
prey increased (rodents and insects) which allowed
skunks to shift to a sit-and-wait mode of hunting.
Density of plant growth also improved in July.

Duck’s nest on the prairies destroyed by
a mammal (Sargeant et al 1995)
“During the nesting season skunks spent 30% of
their foraging time in the narrow band of vegetation
along the water’s edge.” Nests close to water
were more vulnerable. Habitat use by skunks and
other mammalian predators varied weekly. Their
preferred prey items vary in abundance, location,
and vulnerability (Crabtree et al 1989).

Red Foxes and Coyotes
Predation rates on upland nests of ducks by Red
Foxes and Coyotes in the Dakotas were compared.
Nest success averaged 32% where Coyotes were
in the main, and 17% when Red Foxes were the
common canid. In areas where both canids were
common, nest success averaged 25%. Fox predation
was 4% of nests where Coyotes were common, and
27% with fewer coyotes. A large, growing coyote
population may increase the overall nest success of
upland ducks (Sovada et al 1995).

Mink

Striped Skunk, Mephitis mephitis, near
Yellowston NP. Dan & Lin Dzurisin, 24 April
2010 (Wikipedia)
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The feeding habits of 5 radio-tagged male Mink,
Mustela vison, were considered in south-western
Manitoba from April through July. Mammals were
the major prey of mink, April–May. Muskrats, ground
squirrels and voles were the most important prey.
From May–July, waterfowl (adults, ducklings, eggs
of two species) accounted for 23% of the total diet.
Home ranges of five males averaged 8 km 2 . Prey
estimates amounted to about 1% of the waterfowl
population and its potential reproductive output.
Male mink predation has little impact. Female mink
with young may prey more heavily on waterfowl near
their den (Arnold, Fritzell 1987).
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When I was at Long Point, Ontario, on 22
April a pair of Canada Geese with 7 goslings
several days old, swam across the bay in front
of an observation tower. One parent climbed
a bank to feed on new shoots of green grass.
One gosling walked near a hole in the bank.
A mink darted out, grabbed it and retreated. The
adult goose on the bank spread its wings and ran
toward the mink; to no avail. The pair gathered their
6 goslings and swam back across the bay.

Raccoon
Examination of scats from Raccoons in east-central
North Dakota revealed a varied diet. Feeding sites
used by radio-equipped Raccoons were monitored.
The percent occurrence of foods in 586 Raccoon
scats –
Residue of plant foods 84% (wheat, barley, corn
and sunflowers
Insects 39%
Birds 34% (ducks 5%, duck eggs 12%)
Mammals 20%
Snails 29%
Earthworms 10%
Amphibians 8%
Crustaceans 5%
Raccoons generally used foods in proportion to their
availability, Gadwalls were not among the 6 duck
species identified (Greenwood 1981).

Shelterbelts
Within the Prairie Pothole Region of North Dakota,
dabbling duck nesting was studied on 28 waterfowl
production areas (WPAs) managed by the US
Fish and Wildlife Service. Only 6% of 248 nests
were destroyed through human activity. From the
remaining 232 waterfowl nests, half were plundered.
The average nest depredation date was mid-June.
The average nest density across all WPAs was 1.2
nests per hectare (100 x 100 meters). There was no
relationship between nest density and nest success.
(Borgo, Conover 2015).

Predator Exclosures
Nesting success and density were compared for 7
puddle duck species in north-central South Dakota
in two habitats with and without predator control in –
1) A grass-legume cover of Brome Grass, Alfalfa,
and Sweet Clover about 5 years old on idle cropland
2) Diversified agricultural land used mainly for
crops (45% of land coverage)
Population densities of breeding ducks in both
habitats with predator reduction was 3.1 compared
to 2.7 without predator control. In habitats with
predator reduction, the overall nest density was
nearly 25 times greater in idle grass-legume cover
than on active agricultural land (299 vs 12 nests /
km 2 ), but the nest success was similar at 84% in
both high and low quality habitats.
Management that establishes and maintains
dense, tall, hen-friendly habitat is better than
an expensive, ongoing reduction of predators
(Duebbert, Kantrud 1974).

Gulls

I
Raccoon feeding along the shore in
the Delta National Wildlife Refuge in
Louisiana on 11 October 2001. (Wiki.)
John and Karen Hollingsworth, USFWS
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n Miquelon Lake, Alberta, upland ducks and gulls
nest on islands. During laying and incubation,
California and Ring-billed Gulls protect nests of
ducks by driving away predators. Consequently,
nest success was quite high. Once the eggs
hatched, however, duckling mortality increased as
the number of nesting gulls increased. California
Gulls usually initiated the attacks. No ducklings
survived when nesting gulls approached 500 pairs
(Dwernychuk, Boag 1972).
California Gulls are protected in Utah (state
bird) because of their fondness for eating insects
such a crickets which devour crops. This gull has
two identities. Utah's man-made marshes provide
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gulls contained bits of shell, down or embryos
belonging to waterfowl (Odin 1957).

Botulism
Once predators are done feasting on ducks, the
leftovers may be further reduced by bacterial
diseases. Botulism spores are common in soil and
water. They produce botulinum toxin when exposed
to low oxygen levels and certain temperatures (wiki)
In two counties of North Dakota, in the fall
of 1966, Gadwalls made up 60% of the ducklings
observed. Ducklings had a 50% loss within 54
hours of hatching. As salt concentrations increased,
survival time of ducklings decreased.
Freshwater entering a saline lake forms a thin
layer which floats on the denser saltwater. This
is where duck broods can be found, at least early
in their lives. Salt glands in new ducklings slowly
become functional over the first week. This may be
too late for some, depending on the level of salinity.
Botulism toxin has the potential to inhibit salt gland
function. Ducks disabled by botulism toxin on saline
lakes respond quickly when flushed with fresh water
(Swanson et al 1984).

Ring-billed Gulls, length 45, nest colonially
on the ground, often on islands. They eat
insects, fish, grain, eggs, earthworms and
rodents, and sometimes waterfowl eggs or
ducklings

waterfowl habitat and breeding areas for California
Gulls. By the late 1940s and early 1950s, it was
apparent this gull preyed on eggs and very young
ducklings.
At the Farmington Bay Bird Refuge about 20%
of the waterbirds’ eggs were destroyed by gulls, 5%
by skunks, etc. 65% of all eggs hatched. When a
duck's nest was well concealed by vegetation, 6%
were lost to gulls, compared to 34% of poorly hidden
nests.
Of waterfowl nests lost to gulls, 82% occurred
before 25 June. Most juvenile California Gulls were
still dependent on their parents for food during
this period. Gadwalls enjoyed a 72% egg hatching
success. In Zone One, 27% of Gadwall eggs were
taken by California Gulls, Zone Two 57%, and in
Zone Three, the most distant from the nesting gulls,
no eggs were taken. By the time young Gadwalls
were three-quarters grown, 23% of them had been
lost to unknown sources. 20% of 90 stomachs of

59

Habitat for Nesting
Canadian Prairie Studies
Common crops (80% in 2006) in prairie Canada
include spring wheat, oats and barley, canola, flax,
winter wheat, fall rye, hay, and pasture. The other
20% was mostly spring rye, corn, mixed grains,
sugar beets, and potatoes. High-quality pasture, at
relatively low risk of being converted to cropland,
should be protected and maintained for nesting
waterfowl (Rashford et al 2011).

W

inter wheat is useful cover for nesting
dabbling ducks. In the Dakotas, of 1,170
nests of 5 common duck species in winter wheat,
Gadwalls made up 22% while 20% were in perennial
cover. Over 3 years, there were 258 nests (30%)
of Gadwalls in Winter Wheat and 604 nests (70%)
in perennial cover. Overall success for nests was
about equal in both kinds of cover. By planting more
hectares of winter wheat in the fall, farmers will
benefit from a valuable cash crop and waterfowl will
have additional habitat for nesting. It also prevents
soil erosion over winter and competes well with
wildflowers in the spring once established. Over
the last decade, research and collaborations have
produced new cold-tolerant and disease-resistant
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Prairie Pothole Region of central North America (inset map) and six ecoregion subdivisions
(adapted from Omernik 1995). Yellow symbols represent weather stations (three per ecoregion) used in WETSIM analyses. Droughts which cause fluctuations in crops, water levels and
duck populations, are all interrelated (Johnson et al 2005)
varieties of winter wheat which can be grown on the
prairies (Skone 2014).

Planted Dense Nesting Cover
The North American Waterfowl Management Plan
(NAWMP) began in 1986 in response to declining
populations of waterfowl. From 1994–1999, in
parklands of three Canadian prairie provinces, 84
fields of planted dense nesting cover (DNC) were
searched. As always, nest density and nesting
success varied among fields. Nest density averaged
0.8 nests / hectare and nests by species –
Mallard 36% (elevated due to telemetry)
Blue-winged Teal 24%
Gadwall 17%
Northern Shoveler 13%
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Northern Pintail 5%
American Wigeon 3%
American Green-winged Teal 1.5%.
Nest abundance and nesting success roughly
doubled in fields seeded with alfalfa (Medicago
sativa) or sweet clovers (Melilotus species) (DNC),
but there was no benefit from using native compared
to commercial grasses. Waterfowl managers in the
Canadian Parklands should establish large fields
of alfalfa in landscapes with abundant wetlands
(Arnold et al 2007).

17,000 Duck Nests
Gadwall hens, in unmanaged fields in the 3 prairie
provinces, chose 3 habitats for nesting–
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Grasslands, Shrublands, and Haylands
In these unmanaged covertypes, nesting success
showed a slight increase as the nesting season
progressed. In managed, planted covertypes, hens
chose – Planted cover, Idled parkland, and Hay
fields with delayed cutting
Early-season nesting success is highest in
planted cover, despite declining nesting success
later in the season (Emery et al 2005).

Variables
In the PPR of the Dakotas, nest survival of five
species of dabbling ducks was monitored (8-years)
in relation to several variables. The wet / dry
fluctuations alter populations of buffer prey eaten
by predators of duck nests. Field work should
involve simultaneous measurements of duck nests,
abundance of mice and voles, predators of duck
nests, vegetative cover and pond densities over a
decade or more to get a fuller picture (Walker et al
2013a).

Vesper Sparrow is a 16 cm long bird of
grassland, forest clearings and sagebrush in
much of North America. (Wikipedia)
Photo 25 April 2009 by Tim from Ithaca

Habitat Suitability Index (HSI)
The Habitat Suitability Index (HSI) model is a basis
to evaluate summer habitat for Gadwalls nesting
on the prairies. Optimal conditions are a minimum
of 150 ideal wetlands with an average size of 0.4
hectare for a combined total of 65 ha (25%) per
section (260 ha). Ideal nesting habitat within 260
ha should be about 195 hectares (75%). This model
of wetland suitability treats all wetlands of one
class having the same value to Gadwalls. It looks
at the big picture, not each wetland. A goal of 100
waterfowl broods, including Gadwalls, per section
(260 ha) is ideal. This level of brood production
could be supported by 20 ha of optimum wetlands.
The production of Gadwalls on a particular area
is determined by the variable (food, cover, water,
weather) with the lowest potential to support their
needs in any year (Sousa 1985).

Vegetative Patterns
Within a population of 100 Gadwall hens, I like to
imagine 3 or 4 are nonconformists, or exploratory,
placing their nests in abnormal vegetation or an
unusual distance from water.

O

n the 385-ha St Denis National Wildlife Area
in Saskatchewan, researchers tried to find
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Alfalfa, Medicago sativa, Atlas des plantes
de France, 1891. Reproduction of a painting by the French botanist, Amédée Masclef
(Wikipedia)
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Number of Pairs

Ponds and Lakes

1973 1974
(146) (102)

Ephemeral 		
Temporary		
Seasonal		
Semi-permanent
Permanent		

0
3
18
40
1

0
1
8
48
5

Intermittent		
Permanent		

2
10

6

Dugouts		
Stock Ponds
Ditches, etc		

11
21
4

8
25
0

Streams

Man-made

Gadwall breeding pairs preferred semipermanent and seasonal wetlands, along
with stock ponds in South Dakota in May
and June (Ruwaldt Jr et al 1979)
vegetative patterns to explain nest-site choices
based on nesting success or failure, vegetative cover
type, and fidelity to nest site based on success rate.
Also, did nest-site vegetation differ from randomsite vegetation?
For Gadwall, vegetation at nest sites for the two
nesting outcomes, plus a random control –

study. Bear in mind predation by habitat type was
not consistent from year to year (Clark, Shutler
1999).
At Oak Hammock Marsh north of Winnipeg,
Manitoba, a place I visited several times, nests
were located in wet sedge meadows during the
last week of May and the first two of June, 1974.
A total of 238 duck nests were found, but only one
was built by a Gadwall and it was not a success.
Overall, duck nesting success was 73%, a healthy
level for a population where no predator control
was ongoing (Oetting, Dixon 1975).
At Delta Marsh, Manitoba, when Gadwall hens
began egg laying, new spring growth was up
to 35 cm tall, reaching 90 cm by hatching time.
Nests were built most frequently within fresh
Stinging Nettle, Urtica gracilis, Whitetop Grass,
Scolochloa festucacea, and Canada Thistle,
Cirsium arvense. Several other plant species
surrounded each nest (Oring 1966).
Between June and August common open-water
plants grew at the Turnbull NWR 15 km south-east
of Spokane, Washington –
Flatstem Pondweed, Potamogeton zoster ifor mes
Sago Pondweed, P pectinatus
Floatingleaf Pondweed, P natans
Eurasian Watermilfoil, Myriophyllum spicatum
Stiffleaf Buttercup, Ranunculus subrigidus
Canadian Waterweed, Elodea canadensis
plus filamentous alga

			
Succ.

Pred.

Rand.

Grass
Height		
Cover
Distance
To Edge
Distance
To Water

42%
58 cm
50%

56%
62 cm
44%

72%
49 cm
20%

Most Gadwall nests (90%) hatched between 15 June
and 24 July. Most duck broods (60%) fed in water
40–60 cm deep. Overall, broods of Gadwalls and two
teals (Blue-winged and Cinnamon) as a guild, had a
high niche overlap and mid-season hatching peaks.
They fed over dense floating mats of submerged
vegetation near the surface. As is often the case,
various water depths in a marsh allow for diversity in
vegetation cover, plant and avian species (Monda,
Ratti 1988) .

14 m

17 m

18 m

Crops For Nesting

130 m

118 m

115 m

Crops in Saskatchewan were studied for 4 years
in the late 1990s. Spring-seeded wheat and barley
were dominant crops on the prairies. By crop, the
number of nests of Gadwalls –

There was no obvious difference between nest sites
and random sites. The evidence for nesting habitat
choices was weak. Predation was habitat specific.
There was no evidence Gadwall hens with
experience helped them choose a suitable patch
type for nesting. Perhaps some important nest site
variable was not considered and measured in this
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Winter wheat 14
		Fall rye 37
		
Spring-seeded 3
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Nest initiation dates –

1) 9 June in winter wheat 40 cm tall
2) 23 May in fall rye 60 cm tall
3) 15 May in spring-seeded wheat or
barley fields 10 cm tall
Estimates of nests hatched per hectare –
1)
2)
3)

winter wheat 0.2
fall rye 0.1
spring-seeded cropland at 0.01

More land seeded in the fall with wheat
or rye would increase nesting habitat
(Devries et al 2008).
		

Road- and Rail-Side Habitat

Gravel, paved, and dirt roads in the
prairies are arranged in a 1.6 by 1.6
kilometer grid pattern. Evidence of higher
nesting success of ducks along paved
roads suggests these areas may be used to create
high production areas for upland nesting waterfowl.
More traffic on these types of roads appears to
deter predators from becoming roadkill, resulting in
increased nest survival. Nesting habitat for ducks
in the PPR should consider the benefit of borders
of paved roads on nesting success (Baschuk 2007).

d

ucks and other birds use ditches and
margins of highways and back roads
as nesting sites. Often these edges are
mowed or sprayed, but timing of this can
be altered to enhance nesting success
and reduce maintenance costs. In North Dakota
255 hectares were surveyed along interstate I-94.
Shrubs and trees were absent.
Some 1.6 km long strips of nesting habitat were
mowed, some left unmowed. Gadwalls occupied 22%
of 442 nests. They enjoyed higher nest densities per
hectare and higher nest success in unmowed areas
along highways.
Problems
anticipated
by
the
Highway
Department of North Dakota from not mowing
highway borders, such as increased wildlife-vehicle
collisions and snow buildup, did not happen. The
savings was over $100,000 per year. People and
wildlife benefited (Oetting, Cassel 1971).
In the fall of 1968, a 4-year agreement with
the North Dakota Highway Department allowed
alternate 1.6-km sections of the study area to
remain unmowed. This treatment resulted in 23
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mowed blocks (123 ha) and 23 unmowed blocks
(125 ha). Mowing was conducted once each year in
the fall; the vegetation was cut, baled, and removed
from the area. Among the 6 species of ducks nesting
in the roadside cover, 127 nests of Gadwalls had a
63% success rate with most predation attributed to
mammals.
As expected, all hens, especially Gadwalls and
Mallards, had a preference for unmowed blocks with
deeper litter than mowed sections, throughout the
nesting season. In 1973 the entire study area was
left unmowed. Nest success in previously mowed
and unmowed blocks was nearly equal, 45 and 48%.
In both sections, 85 vascular plant species were
identified and 54 species were common to both
areas. The dominant species was Smooth Brome.
Shrubs and trees were scarce. Wetland area was
about equal. Hens chose their nest sites based on
vegetation characteristics.
“Waterfowl production is the result of so many
interwoven factors that isolation of one is almost
impossible. When comparing results from one
nesting study to another the task is even more
difficult.” (Voorhees, Cassel 1980)
The Northern Pacific Railway margins in North
Dakota were searched for nests of ducks. From 85
nests, 21% belonged to Gadwall. They achieved an
83% nest success. Waterfowl / vegetation managers
might consider stopping annual hay removal and
trying periodic burning to alter plant succession
for the benefit of nesting waterfowl and pheasants
(Page, Cassel 1971).
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Winter Wheat about 80 cm tall in southern Ontario on 4 June 2016. This crop provides
suitable nesting cover for dabbling ducks when they return in spring. Most duck nests
have hatched by the time the crop is harvested about the 3rd week in July in Ontario.
Predators are generalists and consume anything from insects to small mammals and
birds. Monocultures of winter wheat might be less attractive to foraging predators due to a
decrease in abundance of potential prey (Skone 2014). The 7–9 cm long spikes are starting
to bloom as Monarch Butterflies are beginning to migrate north into the province.

2017 Waterfowl Population Survey
Total number was estimated at 47 million

MILL IONS

5

Gadwall are +111% over
the long-term average.
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YEARS
Gadwall numbers have shown a steady increase over the last 6 decades.
Graph from DU at ducks.org
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Habitat Managers

Three types of habitat were surveyed for
nesting upland ducks in the Dakotas. Gadwall
nests made up 14% of the 517 nests. The
use by nesting Gadwalls of seeded native
grasses and seeded introduce grasses was
4 times higher than use of unplowed prairie.
For habitat managers making choices
on plantings, site quality and climate have
to be considered. If annual precipitation
exceeds 50 cm, then establish stands of tall
warm-season grasses with Big Bluestem,
Indian Grass, and Switchgrass. For areas
of the prairie pothole region where annual
precipitation may be less than 40 cm,
introduced grasses, such as Intermediate
Wheatgrass or Tall Wheatgrass along with
Intermediate Wheatgrass, Agropyron intermedium
Alfalfa should produce stands of tall, dense
now named Thinopyrum intermedium, is a
cover. Green Needle grass and Western
perennial grass which adds organic matter to the
Wheatgrass are native grasses that can
soil and can be used by waterfowl for nesting
generate good nesting cover, as long as
since it is tall and dense. Photograph by Lee R
site preparation and planting procedures are
DeHaan in July 2008 at The Land Institute, which
adequate (Klett et al 1984).
is a non-profit dedicated to sustainable agriculture
Over nine years, Gadwall nest success
based in Salina, Kansas. (Wikipedia)
was 45%, and 33% of their nests were placed
among shrubs. The grass / wildflower habitat
was avoided by Gadwalls and Mallards.
1) cropland 44%
National Wildlife Refuges, with much brushy
2) mixed-grass pasture and hayland 25%
vegetation, provide suitable habitat for upland3) wetlands 12%
nesting Gadwalls and Mallards (Kruse, Bowen
4) tame hay 7%
1996).
5) miscellaneous types 11%
In times of drought, one strain of Alfalfa seems
to flourish better than ordinary Medicago sativa. A Nearby agricultural lands of unused, native mixednaturalized population of Yellow-flowered Alfalfa,
grass prairie held 17 nests / km 2 . The seeded fields
Medicago sativa falcata, was found growing and
held an average density of 52 nests / km 2 .
reseeding on private and public rangeland in north620 nests of seven species of dabblers were
western South Dakota (Misar et al 2015).
located on 9 fields. 84% of the nests belonged to 3
Nesting dabbling ducks used 9 agricultural
species –
fields near Roscoe and Bowdle, east of the Missouri
River in South Dakota. Ducks nested in fields no
		1) Blue-winged Teal 36%
longer used for cereal grain production in 1967.
		2) Mallard 24%
These fields were seeded with –
		3) Gadwall 24%
		Smooth Brome 63%
		Intermediate Wheatgrass 13%
		Alfalfa 8%
		
Crested Wheatgrass, Sweet Clover, and 		
		various wildflowers 16%

		1)
		2)
		3)

Mature flowering plants created dense cover. Haying
and grazing were prohibited. Average land use in
nine 1.6-km-radius circles –

For 135 Gadwall nests, 43% hatched before 15
July. 82 nests had an average clutch of 11 eggs.
Seven duck nests (1%) contained a total of 13 Ring-
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Average distances of nests to water –
Blue-winged Teal 255 m
Gadwall 350 m
Mallard 485 m
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Ponds and Ducks The number of ducks closely follows the number of ponds counted from
aerial surveys (1955–1998) on the Canadian Prairies (Conly, Van der Kamp 2001). Drainage
and drought have taken their toll on the number of ponds over these 4 decades as a hungry
human population continues to increase globally

necked Pheasant eggs; 90% of these hatched, and
the pheasant chicks left the nests. A dozen other
species of birds nested and White-tailed Deer used
the fields for birthing (Duebbert, Lokemoen 1976).

Nests and Grazing
Sometimes livestock grazing hinders nesting by
upland ducks. Other studies show grazing can
benefit nesting habitat. For 2 years, in the late
1990s, puddle duck nesting density and success on
the Missouri Coteau landform of North Dakota were
compared between traditional, continuous grazed
native pasture and rotational grazed systems in
place for at least 4 years. Nest success of ducks (all
species) averaged about 24% in rotational pastures
and 16% in continuous pastures between years.
Average annual nest density of ducks was 0.3 per
hectare. Using 42 nests of Gadwalls, the nest density
per 100 ha, ranged from 1–4 on rotational-grazed
pastures compared to 3–4 on continuous-grazed
pastures. Overall, rotational grazing and continuous
grazing were equally attractive to nesting puddle
ducks in mixed-grass prairie (Murphy et al 2004).
An earlier study had opposite results. During
the 1960s, a 2-year study in North Dakota revealed
pair numbers, nesting densities and nest success
were generally reduced by grazing. Based on
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these findings, regular grazing and mowing should
be discontinued on areas managed primarily for
waterfowl production (Kirsch 1969).
At the Monte Vista National Wildlife Refuge in
Colorado, as the intensity of grazing increased,
nest success declined. Harsh temperatures and
high elevation produced a simplified botanical
community. Gadwalls built their nests in the two
most common habitats, Baltic Rush (60%) and Black
Greasewood (20%).
Management practices for grazing, predator
control, and water manipulation altered the nesting
outcomes over the years. “Predator control also
bears on ethical issues of wildlife management on
national wildlife refuges, a system that is increasingly
committed to maintaining biotic integrity in natural
communities.”
Overall, “because many refuges are islands
of habitat surrounded by severely degraded
landscapes, external factors often mandate
intensive habitat management.” (Gilbert et al 1996).
Cattle grazing and nesting ducks do not a tasty
pie make, except in California, where anything
seems possible. Rotational grazing from 1 July – 1
November produced positive results, at least in the
northern San Joaquin Valley. Over winter the grazed
fields recovered, and their vegetation height was
similar to ungrazed lands by the start of the nesting
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season for dabblers in late March. At the end of the
nesting season, previously grazed fields had taller
vegetation than did ungrazed fields.
66 duck nests were located in 1996 – 42
Mallards, 13 Gadwalls, and 11 Cinnamon Teal. In
1997, 26 duck nests – 17 Mallards, 4 Gadwalls,
and 5 Cinnamon Teal. In both years, 90% of all nest
initiations fell between 16 March – 17 May. With
about 25 days for incubation, none of the nests
remained active when grazing began on 1 July.
In 1996, densities of duck nests were more than
3 times higher in grazed than in ungrazed fields.

Stinging Nettle, Urtica dioica , is native to
Europe, Asia, northern Africa, and western
North America. The soft, green leaves are
3 to 15 cm long, opposite on an erect, wiry,
green stem 1–2 m tall. Plants often grow in
clumps to form thickets. It has a long history
of use as a source of medicine, food, and
fibre. Painting by Dr. Otto Wilhelm Thomé
Flora von Deutschland, Österreich und der
Schweiz 1885, Gera, Germany (Wikipedia)
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Then in 1997, a wet, cool spring, nest densities
were no different between the two types of fields.
Perhaps this type of farming, where it is possible
to keep cattle from damaging wetlands and riparian
zones, could be tried in other areas of the Central
Valley in California (Carroll et al 2007).

USDA Programs
The Water Bank 10-year agreements were
implemented by the Department of Agriculture in the
1970s to pay landowners, including duck clubs, fees
to maintain wetlands and surrounding uplands for
nesting ducks in Merced County, California. Nest
production in 1976 was checked on various habitats
at 8 duck clubs. Eleven of 16 nests of Gadwalls
(70%) were located in dry ponds and uplands; 5 on
levees and islands. Dominant cover around nests
of Gadwall was Sour Clover, Trifolium fucatum,
a native western plant, and Baltic Rush (Gray,
Schultze 1977).
The US Department of Agriculture, through
its Farm Programs impacts wildlife populations
on the prairies more than any other governmental
agency. The Food Security Act of 1985 authorized
a Conservation Reserve Program (CRP), and
implemented a Wetland Conservation Provision
of the Farm Bill. Wetlands in CRP fields attracted
about 30% more breeding pairs of ducks than similar
classed wetlands surrounded by crops.
Breeding ducks and wetland data, 1992–2004,
were examined relative to the Conservation Reserve
Program in the Prairie Pothole Region of North
Dakota, South Dakota and north-eastern Montana.
Computer models provided estimates on 5 species
of puddle ducks. For Gadwalls –
Breeding population 18%
Average increases in production resulting
from CRP fields 22%
Estimated number of breeding pairs 910,000
Average nest success in CRP 20%
(Reynolds et al 2007).
In the PPR of north-eastern Montana and the
eastern half of the Dakotas, the USDA Conservation
Reserve Program (CRP) gave money to farmers
to convert about 2 million hectares of cropland,
between 1986 and 1992, to undisturbed perennial
grass cover. An estimated 12 million new ducks were
added to the population from 1992–1997. Hunters,
birdwatchers, and outdoor enthusiasts nationwide
benefit from CRPs in the north.
The Small Wetlands Acquisition Program,
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(SWAP) funded by the sale of Duck Stamps, has
also set aside over 100,000 ha of grass cover on
Waterfowl Production Areas (WPA) in this region
since 1960 (Reynolds et al 2001) .
“Since 1985 the Conservation Reserve
Program and Swampbuster provisions of the
United States Department of Agriculture Farm
Programs have provided substantial benefits
to duck populations in the United States by
increasing the amount of preferred nesting cover
and protecting wetlands vital to breeding ducks.”
(Reynolds et al 2006).
Temporary ponds, with their shallow, warm
water, were usually the first to develop an
invertebrate population each spring. Water
permanence had a direct bearing on wetland plant
communities so important to waterfowl for feeding
and cover. Wetlands of little use to breeding
Gadwalls were ephemeral, permanent, alkali, and
fen (Kantrud, Stewart 1977).

Bioenergy From Grasslands
Since 2000, the push for renewable energy from
biofuels and advances in biotechnology continue
to force conversion of grasslands to crops in the
Northern Plains region of the USA (Stubbs 2007).
Conservation grasslands set aside for nesting
birds can now be harvested as biomass for use in
biofuels for reasons of National Security. In southwestern Minnesota, fields of grassland were left
untouched, some endured a partial harvest, others
a complete harvest (Jungers et al 2015).
Grassland biomass yields range from 0.5 to 5.7
Mg (Megagrams) per hectare. May precipitation
increased biomass yield while precipitation in all
other warm months made no difference. Also, the
concentration of plant nitrogen (N) was 7 grams
per kilogram, similar to dedicated herbaceous
bioenergy crops such as Switchgrass. Variation
in ethanol yield was mainly due to variation
in biomass yield, rather than biomass quality.
Efforts to increase biomass yield should be more
economical than altering plant species when
managing conservation grasslands for ethanol
production (Jungers et al 2013).
  Breeding pair numbers were warmly related
to number of ponds for 4 species, but not for
Gadwall. “Area of ponds explained more variation
in numbers of pairs than did number of ponds for
all species except shovelers.” As the number of
ponds decreased, Mallard and Gadwall pairs per
pond increased (Lokemoen et al 1984).

68

At Delta, Manitoba, “For four years a pair of
Gadwalls have taken title to a small pothole near
the hatchery, but Gadwalls never have occupied
another pothole 400 yards away, which, to me,
appears essentially the same.” (Hochbaum 1944).

Creating Wetlands
In Iowa Gadwalls preferred marshes covering 11–
20 hectares (Brown, Dinsmore 1986).
Land-use agencies involved with building
ponds to water livestock are becoming interested
in adding features that will make these man-made
wetlands attractive for wildlife. In 1966 in western
North Dakota –
1) Dam-type ponds larger than 0.4 surface
hectares comprised 30% of all man-made ponds,
but received 65% of pair use and 87% brood use.
2) Use of fenced ponds by pairs and broods was
not really different from use of unfenced ponds.
Grazing rates should be low enough to encourage
grassy shoreline cover preferred by pairs and
brushy and emergent shorelines preferred by
broods.
3) Pairs were more numerous on older ponds
with grassy shorelines, but less numerous on
ponds with heavy deposits of sediment, or isolated
from other wetlands. Broods were less numerous
on turbid and newly constructed ponds.
4) The most suitable stock-watering units for
maximum waterfowl production were dam-type
ponds of 0.6 surface hectares or larger and built in
gentle to rolling terrain away from major sources
of siltation (Lokemoen 1973).

Wetlands & Duck Population Size
For dabbling ducks breeding in the prairies, the
predicted population size of Gadwalls relative to
number of wetlands showed little variation in 40
of the 52 years when wetlands were tallied from
the air. “The effect of wetlands on duck population
growth in any given year could not be predicted
from the combined amount of precipitation in the
current and previous 2 years.” (Feldman et al
2016).

Nesting & Renesting, Utah
Gadwalls nest in an artificial marsh at Ogden Bay
Refuge along the east shore of the Great Salt
Lake, Utah. Migrating drake Gadwalls, began
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arriving in early March. Mated pairs arrived in midApril and spring migration ended about mid-May
with the onset of territorial behavior.
About 40 pairs of Gadwall, the second most
common dabbler, nested each year. 83 hens were
radio-tagged to study re-nesting. Nests of marked
hens in various stages of egg laying and incubation
were destroyed by field workers.
In 1957, 15 hens marked in 1956 returned to
nest in mid-April. By then they were already paired.
About a month passed before the start of egg laying.
Based on a 48% expected survival rate of adult
hens, the actual 1956–57 rate of homing was at
least 60%. Distances between 1956 and 1957 nest
sites for 11 marked adult Gadwall hens averaged
334 (187–466) meters. Resident hens were much
more mobile during the post-arrival period than after
they began nesting. Adult hens were among the
earliest to begin nesting, possibly because they had
specific areas where they wanted to build. They also
determined the general location of a home range.
“Home ranges were shared by one or more
breeding pairs and were defended only in part.
Aggressive behavior often shifted with the
movements of the pair and was not limited to specific
sites.” Breeding home ranges of five marked hens
on the study area during pre-nesting activities and
egg laying averaged 27 (14–35) hectares. Preferred
sites existed along channels and dikes. Here 94%
of nests were within 45 m of water. However, some
Gadwalls nested on farmland up to 1,500 m from
water.
A breeding home range of a pair in Utah
overlapped those of several other pairs. Feeding
and loafing sites were shared daily, but at different
times. This behavior probably allowed more pairs to
breed on the study area. Most successful hens left
the study area soon after their eggs hatched.
Early nesting by Gadwalls was limited mainly to
the dry channel and dike banks (92% of 77 nests),
and to dry uplands of wildflowers and grasses (73%
of 77 nests).

Emergents
Spike-grass, Distichlis stricta
Spike-rush, Eleocharis rostellata
Hardstem Bulrush, S c i rp u s a c u tu s
Common Cattail, Typha latifolia
Baltic Rush, Juncus balticus
Bayonet-grass, Scirpus paludosus
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Uplands
Stinging Nettle, Urtica gracilis
Sweetclovers, Melilotus alba, M of ficinalis
Western Aster, Aster adscendens
Five-hook Bassia, Bassia hyssopifolia
Marsh-elder, Iva xanthifolia
Prickly Lettuce, Lactuca scariola
Common Ragweed, Ambrosia artemisifolia
Common Sunflower, Helianthus annuus
Common Thistle, Cirsium species
Junegrass, Poa pratensis
Brome, Bromus inermis, B. tectorum and
spike-grass
Number of nests per hectare –
Upland wildflowers and grasses 5
Baltic Rush 4
Spike-rush 3
Hard-stem Bulrush 2
The 3 remaining cover types together 1
Generally, Gadwalls preferred the densest and
driest cover.
Average clutch size of first nests was 11 (9–12)
eggs. First re-nests experimentally induced for 19
marked hens produced a clutch of 8 (5–10) eggs.
Third clutches (2nd re-nest) of 4 hens averaged 7
(6–8) eggs. One fourth clutch (3rd re-nest) held 6
eggs. For 28 marked hens, the average distance
between the first and second nests (the re-nest) in
the same year was 220 (100–480) meters.
In 1956, 75 nests were located.
Successful 47%
Predated 39%
Desertion 9%
Observer disturbance 5%
After incomplete clutches were destroyed, one
marked hen laid 22 eggs in 22 days in 3 clutches;
another hen laid 12 eggs in 12 days in 2 clutches;
and a third Gadwall hen produced 17 eggs in 2
clutches in 17 days. Each hen relocated to a new
site to lay new eggs starting the day after her eggs
were removed. One hen had laid 10 eggs, which may
have been a full clutch. She waited 3 days to begin
another clutch. From a sample of 3 first nests when
6, 10, and 11 eggs were removed, the re-nesting
hens laid 10 or 11 eggs, normal for first clutch sizes.
Often the re-nest (11 of 12) is situated within
the breeding home range. When a hen re-nests, if
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Wildflowers
Grasses





Emergent aquatics
Open water
Gadwall nest
Observation blind

90 m

Gadwall nests were concentrated in wildflowers (forbes) with a few in grassy
areas on the 2.8 hectare Ding Island, Lower Souris National Wildlife Refuge,
North Dakota in 1957 (Duebbert 1966)
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her drake has already left, she may re-mate with
a bachelor drake retaining its nuptial plumage. Renests had a respectable success rate of 53%. The
average number of ducklings was 8 for successful
first nests and 7 for successful re-nests. When
clutches were experimentally destroyed during
incubation, 74% of the hens re-nested a second
time. Marked hens usually made 2 re-nesting
attempts each year. Since older adults begin to nest
earlier than first-time nesters, they have more time
to re-nest. Overall, re-nests account for about 30%
of the total reproductive effort at the Ogden Bay
Refuge.
After hatching, hens guided their broods an
average of 900 (420–1,850) meters from the nest
to deeper water. From 52 successful nests, the
average hatch was 8 ducklings, which dropped to
6 for Class 3 (fully feathered, 45–50 days old, but
cannot fly) broods. There was a 23% reduction in
size of broods from hatching to flying. Most of the
reduction happened in the first 20 days of life and by
California Gulls. No instances of brood combining
was noted for marked hens.
In summary, 100 nesting hens would produce
560 chicks at hatching and 280 were assumed to
be females. About 77%, or 215 young hens, would
survive to the age of flight (Gates 1962).

I

t took decades before waterfowl researchers
finally admitted their presence in the field when
searching for duck nests may actually caused nest
failures, directly or indirectly from predators such as
crows that can remember the spot where a biologist
flushed a duck from its nest (McMaster et al 2005).
Gadwalls, like other ducks, have a very
long history and culture we cannot include in our
simulation models. Birds think differently than we
do and adapt themselves to various habitats in ways
we cannot understand. Having a PhD does not make
you think like a duck, nor are ducks impressed by a
university education.

Mainland nesting – Vegetation
Use of nesting cover by Gadwalls in Utah showed
most nests (33%) were built in Hardstem Bulrush,
with wildflowers (18%) and shrubby willow (19%)
holding an equal number of nests. Two areas of the
marsh held 138 and 115 nests per hectare (100 x
100 meters). Channels influenced the vegetation.
Most Gadwalls nested 1–3 m from the channels.
This article contained only one reference. Nesting
studies were just beginning in the 1930s (William,
Marshall 1938).
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In the late 1970s, in central North Dakota, a
6-year project swirled around Gadwalls, Mallards
and Blue-winged Teal. Five cover categories existed
in two large study areas –
Cropland 40%
Grazed Mixed-grass Prairie 30%
Wetlands 10%
Hayland and Miscellaneous 20%
Wetlands were mainly of two types – Seasonal and
semipermanent. In these basins –
Awned Sedge, Carex atherodes
Whitetop Rivergrass, Scolochloa festucacea
Marsh Knotweed, Polygonum coccineum
Tule Bulrush, Scirpus acutus
Cattail, 2 Typha species
Seeded dense nesting cover was added to one
basin in 1979. It was already present in the other
23 km 2 area. Composition of dense nesting cover –
Tall Wheatgrass, Agropyron elongatum
Intermediate Wheatgrass, A inter medium
Alfalfa, Medicago sativa
Sweet Clover, Melilotus of f icinalis
(Lokemoen et al 1990).
The arid landscape of the Desert Wildlife Area in
the state of Washington has shallow permanent
wetlands with openings in emergent cover. These
are preferred by many species of wetland birds,
including waterfowl and passerines.
From March to August 1995, of 10 wetlands,
some were completely covered with emergent
vegetation while others had been excavated at
various times in the past. Six species of dabbling
ducks occupied the wetlands. Mallards were noted
43%, and Gadwalls 34% of the time. Densities of
dabbling ducks, including their broods, were greater
on excavated wetlands than on control wetlands
congested with emergents. In both types of wetlands,
Myriopyllum, Potamogeton, Chara and algae were
common aquatic plants. As well, “zooplankton
biomass was greater on excavated wetlands and
increased in older excavations.” (Creighton et al
1997).
Jamaica Bay Wildlife Refuge (JBWR) is located
on the south shore of western Long Island, New
York. Human disturbance was minimal. The bay
is less than 3 m deep at low tide, with an average
tidal fluctuation up to 2 meters. Vegetation consists
mainly of Spartina alterniflora, S patens, Distichlis
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spicata and Phragmites communis. Ducks were
counted for one year in the late 1970s. There were
22 species of ducks – 11 divers, 9 dabblers, and 2
sea ducks.
Gadwalls, at 6,700, were the 4 th most numerous
dabbler during the year, after the American Black
Duck at 66,000, American Widgeon 23,000 and
Mallards 17,000. There were more ducks on the Bay
during periods of shallow water. Ponds, date, wind
direction & speed, and temperature accounted for
most of the variability. Along the edges, tall, dense
stands of Phragmites protected ducks from wind.
(Burger et al 1984).

were found in one bowl on 13 June, indicating the
female had laid the first egg on 9 June, 3 days after
the bowl was formed. The clutch of nine eggs was
completed 17 June and hatched on 13 July, after
being incubated 26 days (Chura 1962).
At the 4.5 ha island in Miller Lake in northwestern, North Dakota, let’s look at Mallards and

Island Nesting
G adwall pairs scouting for nest sites on Ding Island,
North Dakota usually landed in grassy areas.
After a few minutes the female walked into dense
wildflowers as the male waited. Sometimes the
male accompanied a female during exploration. This
searching preceded laying of the first egg by about
a week.
Nest density on the island was 28 per hectare in
1956 and 43 per hectare the next year. The highest
density occurred when about 80% of Gadwall nests
were in patches of nearly pure Stinging Nettle,
Urtica dioica. Most nests were initiated when nettle
was 15 to 25 cm high. In the late incubation stage,
nettle was about 1.5 m tall. In 1957, six clutches of
eggs were found in bowls of Gadwall nests from the
previous year. As an experiment, on 6 June several
bowls were dug in areas of cover near the blind
where Gadwall hens had been exploring. Five eggs
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Western Snowberry, Symphoricarpos
occidentalis, is a woody deciduous shrub
0.5–1.5 m tall. Flowers pinkish, 9–12 mm
wide; leaves opposite, entire or with blunt
teeth, fruit a drupe. 21 August 2008 (Wiki)
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Gadwalls during the late 1970s. The lake covers
380-hectares, has an average depth of less than
2 meters, is highly alkaline and contains no rooted
aquatic plants, and few species of invertebrates. In
1977, 95% of the nests belonged to two species –
Mallards 59%, and Gadwalls 36%. From 663 nests,
81% were successful.
Vegetation on the island influenced where
Mallards and Gadwalls nested. Thick shrubs, mainly
Western Snowberry, Symphor icarpos occidentalis,
and Wood's Rose, Rosa woodsii, in some places
underlain by Brittle Pricklypear, Opuntia fragilis,
covered most of the island’s crest. Four other small
patches were nearby. All patches of shrubs on the
island amounted to a total of 1.1 hectares. Ducks
preferred to nest in the 5 patches of tall concealing
shrubs, even though no mammalian predators
were seen on the island. Strips of open shrub and
grassland held most of the remaining nests.
Three habitats were chosen by Gadwall hens for
their 234 nests –
Thick Shrub, 218 nests (307 nests / hectare)
Open Shrub, 11 nests (30 / ha)
Mesic Grassland, 5 nests (8 / ha)

Mallard hens were hidden from each other and
unmated drakes, which allowed high nest densities
along with a high rate of nesting success, above
85%. At high nest densities, inexperienced Gadwall
hens (yearlings) built very few nests. Hens of the
two species moved their new broods up to 5 kms
from their nests to reach adequate food and cover.
In the largest 0.6 ha thick shrub area, Gadwall
nest initiation (first eggs laid) began about 17 May.
Where Gadwall hens built their nests did not seem
to be influenced by either existing Mallard or other
Gadwall nests. Gadwall nests were placed in a
random pattern. Mallard nests were more evenly
spaced. Active Gadwall nests attained their peak
densities during the week of 14 June when 160
nests were active simultaneously and an average of
3 meters apart (Lokemoen et al 1984).
Duck nests on islands in Lake Newell, Alberta,
were studied from egg-laying to hatching. The highest
nest densities were on small islands, especially
those inhabited by Common Terns. Mallards made
up 54% of the total nests and Gadwalls 9%. The
average nest density for Gadwalls was 1 per 2.8
hectares with a 25 m average distance to water and
a 33% success rate. Gadwalls had higher nesting
densities among terns (Vermeer 1970).

By nesting in the thickest cover, Gadwall and
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6 Months 		
1992–1993		

Number of 		
Gadwalls Coot		

Grams / meter 2 of
Aquatic Vegetation

October		1,740		670		250
November		1,180		1,550		170
December		2,135		2,035		105
January		1,275		2,050		40
February 		615		1,335		8
March		40		1,195		—
Gadwall and coot numbers peaked over mid-winter in Alabama, and the aquatic
vegetation on which they fed declined steadily over 6 months in one winter
(McKnight, Hepp 1998)

A

began on 23 April and finished 3
rtificial islands, 0.1 to 6.6
July for 53 nests. Hatching success
hectares, were created in
for nests of Gadwall was 90% and
7 impoundments by Ducks
eggs 95%. Gulls did not eat any
Unlimited near Brooks,
eggs. However, the island shores
Alberta.
Planted
and
natural
did not have emerging aquatic
wildflowers and grasses covered
vegetation to provide cover. When
the islands. On 75 islands, nesting
the ducklings entered the water,
habitat (37 ha) was searched over
they were eaten by the California
the first 2 years, and a sample of
Gulls. Not all gulls destroy ducks.
53 of these islands (13 ha) was
Sometimes when ducks nest in
searched the 3 rd summer (1976–
association with Common Terns,
1978). Grasses and broad-leaved
Black Terns, Franklin Gulls, and
forbes, annuals to perennials, held
pure Ring-billed Gull colonies, a
the most nests.
high fledging success for ducks may
Gadwalls accounted for 12% of
result (Vermeer 1968).
the 1,205 nests of all ducks found
on 203 islands. Overall, nests of all
At Waterhen Marsh, a 1,530ducks achieved a moderate 49%
ha
impoundment
in
central
success rate. Small islands and
Saskatchewan, water levels are
Smooth Brome, Bromus
those more distant from the mainland
maintained by an earthen dam
inermis, is a common
supported more duck nests. Older
constructed in 1938 by Ducks
islands had more mature vegetation perennial grass growing to Unlimited. Stands of emergent
over 1 meter tall. In bloom vegetation, cattail and bulrush,
which ducks preferred.
Nesting success was enhanced with yellow stamens. 9
cover about one-third of the basin.
as more females selected islands that June 2011, Germany.
Ducks nest on islands, ditch banks,
were safer for nesting. Rectangular – Christian Fischer (Wiki)
and in upland areas. Vegetation in
islands about 0.1 ha in size (25 x 40
all habitats –
m) and over 100 m from each other were optimal.
Aquatics such as cattails and bulrushes often
Smooth Brome, Bromus inermis
developed a narrow buffer around some islands.
Woods Rose, Rosa woodsii
The windward side usually has a narrower fringe of
Canada Thistle, Cirsium arvense
emergent vegetation (Giroux 1981).
Upright Axyris, Axyris amaranthoides
At Miquelon Lake, Alberta, Gadwalls nested
among nettles on two islands used by California
Artificial islands were planted with brome, but Canada
and Ring-billed Gulls in the 1960s. Egg laying
Thistle, nettle, and other wildflowers and grasses
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40%

PERCENT (%) OF TOTAL NESTS

40

430 nests

27%

30

20%

20
10
0–5

5–25

25–50

50–75

75–95

95–100

CANOPY COVER %

40

32%

30

26%

440 nests

18%

20
10

< 30

31–40

41–50

51–60

61–70

> 70

HEIGHT OF VEGETATION (CM)
Gadwall nests were more successful in dense nesting cover. 50% were successful
in the 0–5% canopy cover (top), but all nests were successful in the 95–100% canopy. In the bottom graph, 31% of clutches hatched in vegetation less than 30 cm tall,
but all nests in the tallest class were successful. Numbers atop the 3 central bars in
each graph are the percentage of total nests in each category (Hines, Mitchell 1983)
were on display. Two snowberry patches covering
a total area of 0.5 ha occupied drier portions of the
natural 2.2 ha Goose Island. Shrubs were dominant
at 71% of the nest sites, wildflowers (forbs) at 17%,
and grasses or sedges 12%. Dominant plants at 451
nests –
		snowberry 64%
		brome 10%
		
rose and nettle 6% each			
		Canada Thistle 4%
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		other wildflowers 7%
		
Fieldwork was conducted from early May to early
September. Gadwall nest densities –
1 per hectare in uplands
30 per ha on ditch banks
62 per ha on artificial islands
74 per ha on 2.2 ha Goose Island
Nest densities approached 284 per hectare in dense
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Ditch banks 68%
Goose Island 82%
Nesting success improved with
increasing canopy cover, height,
and lateral concealment from
vegetation near the nest [Graph p
75] (Hines, Mitchell 1983).
Artificial impoundments with 34
islands totaling about 8 ha each
were
systematically
searched
for nests between April and July,
in south-eastern Alberta near
Brooks. For Gadwalls, 90 nests
were located over 3 years with 58
(64%) of them in 1977, a dry year.
Gadwall nest success rates were
low, averaging 14%, with 23% the
highest in 1977. Gadwalls showed
the greatest increase in relative
abundance and in number of nests
during 1977, a year of low rainfall.
Nesting later in the season,
Gadwalls select impoundments
holding water throughout a dry
summer (Giroux 1981).

Constructed Islands,
With DNC

snowberry patches on Goose Island. Over a 2-year
period, the 0.5 ha snowberry patches on the 2.2 ha
Goose Island hosted 131 and 155 nests. Nests were
usually more than 1 meter apart, but some closer.
In one case, two females were flushed from a pearshaped nest. This nest was longer than 35 cm, and
all 20 eggs hatched.
   Because of a large number of nests on islands
and ditch banks, upland nests averaged 55 m from
the nearest water. Eight of these were less than 30 m
from the water's edge.
  On artificial islands, Gadwalls nested in nettle
more than expected based on the amount present.
Hens also nested at sites where the height of
vegetation was more than 30 cm.
   Nesting success varied by habitat –
Uplands 0%
Artificial islands 65%
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Gadwalls and Mallards nested
on constructed islands in North
Dakota during two very wet years.
Islands were made by Ducks
Unlimited from 1985 to 1995. They
were planted with dense nesting
cover alfalfa, Sweet Clover and wheatgrass, plus
a couple of shrubs, Wood’s Rose and Western
Snowberry. Islands were at least 90 m from shore
and usually isolated from mainland mammals.
Predators did reach some islands where nest losses
were greater than 65%. These islands were not
included in the analysis.
Nest success was the number successful
/ number found. Over the two years 615 nests of
Gadwalls were located on islands and 81% were
successful. Gadwall nest numbers on islands
declined as the amounts of preferred perennial grass
cover increased in the surrounding mainland. When
the mainland was mostly cropland, more ducks were
attracted to islands for nesting. The use of islands
by nesting Mallards and Gadwalls did not depend
on densities of breeding pairs in the surrounding
area. Gadwall were not attracted to dense nesting
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cover planted on islands, but did respond positively
to amount of shrub cover for nesting. Build islands
were used where low amounts of perennial grass
cover occupy the surrounding uplands (Shaffer et al
2006).

A

t Luther Marsh in Ontario, I worked for
three seasons studying nesting success
of 4 dabblers, including Gadwalls. On the
islands, the closest two nests (Mallards) were
about one meter apart in a wide clump of Common
Goldenrod. Over the 3-year study, the number of
nests on the islands remained about the same for
most duck species. The islands were certainly not
crowded with nests of puddle ducks.
At the Suisun Marsh of California, the
distribution of nests of Gadwalls and Mallards was
clustered at small spatial scales (50–400 m). And
nests with closer nearest neighbors (any species)
were more likely to be successful. Gadwall nearestneighbor distances to any species averaged 105 m.
Their nest survival did not depend strongly on any
one variable, including nearest-neighbor where the
linkage was weaker than for Mallards. Being late
nesters, Gadwalls may have been dispersed with
respect to Gadwalls, but still clustered with Mallards
and other ducks.
Vegetation alone may not be sufficient to explain
the patterns of clustering and nest success. The
tendency for nests to be clustered, may be due to
social cues which are important in habitat selection.
Part of the problem is the way we divide nature
for ease of measurements. Researchers may be
imposing human bias when defining nest densities
as the number of nests per hectare, or a field or
management unit. Is this an ecologically relevant
measure of density? What does density-dependent
predation mean when we don’t know how to measure
densities? Should our relevant scale be according
to the birds, or to an easy-to-work-with pattern by
field biologists. Our variable-laden models may be
off in scale and time in the real world (Ringleman et
al 2014).
An examination of nest site selection was
carried out on 227 ha of ungrazed grassland habitat
in the Mission Valley 80 km north of Missoula,
Montana, during the late 1990s. The vegetation was
dominated by introduced cool-season-grasses –
Intermediate Wheatgrass, Agropyron intermedium
Quackgrass, A repens
Smooth Brome, Bromus inermis
Kentucky Bluegrass, Poa pratensis
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Orchard Grass, Dactylis glomerata
When upland nests of 5 species of dabbler ducks
(Gadwall, 2 teal, Mallard and Northern Shoveler)
were located, the surrounding plants were measured
to provide an index of height and density near each
nest. 40 Gadwall hens, with an average first-egg
date of 28 May, had relatively high vegetation to the
north-west and low vegetation to the south-east of
their nests. Late nesters, such as Gadwalls and teal
have the sun at its highest extent from late May to
the end of July. For nearly half of the afternoon the
sun is in the northern hemisphere of the sky and
sets in the northwest. Throughout the breeding
season nests were more exposed to solar heat
during cool mornings, but were shaded from intense
sunlight in the afternoon. Poor nest micro-climates
could increase feeding times of hens, leaving a nest
unattended more often (Hoekman et al 2002).

Nesting on Islands – North Dakota
1) Gadwall nesting on Ding Island, North Dakota,
had a high level of egg and nest success. Few
predators were on the island –

Wood’s Rose, Rosa woodsii, is a bushy
shrub growing 1–2 meters tall. It can form
large, dense thickets. The stems are studded
with prickles and the 5-petal flowers, 3–5 cm
wide, are very fragrant. – Doug Waylett, 23
June 2008, Calgary, Alberta (Wikipedia)
1956
1957

710 eggs 80%; 70 nests 86%
1,045 eggs 86%; 109 nests 93%

Some nests were less than 30 cm apart. In an area
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of highest density in 1957, 28 nests were located
within a 23-meter radius (Duebbert 1966).
2) Twenty years later, Harold Duebbert once
again studied waterfowl nesting on islands in North
Dakota; this time at the Audubon National Wildlife
Refuge (NWR). Nesting activity was surveyed on 15
newly established islands up to 5 ha each with a
total area of 19 ha in Lake Audubon. The 15 islands
were 60 to 1,600 m from shore.
The usual botanicals –
Smooth Brome grass, Bromus inermis
Crested Wheatgrass, Agropyron cristatum
Quackgrass, Agropyron repens
Sweetclover, Melilotus species
Alfalfa, Medicago sativa,
Canada Thistle, Cirsium arvense plus other tall
grasses and wildflowers.
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One island contained a stand of mixed-grass prairie
dominated by –
Green Needle Grass, Nassella viridula
Western Wheatgrass, Agropyron smithii and
Blue Grama, Bouteloua gracilis along with other
grasses and wildflowers.
Shrubs forming dense thickets, such as Wood’s
Rose and Western Snowberry, are suitable for
nesting dabblers, and require little maintenance.
Plant communities with the highest density
of waterfowl nests held cool-season, introduced
grasses such as Smooth Brome, Quackgrass,
and Crested Wheatgrass, which held 14 nests /
ha in 1978 and 17 nests / ha in 1980. Second in
importance for nesting was peripheral habitat of tall,
dense wildflowers (no grass) that held 9 nests / ha in
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success rate of 43% over the two years. Twelve
(10%) of nests were depredated, all in 1980.
On one 0.3 ha island, 200 gull nests, Ring-billed and
California, and 24 duck nests existed. Many duck
nests were less than a meter from gull nests but
were untouched, even though the nests were in a
relativity thin cover of Crested Wheatgrass. Gull
predation of duck nests on other islands apparently
took place. It is also possible gulls eliminated some
newly hatched ducklings.
Blue Grama, Bouteloua gracilis, a spike in bloom,
“Of 1,660 eggs in successful Gadwall nests,
with pale stigmas and greenish anthers on 21 August 87% hatched. Eggs left in hatched nests contained
2015. – Matt Lavin, Bozeman, Montana (Wikipedia) partially developed embryos.”(Duebbert 1982).
1978 and 11 nests / ha in 1980. A lack of mammalian
predators licensed hens to choose nest sites based
on vegetative characteristics [we assume].
Within 3 years after islands were formed in Lake
Audubon, the vegetation provided attractive secure
nesting habitat for Mallards, Gadwalls, Canada
Geese, and 7 other species of waterfowl. A total
of 458 nests on 19 ha had an average density of
12 nests per hectare. A breakdown by 3 general
vegetative habitats –
1) 10 hectares of introduced cool-season grasses
and legumes held 309 nests (68%) for an average of
12 nests per hectare
2) 5 ha of tall, dense, wildflowers held 109 nests
(24%) for an average of 10 nests per hectare.
3) 4 ha of mixed-grass prairie on one island held
40 nests (9%) for an average of 5 nests per hectare.
Gadwall nests totaled 124, and had a moderate nest
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Investigator Disturbance
Details from 667 duck nests found in the 1970s at
Horicon National Wildlife Refuge, Wisconsin, were
used to test if investigators in the field had any
influence on the outcome of nesting ducks.
1) Any nest abandonment probably resulted from
investigator disturbance and was most frequent
during early egg-laying and when more than 1
person approached the nest.
2) Nest predation was not related to the presence
of feces from hens at nests, distance from nests to
vehicle tracks, time spent at nests by observers, or
number of persons that approached nests.
3) Time of discovery and search method were
associated with nest success, but comparisons
were confounded by differences in stages of nests
at discovery (Livezey 1980).
In Utah, at the Bear River Marshes, 6,000
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N
0		 50		100			
National Wildlife Refuges (NWRs),
wildlife areas (WAs), and other important waterfowl habitat areas within
the major regions (Sacramento Valley,
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200

San Joaquin Valley, Delta, and Suisun
Marsh) of the Central Valley of California, USA, from 1987–2000 (Fleskes et
al 2007)

To m

Reaume

Ne s t in g

Gadwall
Number of Nests
0

Apr 13

10

20

30

40

50

Nest
Initiation

Apr 27
May 11

1996

May 25
June 8
June 22
July 6

Hatching

July 20

Apr 14
May 5
May 26

1997

June 16

Rainwater Basin, Nebraska –
Plants and Nesting
The 9,700 km 2 Rainwater Basin is spread through
10 counties in south-central Nebraska. Closed
rainwater basins are up to 400 hectares and 1
meter deep. Around the basins haying and grazing
utilize two common grasses – Western Wheatgrass,
Agropyron smithii and Side-oats Grama, Bouteloua
curtipendula. “In dry years many basins are plowed
and planted to row crops, usually sorghum for grain
or silage.” When rainfall is abundant, smartweeds,
Polygonum pensylvanicum and P coccineum
thrive. Cattails, along with Hard-stem Bulrush,
Scirpus acutus and Three-square Bulrush, Scirpus
americanus provided cover.
On 23 km 2 , from 1958 to 1962, on private farms
in Clay County, Nebraska, the top nesting dabbling
ducks were Blue-winged Teal 52%, Pintail 18%, and
Mallard 16%. Only 1 nest of a Gadwall was located
in 5 years.
The basins are usually not drained but the soil
is dug from the lowest part and spread around the
margins, leaving a dugout in the middle. The aquatic
plants (nesting cover) around the edges are lost
to cultivation. Acquisition of important wetlands in
the rainwater basin of Nebraska is the best way to
maintain duck production and migratory stopover
areas (Evans, Wolfe 1967).

Broods

July 7
Gadwall nest initiation peaks about 10–20
May and the hatch peaks about 8–16 June
over two years in the Grasslands Ecological
Area of the northern San Joaquin Valley, California, USA [map p 80] (de Szalay et al 2003)
Gadwall eggs enjoyed an 85% hatching success,
with only 5% of the eggs destroyed by predators
in 1937. Disturbances of incubating ducks by field
workers appeared to have little effect on nest and
egg success (Williams, Marshall 1938).

Influence of Water
During the 1980s and 1990s, in North Dakota,
water conditions changed from very dry to very wet.
A warm positive relationship between percent basin
area wet and clutch size added 1–2 more eggs per
clutch over the wide range of water conditions (1–
78% basin area wet) (Pietz et al 2003).
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Ducklings
From a successful nest, ducklings are led by their
hen through vegetation to water where their aquatic
life begins. Occasionally, a duckling may get lost
in vegetation and perish, or killed crossing a road.
Most, however, make it to a marsh or pothole.
Female Gadwalls with ducklings rarely feign an
injury to distract predators. Sometimes, however,
a hen may lure a dog away from their young by
feigning (Hochbaum 1944).
Near Pea Island National Wildlife Refuge on the
Outer Banks of North Carolina, a Gadwall duckling
was grabbed by a Blue Crab. This came about when
two people in a canoe flushed a hen Gadwall on 7
July 1962. She had 3 downy young. One dove to
escape the canoe and its occupants. This duckling
was struggling under water. A common Blue Crab
(15 cm across its back) had grabbed the ducking
with both pincers. Using a canoe paddle, the crab
was pinned to the bottom and the duckling bobbed
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went from 22–29 June and the hatching period
lasted 32–48 days.
Larger Gadwall females and those in better
condition had greater duckling survival. Females
Ducklings and Invertebrates
in relatively poor condition might spend more time
foraging, which may reduce brood care. At Allan
In the Grasslands Ecological Area of the northern
Hills, for broods hatching before the mean hatch
San Joaquin Valley of California, nesting waterfowl
date of 8 July, duckling survival decreased with
and aquatic invertebrates were sampled from March
distance traveled, but no
pattern was observed for
late-hatching broods. For 23
Gadwall broods, the average
distance travelled over 30
days was 800 m (36–2,820)
compared to an average of
3,570 for Mallards (Gendron,
Clark 2002).
Still at the St. Denis NWA,
brood loss of Gadwall hens
marked with nasal tags was
not related to body condition
of a female, but first-time
breeders were more likely to
abandon a brood experiencing
Gadwall hen with 9 ducklings in late June, Iceland. Photograph by
high
duckling
mortality.
Joanna Roth with permission.
Although
most
duckling
mortality takes place during
the first 15 days of life, hens
generally abandoned their broods after 23 days.
through August in the late 1990s. Mallard, Gadwall
From days 15–30 after hatching, most ducklings
and Cinnamon Teal were common nesters. The
(98%) survive. If wetlands are abundant, early
main plants along edges of permanent wetlands
brood abandonment by hens may not be detrimental
were Hard-stem Bulrush, Scirpus acutus, and
to growing ducklings (Gendron, Clark 2000).
cattail, Typha species. Young ducklings ate the
invertebrates, which were sampled with activity traps
A YouTube video shows large fish 50–100 cm
in all wetlands. The timing between ducklings feeding
long taking ducklings. A Great Blue Heron may
and invertebrate abundance indicated most Gadwall
also capture a ducking if it swims within range. The
ducklings reach water as invertebrate numbers are
duckling, like a fish, is swallowed whole.
beginning to decrease. However, Gadwall ducklings
At the Waterhen Marsh in Saskatchewan, in the
feed more on plants, which become abundant during
early 1970s, Gadwall ducklings were often found
the summer, and less on aquatic invertebrates like
feeding in waves more than 5 cm in height (Hines,
other dabblers (de Szalay et al 2003).
Mitchell 1983). Unlike broods of Mallards, ducklings
of Gadwalls often spread out over wide areas of
wetland and prefer open water to shoreline. This
Male Gadwall With Hen and Brood
would make it more difficult for a mink to eliminate
an entire brood (Pietz et al 2003).
At the St. Denis National Wildlife Area (SDNWA)
to the surface. Badly cut it remained motionless
(Milne 1965).

in Saskatchewan radio telemetry kept track of 73
Gadwall females with broods. They were located
and counted several times during their first 30 days.
Occasionally, female Gadwalls abandoned broods
in 24–30 days. Duckling mortality past 23 days after
hatching was noted once for an unmarked female.
Mallard nests began hatching 31 days before
Gadwall nests, but hatching ended at the same time
for both species. Gadwall start dates for hatching
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Dugout Complex and Broods
A dug brood complex is an interconnected system
of ponds, channels, and islands, created to provide
waterfowl brood rearing habitat. In the mid-1970s, 9
dug brood complexes were created by the US Fish
and Wildlife Service in densely vegetated, Class 4
wetlands on Waterfowl Production Areas (WPAs) in
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before or during freeze-up.
The Dakotas lead the way where late hatched,
flightless juvenile dabbling ducks were shot by
hunters on or after 1 October.
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Gadwall broods were lost over a 30-day study in
Saskatchewan (1996 & 1997), and the number
of ducklings per brood declined as well, especially from hatching (day 0) over the first 7 days
(Gendron, Clark 2002)
South Dakota .
In the early 1980s, dug brood complexes and
natural class 4 wetlands did not maintain adequate
water levels for ducks. With more rainfall in 1982,
there were more broods from more species on
wetlands with dug ponds than on natural wetlands
of similar class and size. Dug brood complexes
provide habitat for feeding, swimming, resting and
comfort activities. On all wetlands during breeding
pair surveys in the spring, the 2-year average for
Gadwalls was 13 pairs on dugouts compared to 6
pairs on natural wetlands (Pendleton 1983).

Broods of Gadwalls
In 1993, an estimated 77% of Gadwall broods
from summer-initiated nests (after the summer
solstice) were in age classes 1 and 2, and most of
these ducklings vanished and apparently died after
temperatures during the nights of 30 September and
1 October fell to 2 ºC and shallow ponds froze. Many
females associated with these late broods in 1993
began to molt primaries during October and died
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State 		

# of Juv. Gadwalls

North Dakota
South Dakota
Oregon		
Nevada		

9
3
1
1 (Krapu 2000).

In the Dakotas, 87% of Gadwall broods were
hatched by 21 July. 82% of all broods were
observed on Class 3 & 4 wetlands which
made up 54% of the wetland areas, with 60%
of broods on Class 4. From the first week of
June to mid-August there were 7–8 young per
brood. Most broods (60%) appeared between
24 June–14 July, peaking over the final week of
June (Duebbert, Frank 1984).

Brood Ground Detection Rates
Brood surveys in the Dakotas helped to identify
habitat features across landscapes. Every
wetland on a sample plot was visited 3 times
within a 24- to 36-hour period to record species,
age class, and number of ducklings per brood.
The percent of visits where a brood was detected
was 8 for Gadwalls. The estimated occupancy
of wetlands by Gadwall broods increased 3.4
times when wetland area increased from 0.2 to 2.8
hectares (a 15-fold increase) (Walker et al 2013).
Waterfowl brood counts were conducted on 34
stock ponds in south-central South Dakota during
the first 2 weeks of July and August, 1977 and
1978. Surveys (morning and evening) involved 2
techniques –
1) Observation of ponds by hidden observers
(Observation Counts)
2) Flushing broods to open water by walking the
shoreline and emergent cover (Flush Counts)
For Gadwalls, the total number of broods was
similar for both counting techniques –
Observed 57 broods
Flushed 63 broods
These two methods accounted for an average of
76% of broods of Gadwalls (Rumble, Flake 1982).
Counting duck broods to estimate production
in an area was based on the assumption the
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number of different broods counted increases over
the summer. To see a previously unrecorded brood
becomes more difficult over the summer. The main
difficulty for observers (even experienced ones) is
to identify and age broods accurately (Bennett Jr
1967).

Brood Age Classes & First Flights
Since 1947 field biologists of the US Fish & Wildlife
Service have used 3 classes to age broods of
waterfowl –
Class 1 – Downy young
Class 2 – Incompletely feathered young
Class 3 – Feathered young prior to flight (Southwick
1953).

mg, or about 60% of the weight of salt glands from
Gadwalls living at Mono Lake.
Fresh ducklings are raised on the lake, usually
within 50 m of shore. Older broods may be noted up
to 1 km offshore along the western half of the lake in
a narrow area where there are springs and marshes.
Over their first few days, ducklings may feed on
plants in shoreline marshes. They quickly switched
to Alkali Flies in open areas of the lake. Fecal
material of ducklings 3–9 weeks old was almost
completely made up of pupae of the fly which are
usually on the bottom. The foraging area is necklength water close to shore. Adults fed on flies as
well, and occasionally on Brine Shrimp in open

In captivity, young Gadwalls begin to fly in 50–60
days. The difference among wild ducklings in one
brood being able to fly may be 5 or 6 days.
The first broods appear at Delta, Manitoba
about the 5 th of June; peak during the last week
of June into the first 10 days of July; and the last
broods finally appear at the end of July, about the
same time the first young Gadwalls take flight. Most
young make their first flight in the last 2 weeks of
August and the last to hatch first fly in September
and occasionally early October (Hochbaum 1944).

Radio Transmitter Duration on Hens
Radio-transmitters are attached to ducks in various
ways. Some last a while; others do not. To improve
transmitter retention, in North Dakota “4-gram
transmitters were attached mid-dorsally with sutures
and a stainless steel anchor-shaped wire inserted
subcutaneously.” They worked well and 63 of 65
hen Gadwalls retained their anchor transmitters for
4,369 days of monitoring during nesting and brood
rearing. Two Gadwall hens shed their transmitter
and 4 hens died (Pietz et al 1995).

Gadwalls on Mono Lake, California
Gadwall can usually tolerate water salinity up to
about 15%. Exceptions in nature always exist.
Gadwalls breed in Mono Lake, California where the
salinity is about 85%. Submerged vascular plants
upon which herbivorous Gadwall feed are mostly
absent.
Salt glands of Gadwalls excrete sodium chloride
in response to osmotic stress. Salt glands of ducks,
in non-saline marshes in autumn averaged 100
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Gadwall A 4-gram transmitter for an adult
duck. To its left is a subcutaneously attached
anchor with 3 holes for sutures in the 2.3 cm
long black body (Pietz et al 1995)

water. Reliance on flies is surprising since Gadwall
on the prairies also consume brine shrimp and other
crustaceans. At Mono Lake, shrimp occur in huge
numbers, but were largely ignored.
On 12 August 2003, 30 broods averaged 8
ducklings. Predators are few. At Mono Lake 25,000
pairs of breeding gulls ignore Gadwall hatchlings.
By late August, autumnal migrants begin to arrive at
the lake. Local birds begin to leave by mid-August
and most are gone by the first week of September.
By early October Gadwalls are rare or absent.
Molting by Gadwalls at Mono Lake in California
is often delayed in adults. In 2004, most if not all of
the 25 adults remaining on 10 September had not
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Brine Shrimp, Artemia salina, male showing claspers. Adults have three eyes, 11
pairs of legs and a length to about 15 mm.
They swim upside down, feed on green
algae, and are food for ducks. Image from
the SCIENCE sEDiment website and courtesy of Warren Photographic Ltd. https://

www.warrenphotographic.co.uk

molted. In mid-October, only four ducks still present
were captured; three had not yet begun wing molt
and flight feathers of the fourth were only 40%
grown (Jehl 2005). ▄▀

Alakli Flies, Ephydra hians live in huge
populations at Mono Lake, California, USA.
Each “ particle ” is a fly, one of the key parts
of Mono lake's food chain. They don't bite or
do anything annoying. 3 November 2007.
– Steve Ryan, Groveland, CA, (Wikipedia)

Gadwall Mild aggression (part of courtship?) by a female towards a male on 22 November 2016 in Toronto. Males outnumbered the hens in a group of 30 ducks
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Growth and
Development

i

n central ND, wild Gadwall eggs when piped
weighed 39 g and 1-day old ducklings 30 grams,
a loss of 29% from the average weight of fresh
eggs at 43 grams (Lokemoen et al 1990a).
To study feeding habits indoors, one to three
tame ducklings, each 1–7 days old, of different
species, were placed in a flat-bottomed, white
enamel pan partly filled with water and various
invertebrates.
Seven
dabblers,
including
Gadwalls, ate little or no duckweed. They did eat
daphnids, amphipods, and some aquatic insects.
They fed by straining and pecking. During
straining, water is drawn into the bill near its tip
and exits by way of the gape and sides of the
bill. Gadwall ducklings utilized both methods for
feeding. They were able to capture flying midges
and other flies with their bills.
When indoor Gadwall ducklings were
presented hundreds of young Daphnia about 1
mm long, they showed little interest, preferring
larger invertebrates. Among other dabbler
species, there were definite preferences or
abilities to capture and eat some invertebrates
over others, or some first when a choice was
provided.
On the marsh, netting took place at stations
in 7 species of flowering aquatic plants to
determine which invertebrates, including snails,
were associated. Perhaps the most common
invertebrate in the marsh visible to the eye, in
the summer of 1955, was a red form of Daphnia
magna, which swarmed in all small openings as
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well as open bays. Daphnia fed on a blue-green
alga (Microcystis) which in bloom colored the water
green. Red Daphnia and snails often clustered
about submerged vegetation such as bladderwort,
Utricularia. Duckweed, Lemna, was also home to
numerous invertebrates, such as amphipods, below
a plant’s green surface which could be gathered by
straining through a duck’s bill. Daphnia reached
peak numbers in the marsh by mid-July, shortly after
Gadwalls reached their peak of hatching. Daphnia
ranged from 130–1,000 per liter of marsh water.
They were absent from nearby Lake Manitoba and
reduced in open areas of the marsh where aquatic
plants didn’t grow (Collias, Collias 1963).

Ducklings
In her well-illustrated book, Colleen Nelson
(1993), provides the most complete description,
in partnership with her exquisite paintings and
drawings, of a newly hatched North American
Gadwall duckling. What follows is my reduction of
her text. She examined 85 live and 21 study skins
from 3 Canadian provinces and 5 US states –
PLUMAGE Base color a creamy yellow with the
mottled back a mixture of small shoulder spots and
larger rump spots. (See page 26)
1)

Face, throat and upper breast pale yet brilliant

Daphnia magna Female about 4 mm long with
a clutch of asexual eggs. It is a small planktonic
crustacean that feeds mainly on algae, but also
bacteria and detritus. Photo 21 May 2006, by
Dieter Ebert, Basel, Switzerland (Wikipedia)
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2) Eye-stripe, often incomplete behind the eye,
may be thin and black, or wide and gray
3) Ear spot is thin, grayish and often composed
of only 2 or 3 pale plumes that do not join with the
grayish cheek wash to form a continuous stripe
4) Dorsal spots, from wing-patches, belly and on
both sides of the post-ocular stripe above the ear
and back to the occiput, are paler and creamy
5) Undertail is pale grayish yellow The pattern
colors are mostly olive-brown.
1) Yoke moderate and fairly bright
2) Crown and rump duller, dark to blackish
3) Rump spots, oval to round, often joined to the
light undertail color or separated from it by just a
narrow darker line
4) Shoulder spots often elongated or broken into
smaller spots leading toward the larger rump spots
5) Back, forehead, forepart of crown and nape with
many creamy down-tips which provide a mottled
appearance

Unfeathered Parts
1) Iris dark grayish-brown
2) Eyelid rims dark brownish-gray
3) A narrow, high-bridged bill. Upper bill brownish
gray to slightly bluish except for light orange at its
base almost halfway to the nostril
4) Lower bill and tomia (cutting edges of both bills)
light orange, with tomia becoming darker and duller
toward the bill’s tip
5) Round nail at tip of bill dull pinkish-orange
becoming paler at its tip
6) Egg tooth dull, dark yellow, pale dull yellowishpink, or pale dull creamy, the lower part opaque and
elevated
7) Tarsi and toes light yellow or light
orange-yellow. Fresh Gadwalls have light
dull orange and grayish brown tarsi and
toes
8) Pattern on feet and webs grayish
brown, with the contrast good to fair. ▄▀

Gadwalls, three drakes in a row
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AF 32, JF 121; Ratio 1 : 3.7
From Delta’s shooting total, Gadwalls made
up 5% of the 17 species shot (4,925 total ducks)
(Hochbaum 1944).
Manitoba, disease
Botulism, Whitewater Lake 1949

Age and Sex

21–27 July, 22 (27% F)
28 July–6 August, 100 (24% F)
7–14 August, 125 (14% Female)
15–21 August, 127 (34% F)
22–28 August, 30 (57% F)
29 Aug–4 September, 27 (52% F)
TOTAL 431 (28% F)
Saskatchewan trapped 1947–1950
725 Juv (51% Female)
Alberta trapped 1947–1950
26 Juv (42% F).

d

ata on age ratios of ducks are obtained
from birds trapped for banding, shot
by hunters, or killed by disease. The
percentage of females in a population
varies by season, trapping and hunter
selectivity.
Determination of accurate sex ratios in duck
populations is a problem. Each species has its own
population structure, migration times and routes. In
some species drakes and hens do not migrate at the
same times or along the same routes. Each sample
of ducks can only be a snapshot.
One Gadwall lived 28 years in captivity. A wild
banded bird in Europe was shot at 22 years of age
(Fransson et al 2010). Here is a small sample of sex
ratios for Gadwalls –

CANADA
Canadian provinces, banded – DU 1939–1950
1,355 birds, (56% female)
banding recoveries 134 (49% F)
At Delta Marsh, Manitoba, from 1938–1943,
hunting –
Female 826; Male 836, Ratio 1 : 1
In more detail –
AF 175 AM 216; Ratio 45 : 55
JF 426, JM 453; Ratio 49 : 51
Adult 47, Juvenile 121; Ratio 1 : 2.5
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UNITED STATES
Mississippi Flyway, hunting
In 1946
474 Juv (50% F)
249 Adlt (45% F).
In 1947 it was
647 Juv (49% F)
208 Adlt (37% F).
In 1948 it was
Juv 214 (46% F)
Adlt 31 (42% F).
Utah hunting, 1943, 1944, 1946–1949
Juv 1,679 (47% F)
Adlt 1,955 (32% F)
Ogden Bay Bird Refuge, hunting
1943 – 275 (46% F); 1944 – 241 (45% F)
1946 – 462 (38% F); 1947– 1,342 (41% F)
1948 – 653 (44% F); 1949 – 1,636 (37% F)
Salt Lake City hunting
Juveniles per Adult in 1947
Ogden Bay, 398 ducks, 2.4 J/A
Farmington Bay, 276 ducks, 0.8 J/A
Ogden Bay in 1948, 429 ducks, 1 J/A
Farmington Bay, hunting, 205 ducks, 1 J/A
Ogden Bay in 1949, 1,153 ducks, 0.5 J/A
Farmington Bay, 322 ducks, 0.8 J/A
(Bellrose et al 1961).
At the Sabine National Wildlife Refuge, in Louisiana
over four hunting seasons, 1985–1988, Gadwalls
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were examined at public hunting stations. The age
and sex of 2,456 hunter-killed birds –
Adult Female 20%
Adult Male 42%
		
All Adults 62%

Decades later, during fall hunts in 1985, and 1989–
1991, Gadwall average weights by age and sex,
along with wing chord lengths –
Female Adults 851 grams; wing chord 26.2 cm
Female Juveniles 739 g; wing chord 24.7 cm
Male Adults 1,046 grams; wing chord 27.2 cm
Male Juveniles 821 g; wing chord 25.8
(Hine et al 1996).

Juvenile Female 22%
Juvenile Male 16%
		All Juveniles 38%
(Gaston 1991).
How soon in their development can we tell female
from male Gadwalls? Right after hatching there isn’t
any obvious differences. Blohm (1987) examined
and measured 97 wild ducklings. As it turned out,
there was much overlap in measurements,
leaving cloacal examination the best way to
sex fresh young ducklings.
Out of southern Manitoba from 1972
through 1975, 47 female and 50 male
ducklings were weighed and measured at
the nest before they departed with their hen.

In his book, The Ducks, Geese and Swans of
North America, FH Kortright 1942 listed Gadwalls
female average at 823 (600–1,020 grams) and male
average at 908 (710–1,135 grams). ▄▀

BODY WEIGHT (grams)
Female 30 (26–35)
Male
31 (22–35)
CULMEN LENGTH (mm)
Female 13 (11–15)
Male
13 (11–14)
TARSUS LENGTH (mm)
Female 19 (17–21)
Male
20 (17–23)

Gadwall drakes with dark gray bills and an intricate
scaly pattern of feathers on their breasts, 22 November
2016 in Toronto

Body size described by weight, culmen
length, and tarsus length in newly-hatched
Gadwall ducklings are not reliable indicators
of their sex.
Over the four summer months, at various stages
in their annual cycles, female Gadwalls ranged from
575–1,030 grams. Over the same period male ducks
ranged from 675–1,040 grams (Oring 1969).
From Illinois, during the southward fall
migration, Gadwall weights by age and sex –
Female Adults 850 grams
Female Juveniles 808 g
Males Adult 990 g
Male Juveniles
908 grams (Bellrose, Hawking
1947).
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communication strategy with hunters who provided
them with jobs (Martinson 1966).
Waterfowl trapping took place in the Price
Lake area of Rockefeller Wildlife Refuge in southwestern Louisiana at a brackish coastal marsh. The
dominant emergent vegetation –
Wiregrass, Spartina patens
Saltgrass, Distichlis spicata
Leafy Three-square, Bolboschoenus robustus
Aquatic vegetation consisted mainly of
Widgeongrass, Ruppia mari tima

Banding

g

adwalls wear a # 6 size wedding band
around their tarsus. Bands on birds such
as ducks and geese are used to estimate
harvest and survival rates when bands
from dead birds are sent in. Locations
and movements help outline the picture. Aluminum
bands may not last the life of a bird. They wear
and may even fall off when hit by steel shot from a
shotgun at 40 meters or closer. Band losses inject a
very slight bias (Alisauskas, Zimmerman 2011).
Generally, the estimated proportion of band
returns from banded ducks shot in the USA in the
late 1950s and early 1960s dropped from half to a
third. This decrease in band-reporting rate was due
to changes in duck hunting regulations, the volume
of ducks banded, and the method used to provide
feedback information to the person who reported
a band. Band-reporting rates differed for various
species of ducks.
As banded ducks became more common, it is
possible hunters lost interest in reporting them. The
method of sending information about a banded bird
to an individual who reported a band recovery was
drastically changed in 1961. The Bureau of Sport
Fisheries and Wildlife’s Bird Banding Laboratory
sent information on the banded duck to the hunter
on an IBM card that contained more numbers
instead of names, and no information on sex and
age of the bird. Even back then, there was negative
feedback from hunters about the lack of userfriendly information displayed on computer cards.
The office-bound bureaucrats failed in their new
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Gadwalls comprise an estimated 25% of Louisiana’s
coastal puddle duck population, but only 246 had
been banded by the end of 1970. Using star traps,
(page 92) a total of 4,806 ducks of nine species
were captured, including recaptures. Whole corn,
wheat, rice and milo were bait. Gadwall do not
respond eagerly to these foods. Wheat was the
best, but it resulted in only 3 Gadwall per 100 trap
days (DuBois, Palmisano 1975).
Capturing flying ducks for banding at night
using an airboat and night-lights has been done.
Dark nights with cloud cover or lack of a bright moon
result in more captures. Windy nights also increase
capture rate for some species of puddle ducks
(Buchanan et al 2015).
Almost 600 adult Gadwall hens, and young
weighing more than 250 grams, were nasal-marked
in central North Dakota from 1976–81. Hens
obtained a tarsal-band and ducklings were webtagged. Re-captures or re-sightings were used only
from the next year after hens were marked. A direct
recovery was a marked Gadwall hen shot and
reported during the first hunting season after being
marked earlier that year. An indirect recovery was
a dead hen reported after the first hunting season.
Gadwall direct band recovery rates decreased
through the HY (11%), yearling (5%), and >2-year
(1%) age classes (Lokemoen et al 1990).
Ontario has a rich history of banding waterfowl.
From 1918–2014, at a few dozen sites, a total of
548,974 ducks were banded, including 363 Gadwall
(0.1%). For Gadwalls, 54 (15%) were recovered and
reported by hunters. Along with Ontario, 85% of the
band returns of Gadwalls came from the eastern
part of North America.
Ontario 25 (46%)
Atlantic Flyway 20 (37%)
Mississippi Flyway 7 (13%)
Quebec 2 (4%) (Meyer, Sharp 2016).
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Gadwalls were banded in north-central Colorado
from July–September of 1975–85. Bands were
usually recovered near the area of banding. Distant
recoveries came from central and coastal Texas,
northern Utah, Louisiana, and New Mexico plus
along the east and west coasts and in the Interior
Highlands of Mexico. In the following years, 7% of
adult females were recaptured and 6% of adult males,
mostly where they were banded. This indicated a
fidelity to local wetlands for breeding and to nearby
reservoirs for molting. Five males and 1 female
were encountered 3 times annually after banding.
Colorado, Texas, Utah, and Mexico accounted for
86% of the direct (within a year of banding) and 73%
of the indirect (2 or more years later) recoveries of

Cloverleaf Trap

Star Trap

Gadwalls. Generally, the annual survival times of
Gadwalls are similar to other dabbling ducks.
At the St Denis NWA in southern Saskatchewan,
dabbling ducks of five species were nasal tagged
to determine the value of re-sightings to establish
survival rates as an alternative method to band
recoveries from hunters.
Adult females were captured on their nests
during late incubation with dip nets or nest traps.
Each female was fitted with a USFWS aluminum
leg band along with a nylon nasal tag that varied in
color and shape. Most ducklings were web-tagged
before leaving their nest. As well, ducklings (30
days or older) were fitted with a nasal tag.
Ducks were noted the following years. Average

Benning II Trap

Oval Trap with 6 m lead

Trap designs (overhead aspect) used for trapping ducks. Mortality rates
of the 4 styles were 1% or less. The easiest to maintain and setup, the
oval trap with a lead caught the most ducks (Mallard, pintail and Bluewinged Teal) during the 2002–2004 banding seasons at 2 reservoirs in
Alberta, Canada (Dieter et al 2009).
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AB

SK
MB

MT
ND

MN

SD

QC

ON
WI
MI

NY

NE

PA
IA

NJ

KS

IL

IN

TX

OK

MO

DE

OH
KY

Long
Island

WV

MD

VA

TN

AR

SC
MS

NC

AL
GA

LA

Manitoba – 292
Minnesota – 135

FL

Gadwalls banded in MB and MN had returns from hunting (1961–1970) mainly along the
Mississippi Flyway and southern Louisiana marshes. Some ducks venture to the eastern
seaboard. Returns within the province (MB) or state (MN) where banding took place are not
shown (Henny, Holgersen 1974).
capture / re-sighting dates –
		
26 July for Mallards
		9 August for Gadwalls
The return rate was defined as the proportion of birds
marked or sighted in year 1 that were re-sighted in
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year 2 (the next year). 204 Mallards were nasalmarked along with 70 Gadwalls. These marked
samples produced 131 and 53 future re-sightings,
but only 7 and 1 band recoveries from hunting.
Nature often throws a low and away curve ball. One
adult Gadwall, not observed for 3 consecutive years,
was re-sighted in the 4 th year, which was unusual.
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Adult survival was similar across species
and higher than juveniles. Among juvenile ducks,
Mallards had the highest survival rates in spite
of a loss of 8 nasal markers. No Gadwall nasal
saddles were lost. The survival estimate for
juvenile Gadwalls was based on
only 7 marked birds. Studies in
North Dakota and Manitoba have
also mentioned low survival for
juveniles. When a Gadwall was not
re-sighted in any particular year, it
may be due to movement from the
study area, rather than death. The
best combination is black numbers
on a white saddle This research
showed little merit in the use of
return rates from nasal markers
to estimate survival of waterfowl
(Arnold, Clark 1996).

At

the Koenig study
area
in
North
Dakota, 3 of 6 after second year
(ASY) resident Gadwall hens marked
in 1976 at the start of the study, and 6 of 25 ASY
(older hens) marked in 1978, returned through 1981.
52% of HY Gadwall hens returning to the study area
waited until their third summer (Lokemoen et al
1990).
Back in the 1970s, Raymond Greenwood tested
nasal saddles for fading, longevity, and breakage.
From a very small proportion of recovered ducks,
one wild Gadwall from the original 36 marked ducks
had its saddle intact 19 months later. Drawings
and measurements are provided for saddles in his
article (Greenwood 1977).
In North Dakota, two methods of capturing
hens on nests were compared. A wire nest trap
was placed over the nest and left. When a hen
returned to add an egg or continue incubation, she
tripped the trap and remained until a field worker
arrived to band her and take measurements. The
efficiency of a nest trap was compared to that of a
long-handled net placed by a field worker over the
nest when the hen was present. Female Gadwalls
(70%) were caught with a net, compared to 55% for
wire nest traps. Additionally, 5% of netted Gadwall
hens abandoned their nests, whereas 14% of wire
nest-trapped females abandoned theirs.
Netting worked best with 2 people. The length
of the handle in use depended on the size and skill
of the person. Practice netting at a dummy nest
was helpful (Loos, Rohwer 2002).
Ducklings can be web-tagged inside pipped
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eggs. The right foot is located, extracted, tagged,
placed back inside the egg and the hole tapped
over. Numbered fingerling fish tags made of monel
and weighing 0.2 g are used to mark ducklings.
The technique has been tried on several species of

wild ducks with great success. Timing is everything
(Alliston 1975).
From 1986–1999, the North American population
of Gadwalls increased 150%. In the same period
the Gadwall population in irrigated portions of the
Columbia Basin in central Washington declined
about 75%. Gadwalls and Mallards were banded
in eastern Washington and recovered during the
hunting season. The sample size was small, only 52

Top View
net

1.3 m

Side View
net
Net used to capture upland nesting ducks,
including Gadwall hens, on their nests. The
square end with rounded corners is 1.3 m
long and loosely covered with 2.5 cm (1 Inch)
black mist netting. The handle can be 2 or 3
meters long (Loos, Rohwer 2002)
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grounds in April, and continued into the first
week of July. This trap captured 530 drakes
(including 166 recaptures) from 1972 through
1975. Capture rates ranged from 1.5–3 trapdays per drake, in spite of aggression between
males. Multiple captures included a total of 94
double, 14 triple, and 2 quadruple (Dieter et al
2009).
At Mono Lake, in central-eastern California,
427 Gadwalls were banded –

Gadwall hen with nasal tags, sitting with spread
tail and lowered wings on eggs in late-stage
incubation in planted cover on the St Denis NWA
near Saskatoon, Saskatchewan. Photo by Marc L
Gloutney (Clark, Shutler 1999)

recoveries (12%) from 436 banded birds. Overall,
the “annual survival of Mallards and Gadwalls
banded in eastern Washington was similar to or
slightly higher than survival rates in other North
America populations.”
Banded Gadwall –
29% immature females (IF)
28% immature males (IM)
20% adult males (AM)
14% adult females (AF) and
8% immature birds of unknown sex
The 52 Gadwalls reported by hunters followed a
similar pattern–
31%
29%
17%
12%
11%

immature males (IM)
immature females (IF)
adult males (AM)
adult females (AF) and
immature birds of unknown sex

138 adults (12% recovered). 7 had first moved
to freshwater lakes east of the Sierra Nevada.
Six, one year after banding (breeding status
and location unknown, had already crossed
the mountains)

287 juveniles (16% recovered). 30 were shot
during the first hunting season (October–
February). Dispersal was wider than adults.
About half initially stayed west of the Sierra
Nevada. Others crossed the Sierra Nevada
or flew to southern California before 31
December. First year recoveries of juveniles
averaged 11%, normal for dabbling ducks. Three
banded juveniles returned the next year to the lake.
2 ages unrecorded
58 of 61 recoveries (95%, ages combined) occurred
within 3 years of banding (extreme 12 years) and
no bird banded as an adult has been recaptured
anywhere (Jehl 2005).
In North Dakota, the direct recovery rates (from
a bird’s first season of being hunted) of bands
diminished as the birds got older. Resident Gadwall
hens that nested successfully had a higher direct
recovery rate than did unsuccessful hens. There
were no indirect recoveries of hens, which bred
successfully, but did not return to the study areas,
after their first hunting season (Lokemoen et al
1990). ▄▀

In Washington, success by hunters has been
relatively stable, but “the total ducks harvested and
the number of hunters declined steadily during the
1980s.” (Giudice 2003).
Robert Blohm and Peter Ward (1979) used
a live hen decoy to trap drakes during a study of
Gadwalls in south-western Manitoba. Each hen was
used for one day every 3–4 days. Trapping began
within a week after Gadwalls arrived on the breeding
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Gadwalls feed on aquatic plants such as Potamogeton species, here framing a feeding drake,
for their daily nourishment.
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Aquatic Plants

There is also the science of botany that spoke of
the importance of discovery, collegiality, knowledge,
growth, and mutability.
		

– Bonnie J Gisel

W

here aquatic plants flourish, so do ducks.
Plants are used for nesting, cover and
food. When flowers fade and fruit ripens
in the fall, ducks begin to feed in preparation for
migration. To manage a marsh and have a rough
idea of its duck-use days, an estimate of seed
production by its vegetative inhabitants is helpful.
Dulcet prose of a wetland in Iowa was penned by
TH Mcbride for a 1909 Geological Survey Report.
It was reproduced in a thesis by Gerrit D Van Dyke
(1972). It provides a wonderful image in this age
of disappearing habitats and wildlife, and crowded
cities –

L ittle Wall Lake is a picturesque little pond nearly
surrounded by steep wall-like hills. Had it depth, Little
Wall Lake would be the attraction of the landscape,
but its shallowness makes it simply a great marsh
filled from side to side with aquatic plants. The
margins are dark with sedges. In the middle the cattail lifts its blades undisturbed, while over the deeper
waters the pond lilies spread their broad leaves like
inverted shields and star the surface with flowers.
Innumerable birds fill the air with strident, unmusical
sounds: ducks steer their miniature fleets about:
mudhens wade about the calamus roots: blackbirds
cry as if life depended upon ceaseless noise: the

98

tern hovers above the more open waters or sits upon
the sand as if by the seas: the bittern sits among the
reeds, bill straight up, more like an inverted stake
than any “stake driver.” And over all, in the evening,
clouds of insects-mosquitoes make gray the air on
every side. In the earlier morning the mists from
the waters screen from the traveler the beautiful
grain covered hills that slope down on every side
and the lake lies in primitive wilderness, an isolated
reminder of the weird marshy topography that so
recently characterized not these counties only, but
all north-western Iowa, the land of a thousand lakes.

T

he interactions of aquatic plants and
invertebrates allow waterfowl to thrive.
Most prairie wetlands are surrounded by
agricultural crops. Croplands produce runoff, which
translates into sediment. How much sediment can a
wetland inhale before some of its primary functions
are compromised. Apparently, not much. As little as
a 5 mm cover of sediment caused a 92% reduction
in total seedling emergence, and a 99% reduction in
total invertebrate emergence (Gleason et al 2003).
Over two autumns, wetland plant communities
and seed densities on 23 WRP areas were noted in
relation to 23 control wetlands on managed public
lands. The theatre was the Willamette Valley and
Lower Columbia River Valley of western Oregon
and south-west Washington.
Wetland management –
1) Unmanaged had no enhancement or water
control infrastructure
2) Passively managed had a water control
structure installed, but received no mowing,
herbicides, or disking in up to half of a wetland at
least once in the previous three years
3) Actively managed wetlands had at least half the
wetland area treated with a management practice at
least once in the previous three years
Overall, 113 plant species were identified, 106 in
WRP wetlands and 76 in control wetlands. Native
plants made up half of all species. Total average
cover –
		47% native
		37% introduced
		13% bare ground
		3% unknown
The most common native species –
Creeping Spike-rush, Eleocharis palustris
American Water Plantain, º
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The most common introduced species –
Reed Canary-grass, Phalaris arundinacea
Barnyard Grass, Echinochloa crus-galli
Indicator annual species occupied more intensely
managed areas, while perennials suggested
unmanaged wetlands. So too, other studies
indicate management involving water level,
mowing, disking, or use of herbicides promote
early succession communities dominated by annual
plants. Plant community composition between WRP
wetlands, control wetlands located on state wildlife
management areas, and national wildlife refuges
were similar.
Overall average seed biomass estimate was 500
kg / hectare; WRP easements held 440 and control
sites 545 kg / hectare. Seed yield was twice as high
on actively (765 kg / ha) versus passively (350 kg
/ ha) managed wetlands. The capacity to produce
seed on WRP sites is largely determined by postrestoration management. As food for waterfowl, the
seed biomass estimates indicate control wetlands
were high quality.
Landowners
should
apply
management
techniques on WRP sites. If not, the plant community

Pale Spikerush, Eleocharis
macrostachya, is a rhizomatous perennial
of the Sedge family growing up to 1 m
tall. Its fruit is a yellowish-brown, 1–2
mm long, 1-seeded achene with a whitish
apical tubercle. Photograph of the narrow
inflorescence, a spikelet with some flowers
in bloom, by Gordon Leppig and Andrea J
Pickart at Humboldt Bay National Wildlife
Refuge Complex, California, USA (Wiki.)

Whorl-leaf Watermilfoil, Myriophyllum
verticillatum, is a native to much of North
America, North Africa, and Eurasia. It
resembles other Myriophyllum species. It
grows in shallow ponds, lakes, marshes,
ditches and slow running streams. It thrives
in areas with a light sandy bottom and
medium loamy soils. Whorl-leaf Watermilfoil
forms mats of branched and unbranched
stems that grow to 2.5 meters long. From
June till September, flowers and fruit are
evident above or at the water’s surface
on erect spikes among the leaves. The
emergent leaves are typically two or more
times longer than the flowers and fruit.
Flowers, which are either male or female,
(both sexes can be found on the same
plant) are pollinated by wind. (Wikipedia)
Photograph – Kristian Peters, 30 June 2006
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will slowly shift to introduced perennials like Reed
Canary-grass. This will reduce the diversity of
native wetland plants and lower seed abundance for
waterbirds.

Plants within wetlands was sampled according
to 4 interactive zones –
1) Moist-soil – annual grasses and wildflowers
(Echinochloa, Leersia, and Polygonum species)
2) Emergent marsh – persistent and nonpersistent
aquatic macrophytes (Alisma plantago, Sagittaria,
and Typha species)
3) Submerged or floating aquatic vegetation
(Najas and Potamogeton species)
4) Open water where depth or turbidity prevented
growth of vegetation.
Moist-soil plant species accounted for about 75% of
the available food energy in actively and passively
managed wetlands.

Buckwheat, Fagopyrum esculentum is an
annual with white flowers 5 mm wide, each of
which forms a dark triangular fruit 6 mm long
– KG Kirailla (Wikipedia)

Species contributing the most to biomass –
American Water Plantain 29%
Creeping Spikerush 10%
Barnyard Grass 10%
Ovate Spikerush, Eleocharis ovata 7%
Spatula-leaf Loosestrife 6%
(Evans-Peters et al 2012).
In Ohio, wetland “management activities included
seasonal draw-downs to promote growth of moistsoil vegetation, stabilization of water levels to
promote interspersion of vegetation and open water,
and planting of agricultural crops (Buckwheat,
Fagopyrum esculentum) and seed producing
wetland plants (Barnyard Grass, Echinochloa
crusgalli). Primary management goals were
to enhance wetland habitat for migrating and
wintering waterfowl and provide waterfowl hunting
opportunities.”

100

Broad-leaved Arrowhead, Sagittaria latifolia,
is a perennial aquatic up to 1 m tall with white
flowers and leaves of variable widths; fruit
an achene about 3 mm long, 1-seeded. Flora
von Deutschland, Österreich und der Schweiz
1885, Gera, Germany (Wikipedia)
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The true metabolizable energy (TME, kcal per
gram of dry mass) of moist-soil seeds, tubers, and
submerged aquatic vegetation ranged from 0.5–4,
for 16 plants. The top three plants –

studies rely on accurate fruit or seed identification.
In a short but useful paper, Alex Martin provides clear
ink drawings with brief descriptions of numerous
species of this genus (Martin 1951).

1) Yellow Nutsedge, Cyperus esculentus,
(TME 4) tubers are 3–19 mm in diameter and yellow
to black. A meter tall plant can produce up to several
thousand tubers during a single growing season.
2) Buckwheat, F a g o p y r u m e s c u l e n t u m , (TME
3.3) fruit. It has a branching root system with one
long primary root. The flower is usually white; the
seeds triangular. Buckwheat grows to about 1 meter
tall and branches freely. Its dark brown fruit is
1-seeded, triangular and 5–7 mm long by 4–6 mm
wide.
3) Broad-leaved Arrowhead, Sagittaria latifolia
(TME 3) tubers (corms) are 1–5 cm long and wide.
Arrowhead is an emergent plant forming dense
colonies in very wet soils, or shallow water near
shore. Leaves are highly variable in width.
The energetic carrying capacity (ECC) was
determined for standing seed, below ground tubers,
and submerged aquatic vegetation of plants eaten by
ducks. Colonization of restored or created wetlands
by moist-soil plants may provide an abundant forage
base for ducks during the fall. Overall, ECC declined
each year by more than 80% between autumn and
spring migration. Thus, overwinter declines may
leave little food for ducks in the spring as they
migrate north and prepare for breeding (Brasher et
al 2007).
Aquatic plants in the Illinois River Valley
had their seed and foliage production measured.
All species were foods of waterfowl. Of the seven
heaviest seed producers, six were emergent
or moist-soil plants along with a submerged
species, the Longleaf Pondweed, Potamogeton
americanus. Millets, Echinochloa crusgalli and
E frumentacea, were the highest seed producers,
both with 455 cm 3 per square meter. Other plants
high in yield were Buttonbush, Cephalanthus
occidentalis, Pickerelweed, Pontederia cordata,
and Walter’s Millet, Echinochloa Walter i. Air-dried
foliage of submerged aquatics collected under
optimum growing conditions, showed Coontail,
Ceratophyllum demersum, was the heaviest
producer and two Pondweeds, Longleaf and Sago
were the next heaviest (Low, Bellrose 1944).
Potamogeton is a common aquatic plant. Its
ripe fruit is eaten in the autumn by waterfowl. Food
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Ring-necked Duck, 43 cm long, Ralph B. Clark
Regional Park, Buena Park, CA, USA. The red
line around the neck for which this diving species
takes its name is visible. – Davefoc 3 February
2010 by (Wikipedia)
In the Central Valley of California, a single
index of seed production was based on coverage
and seed-producing potential of a plant type. The
visual seed index takes less than 15 minutes per
unit and is useful in evaluating management actions
on moist-soil seed production (Naylor et al 2005).
Several vegetative studies were conducted at
Delta Marsh, Manitoba in the 1970s. Buried seed
banks and annual rain of seeds were examined.
From the seed bank, 4x as many seedlings and 2x
as many species occurred in substrate samples
under a drawdown (drying) compared to samples
from the shallow-flooded treatment. Stable water
levels since 1961 made reproduction by seed less
important than vegetative reproduction. This led
to fewer disturbance species in the present flora
(Pederson 1983).
Still at Delta Marsh, between May and
September, the physical and chemical variables of
soil and water were measured. These variables were
compared with presence and dry weight standing
crop of Sago Pondweed, Potamogeton pectinatus.
Water depth, soil texture, available soil K and P, and
directional exposure to wind and waves affected
growth on pondweed sites (Anderson 1978).
Over the summers of 1977 and 1978, a wet
meadow of Sprangle-top, Scolochloa festucacea,
at a marsh was manipulated. Circles of vegetation
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were altered by mowing and rototilling. Breeding
pairs of ducks were counted and macroinvertebrates
sampled. Openings in the vegetation attracted 73
and 43 pairs of 7 species of dabblers compared to a
control of 2 pairs in 1977. The greatest pair density
for all dabbler species occurred where there were
equal areas of open water and emergent vegetation
(grass). Gadwall pairs were the highest on the
50:50 plots as well. Patchiness of habitat attracts
more birds.
Mowed plots held the largest number of families
of invertebrates and mostly large organisms. The
abundance of decomposing detritus in mowed basins
provided more structures useful to invertebrates.
Microorganisms on detritus are an important food
source for aquatic invertebrates.
Where possible, a drawdown of a marsh allows
plants to regenerate and increase the supply and
diversity of food when a basin is reflooded. Since
we cannot do this over a extensive landscape, we
can only sit back and watch nature do this for us
through its cycles of dry and wet years. To this end,
preservation of wetlands [as every scientific paper
on waterfowl habitat mentions] is the only way to
maintain a reasonable duck population (Kaminski,
Prince 1981).
Dabbling ducks, like Gadwalls, gauge their
feeding effort by sampling for abundance, biomass,
and perhaps nutritive quality of potential invertebrate
prey. Short two-year studies of this nature show
much variability. Consequently, I averaged the two
years 1977 & 1978.
Based on 2,170 observations, unmarked
Gadwall spend about half their time feeding –

At the San Luis Valley of southern Colorado,
Russell Lakes State Wildlife Area receives 20 cm
of annual precipitation. Biologists tried to find a
relationship between food abundance & distribution,
and foraging habitat selection by breeding waterbirds.
In 4 wetland habitats, macroinvertebrates and seeds
were present in 99% and 88% of the 232 sampled
sites. Total macroinvertebrates and seed abundance
were greatest in short emergent habitats.
Short emergent habitats were generally flooded
April–June and were dominated by vegetation less
than 40 cm tall such as Baltic Rush, Juncus balticus,
spikerushes Eleocharis species, sedges, Carex
species, plus various grasses. 20 feeding Gadwalls
were shot and their esophageal contents analyzed.
The most common items were – Cladocera,
Copepoda, and Ostracoda (50%), Chironomidae
larva (65%), Scirpus species. (40%), along with
stems and leaves of Chara, Potamogeton, and
Zannichellia (75%) (Gammonley, Laubhan 2002).
Sago Pondweed, Potamogeton pectinatus,
forms dense stands of up to 840 individual plants
per square meter. Sago provides food or shelter for
amphibians, reptiles, fish, and mammals. Flowering
occurs mostly during mid-May to mid-July in the

		Foraging 47%
		Locomotion 28%
		
Comfort 12%
		
Rest 7%
		
Alert 4%
		Courtship 1.5%
When comparing the amount of feeding activity of
mated pairs against that of lone drakes in April and
May, Gadwall –
Pairs
		

Females 57%
Males 49%

Lone Males

35%

Gadwalls (Serie, Swanson 1976; Swanson et al. 1979)
forage on dipterans, diving beetles, and crustaceans
(water fleas, clam shrimps) (Kaminski, Prince 1981a).
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Baltic Rush, Juncus balticus, is a perennial herb about 60 cm tall; fruit a capsule with dozens of seeds about 1 mm
long. Illustrator unknown (online)
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Northern Hemisphere. The dull,
pink flowers are monoecious,
perfect, about 4 mm wide, and
held on a peduncle up to 30
cm long that rises from the tip
of a leafy shoot. In northern
temperate climates, the starchy
drupelets of sago are usually
mature from late July to late
September. Fruit is about 4
mm wide and long by about 3
mm thick. About 7–20 drupelets
mature on a short spike. Mean
retention time of viable sago
drupelets in Mallards is 44 hours
which may increase its dispersal
(Kantrud 1990).
Waterfowl eat seeds of
aquatic plants and some remain
viable after they pass through a
bird’s digestive system. When
wetlands are restored, or a new
Song Sparrow, 16 cm long, 33 grams, favors brushland and
pond is dug, viable seeds of
marshes, here perched in a female willow. The eggs of the Song
aquatic plants may arrive with
Mallards. The seed passage
Sparrow are brown with greenish-white spots. Females lay three
rate for an intact seed was 8
to five eggs per clutch, and incubate 14 days. Whitby, Ontario,
hours. Overall, about 7% of
July 2005 – Mdf (Wikipedia)
expelled seeds were still viable.
Generally, seeds of submersed
aquatics,
mud-flat
annuals,
and emergents are commonly found in the diets of
dabbling ducks (Mueller, van der Valk 2002).
At Goose Lake, Iowa, contribution to the marsh
When I discovered a new plant, I sat down
nutrient cycles by litter decomposition differed
beside it for a minute or a day, to make its
between two species. On a per-hectare basis,
acquaintance and hear what it had to tell.
decomposing Scirpus fluviatilis litter released 10 kg
			
– John Muir
N, 9 kg K, and 11 kg Na. Scirpus litter accumulated 8
kg P, 55 kg Ca, 5 kg Mg, more than 13 kg Al, and more
than 11 kg Fe in the same period.
Decomposing Typha glauca litter
released 71 kg N, 10 kg P, 123 kg
K, 94 kg Na, 41 kg Ca, and 25 kg
Mg, but accumulated 21 kg Al and
20 kg Fe per hectare. ▄▀
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Gadwall pair in
Toronto on 22
November 2016.
Male facing us
paddles vigorously to stir up
food, raising its
chest above the
water for several
seconds

Purple Trillium on 13 May 2018 blooms
as Gadwalls continue north and others are
forming territories on their favorite marsh
before egg laying begins
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drifted several meters apart. When it came time to
move to another part of the pond, the female always
led the way. At times he quickly followed or lingered
and caught up a few minutes later. At one point they
were feeding 2 meters from me at the edge of a rock
outcrop where I sat for 45 minutes observing them.

Food and
Feeding Habits

In

a review of 60 studies on feeding habits
of waterfowl in fall and winter, food
availability figures were often omitted,
which makes food preferences difficult
to determine. Substantial bias exist when using data
from crops and gizzards of hunter-collected ducks.
Behavior and habitat use need more work, along
with less biased collection and analysis (Callicutt et
al 2011).

W

hile in New York City in early November 2016
to visit art museums and galleries, I went for
a short walk in the south-eastern corner of Central
Park. The Pond held a pair of Gadwalls feeding
about 30 m away near its center. The pair executed
tip-up feeding and swallowed when they resumed
a normal posture at the surface. No aquatic plants
were visible. In one instance a lone American Coot
swam to the Gadwalls. The coot made one lengthy
dive, surfaced several meters away, with no plants
visible in its beak, and swam back toward shore.
Part of the feeding strategy of Gadwalls was
to paddle vigorously with their feet to stir up the
bottom or plants, then tip-up to feed. Stirring for
a few seconds with their webbed feet caused the
breast to rise slightly out of the water. When feeding
the mated pair usually remained within a meter of
each other, probably to capitalize on the activity,
watchfulness and sociability of each bird. When a
feeding session was over, they began to preen and
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In south-central North Dakota, Gadwall daylight
activity was examined for pairs during the early
breeding season. In keeping with our fragmentation
of everything, the breeding season was divided into
3 phases – spring arrival, pre-nesting, and laying.
For pairs of Gadwalls, feeding rates of prenesting and laying females were much greater than
their mates. The average length of feeding bouts for
females was 6 minutes over the 3 phases, whereas
male feeding bouts averaged 3 minutes during the
same.
Drakes fed 27% of the time while with their
hens, but increased this rates to 36% when alone.
During the first part of May, each pair attempts
to gain possession of an area where the female
Gadwall can localize her activities, and feed
intensively to increase her metabolic reserves for
nesting. Gadwall drakes use more energy defending
their females from other pairs, than from unmated
drakes because pairs are competing for an activity
center (exclusive area where a hen feeds) which is
necessary for a successful breeding season (Dwyer
1975).
For Gadwalls –
		Body weight 900 grams
		Bill Length 3.4 cm
		
Lamellae per centimeter 12
Prey sizes eaten by Gadwalls were similar to
those of Blue-winged Teal. Gadwalls’ prey most
closely matched the distribution of prey sizes in
the environment. Gadwalls and Wigeon, relative to
other species, spent more time moving than tipping
up, and moved more slowly over longer distances
between tip ups (Nudds, Bowlby 1984).

Summer Feeding
Ducklings
Near Strathmore, Alberta, as Gadwall ducklings
grow, their diet shifts from invertebrates to plants.
Animal food reaches its peak in 11–15 day-oldducklings at about 2 grams collected from esophagus
and proventriculus. Plant food intake is highest for
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Mute Swan with young, St Clair River, Ontario, near its mouth, 24 June 2017

41+ day old young, at 7 grams.
Six ducklings less than 3 days old had only
invertebrates in their diet. They peck at insects on
the water’s surface with little feeding below. The
actual intake of animal food did not start to decrease
until about 2 weeks of age, due to a rapid increase
in overall food intake. Young ducklings eat insects
mainly from a few orders – Diptera, Coleoptera
and Hemiptera. In one location, 4 ducklings had
eaten large amounts of curculionid larvae (weevils),
which had infested spikes of Myriophyllum and
Potamogeton. The plants were eaten as well.
Cladocera (water fleas) made up 16% of the animal
food. It may take a week or so until a duckling’s
digestive system can handle plant material. Over
a duckling’s life, their intake is 10% animal food
and 90% vegetable food. Since plants often have
invertebrates among or attached to leaves or stem,
animal food is often consumed as plants are eaten.
Plant food consisted mostly of –
		Potamogeton pusillus 34%
		Green algae 19%
		Beckmannia seeds 10%
		Lemna minor 7%
Gadwalls and American Widgeon showed much
overlap in their feeding habits (Sugden 1973).
When analyzing food eaten by ducks, the results
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can be presented as volume, weight or frequency of
occurrence. Weight appears to have less bias, but
volume is often used. Gadwall hens, post-laying,
were collected from April–June of 1969–72 in southcentral North Dakota. A comparison of the three
methods of reporting eaten food collected from the
oesophagus –
			

Vol.

Wt.

Freq.

Crustacea
Insects		
Vegetation

71
3
26

36
10
46

54
77
85

The author of this article recommends using weight
and frequency of occurrence when reporting on
feeding habits of waterfowl (Swanson et al 1974).

W

hen waterfowl density was estimated as kg
per hectare, a positive, linear relationship with
reduction in plant standing crop was found. Numbers
of waterfowl, because of their size differences,
did not produce an obvious relationship. Plant
consumption would be greater from equal numbers
of swans than Gadwalls, hence the need to use
weight of waterfowl rather than number of bodies.
Remember, waterfowl have an impact on plants
beyond eating them (Wood et al 2012).
Feeding ducks were shot and their esophageal
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contents preserved. Wetland samples of the flora
and fauna were taken from the upper layers of water
and bottom sediment. Food from 77 female Gadwalls
collected between 17 April and 25 August was 48%
animal and 52% plant. Crustaceans formed 29%
of the total diet by volume. The Crustacean, Fairy
Shrimp, which contains 7 of 10 essential amino
acids, made up 18%. By volume insects amounted
to 19%, and Diptera (true flies) 11%.
Among plants consumed, green algae was 23%
by volume, and Widgeon Grass, Ruppia maritima
12%. The total volume of seeds ingested from
several aquatic plant species was only 2%.
“Among 9 paired males and females sampled
during laying, hens consumed nearly twice the
amount of diptera, three times the amount of
coleoptera larvae, and one-third less plant material
than their mates collected from the same feeding
sites. Males utilized more crustacea than did
females during both periods.”
For pre-laying females, aquatic insects
accounted for less than 10% of their diet. With the
start of laying, more aquatic insects were eaten. The
diets of post-laying females were 46% animal and
54% plant by volume.
Average densities of cladocerans (water fleas
up to 5 mm long) were 13,000 per net sweep at sites
in potholes where they were consumed by females
and 4,500 per net sweep where they were not eaten.
Generally, abundant aquatic prey were eaten by
female Gadwalls.
Plant fruit / seeds (72%) of bulrush, Widgeon
Grass, and Sago Pondweed averaged 17,300 /
m 2 in the bottom, but were seldom eaten. Gadwall
rarely fed from the bottom, and they do not dive for
food. Gadwalls fed day and night. They captured
small crustaceans by filter feeding especially in
saline wetlands. In mid-June, a shallow, alkali
pond contained about 500 ducks, mostly Gadwalls
and pintails, feeding on a dense population of
Brine Shrimp, Ar temia salina. After one week, the
shrimp were gone and so were the ducks. Water of
lower salinity supported a more diverse flora and
fauna. Drying temporary ponds may concentrate
crustaceans in shallow water. The deeper more
permanent wetlands have a richer diversity of food.
Gadwalls fed on emerging chironomids and vertical
migrations of cladocerans after dark. They prefer
some foods over others (Serie, Swanson 1976).
At Delta Marsh, Manitoba, “A pair of Gadwall,
which used the slough near my house as territory,
spent a short period each evening on the lake shore
where they presumably obtained grit. I have seen
pairs walk or fly to roads for grit” (Hochbaum 1944).
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Cells at Delta Marsh were flooded to about
one metre above normal. When water levels were
normal, there was a warm relationship between
macroinvertebrate levels and use by dabbling
ducks. At high water levels, no relationship between
invertebrates and duck use was noted. The high
water also killed some emergent vegetation (Murkin,
Kadlec 1986).
Feeding by ducks on beds of Sago Pondweed,
in and outside enclosures was investigated at Delta
Marsh in the early 1970s. Green leafy foliage,
tubers, and fruit (seeds) were sampled in open and
enclosed plots at monthly intervals, over the late
summer. Water hardened on 3 November.
Peak standing crops of foliage lasted from midAugust to early September. Above-ground foliage
began dying in late September and disappeared
completely before freeze-up. About 40% of the peak
standing crop of foliage was removed (eaten and
disturbed) by all waterfowl. Gadwalls fed mainly in
late September through October. Canvasbacks and
swans fed on tubers.
Even though a surplus of plants existed
throughout the marsh in relation to total waterfowl
use, areas with the highest estimated use of
pondweed in 1973 showed the greatest relative
decrease in 1974 (Anderson, Low 1976).

G

adwalls and Mallards were shot on North
Dakota’s waste-stabilization ponds near
Jamestown during spring and summer.
Overall, an average of 37% of ducks on the ponds,
including ducklings, were Gadwalls.
Since these sewage ponds contain few plants,
Gadwalls fed mainly on aquatic insects. Ducklings
of Gadwalls over 24 hours fed on –
		Plants 1%
		Mayfly adults 14%
		Midge adults 45%
		Midge pupae 9%
		Cladocera (water fleas) 27%

Much has yet to be learned about the potential for
disease and heavy metals that may result from the
use of domestic and industrial waste as a food chain
base (Swanson 1977).
Nighttime feeding behavior by Gadwalls on
prairie wetlands of North Dakota revealed adults
and ducklings fed between 9 PM and 4 AM,
mostly on midges (Chironomidae) and mayflies
(Ephemeroptera) as they emerged (Swanson,
Sargeant 1972).
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Gadwall at Russell Lake State Wildlife
Area in Colorado used Short Emergent
(SE) habitat most often since it provided
macroinvertebrates and seeds. The graph
reveals the percentage of use during
foraging and availability of dry biomass,
crude protein, and gross energy from invertebrate food in 4 habitats – (SE) Short
Emergent, (SW) Seasonal open Water,
(SP) Semipermanent, and Permanent
open water, and (SG) Saltgrass
(Gammonley, Laubhan 2002)

		 Percent
0		 20		40		60
SE

SW

Use
Biomass
Protein
Energy

SP

SG

Autumnal Feeding
Dabbling duck food habits were probed in the fall
in the Heron Lake system in Minnesota. Gizzard
contents of hunter-harvested birds were analyzed.
Curlytop Ladysthumb, Polygonum lapathifolium,
was consumed most often (82%) and in the greatest
volume (34 ml). The frequencies of other seeds
eaten –
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Lesser Pondweed, Potamogeton pusillus 58%
Amaranth, Amaranthus species 47%
Rusty Flatsedge, Cyperus odoratus 47%
Fall Panicgrass, Panicum dichotomiflorum 42%
Hardstem Bulrush, Scirpus acutus 42%
Sedges, Carex species 40%
Hornwort, Ceratophyllum demersum 37%
(Wersal et al 2005).
Managers need to know what the fall seed crop of
moist-soil plants will be for the ducks. A portable
vacuum was modified to provide a way to sample the
surface seed content of dry fields before flooding.
Seed recovery was incomplete (88%) allowing
researchers to initiate a correction factor for seed
mass. An additional 30 minutes for processing each
sample was required (Penny et al 2006).
Eleven moist-soil wildflowers were checked for
seed mass and inflorescence volume, etc. Using
one average plant from each small sample, the
collection took about 2 minutes. This permitted
sampling across a larger area of an impoundment.
Seed mass (grams / m 2 ) averaged about 2–270
for the 11 species combined. This can be used
to evaluate the impact of management practices
on seed production of individual plant species or
across entire impoundments over time (Laubhan,
Fredrickson 1992).
Weight of seeds produced by aquatic plants
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Duckweed Small wetlands are valuable for maintaining biodiversity. Loss of small wetlands
will cause a direct reduction in the connections among remaining species populations.
Wetlands as small as 0.2 hectares should be protected with laws (Semlitsch, Bodie 1998)
on a wetland combined with a True Metabolizable
Energy (TME) value of the fruit / seeds will give a
better picture of how long a wetland with moist-soil
emergent vascular plants can sustain a group of
feeding ducks. The TME –
Spike Rush, Eleocharis palustris 0.5 Kcal / gram
Alkali Bulrush, Schoenoplectus maritimus 0.65
Perennial Pepperweed, Lepidium latifolium 1.3
Lamb’s Quarters, Chenopodium album 2.5
Perhaps of equal importance,
composition as a percentage –

the

nutritional

				

Protein Fat

Ash

Spike Rush		
Alkali Bulrush		
Perennial Pepperweed
Lamb’s Quarters

7%
8
27
17

12
3
5
4%

5
4
10

Pepperweed is a non-native plant. Ducks have food
preferences which vary by day and season. The 4
plants above are accessible to ducks of different
sizes (Dugger et al 2007).

Winter Feeding
Over the winter on Bodie Island, Dare County North
Carolina, Gadwalls and two other dabbling ducks
were observed feeding and resting. The feeding
speed of Gadwalls swimming along the surface
tripled from 2 meters / minute in October to 6 m
/ minute in January, and rate of dipping increased
during this period from 11 to 20 dips / minute. Gadwall
foraging speed depended on – length of day, and
daily temperature which explained 43% of the total
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change in foraging speed. As day length diminished
and temperatures dropped over the winter, there was
an increase in foraging speed and duration. Ducks
need energy to cope with lower temperatures, the
stress of mate selection, and dominance of breeding
adults. As temperatures dropped, ducks spent more
time feeding at midday and late afternoon than
when daytime temperatures were higher. Resting
ducks may seek more protected areas where wind
is reduced and solar energy greater (Hepp 1985).
California has lost 90% of its wetland surface.
The remaining water is managed for a variety of local
and migrant species. Depth for feeding accounted
for the distribution of 10 species of waterbirds in
Merced County. In the late winter–early spring,
habitats of 6 common shorebirds and 4 dabblers
were noted. As it turned out, water depth was the
variable separating the 10 species.
Overwintering Gadwalls preferred a water
depth of 25 cm, about 50 m from shore, and 30 m
from continuous emergent vegetation. With several
species of birds using a particular wetland or area,
it is difficult for an ecologist to manipulate water
levels, including slow drawdowns, to accommodate
multiple species. It was proposed, during both winter
and spring, wetlands be managed at an average
water depth of 15–20 cm (Isola et al 2000).
The Central Valley of California once hosted an
estimated 40 million wintering waterbirds 100 years
ago. Today 10% of the wetlands in the state remain.
Agriculture has consumed wetlands. Waterbirds,
numbering about 5 million, now winter there.
New legislation in 1991 prohibited the burning
of harvested rice fields to reduce air pollution. To
increase the decomposition of the remaining straw,
rice growers flood their fields. This provides thousands
of hectares of new wetlands over the winter in which
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Prairie Pothole Region “ Over 80% of ponds used by waterfowl on the Canadian prairies
have had their margins affected by agricultural burning, haying, grazing or cultivation.
Pesticides can enter prairie wetlands when their basins are tilled in dry periods, or as
a result of direct overspray during aerial pesticide application, drift of airborne aerosols
or particulates, runoff from adjacent treated fields, and discharge from contaminated
groundwater. Potholes are natural destinations for surface runoff. ” (Goldsborough,
Crumpton 1998) Photograph by Laura Hubers, 2 November 2004, US Fish & Wildlife Service
(Wikipedia)
shorebirds and waterfowl can feed. A study in the
mid-1990s looked at which birds used flooded fields.
Gadwall in flooded rice fields averaged 12 ducks
per km 2 compared to less than one bird per km 2 in
unflooded rice fields. They preferred water depths of
15–25 cm for feeding (Elphick, Oring 1998).
Does bill shape of dabbling ducks help them
separate food by size? A Gadwall’s presence in a
group of ducks depends on the abundance of food
it consumes most efficiently, rather than on the
presence of its competitors. Puddle ducks filter-feed
using cyclical movements of the bill and tongue to
create a flow of water that enters the bill through the
open mouth and exits between the lamellae along
the sides of the bill. The sieved particles are then
swallowed.
Some dabblers acquire food by pecking rather
than filter-feeding, in which case bill characteristics
is less important. Separation of prey among
Gadwalls, Northern Shovelers, Mallards, and
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Northern Pintails, is expected due to their bill
lengths and size of lamellae (Gurd 2007).
Field work in Oklahoma centered on mixed
flocks of coots and ducks on several bodies of water.
To find out what birds were eating, coots, Gadwalls
and American Widgeons at the same feeding sites
were collected to determine overlap in diet.
Wigeons and Gadwalls were the only species
observed robbing food from coots. Aggressive
interactions between coots and ducks occurred in
less than 5% of all 1,100 mixed flocks.
Submerged aquatic vegetation eaten by
coots, Gadwalls and wigeons included Eurasian
Watermilfoil,
filamentous
algae
(Cladophora
species),
and
Floating-leaved
Pondweed
(Potamogeton nodosus). At another patch of
water, dragonfly nymphs were the main food of all
3 waterbirds. Coots, Gadwalls, and wigeons ate
similar foods in all lakes.
Migration patterns were similar for coots and
To m

Reaume

F o o d & F e e d in g Ha b it s

Gadwall

ducks. Spatial overlap increased into fall and winter,
perhaps due to a decrease of aquatic food plants.
As ducks deplete food in shallow water, coots make
food available in deeper water from churning and
diving, bringing plants to the surface which permits
robbery by waiting ducks. From flocks of Gadwalls,
27% had coots present which led to robbery by
Gadwalls (11%), and aggression between the two
species (4%).
On breeding grounds, clashes between Gadwall
and American Coots peaked after hatching of coot
broods. Coots persistently defended their broods
against any duck entering their territory (Eddleman
et al 1985).
The Optimum Foraging Theory (OFT) predicts
animals choose food items that yield the greatest
net energy from time foraging. Gadwalls and
American Coots foraging on aquatic plants must
make a choice as plants are depleted.
From October–February in the early 1990s at an
impoundment in the Tennessee River in Alabama, a
reservoir contained 2,400 ha of aquatic plants, with
Eurasian Watermilfoil, Myriophyllum spicatum,
covered more than 90% by area. It was sampled
every 2 weeks to a depth of 30 cm.
Gadwalls and American Coots were shot from
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30 different locations throughout the reservoir.
Esophageal and proventricular contents weighed
less than 2 grams (wet). Milfoil, algae (Chlorophyta),
duckweed (Lemna species), plus seeds and animals
were the diet.
Overall, Gadwalls consumed 99% plants and
1% animals, while coots consumed 95% plants, 2%
seeds, and 3% animals. For Gadwalls, the proportion
of milfoil leaves in their diet decreased from a high
of 76% in December to 28% in February, while the
proportions of native vegetation and invertebrates
generally increased in late winter. Algae also
increased in February, and were eaten. Composition
of microhabitats used by Gadwalls were similar by
sex and age.
Gadwalls spent more than 65% of their days
feeding, as did coots. Feeding by Gadwalls, October
to February –
1) Surface-pecking – 80% was highest in October
and declined over the next 4 months
2) Head-down feeding – 7% was highest in
November and January
3) Tip-up – 9% was highest in January
4) Kleptoparasitism – 4% was highest in Feb.
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58%

Swimming

29%

Courtship 6%
Resting
Preening
Flight
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Gadwall drakes behavioral patterns during the day on open warm water at a cooling
pond in Utah over the winter. Resting, Preening and Flight together accounted for the
remaining 7% (Webb, Brotherson 1988)
Overall, Gadwalls and coots converged on very
abundant milfoil growing near the surface. Milfoil
leaves are eaten for protein and lower-protein stems
provide digestible energy. Gadwalls in February
began eating algae for protein in isolated lagoons,
near-shore habitats, and ponds adjacent to the
reservoir. Bill size and lamellae of Gadwalls were
more suited for this than bills of coots. As food
abundance declined, both waterbirds used a greater
variety of foods. Over winter a mixed diet of milfoil
leaves and all size of stems were consumed. The
relative protein levels in foods eaten by Gadwalls –
		Invertebrate 39
		
Algae 21
		
Leaf 20
		
Small stem 16
		
Medium stem 12
		
Seed 10
		
Large stem 9 (McKnight, Hepp 1998).
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The same two researchers concentrated solely on
diet of Gadwalls at the reservoir in Alabama where
Gadwalls gleaned invertebrates at 8 times their
availability in January. These were mostly (65%)
chironomid larvae which occupied tubular cases
attached to milfoil stems and leaflets. Amphipods,
cladocerans, and ostracods were free-swimming
and harder to catch. Leaves and terminal small
stems of the exotic milfoil contain relatively high
amounts of protein and moderate levels of soluble
carbohydrate which sustain Gadwalls through most
of the winter (McKnight, Hepp 1998a).
In north-eastern Texas, daytime feeding budgets
of Gadwalls and Mallards wintering on livestock
ponds (0.8–16 hectares in size) were noted.
Paired and unpaired Gadwalls of both sexes spent
at least 42% of their time swimming and surfacepecking compared to 11% for Gadwalls wintering
in Louisiana. As in other studies, courtship and
conflictive behaviors comprised less than 1% of
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Hyalella azteca, a major food of waterfowl
and fish, is a widespread and abundant species of amphipod crustacean in North and
Central America. It reaches 8 mm long, and
lives in fresh and brackish waters. Populations occur as one of two types, differing in
body size and life history traits (Wellborn
1994). It feeds on filamentous algae, diatoms, and may consume organic detritus. It
was first described by Henri Louis Frédéric
de Saussure in 1858. Photograph by Scott
Bauer, #K8451-1 in Tree of Life and (Wiki)
their daily time budget (Mason 2002).
The Mississippi Alluvial Valley (MAV) runs
north–south along the Mississippi River in the
northern half of the state. It is an important habitat
for migrating and wintering waterfowl. Wetlands are
restored through the US Department of Agriculture’s
Wetlands Reserve Program (WRP). Species richness
and density of dabbling ducks were monitored relative
to a vegetative index of duck foods, other floristic
data, and management. The model of vegetative
index explained a mere 27% of the variation in
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Lake Amphipod, Gammarus lacustris, with
a body about 2 cm long, is a common food
for North American and European waterfowl.
It has a pale green, laterally compressed
body with 13 pairs of legs of different structure and purpose. On his head are two large
eyes and two pairs of antennae. They crawl
on aquatic plants using thoracic legs and
swim below or at the surface using abdominal legs. Material prepared by teachers and
staff of the Department of Hydrobiology and
Invertebrate Zoology, Irkutsk State University, from zoological excursions on Lake Baikal, Russia, which is considered the deepest
lake globally (Wikipedia)
duck densities. It appears ducks are also selecting
wetlands based on items other than vegetation and
wetland management (Fleming 2015).
In western Louisiana, wintering Gadwalls
feeding habits were monitored. Birds were shot,
mostly pairs, after they had been feeding. They fed
on aquatic plants (95%), animal matter (4%) and
seeds less than (1%). Of small items, diatoms, bluegreen and green algae were consumed by 70% of
Gadwalls, and accounted for 31% (by volume) of
total foods eaten. The top vegetative foods averaged
by volume (75%) from gullets of females and their
mates –
Algae 31%
Small Spikerush, Eleocharis parvula 19%
Widgeon Grass, Ruppia maritima 15%
Spiked Water-milfoil, Myriophyllum spicatum 10%
Protein levels averaged 15% and fiber 38%.
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Seeds of plants –

Bulrushes, Scirpus species 12%
Sawgrass, Cladium jamaicense 12%
Bearded Sprangletop, Leptochloa fascicularis 12%

Gadwalls fed day and night in water depths greater
than 15 cm 97% of the time. By mid-January, as
plants became depleted, and during the following
months Gadwalls fed primarily upon Small Spikerush
and Hornwort. Gadwalls rely upon algae in spring
(Paulus 1982).

Organ				Non-RFG *
Pre-laying
Laying
		
			Adult		30		28		20
Gizzard (g)
Yearling
31		 25		 20
Pancreas (g) Adult		
			
Yearling

1.8		
1.9		

1.6		
2.0		

1.8
2.0

Liver		Adult 		0.5		
lipid (g)
Yearling
0.5		

1.0		
0.7		

0.9
1.0

Liver		Adult		3.3		
3.4		
LDM ** (g) Yearling

3.9		
3.9		

4.0
4.5

Intestine (cm) Adult		199		201		201
			Yearling
197		210		201
Intestine (g) Adult		16		17		16
			Yearling
18		16		18
Ceca (cm)
Adult		45		44		42
			Yearling
46		41		43
Ceca (g)
			

Adult		
Yearling

2.4		
2.4		

2.3		
2.0		

2.1
2.1

Gadwall The mean weights of pancreas of yearlings were slightly
more than adults in all 3 stages. Lipid and non-lipid components
of the liver increased during egg production, probably from eating
more food. Gizzard muscle declined in laying birds, possibly from
eating less plant food (reduced fiber) which would contribute only
about 1/3 of the protein in one egg. Increased food consumption
and / or nutrient demand can be more important than the type of
food eaten in changing an intestine’s length.
There is an association between size (weight and length) of
digestive organs and age (adult and yearling), and 3 stages in the
reproductive cycle for female Gadwalls from SW Manitoba (1988)
* RFG = Rapid Follicular Growth
** LDM = Lean Dry Mass (Ankney, Alisauskas 1991)
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Chironomid larvae (bloodworm, 4 mm
long) of the Midge Fly (Diptera) are food
for dabbling ducks. Photograph by Tony
Thomas, 7 March 2013 from Killarney
Lake.
February, followed by a small decline in March as
the diet changed. Combining averages of the sexes
November through March –
Gizzard weight (empty) 47 g (42–55)
Small intestine length 2.3 m (2.2–2.4)
Large intestine length 11 cm (10.4–11.7)
Combining averages of the sexes when eating 5
different foods, the organ weights as a percentage
of a Gadwall’s body weight –
Gizzard weight (empty) 5.5%
Small intestine (empty) 3%
Large intestine (empty) 0.4%

Saltgrass Distichlis spicata, 10–60 cm
tall, grows in saline soils in the western
half of North America. Inflorescence a
panicle 1–7 cm long with 2–20 flattened
spikelets in separate male and female
plants (dioecious); stiff upper leaf blades
are 1–20 cm long and hairless. SEINet
Arizona–New Mexico Chapter
Using the same birds as above, the gut of Gadwalls
changed in size depending on their diet over
the winter months in Louisiana. Generally, gut
measurements were related to quality of a duck’s
diet. Gut measurements were analyzed monthly.
Foods comprising the bulk of a diet had more
influence on gut size than did foods eaten in lesser
amounts.
The trend was for gut measurements to increase
in length, weight and volume from November through
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When Gadwalls ate mainly the aquatic plant
Myriophyllum spicatum, their small (2.5 m) and
large intestines (12 cm) were at their longest (Paulus
1982a).
From observations of non-breeding Gadwalls
in Louisiana, males and females combined, spent
66% of their time feeding. The highest amount of
time devoted to feeding, day and night (76%), was in
April, as the northward migration began. The lowest
amount of time was 47% in the fall. Over winter,
unpaired Gadwalls used 11% of their time resting,
and 5% preening. Unpaired males spent less time
resting.
Night feeding lasted until near midnight,
followed by an hour of resting, more hours of
feeding, another rest period, and then feeding and
social activities until daybreak. “Some courtship
activity was observed on moonlit nights and of
17 copulations recorded during the study, 1 was
at night. High winds reduced the time for feeding
(Paulus 1984).
At US Steel’s Geneva plant in central Utah, the
observations of male Gadwalls and Northern Shovelers
were confined to a 85 hectare, warm, ice-free cooling
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pond. Segments of their behavior were timed from 28
January until 31 of March. The total number of birds
(428) peaked on 10 March during the middle of the
spring migration (Webb, Brotherson 1988).

A

re airborne military aircraft and waterfowl
compatible? Disturbances by planes might
influence dabbling duck behavior and habitat
use. Noise and visual disruptions may change
energy budgets and alter overwinter survival and
reproduction the next spring. Responses of four
dabblers to low-level flying military aircraft at Piney
and Cedar islands, North Carolina, were noted in
the winters of 1991 and 1992. Harrier jets produced
an average of 5 disturbances by aircraft per hour.
Sound levels were recorded above 80 dBA.
Dozens of groups of Gadwalls were observed
during two winters, with 3–17% responding to
aircraft. The response time was less than a minute.
Aircraft-induced behaviors did not differ by time
of day or over the winter, and used about 1% of
a Gadwall’s time over two winters (Conomy et al
1998).
Pairing activity of Gadwalls in Louisiana over
the winter revealed aggressive behaviour was
highest in October and November. Three types of
aggressive behavior varied by status and sex –

		Mid-October 45%
		Late November 80%
		April 90%
Paired birds were dominant, winning the majority of
conflicts with unpaired males or females. Obvious
aggression, threat displays, and subtle avoidance
behaviors, helped determine spacing and access
to food resources of flock members. On average
Gadwalls remain about 2 m apart.
By pairing early, Gadwall become dominant
and probably have access to higher quality foods,
especially when aquatic plant abundance diminishes
over the winter (Paulus 1983).

Spring Feeding
“One hundred years after the onset of
industrialization, the world population grew by 100
per cent. By the start of the twenty-first century, it
had increased by a further 400 per cent, a colossal
surge that led to a daily threat to the survival of
other species on the planet.” (Challenger 2012)

		Bill threat 92% pairs
		
Chase 9% unpaired males
		
Bite 16% unpaired females
Nearly all conflicts, lasting a few seconds, were
between birds that were feeding before a dispute.
When Gadwalls were aggressive toward another
duck species, 77% were American Widgeon, and
probably over feeding areas.
Gadwalls began arriving along the coastal
marshes of Louisiana in late September and by
mid-October about 300,000 were present in 1977.
Percentage of hens paired increased over time –

Harrier Jump Jet low-level flights over
coastal marshes in North Carolina had little
effect on the behavior of 4 dabbling duck
species in winter (Conomy et al 1998).
23 February 2007, photograph by
MC Leonardo Carrillo (Wikipedia)

The J. Clark Salyer National
Wildlife Refuge in North Dakota
provides a small haven for waterfowl, migratory birds, insects
and plants. 19 August 2014
Photograph by Colette Guariglia,
USFWS (Wikipedia)
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The Upper Mississippi River and Great Lakes
Region (UMR / GLR) encompass 10 states between
important breeding and wintering areas of North
American waterfowl. Collection with a shotgun began
as soon as ice thawed in spring, and continued until
migrant ducks vacated the study areas in early May.
Only individuals that had fed for about 10 minutes
were collected. Invertebrates composed the largest
portion of diet in spring Gadwalls –
Chironomidae 32% biomass
Non-Chironomidae Dipterans 14%
microcrustacea (16%)
(Cladocera, Copepoda (10%) and Ostracoda)
Nematoda 11%
Non-Dipteran Insects 12%
Vegetation, seeds / fruit –
		Polygonum 22%
		Cyperus 16%
		Scirpus 12%
		Carex 6%
		Leersia 6%
		Eleocharis 3%
		Lemna species 33%
		Algae 36%
Seed consumption in the spring decreased daily
and vegetation consumption increased daily by
Gadwalls. In the eastern transect they consumed
40% more vegetation than in the western transect.
There was no effect of transect, date, or habitat on
seeds, invertebrates, and vegetation consumed by
Gadwalls in 2007. Overall, the spring diet –
		Vegetation 53%
		Seeds 38%
		Invertebrates 9%
(Hitchcock 2008).

Kleptoparasitism (food stealing)
In Alabama, “Gadwalls that did not steal food from
American Coots spent more time feeding and less
time swimming (searching for food or hosts) in
December, January, and February than individuals
that were kleptoparasitic.”
Kleptoparasitism (food stealing) was observed
30% of the time. Coots rarely responded (1%)
aggressively toward Gadwalls doing the stealing.
Food stealing rarely took place in October and
November, but was highest (76%) in December, as
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plants became less common. Food stealing took
place most often by unpaired females, followed by
unpaired males, and finally by paired males and
females (LeSchack, Hepp 1995).
In Alabama, daylight behaviors of Gadwalls and
American Coots overwinter were tallied from a blind
overlooking North Sauty Creek Waterfowl Refuge.
Gadwalls and coots ate mostly milfoil leaves when
abundant and then increased their consumption
of milfoil stems as leaves near the surface were
depleted (McKnight, Hepp 1998).

Rice

21

countries in the western hemisphere
grow rice. By area cultivated, Brazil is the
leader followed by the USA. California
and the southern Mississippi River Valley are the two
main growing areas. The severe continuing drought
in parts of California in the early 21st century forced
some farmers out.
11 species of dabblers made good use of
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Golden Stonefly, Nymph of a Plecoptera.
The insects remain in the nymphal form for
one to four years, depending on species, and
undergo from 12 to 36 molts before emerging
and becoming terrestrial adults (Wikipedia)
rice fields in the USA. The relative abundance of
Gadwalls is 0.1, while Blue-winged Teal had the
highest at 0.6 (Acosta et al 2010).

Other Foods
Sago Pondweed, Stuckenia pectinata, is probably
the most important single waterfowl food plant on
the continent. It accounts for about half of the total
food percentage belonging to the genus Stuckenia
[formerly Potamogeton]. It is found in “gizzards of
fall staging populations, pre-molting birds, flightless
molting ducks, and ducklings.”
At the Heron Lake system in Minnesota, two
Gadwalls had Plecoptera in their gizzards (Wersal
et al 2005).
Three commercial avian foods were fed to
Gadwalls, Northern Shovelers and Northern Pintails
to determine how food was metabolized. Diets
included turkey starter pellets, alfalfa pellets and
Barnyard Grass seeds. Starter caused a weight gain
about twice that of barnyard grass and nearly three
times more than alfalfa pellets, when ducks were
allowed an unlimited food intake. Wild Gadwalls and
shovelers were deleted from the Barnyard Grass
trial because they would not eat the seeds.
Body weights of ducks beginning in November
were compared to the final weights in February.
Male (815 g) and female (670 g) Gadwalls were
about 90 g heavier at the end of the feeding trials.
There were no differences in the ability of male
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Gadwall feeding on pond in Toronto on
22 November 2016
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Swamp Timothy, Crypsis schoenoides, is
an introduced annual grass with purple-tinted green stems which forms mats and low
clumps near water. Photograph by Stephen
Laymon, Bureau of Land Management, USA
(Wikipedia)

and female ducks to metabolize the 3 foods. Each
species probable learns to recognize foods it can
handle most economically depending upon their
body and behavior (Miller 1984). ▄▀
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Smartweed, Polygonum aviculare, is
an annual wildflower up to 2 m tall in dry
to moist areas. Fruit a 1-seeded achene,
triangular, 2–5 mm long by about 2 mm
wide, is eaten by ducks. Photography by
Dalgial on 15 June 2009 (Wikipedia)
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Gadwall male (right) with male Northern Shoveler, autumn, Toronto, ON

120

To m

Reaume

Gadwall

Gadwall hen stopped feeding, swam to a
nearby flat rock to preen its belly feathers. An ideal pond contains areas where
waterbirds and turtles can rest out of the
water. The unspotted white belly indicates
an adult. Its mate was feeding nearby.
5 April 2017 near the mouth of Humber
River, Toronto
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Gadwall – two mated pair with 2 male Northern Shovelers and a pair of Hooded Merganser (46
cm long) on a pond on 22 November 2016 in Toronto near the mouth of the Humber River

Sandhill Cranes at Muleshoe National Wildlife Refuge (established 1935) in Texas. Playas
attract many wetland species and contribute greatly to the biological diversity of the southern
Great Plains. About 2 million ducks and nearly 400,000 Sandhill Cranes (120 cm long) are
found on playas in a typical winter (Rivers, Cable 2003). Photograph by Wyman Meinzer of
the US Fish and Wildlife Service, 4 January 2009 (Wikipedia)
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1) “Gout-like or arthritic condition, which involved
the development of hard, white nodules in joints on
the plantar (bottom) surface and to a lesser extent in
any area where the foot might contact the substrate
2) Loss of tissue from webs or toes. The onset
of necrosis (death of cells) was signaled by the
appearance of tiny de-pigmented areas, which then
eroded through the web forming 5–10 mm circular
holes. In extreme cases, these expanded further
to involve the loss of the entire webbing, distal
phalanges, or even entire toes.” Necrosis seems
to begin when young abrade their tender feet on
the lake’s pumice sand / tufa (calcium carbonate)
substrate. The necrosis goes into remission after
Gadwalls migrate to fresh water. Two captive
birds placed in fresh water for two years showed
no restoration of tissue, but their feet healed
completely. If these birds return to Mono Lake the
necrosis resumes.

Diseases

L

oss of wetland habitat in the Nebraska
Rainwater Basin may contribute to a
temporary outbreak of avian cholera [a fatal
bacterial disease of the small intestine] by
concentrating migrating waterfowl on fewer wetlands
(Smith, Higgins 1990).
Mono Lake, without an outflow, is a hypersaline
lake east of San Francisco in California near the
Nevada border at the western edge of the Great
Basin. Its recent surface salinity varied from 70–95
grams per litre, with alkalinity at pH 9.8. A population
of 20–30 pairs of Gadwalls are breeders and several
others summer and molt there. Most ducklings hatch
in early July and by mid-September most local birds
have left.
Banding involved 254 Gadwalls, mostly females
with broods. Birds were caught with nets from a
boat. Most ducks had foot damage of two types –

Ducklings 20-days old showed initial signs of
disease. When examined by veterinarians, lesions
in an adult did not appear to be active. “Two
types of bacteria (Staphylococcus epidermidis, S
sciuri) and a probable dermatophyte (fungus) were
cultured from a swab and biopsy of one foot. These
organisms are considered normal skin flora. An
inflammation on one foot was a granuloma.”
Ruddy Ducks, California Gulls, Eared Grebes,
and Wilson’s Phalaropes at Mono Lake were
unaffected. The survival of young Gadwalls seems
normal. No banded ducklings have been found dead
locally, and banded juveniles with foot damage
have survived for at least three years. Since this
foot condition has not been reported elsewhere,
banded ducks from Mono Lake have an additional
foot marker (Jehl 2001).

Influenza A virus Transmission electron
micrograph of the virus, late passage. 1981,
Centers for Disease Control and Prevention’s Public Health Image Library (PHIL),
with identification number 280 (Wikipedia)
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Avian Influenza Virus (AIV)

“During the boreal summer, birds come to Alaska to
breed from 6 continents – North and South America,
Asia, Africa, Australia, and Antarctica. Alaska has
direct, real-time connections with AI virus vectors
from much of the world.” (Winker et al 2007).
Migrating birds often form foraging flocks of
mixed species. Avian Influenza viruses (AIVs)
may easily infect many bird species gathering on
breeding and feeding areas during migration and
wintering.
A prevalence of AIV in aquatic birds is about
9% in ducks and is transmitted through water

Preliminary evidence showed ducks equipped for
efficient filtration such as Northern Shovelers may
be at higher risk of ingesting AIV particles (Hill et al
2010).
At inland Missouri, influenza A virus (IAV)
surveillance was conducted from 2005 through 2013
by collecting cloacal swab samples from 24 different
species. Most samples, (90%) were taken from
dabbling ducks, including Mallards and Gadwalls,
shot by hunters.
From swabs, 3% were positive for IAV isolation.
IAV-positive samples varied from a low of 1% in 2006 to
a high of 6% in 2013. Gadwalls were checked at 3 of 9
sites. Their rate was low, less than 1% of the sample.

Solar variability may influence the duration of dry periods through its impact on
convective activity and circulation (Rind, Overpeck 1993)

contaminated with feces. The prevalence of AIV
also exhibits a temporal pattern based on migration.
In particular, the prevalence of AIVs in ducks in
North America varies from less than 1% during
spring migration, to 30% prior to and during fall
migration. Interestingly, viruses do not persist within
specific localities. They are regularly brought into
populations via migrations (Chen, Holmes 2009).
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species of ducks and geese were sampled in
California’s Central Valley during the hunting
season of 2007–08. Northern Shovelers showed a
5% (AIV) prevalence; American Widgeon were 3%
positive; and Gadwall had a 0.5% prevalence.
This field work in California also combined some
physical and feeding characteristics of the birds.
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This Missouri study produced IAV isolates
linked to the highly pathogenic H7N3 strain in 2012
that caused severe disease in Mexico’s domestic
poultry. Surveillance for IAV should continue in
wild birds to protect our commercial, domestic food
sources (Bowman et al 2015).
55,535 samples from waterfowl were collected
for surveillance of avian influenza viruses (AIVs),
in the United States from 2007 to 2009. Apparent
prevalence of AIV in the Pacific Flyway in 2007–2008
was 14%, and highest in the Mississippi Flyway in
2009 at 17%. The Atlantic Flyway had the lowest
prevalence at 8%.
Prevalence of AIV in Gadwall by Flyway –
		

Atlantic 2%

Mississippi 6%
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		Central 6%

Pacific 6%

Gadwalls and Canada Geese had the lowest
prevalence in all flyways over the 3 years. Waterfowl
are generally AIV positive from August to December
(Groepper et al 2014).
The overall detection of avian influenza virus
(AIV) in 20 Pacific Flyway waterbird species
sampled during the 2007–2009 season, and
wintering at estuaries of Sonora, Mexico, was 4%.
From a sample of 54 Gadwalls, 4% were positive
(Montalvo-Corral et al 2011).

positive Gadwalls (Ferro et al 2012).
1,968 waterfowl of 10 species were tested at
three study sites in California, North Dakota, and
Colorado in 2007–2008 from trapping and hunting
kills. Gadwalls were only tested in California. From
151 birds 3% were avian influenza positive by at
least one swab sample for low pathogenic avian
influenza (LPAI) viruses (Ip et al 2012).
Erroneous or uncertain implication of wild birds
as the source of AIV outbreaks doesn't mean we
should kill wild birds and destroy their habitats
to prevent the virus from spreading. However,
investigations at outbreak sites must check all
avenues of introduction. If no suitable source is
found, there is no need for speculation (Feare 2010).
Red Foxes may become infected with a wild bird
isolate of HPAI virus (H5N1) after eating infected
bird carcasses. Once infected they can excrete
the virus for as many as 5 days within their home
ranges, in the absence of severe disease themselves
(Reperant et al 2008).

Duck Plague

In Canada single cloacal swabs were collected
from supposedly healthy ducks at 56 sites within
6 geographic regions. 4,268 valid samples gave
37% of ducks were M1-positive and 5% were H5positive by RRT-PCR. No samples tested positive
for the H7 gene sequence. “Avian influenza viruses
were common in wild ducks across Canada
in the summer and fall of 2005. From 36
Gadwalls, only 1 (3%) was M1-positive
and none were H5-positive (Parmley et al
2008).
In
Louisiana,
migratory
ducks
overwinter on coastal marshes. In 266
Gadwalls, juveniles and adults, the
prevalence of AIV was 0.7%. Tests in
December and January were negative for
Gadwalls (Stallknecht et al 1990).
During the 2009–2010 hunting season,
cloacal swabs were collected from hunterharvested waterfowl at the Justin Hurst
Wildlife Management Area in coastal
Texas. 77 Gadwall were screened for AIV
followed by viral isolation on all positive
samples. Of these, 4% had an apparent
positive prevalence from the first test, but
the virus was not isolated from any of the
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A duck plague (DP) (duck virus enteritis, a
herpesvirus,) outbreak in wild waterfowl at Lake
Andes, South Dakota, in January–March 1973,
killed an estimated 43,000 Mallard ducks and 270
Canada Geese from a total population of about
100,000 birds.
A second DP virus strain, LA-SD (73) from
Lake Andes, SD, was detected from cloacal swabs
of Pintails, 3 Gadwalls, Wood Ducks, and Canada
Geese infected experimentally one year before. Oral
erosions were present in all species tested except
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Gadwalls and Canada Geese.
Individual carrier Mallards and Gadwalls both
yielded virus 75% of the times when tested. Virus
shedding by Gadwalls averaged 83%. Gadwalls
can shed viruses up to one year or more. There
appeared a synchrony of virus shedding within, but
not between species groups. It is unknown if the
amount of viruses shed is sufficient to infect wild
ducks by natural routes (Burgess et al 1979).
		

West Nile virus
West Nile virus continues to kill some birds. After
18 years the American Crow seems to have formed
a suitable equilibrium with the virus. Some WNv
outbreaks that killed captive geese and ducks have
been reported from Manitoba, Saskatchewan, and
Wisconsin.
In the Prairie Pothole Region of the northern
Great Plains, Medicine Lake National Wildlife Refuge
occupies northern Montana. Mosquito sampling for
West Nile virus (WNv) took place from July through
September 2005 in three habitats around the refuge
– marsh, grasslands, and shelterbelts.
A total of 18 species of mosquitoes were
sampled. The 3 main species –
1)
2)
3)

Culex tarsalis 35% (73 females engorged)
Aedes vexans 26% (89 engorged)
Culiseta inornata 2% (53 engorged)

From 95 engorged Culex tarsalis, only 2% of
Gadwalls were hosts. The Mourning Dove (23%) and
Ring-necked Pheasant (6%) were the top birds. The
other two species of mosquitoes listed above did
not draw blood from Gadwall. Optimal location for
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collecting unengorged and bloodfed Culex tarsalis
depended on the method of trapping (Friensen,
Johnson 2013).

Botulism
Birds die when –
1) A massive dose of toxin is ingested from eating
insect larval cases
2) Ingestion of sublethal doses of toxin, plus
water or food containing relatively large amounts of
dissolved salts
In the second case, the functioning of the
supraorbital gland appears to link the two causal
agents. Experiments, with Clostridium botulinum
Type C toxin, were found to perhaps block the
parasympathetic nervous system or interfere with
the functioning of the salt gland.
Botulism is most prevalent in late summer when
air temperatures are high, water levels low, and
concentrations of dissolved solids at a maximum. It
occurs in very shallow water where wind tides push
water over mud flats, and there are accumulations
of dead vegetation, and encrustations of alkali.
Ducks may have been weakened by postnuptial
molts, the breeding season, migration, or disease. C
botulinum can be incubated in the larvae or nymphs
of Phormia regina, a blow fly Plecoptera species.
The toxin is absorbed by ducks when they eat the
larvae, or drink the ambient fluid. If enough toxin is
ingested, along with an additional 20 cc or more of
highly saline water, ducks will die.
A functional salt gland prevents dehydration,
but even partial malfunction of the gland may lead
to dehydration. A chalky anal discharge is noted in
botulism victims. Fresh water given a victim in the
early stages is as effective as antitoxin. Force-fed
fresh water dilutes the concentration of salts in the
intestinal tract and provides extra fluids for excretion,
via the kidneys, of salts already absorbed. On the
other hand, if a bird had ingested a massive dose
of botulinum toxin, or was in the late stage of the
disease, freshwater has no effect. The bird will perish.
In Canada, most botulism outbreaks occur
after the breeding season. A major outbreak at
Whitewater Lake, Manitoba, in 1949 was typical
of most Canadian outbreaks in timing (late July to
early September), condition of birds (molting), and
32 ºC. Physical features of the lake were ideal for
the disease – decomposing vegetation, alkaline
waters, shoreline encrustations of alkali, wind tides,
and exposed mud banks (Cooch 1964). ▄▀
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Gadwalls in a group of one pair and 3 males. Hornwort, Ceratophyllum demersum, is a
favorite food of widgeon and Gadwalls in the clear, calm Illinois River (Bellrose 1941)
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Worms and lesions were found under all softer
regions of a gizzard’s lining. Although Gadwalls
are quite susceptible in the wild, it is thought they
do not contribute much to maintain the nematode
population in marshes (LaBerge, McLaughlin 1991).
In 1979 at Delta Marsh, MB, during the hunting
season, 1,196 gizzards of 13 species of ducks were
examined. 78% harbored at least one species of
helminth (fluke, tapeworm, nematode).
The prevalences (% of a population infected)
and intensities (# of worms per gizzard) of 60
Gadwall (adults and juveniles of either sex) for 5
parasitic worms –

Parasites

Amidostomum acutum 45% 4
Epomidistomum uncinatum 49% 2
Streptocara crassicauda 3% 1
Gastrotaenia cygni 12% 2
Streptocara formosensis none found

W

aterfowl carry numerous internal and
external parasites. In their watery
habitat, some of the invertebrates
they eat (snails, copepods) are hosts
to intermediate stages of parasites which then
complete their life cycle inside ducks.

Internal
Streptocura
crassicuuda
is
a
widespread
nematode that has been reported frequently in
waterfowl in Canada. At Delta Marsh, Manitoba,
13 species of autumnal migrants
were examined. Gadwalls had
the lowest prevalence of this
nematode in its gizzard and
Blue-winged Teal the highest.
Ducklings, 5–7 weeks old,
of three species were infected
with 35 day-old larvae of S
crassicauda.
Gadwalls
and
Blue-winged Teal are highly
susceptible to this nematode.
Neither species has an innate
resistance, and both ducks
are
incapable
of
limiting
establishment of S crassicauda.
Gizzards of Gadwall showed –

“Differences in foraging tactics or diet may influence
the prevalence of each helminth among the various
duck hosts but, in the majority of cases, do not
affect the mean intensity significantly.” (McLaughlin,
McGurk 1987).
Fourteen species of helminth parasites were found
in migrating Gadwalls in the spring and fall. 12 of
these species were present both times of the year. All
autumnal migrants and 96% of Gadwalls migrating
north in the spring held at least one helminthic
parasitic worm. Over the winter Gadwalls lost one
and gained one of its 14 species of parasites.

Mean lession area 33 mm 2
No. of nematodes / lesion 3
Lesions / gizzard 6%
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In general, the extent of locations of individual
helminthic species in ducks’ gastrointestinal tract
was greater in fall migrants than spring migrants.
50 Gadwalls were shot from south-western Teas
and Chihuahua, Mexico. The gastrointestinal tract
was divide into 7 sections from the oesophagus to
the cloaca to pinpoint where the worms were living.
No new parasites were identified in this study. Fallmigrating Gadwall parasites –
INT = Intensity; PRE = Prevalence in the Fall
Cestoda – 6			
INT
Cloacotaenia megalops
1–9
Aploparaksis furcigera
2–100
Hamatolepis teresoides
1–6
Diorchis bulbodes		
2–371
Gastrotaenia cygni		
1–6
Dicranotaenia coronula	—

PRE %
67
30
26
22
22
—

Trematoda – 3
Zygocotyle lunata		
Echinostoma revolutum
Notocotylus attenuatus

1–3
1–4
—

26
19
4

Acanthocephala – 1
Corynosoma constrictum

1–150

26

Nematoda – 3
Amidostomum cygni
Capillaria anatis		
Tetrameres crami 		

3–16
1–5
2–25

19
19
7%

The above species and figures should be compared
to spring-migrating Gadwalls’ parasites –
INT = Intensity; PRE = Prevalence in Spring
Cestoda – 5		
Cloacotaenia megalops
Aploparaksis furcigera
Hamatolepis teresoides
Diorchis bulbodes		
Gastrotaenia cygni		

INT
1–8
3–123
1–50
1–4
1–10

PRE %
43
26
22
30
9

Trematoda – 3
Zygocotyle lunata		
Echinostoma revolutum
Notocotylus attenuatus

1–2
1–3
—

22
17
4

Acanthocephala – 1
Corynosoma constrictum

1–4

22

129

Nematoda – 4
Amidostomum cygni
Capillaria anatis		
Tetrameres crami 		
Admidostomum acutum

2–45
5–10
1–4
2–10

26
9
9
9

In the fall, each Gadwall was infected with an
average of 4 parasitic species and 84 worms. In
the spring each duck had an average of 2 species
and 23 worms. The parasitic l oad of Gadwalls varies
with season, age and sex. Diversity of parasites in
several sections of the gastrointestinal tract was
low. It too varied by season. Finally, “the range
of sites of individual species of helminths in the
gastrointestinal tract were greater in fall migrants
than in spring migrants.” (Lehker 1986).
Three species of 500 dabbling ducks, the
Northern Pintail, Gadwall, and Northern Shoveler,
were checked for parasitic loads in Texas
(overwintering), Kansas (migrating) and Manitoba
(nesting). Once on their wintering grounds, juvenile
Gadwall were [arbitrarily] considered adults.
Juvenile ducks acquired all 27 of the helminth
species found on the breeding grounds, where
intermediate hosts of the helminths are common.
From June 1963 to August 1964, Gadwalls carried
the following helminths –
Cestoidea – Tapeworms –8
Hymenolepis megalops
Hymenolepis teresoides
Hymenolepis hopkinsi
Diorchis spinata
Aploparaksis furcigera
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Aploparaksis veitchi
Fimbriaria fasciolaris
Anomotaeniac iliata

Parasites in the blood may influence the
reproductive ability of nesting hens. Field work in
1996 explored the St. Denis National Wildlife Area,
40 km east of Saskatoon, Saskatchewan. When a
Gadwall's nest was found, each egg had its length
and width measured. Egg volume (cm 3 ) was length
x width 2 x 0.515. Clutch volume was the addition of
each egg’s volume. Hens near the end of incubation
were captured on their nest, measured, and blood
taken from a tarsal vein.
Average clutch size for Gadwalls was 10 eggs
and the average clutch volume was 401 (237–505
cm 3 . Gadwall hens had a 24% infection rate.

Trematoda – Flukes (flatworms) – 6
Notocotylusa ttenuatus
Zygocotyle lunata
Cotylurufsl abelliformis
Echinostomar evolutum
Echinoparyphium baculus
Echinoparyphium flexum
Acanthocephala – Thorny-headed worms – 1
Corynosoma constrictum
Nematoda – Worms, unsegmented – 1
Epomidiostomumun cinatum

1)
2)
3)

The overall prevalence of helminths peaked at 94%
over the summer at Delta, Manitoba followed by a
gradual autumnal decline to 66% during the winter
along the Gulf Coast.
The incidence of helminths in adult ducks of
the three species was greatly reduced when the
ducks were molting and flightless, possibly due to
physiological and dietary changes (Buscher 1965).

The blood parasitic load was light in Gadwall and
Mallard hens and apparently made no difference to
their reproductive potential (Shutler et al 1999).
Pseudocorynosoma constrictum is a helminth
whose life cycle includes 2 hosts – a freshwater
amphipod Hyalella azteca, an intermedial, and
ducks, including Gadwalls, which are definitive
hosts. Adults of P constrictum were found in

Haemoproteus nettionis 21%
Leucocytozoon simondi 3%
Plasmodium species 7%

100
34
90
33
0
0
60
4
70
3

Oct–Nov

64
7 		
64 		
6 		
18 		
1 		
9 		
2 		
9 		
1 		

August

89
8
61
7
17
4
39
7
11
2

July

87
39
84
38
19
4
24
2
41
2

Dec–Jan

78
40
72
35
17
12
17
3
28
6

Oct–Nov

July

93
22
87
12
47
8
33
10
53
5

Aug

June

All Helminths (%)
Intensity (average)
Cestodes (%) 			
Intensity (average) 			
Trematodes (%) 			
Intensity (average)
Acanthocephala (%) 			
Intensity (average) 			
Nematodes (%) 			
Intensity (average) 			

Apr–May

						ADULT 				JUVENILE

91 92 94
153 969 42
87
92
83
144 941 32
39
92
34
26
22
20
22
50 49
1
15 13
0
17
9
0
2
2

Gadwall Monthly percentage (%) of the population infected with parasites, and intensity
(the average number of parasites per infected duck) of helminth infections from June 1963 to
August 1964 in North America (Buscher 1965)
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such as fungal spores, rather than feeding directly
on feathers. For wild birds, there is little evidence
of negative effects of feather mites. Some lice live
directly on the surface of the host’s skin, feed on
fragments of skin and secretions, and obtain blood
by chewing on emerging feathers. Other lice live
and feed on the non-living parts of feathers.
A total of 2,094 avian lice and 24,892 mites
were collected from the 53 waterbirds. From 15
Gadwalls –
Lice – 5
Holomenopon species (8 from 2 Gadwalls)
Trinoton querquedulae (39 from 12)
Anaticola species (95 from 11)
Anaticola crassicornis (199 from 15)
Anatoecus icterodes (400 from 10 Gadwalls)
Anaticola was the only louse genus found on all 12
species of dabbling and diving ducks. As well, the
mean louse abundance was higher on diving ducks.
Females possessed more lice than males, and pass
their lice to ducklings. There is some evidence lice
can recognize their host’s sex by hormonal cues.
Mites (Feather & Nasal) – 2
Brephosceles species (1,184 from 15 Gadwalls)
Freyana anatina (11,092 from 15 Gadwalls)
the intestine of 5 species of dabbling ducks. The
cylindrical proboscis of an adult is decorated with 16
longitudinal rows of 10 hooks (page 132) (GarciaVarela et al 2013).
Exotic species may introduce new parasites into
a region or act as vectors. They may become hosts
to native parasites (trematodes) which then result
in infections new to an area. During 2009 and 2010,
introduced molluscs were gathered from 27 sites
in the Lower Great Lakes and their tributaries, the
Finger Lakes and Lake Oneida in New York State.
Most of the molluscs were infected with trematode
larvae which may be harmful to their subsequent
vertebrate hosts, including fish, waterfowl, and
mammals. However, the average richness of
trematode taxa per exotic mollusc was 8 times lower
than in their native range (Karatayev et al 2012).

Of the 2 taxa of feather mites, Freyana anatina
was the most abundant (80%) of those collected.
Total mite abundance was greater on dabblers than
on divers. There was no difference in feather mite

Helminth

External

5 mm

53

individual birds (hunter kills in November
and December 2008–2011) of 13 waterfowl
species from Georgia and Alabama were studied
for external parasites. A total of 11 louse species
and 7 feather and nasal mite species were collected.
Many feather mites feed on uropygial oils and debris
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Amphipod, Hyalella azteca, from central
Mexico. Several ducks including Gadwalls
eat this invertebrate and become the final
host of the adult helminth (Garcia-Varela et
al 2013)
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abundance and richness by sex. No nasal mites
were found on 15 Gadwalls (Garbarino et al 2013).
A group of 2,897 birds were examined for
nasal mites in Alberta and Manitoba, Canada. This
included 28 species in Anseriformes and 8 ducks
in the genus Anas. Nasal mites were not found in
Gadwalls (Knee et al 2008).
Mycoplasmas are parasitic bacteria that lack
cell walls and are pathogenic to ducklings and
eggs, causing reduced growth rates in young
birds. In North America’s wild ducks they were first
isolated in north-central USA by culturing tracheal
swabs from 112 dead waterfowl. Mycoplasma
anatis was an isolate recovered from a day-old
Gadwall duckling from North Dakota (Goldberg et
al 1995). ▄▀

cylindrical
proboscis
with hooks

1 mm
Helminth, adult of Pseudocorynosoma
constrictum (Garcia-Varela et al 2013)

Double-crested Cormorants
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In

southern Manitoba, a female flushed
from her nest. Marked with a nasal
saddle in 1972, on 13 June 1974
she had a partial clutch of 7 eggs.
While attempting to capture the hen
on her nest with an automatic trap on 24 June,
she abandoned a clutch of 11 eggs, 8 days into
incubation.
On 25 July, at 11 AM, she flushed from a new
nest and flew 10 m to open water. Later at the
water’s edge, her dead body floated a short distance
offshore. The second nest contained 9 eggs, with
one embryo about 18 days old. This indicated
a nest initiation date of 30 June, 6 days after the

abandonment of the first nest. The female was at
least 4 years old. It was originally banded as an
adult (2 years old or older).
The carcass revealed no food in the
gastrointestinal tract, and no signs of internal
trauma or parasitic loads. Its fat content was 2.3%
of the overall carcass weight compared to 1.7% for
other adult females collected in the area at the same
stage of incubation (Blohm 1981).
There appears to be a positive relationship
between stress-induced corticosterone, a hormone
secreted by the adrenal cortex, and clutch size.
Corticosterone supports the energetic demands
of incubating hens. Stress-induced corticosterone
was 105% greater late in incubation than in early
incubation. There is a greater physiological cost
associated with incubating larger clutches (DuRant
et al 2013).
Gadwalls were collected at the Sabine
National Wildlife Refuge in Louisiana during four
hunting seasons. In the field, a 2.5-cm 2 sample of
subcutaneous body fat, and the attached dermis and
epidermis, was removed from the belly (at midline)
of 2,456 Gadwalls, just below the keel.
Although average lipid reserves varied widely
from year to year, adult Gadwalls had higher lipid
reserves than juveniles each year. The average
lipid reserves were similar between adult sexes.
Average lipid reserves, regardless of age and sex
ranged from 9–21% of body weight. For individual
Gadwalls, the range was 7–27%.
An increase in lipid reserves of all age and
sex groups was more closely tied to daily low
temperatures. Juvenile lipid reserves increased
from 9% in November to 18% by early spring. For
adults the temporal range was 11–20%. When

White
Trillium
24 May 2018
as Gadwalls
are starting
to nest on the
prairies

133

To m

Reaume

P h y s io lo g y

Gadwall

hunting was suspended over the winter, there was
a swift increase in lipid deposition. Hunters kill
waterfowl, but there is also a disturbance factor
(flight) which reduces feeding and increases daily
energy requirements. The physiology of mated
Gadwalls approaching the nesting season may be
disrupted by a hunting season that lasts 5 months
each year throughout its range (Gaston 1991).
The rate of metabolism is the speed at which
organisms use energy. This governs biological
processes that influence rates of growth and
reproduction. Does the metabolic rate
of cultured cells depend on a bird’s
body weight? The cellular metabolic
rate of primary dermal fibroblasts
isolated in 49 species of birds, from a 3
gram (Ruby-throated Hummingbird to a
100,000 gram (Ostrich), over a 32,000fold range, was tested. However,
there was “no significant correlation
between cellular metabolic rate, cell
size, or mitochondrial content and
body weight.”
Birds were collected in and around
Ohio to measure the rate of O2 uptake
in isolated primary dermal fibroblasts
(a cell in connective tissue which
produces collagen and other fibres).
Five Gadwalls averaged 917 grams –
1) Mean basal oxygen consumption
rate of 77 pmol / min / 50 k cells
2) Cell size of 23 µm
3) Mitochondrial content 25 of relative
fluorescence / cell area (Jimenez,
Williams 2014).
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In the non-breeding season, for a Gadwall weighing
900 grams, its daily energetic requirements are 280
calories (Straub 2008). ▄▀

Hoary Puccoon, Lithospermum canescens and bones of
Bison dotted Tall Grass Prairie covering the Great Plains for
centuries before the plough of the aggressive, invading (weedlike) white men disrupted this large ecosystem
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Chemicals

P

esticides are chemicals toxic to living
organisms,
and
include
herbicides,
fungicides, insecticides, and others. The
use of agricultural chemicals (insecticide,
herbicide, fertilizer) in the three Canadian prairie
provinces has increased steadily from 1971 to 1991.
Pesticide fate in prairie wetlands is complicated
by a variety of compounds, limited information
on pesticide transformation products, and the
difficulties of studying the fate of pesticides in
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a prairie pothole. Common pesticides in surface
and ground waters disappear quickly through
adsorption by the organic fraction in sediments and
decomposing litter of aquatic plants. “If adsorption
is the dominant fate of most pesticides of concern,
then wetland assimilative capacity for pesticides in
general will be simpler to understand and model.”
(Goldsborough, Crumpton 1998).
Flame retardants (FRs) have been used for
decades. Their presence has been noted in bird eggs,
sediment, sludge, dust, fish, and cetaceans. “Due to
their bioaccumulation capacity and toxic properties,
some were banned in Europe and North America in
2001 and since 2006 their presence in polymeric
formulations is being reduced. Furthermore, the
Deca–BDE mixture is already banned in Europe
and its production in North America is going to be
stopped at the end of 2013 (Hess, 2009). Mirex,
a chlorinated compound, also used as a FR, was
banned in 1976.
The occurrence of classical polybrominated
diphenyl ethers, PBDEs from the Doñana Natural
Space in Spain and surrounding areas was studied.
PBDEs were detected in all species, ranging from
1.4 in the Black-headed Gull to 91 ng / g lw in the
White Stork.
Mean values in ng / gram lipid weight with ranges of
PBDEs in 10 living eggs for Gadwalls –
BDE-47 2.2 (1.3–3)
BDE-99 1.8 (1.1–2.5)
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BDE-100 not detected
BDE-153 not detected
BDE-209 1.6 (1–2.3)
ΣPBDEs 5.7 (3.7–7.2)
% BDE-209 36 (19–100)

Dechloranes were detected in all species with total
values ranging from 0.8 to 260 ng / g lipid weight.
Averages of ng / gram lipid weight with ranges of
Dechlorane in 10 living eggs of Gadwalls –
Dec-602 1.9 (1.2–2.4)
Dec-603 1.1 (0.7–2.1)
syn-DP 0.9 (0.6–1.2)
anti-DP 2 (1.2–3.7)
DP Total 3 (2–5)
F anti 0.7 (0.5–0.8)
ΣDechloranes 6 (4.3–8.3)
“Stable isotope analysis has become a powerful
tool to study dietary exposure and biomagnification
of contaminants in wild animal populations.” (Barón
et al 2014).
Polybrominated diphenyl ethers (PBDEs) are
widely used additives in manufactured products such
as plastics, rubbers, textiles, and electronic and
electrical devices to improve their fire resistance.
In China, muscles from eight birds plus 6 Gadwalls
showed the lipid content of ducks averaged 9%. All
PBDEs came to 77 (14–140) ng per gram of live
weight (Huang et al 2013).
In this Anthropocene Epoch,
human activities are continually
producing products with new
combinations of chemicals. Many
of these chemicals eventually find
their way into wetlands. Living
flora and fauna absorb these
chemicals which may then enter
ducks when they eat aquatic
plants and invertebrates.

73 tonnes of elemental mercury entering the
atmosphere each year. Natural sources of mercury
reach the atmosphere from volcanoes, forest
fires, evaporation from oceans, and weathering of
mercury-bearing rocks (wiki). Mercury is deposited
from the atmosphere into prairie potholes (Bates,
Hall 2012).
Methylmercury (MeHg) is formed from inorganic
mercury through anaerobic organisms in sediments
and soils of wetlands, and the open ocean. This
methylation process converts inorganic mercury to
methylmercury in the natural environment (wiki).
Eleven ponds were sampled over two summers
of 2007 and 2008 near Saskatoon, Saskatchewan.
Aquatic invertebrates were collected from around
the edges of each pond and sorted into 4 taxons –
1)
2)
3)
4)

Lymnaeidae and Planorbidae (snails)
Corixidae (water boatman)
Odonata (dragonflies and damselflies)
Dytiscidae (diving beetles) and Notonectidae
(backswimmers)

Methylmercury and THg (Total Hg) concentrations
in all four aquatic invertebrates ranged from
0.2–393 ng per gram and 10–507 ng per gram,
respectively. Snails had much lower average MeHg
concentrations than the other 3 taxa.
Ponds on three land use types –
1)

traditionally cultivated agricultural lands

Mercury (Hg)
Mercury results from people
burning human wastes containing
inorganic mercury, and from the
use of fossil fuels, particularly
coal. Although inorganic mercury
is only a trace constituent of such
fuels, the large scale combustion
in utility and commercial /
industrial boilers in the United
States alone results in some
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Trout Lily, Erythronium americanum with its yellow flower
fading on 13 May 2018
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2)
3)

organic cultivated lands, and
grasslands

In general, the lowest MeHg and THg concentrations
were found in invertebrates from traditionally
cultivated ponds. The highest concentrations
came from invertebrates living in organic ponds.
Intermediate concentrations flowed from grassland
ponds. These differences may be attributed to a
“decreased soil quality and decreased microbial
biomass and activity associated with traditional
agriculture, compared to organic farming practices.”
(Bates, Hall 2012).
Important areas in Mexico for wintering Northern
Pintails, Gadwalls, and other waterfowl are located
along the coasts of Sonora, Sinaloa, and Nayarit,
south of California. Six Gadwalls were collected in
February 1982. These ducks, from Culiacan, Mexico
gave total organochlorine residues –
Lipids 23%
Water 48%
DDE Dichlorodiphenyldichloroethylene 395 ppb
DDT Dichlorodiphenyltrichloroethane 64 ppb
BHC Benzene Hexachlorid 47 ppb
HEP Heptachlor Epoxide 28 ppb
DLD Dieldri 23 ppb
Waterfowl accumulate some pesticides during
the winter, probably related to local contaminated
sources, rather than general wintering-ground
contamination in Mexico (Mora et al 1987).
Narrow-leaved Cattail, Typha angustifolia,

removes lead, iron, manganese, copper, zinc, and
nickel from aqueous solutions (Chandra and Yadav
2010).

Lead (Pb)
“ Between 1988 and 1993, the total deposition of
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lead shot and sinkers into the Canadian environment
by hunters, clay target shooters, and sport anglers
averaged about 2,400–2,700 t / year. About 70–80%
of this was lead shot from hunters. Most of the
deposition of shot and sinkers occurs in Ontario and
Quebec. Lead shot ingestion is probably the primary
source of elevated lead exposure and poisoning in
Canadian waterfowl and most other bird species.
For some species like the Common Loon, lead
sinker ingestion is a more frequent cause of lead
poisoning. ” (Scheuhammer, Norris 1995).
Banning lead ammunition for waterfowl hunting
is under the jurisdiction of the US Fish and Wildlife
Service via the Migratory Bird Treaty Act and the
Endangered Species Act. Changing human behavior
is thorny in some areas. Hunters require more
education to fully accept their responsibilities as
conservationists (Epps 2014).
The Minnesota
Department
of
Natural
Resources was interested in how to increase
hunter support for possible restrictions on lead
shot. Messages and surveys were mailed to 4,800
resident small game hunters. “A basic factual
message, with references to Ducks Unlimited, and
a first-person narrative generated the strongest
support for a ban.” Some hunters did not trust
the state government. They placed more trust in a
private well-known organization like Ducks Unlimited
which has a strong volunteer section including many
hunters (Schroeder et al 2012).
Ingestion of lead shot by waterfowl has long
been known to slowly kill them as it is ground up
in their gizzards. Chemical oxidation of lead shot

in marshes can make lead even more available
throughout the ecosystem. Lead is a neurotoxin that
accumulates in soft tissues and bones. It damages
the nervous system and causes brain disorders.
The highest lead concentrations associated with
ammunition are found in and near shooting ranges.
Passerine birds may die from ingesting small pieces
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of lead as grit. “In managed upland dove-hunting
fields where lead shot is legal, shot densities range
from tens of thousands to hundreds of thousands of
pellets per hectare.” When wetlands, where hunting
has been carried out for decades, are dried to give
vegetation a chance to recover, feeding upland
species are expose to lead shot.
At the continental population level for waterfowl,
losses to lead poisoning were estimated to be about
3% overall, with an estimated 4% annual loss in
Mallards. Many countries have banned lead shot for
waterfowl hunting, but only Sweden and Denmark
have banned lead ammunition for all hunting.
Under the Migratory Bird Treaty Act, American and
Canadian governments banned lead ammunition for
waterfowl hunting in 1991 and 1999. For fishing, it is
illegal to use lead fishing sinkers and jigs weighing
less than 50 g in National Parks and National Wildlife
Areas in Canada (Haig et al 2014).
In Louisiana 18 species of waterfowl were
collected by airboat from mid-October until the end of
January 1980–1981. Ducks had lead pellets in their
gizzards, over 10 in some Mallards and Northern
Pintails. Gadwalls (8) held no lead [rarely bottom
feeders]. Some steel shot was occasionally found, the
most was 4 in a Mallard. From core bottom samples
20 cm deep, 85% of pellets were in the top 10 cm
(Zwank et al 1985).
The Misqually Flats, a large marsh in Puget
Sound, Washington, has been famous for its duck
shooting since the invasion of white settlers. Tons
of lead shot have been showered over its broad
expanse since the 1800s. In the first decade of
the 1900s, three dead Mallards were examined.
Their three gizzards were filled with 19, 22, and
27 pieces of lead shot, eaten as gravel. The
large intestine was heavily leaded and seemed
contracted, while the lining of the stomach could be
easily scaled off in large crisp pieces. Gastric juices
had dissolved the shot (Bowles 1908).
Based on a study in the late 1990s at the
Sacramento National Wildlife Refuge,California,
disking and plowing dry wetlands can be used
to bury residual lead shot deeper into wetland
sediments and reduce waterbird mortality from
poisoning (Thomas et al 2001) .

coastal wetlands. The USDA Natural Resources
Conservation Service (NRCS) established and
funded the Migratory Bird Habitat Initiative (MBHI)
to benefit wintering and migrating waterbirds.
Assuming migrating birds can learn to use habitats
away from ecologically damaged areas, the use
of more avian-friendly areas within migratory-bird
ranges may help diminish the loss of habitat and
birds from oil spills, etc. (Davis et al 2014) .
“Oil stranded by the 1989 Exxon Valdez spill
[in Alaska] has persisted in subsurface sediments
of exposed shores for 16 years.” Samples in 2005
indicate subsurface oil may persist with little change
for decades. This persistence can be hazardous
to sea otters, sea ducks, and shorebirds, as a
source of low-level contamination in a region where
subsistence use is heavy (Short et al 2007). ▄▀

Oil
After the Deepwater Horizon oil spill in the Gulf of
Mexico in April 2010 flowed for 87 days, several
agencies, universities and private landowners
worked together providing safe habitats for
shorebirds and waterfowl away from the oil-soaked
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Brown Pelican is Louisiana’s state bird.
Covered in oil, it was only recently removed
from the endangered species list. 8 May 2007,
Louisiana GOHSEP Photos Governor Jindal’s
office. (Wikipedia)
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Hunting

H

unters have emerged as a positive and
constructive force in the conservation
of wildlife. Today wildlife has become so
treasured that it enjoys universal legal
protection and public good will. A North American
Model of Wildlife Conservation was created by
hunters due to the immense unregulated wildlife

destruction in the 1800s. This new model generated
an abundance of native wildlife, created a new
profession of wildlife biologists, and used wildlife to
create wealth and employment.
Unregulated hunting was the cause of the
extinction of the Passenger Pigeon. But, “as
successful law enforcement, habitat preservation
and wildlife management programs grew, so did most
wildlife populations. Those who campaign against
hunting rarely provide alternatives for funding this
enormous force of trained Conservation Officers
to protect wildlife against unregulated exploitation.
Without legal hunting in place, we would lose this
protective force in most areas of North America.”
“The future role of hunters in North American
conservation will have to include a broader emphasis
on those species not hunted and more attention to
desires of a general public that will continue to reap
the rewards of conservation efforts hunters have
made.” (Heffelfinger et al 2013).
A study of the analysis of waterfowl harvest and
activity data of successful hunters in 10 provinces
of Canada in the 1970s showed a small percentage
of successful hunters take a proportionately large
percentage of the total harvest. Also, such hunters
spend more days hunting during the season and
have a higher daily success rate (Sen 1984).
The harvest of all species of waterfowl, on the

Market hunter with ducks [for restaurants?]. Photographer unknown,
probably early 1900s. Fermata website, we the people
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Gadwall drake, photo by Jay Nelson, 1 Jan 2012 (online)
Canadian Prairies, has declined from about 2.5
million in the early 1970s to about 1.2 million in
2008. The number of harvested ducks in 2008 was
about 600,000 (van Kooten et al 2011).
The
estimated
regular
season
harvest
of Gadwalls based on a harvest information
program over 5 years, 1999–2003 in the United
States, averaged 1.6 million birds. By flyway, the
5-year averages for Gadwalls –
		
Pacific 134,000
		Central 500,000
		Mississippi 944,000
		
Atlantic 48,000
At the end of a successful breeding season on a
continental scale, there should be more Immature
young Gadwalls than Adults. In the United States
the age ratio of I / A in the regular season harvest
from 1999–2003 did not agree with this theory –
		
		
		
		
		

1999
2000
2001
2002
2003

1.3
0.7
1.1
0.75
1.3 with an overall average of 1

The mid-winter survey in 8 states in the Central
Flyway over 10-years, 1990–1999, gave an average
count of 229,000 Gadwalls. For the 5 years 2000–
2004, an averaged 683,000 Gadwalls was tallied
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with the highest number by far in Texas. The longterm increase was about 55% (Kruse 2004).

I

n Mississippi, waterfowl are important to the
economy. Spending by hunters, birdwatchers,
conservationists, and researchers benefit hotels,
restaurants, gas stations, and sporting goods
stores. For the 2005–2006 hunting season, the
total unadjusted economic impact was about $160
million, (2010 USD) which supported about 2,000
full- and part-time jobs (Santos et al 2016).
Hunting on Wildlife Management Areas (WMAs)
supposedly puts pressure on local duck populations
to seek refuge elsewhere. Fewer ducks = less hunter
activity. At 3 WMAs in Mississippi, with sanctuaries
present, there was no difference in duck abundance
when hunters used the area 2 or 4 days per week
(St James et al 2013).
Duck species migrate separately and at different
times. This often leads to overlaps, and two or
more species may occupy a marsh at the same
time and end up in a hunter’s kill, daily and over
a season. Based on the Parts Collection Survey
by wildlife agencies, it was learned less than 8%
of all hunter’s bags contained more than 3 ducks
of any 1 species regardless of species’ abundance.
A mix of species in daily kills by hunters showed
Gadwall and Green-winged Teal co-occur more
frequently in bags containing pintails than do female
Mallards. Similarly, Gadwall, Redhead, and scaup
co-occur in bags containing canvasbacks more than
To m
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do female Mallards. However, for hunters that can
identify flying ducks by species, there is always the
possibility they choose to shoot some species over
others (Haugen et al 2015).
“Hunters and anglers have great political
influence in North America, and especially in the
USA. The North American Model has ensured
hunters are a force to be reckoned with, despite
representing only about 6 per cent of the North
American population (13.7 million hunters in the US
in 2011). No other activity in nature is as closely
monitored, regulated and scrutinized as hunting.
Wildlife science remains an integral and enduring
principle of the North American Model. This model
has spawned international treaties, systems of land
protection, incentives to landowners to safeguard
wildlife and many non-profit entities that focus

on every aspect of conservation and exercise
great energy and acumen in the complex world of
conservation politics.” (Mahoney, Jackson 2013).
Ackerman et al (2006) ignored wild predators
of nests and concentrated on regulated human
predation during the hunting season. How close
7 species of puddle ducks came to decoys was
estimated during, and right after the 1999–2000
waterfowl hunting season in the Central Valley of
California, USA.
Three life-history parameters –
		1) body mass
		2) reproductive output, and
		3) annual survival rate
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Aldo Leopold (left) and Olaus Muire sitting together outdoors at the annual meeting of The Wilderness Society Council, Old
Rag, Virginia, 1946. Aldo was an American
author, philosopher, scientist, ecologist,
forester, conservationist, and environmentalist. He was a professor at the University
of Wisconsin and is best known for his book
A Sand County Almanac (1949), which has
sold more than two million copies.
Leopold (1887–1948) was influential in
the development of modern environmental
ethics and in the movement for wilderness
conservation. His ethics on nature and
wildlife preservation had a profound impact
on the environmental movement, with his
ecocentric or holistic ethics regarding land.
He emphasized biodiversity and ecology
and was a founder of the science of wildlife
management. NCTC Archives / Museum.
Author Howard Zahniser (Wikipedia)

were used to evaluate the strength of the relationship
between life-history and risk-taking behavior in
dabblers. The two bookends of slow and quick
lifestyles were the pintail and teal. In both hunting
and post-hunting observational trials, small, risktaking Cinnamon Teal approached hunting blinds
most closely. For all 7 species, flock sizes were
mainly 2–7 birds. Large, Northern Pintails took the
least amount of risk, remaining at a greater distance
from the hunting site and had the lowest percentage
of flocks approach to within 45 m of the blinds.
When a spinning-wing decoy (SWD) was added to
stationary blocks of decoys, more flocks of ducks in
all 7 species approached the decoys (Ackerman et
al 2006).
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Jack-in-the-Pulpit, Arisaema triphyllum, is a herbaceous perennial growing singly from a corm
in rich to moist woodlands. It typically grows 30–65 cm tall, and flowers are in a spadix covered
by a hood. Leaves are 3-parted. It is native to eastern North America
Joshua Ackerman et al 2006a conducted 545
field experiments on 9 species of dabbling ducks
during the hunting season in 6 locations from
Arkansas to California to Manitoba. At the 6
locations, more ducks were taken when SWDs were
used at Manitoba and Minnesota than at Arkansas
and Missouri. SWDs “might simply redistribute
a fixed level of harvest, either among hunters or
among time periods.” The strength of SWDs on a
total harvest of dabbling ducks should be addressed
(Dillon Jr 1961).
Hunters of waterfowl in Illinois during 1981–
2002 averaged 0.6 ducks / hunter / day (all species).
Also during these 2 decades, 46,590 hunters / year
spent 12 days / season in the field to bag an average
of 7 ducks / season.
Waterfowl managers at the Illinois Department
of Natural Resources have little control in
manipulating populations of ducks on land operated
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by them. Variation in uncontrollable factors, such
as weather, rates of migration, predators, and plant
growth can produce wide swings in hunter success
(Stafford et al 2010).
In Minnesota, a mail-back questionnaire was
sent to 4,200 individuals in March 2001. Respondents
had an average age of 41 years, 99% were male
and had hunted waterfowl in Minnesota for 19 years.
36% held a membership in Ducks Unlimited. Five
types of waterfowl hunters were identified – 3 types
as participants, and 2 types as enthusiasts.
Longtime hunters were more willing to allow
perceived ethics and social norms guide bag
limits. Minnesota state duck stamp sales amount
to $500,000 – $900,000 per year for waterfowl and
wetland management programs (Schroeder et al
2006).
At the end of a waterfowl hunting season in
Ontario, surveys were mailed to steady hunters
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Gadwall drake spinning-wing decoy from
www.mojooutdoors.com/

and some who had not hunted the previous year
(unsteady). Two random samples of about 1,200
hunters each were selected from the 1968 list of
Canadian migratory permit holders.
Hunters are forgetful and only a handful would
keep a diary of their hunts. However, the average
number of ducks killed per day by the steady and
unsteady hunter were about equal (Sen 1972).
On the marshes of the Chenier Plain in
Louisiana, lipid reserves of wintering hen Gadwalls
were lower during hunting periods than in nonhunting periods since hunting probably forced hens
from some of the best foraging areas. Reduced lipid
reserves can alter breeding effort.
In mid-September 2008, Hurricane Ike sent
salt water pouring into the coastal marshes of
Louisiana and changed the vegetation. This altered
where Gadwalls fed and were
captured for radio tagging. From
41 radio-tagged female Gadwalls,
after hatch year (AHY) females used
refuges more during open waterfowl
hunting seasons (42%) than during
closed waterfowl hunting seasons
(29%). Refuge use by hatch year
(HY) females did not vary between
open and closed hunting seasons,
although the sample size was
smaller. Gadwall in safe, no-hunting
areas rarely left optimal foraging
habitat during day or night. Local
movements around the marshes by
hens averaged 4 km with the farthest
125 kilometers (Gray 2010). ▄▀

143

Double-barrelled Shotgun with the
action open and the extractor visible. The
opening lever and the safety catch are
obvious. Photo – Commander Zulu, April
2007 (Wikipedia)
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routes. The contribution of distance between survey
routes to changes in synchrony ranged from 13–
66%, and ranked second. Overall, synchrony of
prairie ducks is mainly related to synchrony of their
wetland habitats and the distance between sites
(Drever 2006).

Population
Regulation

Large hawks occasionally take a duck. A Red-tailed
Hawk (1,000–1,200 grams) fed on a adult female
Gadwall in a North Dakota prairie (Murphy 1994).
Along the Grand Canyon in Arizona, below the
Glen Canyon Dam on the Colorado River, Peregrine
Falcons prey consisted of insects, ducks, and Great
Blue Herons to eagles. There were 94 attempts
against waterfowl, with 40% successful. Gadwall
were fairly common, but were not taken by the
falcon (Stevens et al 2009). ▄▀

The Sun generates heat by gluing
together
protons—the
nuclei
of
hydrogen atoms—to make the nuclei
of helium atoms. This nuclear fusion
produces as a by-product a dam
burst of nuclear binding energy, which
ultimately emerges from the Sun as
sunlight.
– Marcus Chown 2006

P

opulations of ducks display
spatial
synchrony
when
their numbers rise and fall
together at several
places
over
their
range.
Synchrony of duck populations
in relation to abundance of
wetlands (ponds) has been
established. The contribution of
pond counts to overall changes
in spatial synchrony of ducks
ranged from 50–85%, and was
the most important variable.
The business of agriculture
to feed 7.5 billion people
each day may have increased
synchrony of ducks by increasing
the
foraging
efficiency
of
nomadic predators. Synchrony
of most duck species declines
with distance between survey
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Red-tailed Hawk, a migrating juvenile caught along the north
shore of Lake Erie near Hawk Cliff in September.
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Theodore Roosevelt Jr. (1858–1919) was
the 26 th American President (1901– 1909),
a naturalist, explorer, statesman, author,
and soldier.
Of all Roosevelt’s achievements, he
was proudest of his work in conservation
of natural resources, and extending federal
protection to land and wildlife. Roosevelt
worked closely with Interior Secretary J R
Garfield and Chief of the US Forest Service
G Pinchot to enact a series of conservation
programs. Roosevelt established the US
Forest Service, created 5 National Parks.
He also initiated the first 51 bird reserves, 4
game preserves, and 150 National Forests.
The area of the USA he placed under public
protection totals about 93 million hectares
(930,000 km 2 ).
Oil painting by John S Sargent in 1903.
The portrait showed his physical vitality and
a self-assurance bordering on arrogance.
Sargent used shades of blacks, grays,
browns, and creams.... The White House
Historical Association (Wikipedia)
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Working With
Nature

S

oon the wet works on the prairies may only
exist on the paper of scientific journals,
books and fading photographs. Having
evaporated from farmer’s fields and our
collective memory, even the few remaining Gadwalls
will have forgotten them. Climate – the cockpit of
change, will reshape us.
“There are currently over 100,000 protected areas
worldwide, covering over 12% of the Earth’s land
surface. However, there is a large variation in
the effectiveness of protected areas.” Lars Hein

describes several types of economic value. Oddly,
he or others use “Non-use value is derived from
attributes inherent to the ecosystem itself such as
anthropocentric, as in the case of natural beauty,
as well as ecocentric, based upon the notion that
animal and plant species have a certain ‘right to
exist’ (Hein 2010).
Throughout the world, many people enjoy
wildlife, at home or away, sometimes in other
countries. In 2006, almost a third of Americans 16
years or older participated in some form of wildlife
watching, with about 23 million people traveling 1.6
km or more from home to view wildlife. In 2006,
wildlife watchers spent over $45 billion. To maintain
public support for refuges and other conservation
areas, managers need to provide quality viewing
areas with easy access.
At Lake Umbagog Refuge in New Hampshire,
visitors most enjoyed interactions with wildlife,
eagles, loons, and fish. The tranquil and relaxing
atmosphere, and the natural environment and
scenery are a modern necessity. When asked about
activities, over 85% of visitors spent time viewing
birds on or near water, while 52% spent time
photographing wildlife.
Visitors to a wildlife park or refuge like to have
a good chance to see wildlife, but at the same time
prefer not to see too many other people. There
will always be management trade-offs to provide a
quality experience to visitors and to the wildlife they
hope to see and possibly photograph (Anderson et
al 2010).
In Virginia at Back Bay National Wildlife Refuge,
a person walking or riding a bicycle caused ducks to

Human population of 7.5 billion has to be fed each day. Farmers continue to drain wetlands to plant more crops to feed more people. When the human population stabilizes
with zero growth, or even drops, the few remaining wild habitats will survive, as will
plants, waterbirds, and thousands of other living organisms that occupy wetlands
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Regrowth of green vegetation after a prescribed
burn at the J Clark Salyer
National Wildlife Refuge in
north-central North Dakota.
Photograph on 13 May
2008. USFWS (Wikipedia)
By the end of 2011, there
were 555 National Wildlife Refuges in the United
States.
Canada has a network of
51 National Wildlife Areas
(NWAs) and 92 Migratory
Bird Sanctuaries (MBSs)
and 39 National Parks and
8 National Park Reserves

fly more often than did passing vehicles. Gadwall
were quite sensitive to disturbances. Birdwatchers
walking slowly and pausing often to look, don’t
disturb birds very much. Trams carrying several
people are a suitable way to explore a wildlife
refuge. It benefits people and reduces disturbances
to birds (Pearse et al 2005).

species of vascular plants and 35% of all species in
four vertebrate groups are confined to 25 hotspots
comprising only 1.4% of the land surface of the Earth.
This opens the way for a ‘silver bullet’ strategy on
the part of conservation planners, focusing on these
hotspots in proportion to their share of the world’s
species at risk.” (Myers et al 2000).

The fields were calling.

“Above all, the recent fact-based discoveries of
our miniscule place in the cosmos and the ongoing
environmental crisis on our little planet seem likely
to diminish the importance of being ‘Human’. For
centuries we have celebrated ourselves as an
exceptional species separate from and free to
transform the natural world around us. Now that
view seems illusory and self-destructive. We are
less important than we thought.” (Worster 2016).
“Many agronomists suggest the best way to meet
those challenges is through intensifying agriculture

– Cornelia Hoogland 2011
“Conservationists are far from able to assist all
species under threat, if only for lack of funding. This
places a premium on priorities: How can we support
the most species at the least cost? One way is to
identify ‘biodiversity hotspots’ where exceptional
concentrations of endemic species are undergoing
exceptional loss of habitat. As many as 44% of all
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and increasing yields on the “best” lands. That way,
the necessary production can be obtained on the
smallest area of land and more land can be “saved
for nature.” (Matson,Vitousek 2006).
“Perhaps sustainability is realistic for only a few
species and habitats, and we will have to make
trade-offs? Given our lack of understanding of
ecological systems, how can sustainability be
detected and monitored? Are there proven examples
or does sustainability in one sector only occur at the
expense of another? Is sustainability a comfortable
illusion created by a lack of information, and to
what degree is it an unattainable ideal?” (Hambler,
Canney 2013).
Conservation development (CD) is starting to
be part of housing developments as the human
population continues to grow and consume the
planet. Landowners and developers who created
CDs in north-central Colorado were asked about

their attitudes on native wildlife conservation and
practices. Funding is somewhat problematic for
homeowners or developers who have to break with
tradition and try a new approach. This process will
evolve as people become more educated about
conservation practices and issues (Feinberg et al
2015).
In the century before Christ mysteriously appeared,
Titus Lucretius Carus wrote a prophetic book On the
Nature of Things. “The universe was not created
for or about humans. The earth—with its seas and
deserts, harsh climate, wild beasts, diseases—was
obviously not purpose-built to make our species feel
at home. Humans do not occupy the privileged place
in existence they imagine for themselves. We have
only to look attentively at the world around us to
grasp that many of the most intense and poignant
experiences of our lives are not exclusive to our
species.” (Greenblatt 2011). ▄▀

Wetlands produce vegetation which supports Painted Turtles and hundreds of other species
that brighten a landscape
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the upper-midwest.” (Anteau, Afton 2008).
During spring migration and over the breeding
season, ducks and shorebirds foraging for aquatic
invertebrates. They need more protein, calcium, and
energy for egg production. Drying of wetland bottom
sediments causes nutrient cycling, annual and
perennial vegetation growth, oxidation of sediments,
and then a surge of productivity in the wet years.

Wetlands

A

wetland is a natural, small, economic
force where plants control themselves
and are organized and sustained by
natural selective forces. A wetland
generates its own well-being, recycling everything,
without interference from humans. It existed before
us and will continue after we are gone. It provides
an experience of wildness for those who mark it.
Wetlands collect water and connect us to the land.
Gammarus lacustris and Hyalella azteca (p
113) are the two most abundant amphipods living
in semipermanent and permanent wetlands of the
USA’s upper-midwest. They are an important food
for migrating and breeding dabbling ducks.
Measured regional mean densities of amphipods
were very low compared to historical densities in the
1960s & 1970s. Currently Gammarus and Hyalella
were present in 20% and 55% of all wetlands
surveyed, while their densities ranged from 0–1,147
and 0–1,507 per m 3 respectively. Amphipods
overwinter as adults in prairie wetlands and begin
breeding in late June to early July, when waterfowl
broods are abundant.
Sedimentation pours into prairie wetlands
from spring run-off and wind-borne soil particles
from exposed agricultural lands, and other human
activities. As a result, amphipod densities in the
upper-Midwest are declining, while fish levels and
turbidity are increasing. “Restoring the natural
hydrology and isolation of wetlands connected by
drainage activities, could improve wetland quality in
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St Clair National Wildlife Refuge, 16 July
2017, distant shore

Combining the drainage of adjacent wetlands
decreases upper-catchment surface-water storage
on the landscape, which in turn increases the size
and depth of a now larger wetland. It also decreases
water-level fluctuations during wet and dry years.
Croplands around potholes often produce higher
runoff and experience less evapotranspiration than
grasslands. Consequently, wetlands encircled by
cropland have greater fluctuations in water levels.
Native flora and fauna communities of wetlands
‘evolved’ in a dynamic system for thousands of
years before ditching joined several wetlands at the
hip.
Uniting wetlands results in higher and more
stable water levels which may increase the number
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of surviving fish species, both native and invasive.
Fish in turn, can decrease the abundance, biomass,
and size of aquatic invertebrates directly through
predation and indirectly by changes in the feeding
and nutritional structure of wetlands. Fortunately,
after a century of wetland mismanagement, efforts
are underway in the eastern Prairie Pothole
Region to plug ditches that drain basins, remove
sediments, develop water drawdown capability to
alter vegetation, and manage populations of fish,
such as Fathead Minnows (Anteau 2012).
By 2004 there were 148 national protected areas
(NPAs) of about 18 million ha or 9% of the land
area of Mexico. Mexico’s wildlife is threatened by
environmental impacts due to its flourishing human
population growth. “Estimates of economic profits
from illegal trade of wild species are exceeded
only by drug and arms dealing in Mexico.” Federal
agencies responsible for enforcing wildlife and
environmental laws are poorly staffed and funded.
They cannot even enforce existing wildlife laws
(Valdez et al 2006).
“Wetlands in the Arctic, Prairie, and Boreal
ecozones of Canada engender thoughts of specific
places, peculiar flora and fauna, and a definitive
biological setting often cherished by our citizens.
These wetlands provide threads that wind through
all our ecosystems.” (National Wetlands Working
Group 1988) (N WW G).

“Wetlands work best in providing ecosystem services
as spatially distributed systems. Wetlands should
comprise 3–7% of temperate-weather watersheds
in order to provide adequate flood control and
improved water quality.” (Mitsch, Gosselink 2000).
The best thing any of us can do is to just keep
fucking up in a forward motion, and see what comes
out of it.
			
– Jessa Crispin, 2015
“The wetlands of the world provide more ecosystem
services per area than any other habitat type.
They store and clean water, sequester carbon,
provide habitat for diverse and often rare plants and
animals, and are popular recreation spots.” (Yepsen
et al 2014).
Solar minima are in phase with drought periods in the
northern Great Plains and cold periods in Greenland
over the last 2,100 years. “We are in the middle of
the 260-year-long relatively dry period. This climate
will persist for about another century before the next
130 yr of relatively wet climate. The human-induced
global warming over the past century, however, may
add its own effects on top of this 400-yr cycle and
exacerbate the intensity of natural fluctuation and
drought.” (Yu, Ito 1999).
“Wetlands support both aquatic and terrestrial
organisms and provide many ecological services. A
diverse wetland plant community offers optimal food

Fathead Minnows, Pimephales promelas, are found throughout North America. It is a
common food for perch and bass. Short-lived, most minnows die after spawning at 1 year
of age. From 4 semi-permanent and permanent wetlands in South Dakota, the size of 1,138
fathead minnows averaged 5 cm. 16 aquatic invertebrate taxa were identified in the stomachs
of Fathead Minnows from all four wetlands. The average percentage of wet mass for its
top 3 prey – Daphnia species (planktonic crustacean) (46%), Bosmina longirostris (water
flea) (18%), Hyalella azteca (amphipod crustacean) (10%) (Duffy 1998). The last small
crustaceans are also food for waterfowl. Image by Duane Raver of the US Fish and Wildlife
Service (Wikipedia)
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sources for a variety of animals including waterfowl,
which consume seeds, tubers, foliage, and plantdwelling invertebrates. Protozoan, and other
invertebrates inhabit underwater leaves and stems
on wetland plants. Rotifers and crustaceans filter
bacteria, algae, and detritus from wetland water.
Snails, certain leeches, and many insect larvae
scrape algae and detritus from foliage, and these
animals are, in turn, consumed by other aquatic
insects, fish, waterfowl, and aquatic mammals.”
(Wu, Kalma 2013) .
Agriculture, ducks, and wetlands are completely
linked. “Adverse weather, international supply
and demand, and government policies affect
farm incomes. Income support programs, such as

the Canadian Agricultural Income Stabilization
(CAIS) program, now called AgriStability, have
been introduced to provide private farm benefits.
Crop insurance programs, currently referred to as
AgriInsurance, are financially supported by the
Federal and Provincial governments. The model
suggests farm income support programs could lead
to additional losses of wetlands over the next 20
years. Future support or risk programs may need
to be explicitly tied to conservation or wetland
preservation programs if environmental objectives
are to be met.” (Cortus et al 2009).
Vegetated freshwater wetland area in the US
decreased by 75,000 ha between 2004–2009 (Dahl
2011). Some of this loss has been alleviated by

A plant, any plant, is a remarkable concentration of place, spirit, movement,
culture, beauty, relationships and life force. Although fragile, plants should not be
taken lightly. Those of us accessible to the spirit of a living plant realize this spirit
is not found in the herbaria of the world, a photograph, or in a painting, however
imitative. Nor do we need a deep wilderness experience to appreciate the essence of
plants. An old fertile ditch or pond replete with species is a wonderful place to spend
a summery morning. There the plants, tangled and lush, consummate an eternal light,
transforming it, giving more than taking (Reaume 2009)
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Stormwater Treatment Areas (STAs), constructed
in retired cropland in the Everglades Agricultural
Area to remove high levels of phosphorous from
agricultural runoff. STAs now contain over 18,000 ha
of treatment marsh forming 6 individual STAs, with
an additional 4,500 ha of marsh to be completed
in the next several years. Local species richness in
STAs was four times greater than in local natural
marshes. Many wintering waterfowl use STAs, but
Gadwalls were not mentioned (Beck et al 2013).
To create the pristine has always been impossible—
and now to preserve it, even more (Ellis 2015).
Here is a classic example of two governmental
programs working against each other. One gives
money to drain potholes; another provides money to
sustain and keep potholes operational.
An estimated 5,000 introduced plant species
now exist in natural ecosystems in the United
States, compared with a total of about 17,000 native
species. Most of these 5,000 alien plants have
displaced several native plant species. Alien plants
are spreading and invading about 700,000 hectares
/ year of wildlife habitat in the USA.
One of these plants is the European Purple
Loosestrife, Lythrum salicaria, introduced in the
early 1800s as an ornamental plant. It is spreading
at a rate of 115,000 ha / year and is altering many
wetlands where it grows. Competitive stands of
Purple Loosestrife have reduced the biomass of 44
native plants and endangered wildlife, like the Bog
Turtle and several duck species. Loosestrife now
occurs in 48 states and costs $45 million per year in
control and forage losses (Pimentel et al 2005).

system was applied to the Broughton’s Creek
watershed in western Manitoba, Canada. The water
of the creek is added to three rivers and eventually
enters nutrient-rich Lake Winnipeg. The watershed
had lost 620 hectares of wetlands between 1968 and
2005. If the restoration of wetlands could be returned
to the 1968 level, peak discharge and average
sediment loading can be reduced by up to 23% and
17% at the watershed outlet. Additionally, water
quality benefits through reductions in phosphorus
and nitrogen loadings were estimated at up to 23%
(Yang et al 2010).
Wetland losses in North America have been
large – United States 53% from the 1780s to the
1980s. Canada 72%, which is the average for coastal
marshes, the Prairie Pothole Region and the lower
Great Lakes and St Lawrence River system. The
greatest loss has occurred in overpopulated southern
Ontario, from Windsor to past Toronto where 85% of
wetlands are gone. With the advent of tourism for bird
watching in wetlands, there are concerns about the
impacts on the environment and its people (Mitsch,
Hernandez 2013).
Now that many wetlands have been drained on
the prairies, restoration is taking place. Usage by
waterfowl of 39 restored and 39 natural wetlands in
North and South Dakota during spring and summer
of 1997 and 1998 were noted. Gadwall, like 12 other
waterbirds, greatly favored restored over natural
wetlands (Ratti et al 2001).

T

he Prairie Pothole Region (PPR) is found in
Alberta, Manitoba, Saskatchewan, and four
American states – North and South Dakota,
Iowa, and Minnesota. Pothole wetlands,
usually no bigger than 15 ha, are often less than 1.5
m deep, and have a density of 5–90 / km 2 . These
wetlands produce half of the continent’s waterfowl in
an average year.
In the USA, strong regulations for wetlands
developed in the 1970s and 1980s were based on
the Clean Water and the Food Security Acts (Mitsch,
Hernandez 2013).
With concerns about the negative environmental
effects of agriculture, wetland conservation and
restoration are considered one way to improve
watershed functions. Wetlands provide environmental
benefits in terms of flood reduction and retention
of sediment and nutrient loads. A SWAT modelling
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Purple Loosestrife, Lythrum salicaria, visited
by a Shrill Carder Bee, Bombus sylvarum.
Pollen basket contains dark green pollen.
Keila, Northwestern Estonia, 24 July 2016
– Ivar Leidus (Wikipedia)
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CANADA

USA

MEXICO

Each dot = 8,000
hectares

United States Dots show 45 million hectares of wetlands drained under the banner
of human progress over the 200 years (1780s–1980s) (Mitsch, Hernandez 2013)

A

s is too often the case, small wetlands
are not treated with due respect and are
not included in an environmental impact
assessment, or a mitigation process when a small,
routine project is proposed that will alter or destroy
a small useful wetland. “Environmental assessment
should be practiced as a land-use planning exercise
with follow-up for compliance and outcomes – not
simply treated as a damage control or an add-on to
secure project approval” (Noble et al 2011).
Eastern Habitat Joint Venture under the North
American Waterfowl Management Plan (NAWMP)
implemented a small restoration program in 1990
on Prince Edward Island. Over 100 small inland
wetlands have been restored, most under 6 hectares.
A study was carried out 2–7 years after the wetlands
were re-established. Control sites were referenced.
Open water, less than 70 cm deep, created
from wetland restoration, provided habitat for
cattails, Common Duckweed, water-starwort, Water
Lilies, Nuphar luteum and Nymphaea odorata,
pondweeds, algae, and Northern Wild Rice, Zizania
palustris. An equal ratio of open water to plant
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cover increased aquatic invertebrate production
which attracted ducks.
Waterfowl breeding pair surveys in PEI began in
1998 and 1999. Broods were identified to species,
age, and number of ducklings. Eight species of
waterfowl were recorded, including one diver, the
Ring-necked Duck. The majority of Gadwalls used
the restored wetlands for nesting and brood rearing
over control sites. However, the local Gadwall
population is not increasing. Distribution of Gadwalls
on PEI is mostly in coastal estuaries with salt marsh
habitat. Gadwall broods and pairs use only those
restored inland wetlands near salt marsh habitat,
which may explain why their local population did not
show an increase. As cattails increased from 15–
35% in restored wetlands, the conditions for ducks
improved. So too, did the Green Frog, Rana pipiens,
and Belted Kingfisher, Ceryle alcyon, benefit from
wetland restoration (Stevens et al 2003).
Wetlands are economically linked to the wellbeing of society and culture. The Convention on
Wetlands of International Importance, is known as
the Ramsar Convention, named after the city in Iran
where it was signed in 1971. It has been estimated
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wetlands presently cover some 6% of the world’s
land surface. “Wetland loss has occurred either
through deliberate or simply inadvertent actions
resulting from decisions which have failed to

Belted Kingfisher female, length 40 cm. It
breeds near inland bodies of waters or coasts
across most of Canada, Alaska and the
United States. It eats amphibians, fish, small
crustaceans, insects, small mammals and
reptiles. This bird nests in a horizontal tunnel
excavated by both parents into a river's bank.
The female lays five to eight eggs and both
adults incubate and feed the young. – Mike
Baird, Morro Bay, California (Wikipedia)
take account of their full worth.” In modern times
“wetlands were either ignored or dismissed as
less significant by more powerful sectorial interest
groups, and conversion was justified by promoting
wetlands as unhealthy and disease-ridden.” Lately
there has been a paradigm shift, with wetlands
receiving greater importance from scientific and
political agendas. A new approach will require more
willingness by farmers to stop draining and altering
wetlands on their property (Maltby, Acreman 2011).
Most awards and designations, especially those
without money, don’t mean much. For example,
Beaverhills Lake was a 140 km 2 shallow, eutrophic
wetland east of Edmonton, Alberta. It was given
a Ramsar wetland status. Other designations
followed from a few important nature / conservation
organizations. Big deal. Human activity, such as
17 impoundments on incoming water were built
by Ducks Unlimited to increase waterfowl habitat.
Combined with drought, these structures brought
about the decline and destruction of this wetland
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where waterfowl nested and gathered during
migration. In 2006 the lake bed became dry. Several
wet years restored the lake to its glory days, but
blocked inflows should be reduced to sustain
waterbirds using the lake (Dekker 2014).
The Prairie Pothole Region covers 800,000
km 2 . In North America, freshwater, mineral soil
wetlands account for 18% of the wetland carbon
pool. This is equivalent to about 5 times the
average annual amount of carbon released by the
global burning of fossil fuels. Wetland restoration
in the Prairie Pothole Region has the potential to
sequester carbon and help reduce greenhouse gas
emissions (GHG). To this end, “the Prairie Habitat
Joint Venture, a partnership established to deliver
the North American Waterfowl Management Plan on
the Canadian prairies, is targeting the restoration
of approximately 112,600 ha of wetlands across
Alberta, Saskatchewan, and Manitoba” (Badiou et
al 2011).
Breeding aquatic bird species, plus invertebrates,
fishes and limnological factors were surveyed in
May and June 1999, on 25 naturally eutrophic to
hypertrophic lakes in Elk Island National Park (EINP),
a remnant of Aspen Parkland east of Edmonton,
Alberta. By classifying the lakes into two groups, it
was thought their management for waterbirds would
be simplified. One group of lakes contained Fathead
Minnow, and / or Brook Stickleback. These lakes
were deeper and generally had a greater species

Yellow Pond-lily, Nuphar variegata, with alternate,
simple leaves up to 35 cm long and yellow flowers
4–7 cm wide in Plaisance National Park, Quebec,
Canada on 12 July 2011. – Simon Pierre Barrette
(Wikipedia)
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richness than did lakes without fish. Gadwall were
found in equal numbers on both categories of lakes.
A variety of wetlands attract a variety of waterbirds
(McParland, Paszkowski 2007).

W

etlands change with age. Two more or less
similar wetlands were compared in West
Virginia. The larger one was created in
2001; the other in 2013. One was slightly deeper
than the other, 1.4 and 1.8 meters. The total areas
of the 2 wetland was almost 17 hectares.
Weekly surveys of waterbirds using the 2
wetlands were conducted over winter. Combining
the 2 years, 3,340 waterbirds of 27 species were
observed. The larger more complex wetland
produced 92% of the bird observations. There was a
33% commonality of plant species for the two. The
smaller wetland was not used by Gadwalls any time
over the 2-year study. The more complex habitat
and deeper water may have been more attractive to
Gadwalls (Clipp et al 2017).
Potholes have two sides. Drainage conflicts
are mostly centered around attempts to balance
social benefits and landowner costs associated
with potholes on agricultural lands. The social
benefits of potholes are water storage and flood
reduction, wildlife habitat, and improvements to
downstream water quality. Costs accumulated by
private landowners include the annual opportunity
to increase agricultural production, delayed seeding
in temporarily flooded areas, and the nuisance cost
of driving around potholes with large machinery.
A drainage ditch from a pothole transports
solutes stored in the wetland downstream. Wetland
water storage decreased rapidly when the drain was
completed. Within 4 hours about 80% of solutes
and 30% of water had left the wetland. Because
ditches connect wetlands to streams, they probably
contribute to downstream solute loading more than
spills. Wetland drainage efficiency and wetland water
quality determined solute exports through ditches
from potholes (Brunet, Westbrook 2012).
After decades of draining potholes, a new era
of pothole restoration is underway. One method
is reverse auction. The reverse auction provided
information on cost variability and funding required
for achieving NAWMP wetland restoration objectives
in the ARW.”
Saskatchewan NAWMP partners restore only a
miniscule 300 wetlands annually across the province.
Since the Assiniboine River watershed contributes
huge amounts of water and agricultural nutrients into
Lake Winnipeg, wetland restoration, however small,
in this watershed should help ease some problems in
the lake.
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Farmers selected wetlands for restoration in the
auction and gave a cost per acre (0.4 ha) for restoring
their wetlands on each quarter section (65 ha) of land.
On a successful bid, farmers (landowners) signed a
written agreement to keep the wetland intact for 12
years (Hill et al 2011).
Salinity in prairie pothole wetlands varies –
1)
2)
3)

Recharge wetlands are relatively fresh
Discharge wetlands are relatively saline
Flow-through wetlands are intermediate in
salinity

Wetlands which lose water and solutes through
a surface outlet tend to be less saline than those
without. In some parts of the PPR, transport of
surface solutes from farmland soils is a major
contributor to the salt load in wetlands. Solutes
become concentrated in the sediment when water
evaporates and especially when a pothole freezes.
In spring, as ice, snow, and sediments thaw, salts
from sediments enter the water. Salts accumulate
in pothole sediments by repeated wet and dry
episodes and can be important in the sulfur cycle of
overlying water.
As expected, seasonal changes in climate can
greatly alter solute concentrations in wetland water.
These abiotic characteristics of prairie potholes
drive ecosystem functions. Recharge wetlands can
be identified at any time during an annual climate
cycle because inputs of water are almost entirely
atmospheric and the surface water produces a
distinct chemical signature.
Classification systems don’t group wetlands by
any ecosystem functions they perform. There is a

American Bison skulls in the mid-1870s were
ground for fertilizer. Photographer unknown
(Wikipedia)
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need to make wetland functional information available
in order to sustain ecosystem services (Euliss Jr et
al 2014).
Waterfowl often share a large marsh with fish and
mammals. Ducks depend on leafy flowering aquatic
plants for food and sometimes cover. Freshwater
systems, such as Delta Marsh in Manitoba, has
a fish population, including Common Carp. At a
biomass less than 600 kg per hectare in outdoor
tanks, carp can produce a shift from a clear, aquatic
plant-dominated state to a turbid, microscopic,
phytoplankton-rich state in a few weeks. It seems
carp do not reduce submerged aquatic plants by
physical damage or consumption, but by limiting
light from reaching the aquatic plants due to an
increase in turbidity and suspended solids from their
movements (Badiou, Goldsborough 2015).
Agricultural expansion since 1950 in the eastern
portion of waterfowl habitat seems negligible. The
majority (90%) of wetlands were already drained
by 1950. Farther west, the story of prairie parkland
wetlands was somewhat different. Agriculture

“habitat restoration programs located where the
highest quality waterfowl habitat and the lowest
quality agricultural lands overlap most, should
have the greatest potential to affect recovery of
breeding duck populations in the Canadian prairieparklands.” (Bethke, Nudds 1995).
The dry, mixed-grass prairie in southern
Alberta was surveyed for richness and density of
ducks, songbirds, and shorebirds. There were no
compatible responses to habitat characteristics
among these 3 groups. Managing for ducks may not
make the habitat better for other avian species. “In
dry, mixed-grass prairie, deferring cattle grazing is
likely to increase densities of only Lesser Scaup,
but grazing in general can be used by managers to
create a heterogeneous habitat that supports many
species.” (Koper, Schmiegelow 2006).

Exotics Change Wetlands
In general, once an invasive plant is established, its
eradication may not lead to the recovery of displaced

Common Carp Cyprinus carpio, is a fish species which has severe impacts on North
American aquatic systems by disrupting food chains and out competing native fish and
wildlife. Carp reduce waterfowl foods, resulting in lower waterfowl use and production in
many wetlands (Ivey et al 1998). Carp enjoy water plants, but prefer to scavenge the bottom
for insects, crustaceans (including zooplankton), crawfish, and benthic worms. Painting by
Alexander Francis Lydon (1836–1917), an English artist (Wikipedia)

continues to eroded the most useful habitat for
dabbling ducks. Comparing baseline data from
1955–1974, to the period 1975 to 1989, seven
dabbling duck species and three diving species lost
ground, including about 190,000 American Wigeon,
175,000 Northern Shoveler, and 50,000 Gadwall.
If the weather can’t be controlled, farmers must
be willing to leave more for wildlife. In conclusion,
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plants, or the process may be very slow. A legacy of
the past plant invader may persist in several ways.
“ Gene flow and hybridization between native
and nonnative species is a pathway through which
invasive plants can have long-term influences on the
biodiversity of a habitat. ” Soil microbial and fungal
communities may change plant interactions, plant
community composition, and plant-soil interactions.
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Soil chemistry, erosion, and litter decomposition Several studies have shown excessive richness
may also remain after removal of an exotic (Corbin, of nutrients in a lake or other body of water
D’Antonio 2012).
coincides with the invasion of introduced clones
Water
has
extraordinary
characteristics. of Phragmites. Nitrogen demands are 14 vs 52
When combined with aquatic plants, much can be grams per meter square per year for the native and
accomplished. In south-central Michigan waste introduced lineages. The introduced Phragmites
materials accumulated on a farm. The total surface requires almost four times more Nitrogen to
wetland area created was 1.3 ha, divided into
four cells. It was operated for 11 years to
reduce chlorinated ethenes in a contaminated
groundwater plume. Trichloroethylene (TCE)
is a solvent used extensively for metal
cleaning and other applications. It has
carcinogenic properties.
Vegetation was initiated with a sparse
planting of cattail, Typha latifolia, and a layer
of wetland soils borrowed from an adjacent
natural wetland. Near the end of the study,
24 other plant species were conspicuous.
Bird usage included 62 species. Overall, the
created “wetlands quickly developed into
an ecologically acceptable system. Diverse
vegetation attracted a variety of animals.”
(Kadlec et al 2012).
Pacific Flyway shorebirds and waterfowl
Saltmarsh Cordgrass, Spartina alterniflora, a perennial
use the tidal mud flats of Willapa Bay in
deciduous grass, is found in intertidal wetlands, especially
Washington state during autumnal migration
estuarine salt marshes. It grows 1–1.5 m tall and has
and over the winter. An invasive grass,
smooth, hollow stems. At the seaward edge it accumulates
Spartina alter niflora, (this page) occurs in
sediment and enables other habitat-engineering species,
the west, but is native along the east coast.
such as mussels, to settle. Photo from USDA-NRCS
It forms dense stands in brackish wetlands.
PLANTS Database (Wikipedia)
In Washington, where it was controlled with
herbicides or mechanical tillage to create
openings of varying degrees, usage by
shorebirds and waterfowl, including Gadwalls,
showed a noticeable increase (Patten, O’Casey support its above-ground biomass than the native
2007).
type. Agricultural runoff provides higher nitrogen
An aggressive Eurasian variety of the Common availability. The introduced plants exploit increased
Reed, Phragmites australis, has taken over from nitrogen pools due to its greater nitrogen uptake
the native species in many part of North America. rates which drive its photosynthetic machinery,
Why? Average plant density, biomass, % Carbon and allowing it to outperform the less robust native
% Nitrogen were greater in introduced Phragmites (Mozdzer, Zieman 2010).
stands than in native Phragmites. “Introduced
P australis maintained 50% greater rates of Remote Sensing Imagery
photosynthesis and up to 100% greater rates of
stomatal conductance which are magnified by its Remote sensing imagery was used to characterize
38–83% greater photosynthetic canopy compared the hydrological dynamics of 8,400 temporary
to the native type.” Global changes in nitrogen freshwater wetlands (playas) in the panhandle of
availability are helping the present invasion due to Texas. Wet and dry periods were related to land use
the introduced type’s high N demand and the native within 100 meters of each playa. Hydroperiods were
type’s physiological inability to exploit this resource. highly variable. Land use affected the presence and
Perhaps the invasive was not a good competitor duration of inundation. Playas in urban settings were
until environmental conditions introduce by human modified so as to extend their holding water. Playas
activities became satisfactory for its success. within cropland experienced shorter hydroperiods.
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Playas, black region on map. The original
short-grass prairie and playas (shallow depressional recharge wetlands) in the High Plains of
the United States, were composed of several
grasses – gramas and Buffalo Grass, bluestems, needlegrass, switchgrass, Indian grass,
wheatgrasses, and broad-leaved wildflowers.
Playas receive water from precipitation and
runoff, while loosing water from evapotranspiration and seepage into an underlying aquifer.
With the progress of agriculture on the plains,
playas are the only remaining natural habitats
supporting biodiversity in many areas. Sedimentation (soil erosion) is considered the main
threat to natural playas. Reproduction and early development of amphibians are dependent
on playas. Planting native vegetation around
playas should reduce sediment loads and help
restoration. A buffer around crop playas in fine
soil increased the number of wet days by up to
50%. As the aquifer declines and playas cease
to function, irrigated agriculture will be forced
to change crops (Smith et al 2011).

About 3,730 playa basins never contained standing
water during the 4-year study, and many of these
were surrounded by cotton, corn, wheat, or sorghum.
On the other side, 25 playas never dried, and most of
these were surrounded by urban development. Most
held water for 17–109 days, being longer in the wet

year of 2010 compared to the drought in 2011. Larger
playas were wet on every date. Remote sensing was
useful in monitoring playa surface water fluctuations
as a function of land use. Aerial images provided a
time-line of available water of seasonal wetlands in
Texas (Collins et al 2014).

Ehmke playa, Lane
County, Kansas. Wetland
vegetation and birds
thrive during a wet period.
Mostly small, obscure,
and frequently dry, tens
of thousands of playas
scattered across western
Kansas are recognized
as one of the most vital
water resources in the
High Plains.– Photo
William C Johnson. Kansas
Geological Survey, Public
Information Circular 30,
[online]
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Yellow-headed Blackbird (length 24
cm) is a western prairie wetland species,
as is the Gadwall. If climatic models are
correct, within 100 years the earth will not
only be warmer than it has been during
the past million years, but the change
will have been very rapid. Earth may
experience rising sea levels, increasing
aridity in continental interiors, and melting
permafrost (Poiani, Johnston 1991).
Photograph by Alan Vernon on 7 July
2011 at 100 Mile House, British Columbia
(Wikipedia)

Waterbird use was recorded on 25 privatelymanaged, seasonal wetlands in the Grasslands
Ecological Area of Merced County, California.
The Grasslands consist of about 47,000 ha
of native uplands and impounded wetlands.
Autumnal flooding and vernal drawdowns allow
the germination of waterfowl food plants such as
Swamp Timothy, Heleochloa schoenoides, and
Smartweed, Polygonum lapathifolium. During
1994, 24% of wetlands were being drained, either

Duckpotato, Sagittaria lancifolia, is a perennial,
monocot, flowering native aquatic plant known
in every coastal state from Delaware to Texas.
Large potato-like corms form underground. 21
July 2008 – Thomas G Barnes (Wikipedia)
to encourage smartweed, or to reduce salt and
selenium concentrations.
On 25 wetlands, 40 species were noted. By
groups – dabbling ducks (36% of observations),
shorebirds (27%), American Coot (19%) and geese
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(13%). Gadwall, American Green-winged Teal,
Northern Pintail, and Northern Shoveler were found
on all 25 wetlands (100% frequency). Gadwalls were
the 10 th most abundant species at 1,170 birds, and
almost 2% of the total. Their abundance averaged
47 birds (3–202) per wetland.
Shorebirds preferred the shallows. Gadwalls
and diving birds had a tendency to higher densities
in deeper wetlands. Overall, shallower wetlands
(averaging less than 20 cm) had 16 species
compared to deeper (greater than 20 cm) wetlands
with 13 species. A warm relationship existed between
wetland size and number of species of all waterbird
groups, perhaps due to the range of habitat diversity
found in larger wetlands.
Managing habitat of waterfowl and non-game
waterbirds can be realized by reducing wetland
depth compared to traditional approaches used
in managing for waterfowl alone. In this part of
California, managers could maintain winter wetlands
at shallower depths to provide attractive habitat for
shorebirds and waterfowl (Colwell, Taft 2000).
Although extensive prairie monitoring of
potholes and numbers of ducks has been done by
the United States Fish and Wildlife Service and the
Canadian Wildlife Service since 1955, the largescale, non-site specific nature of the information,
makes the link of climate, landscape and water
levels difficult. Vegetative information is necessary
to better understand the process. As land use and
vegetation changes, so do wetlands. More long-term
detailed information on upland vegetation around
wetlands is necessary (Conly, Van der Kamp 2001).
Salinity (sulphate concentration) of prairie
wetlands in Saskatchewan influences their
ecological function. Only a small fraction of sulphate
is in the pond water at any time. This is because
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Luther Marsh in southern Ontario was created by damning Black Creek, a tributary to the upper
Grand River. East Bay in September is shallow, and lined with a wide band of cattails. Coots,
grebes, ducks and this Great Egret utilizes many aquatic plants, fish and invertebrates

of a complex water–sediment exchange processes
that transfers sulphate from surface water to
the underlying sediments as the pond dries, and
transfers part of it back to surface water during wet
years. The major source of groundwater sulphate in
southern Saskatchewan is oxidation of pyrite in the
weathered glacial till near the surface (Heagle et al
2013).
The west-central state of Wyoming has counted
and classified its wetlands. There are about 280,600
wetlands, totaling 372,000 surface hectares (ave
1.3 ha), and 222 wetland complexes which exist
in 3 major habitat types. The majority (67%) of
wetlands are temporary. Only 5% are permanent.
Low elevation wetland complexes are the least
protected, in the poorest condition, and most
vulnerable to future land changes (Copeland et al
2010).
Constructed wetlands (CWs) are used to treat
agricultural, municipal and industrial wastewater.
In natural wetlands, soil, microorganisms, plants,
water and indigenous animals work together to
reduce pollutants in water. Plants often enter the
system and change the temperature of the water.
Constructed wetlands at the Auburn University
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Poultry Science Unit in Alabama were used to
evaluate the amount of plant coverage on water
temperature. Each wetland consisted of two cells
in series. One series was operated with Sagittaria
lancifolia, Duck-potato, (image page 159) covering
about 10% of the surface. A second series had
Phragmites australis (Common Reed) and Scirpus
species (bulrush) covering about 5%. A third series
without plants was the control. Water temperature
was measured hourly for one year, July 1995 until
June 1996. The un-vegetated cells had higher
temperatures than vegetated cells year round, and
showed a larger daily swing in temperature. The cell
with 10% plant cover had higher temperatures than
the cell with 5% cover during the winter months. A
specific level of plant cover in a wetland is difficult
to install and impossible to maintain (Hill, Payton
2000).
In the dry, southern interior around Kamloops,
British Columbia, pond and wet meadow vegetation
was studied in relation to severity of grazing.
As in other studies “Livestock grazing strongly
affects the richness, structure, and composition of
wetland vegetation communities in intermountain
depressional wetlands. Community structure was
more variable in the marsh zone compared to the wet
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plants and salinity change, wildlife will continue to
disappear. In its present man-altered condition [for
economic reasons], the river cannot sustain its
present ecological functions. It is estimated coastal
habitat quality will decline by almost 40% over the
next 50 years (Nyman et al 2013).
If climate change develops as forecast, coastal
marshes and islands will disappear this century as
glaciers and ice packs change to water. Millions of
people will be displaced along with wildlife. This
century may see the largest mass migration since the
last Ice-age. It has already started. ▄▀

Sunflower crop, 23 August 2013, North
Carolina Department of Transportation (Wiki)

meadow regardless of grazing intensity.” (Jones et al
2011).
North and South Dakota grow about 75% of the
sunflowers in the USA. With stands of cattails in which
to roost overnight, Red-winged Blackbirds, Yellowheaded Blackbirds and Common Grackles leave the
wetlands at dawn and descend on the ripening heads
of commercial sunflowers to open the ripening fruit
(1-seeded achenes) and eat the seed. To reduce
this economic damage, Wildlife Services began, in
1991, to aerially spray cattails with glyphosate, a
systemic, broad-spectrum, post-emegence herbicide.
“Glyphosate is most effective in late summer when
cattails are actively metabolizing and transporting
carbohydrates to their rhizomes. Plants treated with
glyphosate show stunted growth, yellowing, leaf
wrinkling and wilting, with tissue death occurring
4–20 days following application.” Application at a
rate of 2.2 kg / ha controlled cattails as effectively as
the minimum-labeled rate of 2.5 kg / ha. The spraying
program has been in demand and useful for over 20
years.
This USDA-Wildlife Service cattail program
satisfies
wildlife
and
agricultural
interests.
Fragmenting dense cattail stands opens wetlands
and promotes avian diversity, including waterfowl,
while reducing nightly roosting by hundreds of
thousands of blackbirds and grackles (Linz, Homan
2011).
Coastal marshes of Louisiana will continue to
decline due to artificial changes in the Mississippi
River. Dams and channels reduce the ability of the
river to deposit its sediment into delta marshes. As
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Fragrant Water Lily, 1 August 2018
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(EISA) of 2007 has altered agricultural land uses
in the United States. A study was conducted in the
northern Red River Basin, just south of the Canadian
border. “Agriculture expansion into grasslands,
including conservation lands, has occurred in
order to meet the demands for biofuel feedstock.”
Consequently, from 2006–2013 land devoted to corn

Economics

“Nature supports all species on Earth, including our
own, and provides the foundation upon which all our
economies are built.”
– Julia Marton-Lefèvre and Archim Steiner
In the [recent] Age of Exploration, the plant press
was among the most important scientific tools
because botanical knowledge contributed more to
civilization, intellectually and economically, than
almost anything else.
			
– David R Wallace
“Birds provide many ecosystem services, which
are mainly invisible and hardly recognized. Sudden
losses of such services such as pest control in China
when sparrows were locally exterminated, reveal
the negative consequences when the services of
birds are lost. Humans receive the benefits birds
provide simply by living. Despite the huge role of
birds as insectivores, very little research has been
done in an ecosystem-services context. Similarly,
the ecosystem service of seed dispersal has been
revealed only for seed-caching corvids. Dispersal of
aquatic plants by waterfowl should be more widely
studied. We require birds for nutrient cycling or as
ecosystem engineers. Additional research to better
understand the economic value of birds will enable
better policy and restoration practices, promote
and justify bird conservation efforts, and ultimately
demonstrate the vital connections among human
well-being, intact ecosystems, and the preservation
of avian biodiversity.” (Wenny et al 2011).
The US Energy Independence and Security Act

162

Blackburnian Warbler, Setophaga fusca,
length 13 cm. In Ontario, 98% of its diet
is insects, the remaining 2% spiders. A
specialist, it forages in a tree’s top canopy.
Rondeau Provincial Park, Ontario, Canada.
Photo Mdf (Wikipedia)

increased by 62% and for soybeans 18%. Areas of
spring wheat, forest and pasture decreased from
18–50%. Soil salinity may have played a role in
shifts of some crops such as barley.
This increase in row crops escalated several
variables –
			
Sediment 3%
			
Total Phosphorus 14%
			
Total Nitrogen 9%
(Lin et al 2015).
Th Prairie Pothole Region of North and South
Dakota covers about 224,000 km 2 and adds
young waterfowl to the continental population each
year. Within this vast area the annual agricultural
production is valued at about $6.5 billion.
Yet, in this agricultural domain, lands are
set aside as CRP. Contract periods are typically
between 10 and 15 years. WRP offers perpetual
and 30-year conservation easements. However,
economic conditions are causing a large decline in
the CRP lands as their contracts run out. Original
grasslands are again converted by the plough.
Three services within the PPR: carbon
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Total 9.6
million hectares

Conservation Reserve Program (CPR) enrollment (gray dots) as of 31 March
2016 in the United States. The vast area of the Great Plains, where waterfowl
nest, shows the greatest use of this governmental program (CRP website)

sequestration, reduction of sedimentation, and
waterfowl production were given monetary values.
Enormous losses of carbon, soil, and waterfowl
due to conversion come at an estimated cost
to society of over $270 million per year, or $4
billion over the 20-year policy period. Increases
in cropland revenue do little to counteract these
losses.” (Gascoigne et al 2011).

F

reshwater habitats occupy less than 1% of the
Earth’s surface, yet are hotspots that support
about 10% of all known species, and about 30% of
vertebrate species. Fresh waters are also hotspots
for human activities that have led to widespread
habitat degradation, pollution, flow regulation and
water extraction, fisheries over-exploitation, and
alien species introductions (Strayer, Dudgeon
2010). ▄▀
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W

e are starting to get practice dealing
with short periods of drought. “Impacts
of the 2001 / 2002 drought on the
Canadian environment, economy,
and society were severe. Alberta and Saskatchewan
were the hardest hit. Some modifications were
attempted. Several were difficult, costly, disruptive,
and failed.” (Koshida et al 2008).

Climate Change

“Carbon enters terrestrial ecosystems, including
agriculture, through photosynthesis by green plants
that assimilate CO 2 and fix it into organic forms.
Some C eventually enters the soil, where its
subsequent cycling and storage among soil organic
carbon (SOC) and soil inorganic carbon (SIC) pools
determine its residence time and ultimately its return
back to the atmosphere. The rate of photosynthetic
CO 2 assimilation depends on soil fertility, climate,
and management, which, in addition to other soil
and plant factors, influence rates of C return to the

The 1988–89 drought in Illinois and other parts of North America was ruinous. The
drought caused $60 billion in damage ($120 billion in today’s dollars). During the
summer of 1988, it caused wildfires in the forests of western North America, including
Yellowstone National Park. On 8 September 1988, the entire park was closed for
the first time in its history. 36% of the park was modified by wildfires. Thousands of
Americans lost their lives because of the heat (Wikipedia)
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atmosphere.” (Morgan et al 2010).

Already Climate Change has caused range shifts of
wildlife of 6 km per decade towards the poles (or
metres per decade upward), and mean advancement
of spring events by 2.3 days per decade is already
altering living systems (Parmesan, Yohe 2003)
People should realize the words “science” and
“uncertainty” deserve linkage in a dictionary.
			
– Lucy Jones
“Palaeoclimate records show Earth’s climatic
system is subject to abrupt, severe and widespread
changes, with large and sometimes devastating
effects on ecosystems and civilizations.” (Booth et
al 2005).

these startling figures for land cover in Canada and
the United States in 1961 and then in 2014.
				

CANADA

USA

				

1961

2014

'61

'14

Arable land as		
hectares per person

2.2

1.3

1

0.5

Human population
in millions *

18

36

180

322

*

Profile Report, World Population, International
Data Base (IDB) – Census Bureau lnternational
Program. ▄▀

i

n Kansas, three plant communities showed
considerable change from 1932–1961. Two
droughts, 6 and 4 years long, influenced the short
and tall grass communities. There was a reduction
of some species, while others, already present,
become dominant (Albertson, Tomanek 1965).
Over the 20 th century most major weather
stations became warmer. Western stations
became drier while those in the east wetter. The
historically strong west-to-east moisture gradient
across the PPR has steepened. Wetlands in the
drier portions of the PPR, such as the US and
Canadian High Plains, would be vulnerable to
climate warming (drying), even if precipitation
were to maintain the status quo. The most
productive wetlands, centrally located in the PPR,
may become marginally productive in a warmer,
drier future (Johnson et al 2005).
A summary of low pressure weather
occurrences showed 36 annual lows occurred in
the Prairie agricultural region between 1979 and
2009. Right before the 1999–2005 drought, the
lowest number of lows was recorded in 1998,
which may have contributed to the drought’s
onset. During the peak of the drought, there was
a notable reduction in low occurrences in 2001–
02, and there were also fewer lows than normal
in 2003. By 2004 and 2005, the number of lows
was above normal. In 2005, the second highest
count of lows (tied with 1988) occurred over the
31 years.
Cloud base heights were higher on average
and virga (rain evaporating before hitting the ground)
was common during the 7-year drought (Hanesiak et
al 2011).
The World Bank's Open Data website provides
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Management

N

atural resource management is filtered
through uncertainty. Natural systems
are elitist, complex, difficult to observe,
highly variable, and understudied.

In 1986, the first North American Waterfowl
Management Plan (NAWMP) was enacted to guide
waterfowl conservation and management across
the continent. The plan established population
and habitat goals. The NAWMP also recognized
the importance of uniting many agencies to work
together. The plan suggested the establishment
of joint ventures composed of both private and
governmental organizations for the pooling of
resources to fund high-priority research and oversee
waterfowl management within their respective
regions. In 1987, the Lower Mississippi Valley
Joint Venture (LMVJV) was formed to implement
objectives set forth by the NAWMP (Wilkerson
2016).
In a review of NAWMP, from 1986–1997, its
partners have contributed over $1.4 billion US
dollars to deliver conservation on about 2 million
ha throughout North America. In Mexico, USA and
Canada, many duck populations have increased
during this time. Conservation efforts have to extend
to much larger landscapes in the future, and involve
more partners (Williams et al 1999).
The Atlantic Coast Joint Venture (ACJV)
includes about 12% of the entire land area of the
USA from Maine south to Puerto Rico. It is part of the
Atlantic Flyway management scheme for waterfowl.
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April Evans did a lengthy dissertation on coastal
resources management. Two questions – How
effective were the management strategies and how
effective was their perception by the people working
with them needed answers. Overall, as with most
organizations, a lack of communication remains a
problem.
Respondents to a survey recognized three main
threats to waterfowl – 1) invasive species 2) habitat
degradation and 3) habitat loss. Two management
tactics often used were partnerships for waterfowl
management and limiting access to certain areas
used by waterfowl (Evans 2013).
The problem – “How to work across administrative
boundaries and to seek collaborations that span
traditional chains of command, participants can begin
to appreciate how other conservation problems may
be fruitfully approached via partnerships.” (Moore
et al 2013).
“Wildlife researchers should consider including
more behavioral measures in their human dimension
studies. For example, collecting information on
previous hunting behaviors (extent and frequency)
along with hunting attitudes should prove useful for
predicting future behaviors (of hunters).” (McCleery
et al 2006).
“In February 2014, Congress passed a new
Farm Bill that authorized several agriculture and
conservation programs through 2018. This nearly
half-trillion-dollar legislative package provides

Gadwall hen surface feeding in autumn
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Gadwall John Nelson Harris of
Groveland, Florida, was awarded
first place in the 2016 Louisiana
Waterfowl Conservation Stamp
competition sponsored by the
Louisiana Department of Wildlife
and Fisheries (LDWF). The
contest determines the image to
be used on the Louisiana Duck
Stamp.
Copyright © 2016
https://www.friendsofthestamp.org/
about-us/

more than $28 billion in funding over five years
for voluntary conservation programs on farms and
ranches across the United States.” (Lindstrom
2014).
An interesting proposal explores transnational
ecosystem services. Thousands of waterfowl winter
along the western coastal lagoons of Mexico. These
birds provide recreational benefits to American
hunters in the western United States. Because of
this, Americans may be willing to use some of their
tax dollars and duck stamp revenues to increase
conservation efforts in Mexico, which will ultimately
benefit their hunting on USA soil since more birds
will survive wintering in Mexico (Rubio-Cisneros et
al 2014).
A population survey of a waterfowl community
usually has non-significant trends. Trend estimates
don’t reveal why one population is declining while
others are increasing? (Lougheed et al 1999).
Gadwall breeding population estimates for
regions in the traditional survey area for 2007 was
3.4 million birds compared to 2.8 million in 2006
(USFWS 2007).
On thirty-eight, 40 km 2 plots in North Dakota
there were 20,600 basins. As it turned out, the
use of wetland basins by Gadwalls, Blue-winged
Teal, and Northern Shovelers did not differ among
water regimes or type of wetland alteration. The
relationship of duck numbers and pond counts from
surveys that exclude ditches or temporary basins
would poorly reflect the behavioral reaction of ducks
to available water (Austin et al 2003).
The Detroit River and western Lake Erie, support
a large diversity of wildlife and their habitats, despite
huge losses from urban development. A lack of

167

follow-up, years after the start of projects, remains
a problem (Hartig et al 2014).

Highlights in
Conservation
1) Lead poisoning became obvious in 1874 when
waterfowl died at Stephenson Lake near Galveston,
Texas. Over 100 years later, in 1986, the Secretary
of the Interior finally announced a ban on lead shot
for hunting waterfowl in the USA, beginning in the
1991 season.
2) In the early 1900s, large die-offs of ducks in
western states such as Utah remained a mystery. In
the late 1920s scientists isolated the toxin produced
by Clostridium botulinum type C. The bacterial
disease was named botulism.
3) WL McAtee in the 1910s investigated the plants
eaten by Mallards. The feeding habits of waterfowl
reached its peak in the 1930s when thousands of
stomachs of ducks were analyzed and reported in
the journals.
4) The Great Depression and Dust Bowl altered
the management of waterfowl. In 1929, Congress
approved the Migratory Bird Conservation Act, which
was designed to provide a steady flow of funds for
the early system of federal refuges.
5) President Theodore Roosevelt initiated the
refuge system by an Executive Order issued in 1903.
Pelican Island in Florida was the first refuge, which
ended plume hunting in the island’s egret colonies.
Roosevelt would create nearly 40 additional refuges
from the public domain.
6) In 1929 a bill provided $1 million per year for
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Gadwall Judging by the boys in suits and one woman for the 1951–52 Duck Stamp. The
winning image was a pair of Gadwall created by Maynard Reese (below). That $2 stamp
raised $4,329,534 in sales. Photograph by William Schmidtman of the US Fish and Wildlife
Service. Image from the https://www.friendsofthestamp.org/about-us/
the Migratory Bird Conservation Fund. However,
regular funding vanished when the stock market
crashed late in 1929 and produced a decadelong economic depression.
7) In 1934, Jay “Ding” Darling joined Franklin
Roosevelt’s administration as Chief of the Bureau
of Biological Survey (later the US Fish and
Wildlife Service). Soon after Darling arrived in
Washington, Congress passed the Migratory Bird
Hunting Stamp Act. Hunters 16 and older were
required to purchase “duck stamps”. Money from
the sale of the Duck Stamp allowed the purchase
of cheap land during the Depression. The federal
refuge system kept expanding.
8) Clark Salyer, labeled the “father” of the
National Wildlife Refuge System, ran the program
for almost 30 years. A waterfowl refuge in South
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Gadwall pair rising from marsh on the first 1952 US
Federal duck stamp
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American Bird Banding Association
to unite the efforts of all banders.
Finally, in 1920, the Bureau of
Biological Survey took charge
when bird banding was directed by
Frederick C Lincoln for the remainder
of his 40-year career. With many
bands returned from waterfowl,
Lincoln compiled a map of the 4
major north–south flyways. This
created a practical administrative
tool when the Dust Bowl caused a
steep decline of duck populations.
Flyway “Councils” formed in 1952,
and these groups continue today
as policy-makers for waterfowl
management in each flyway.
Lincoln’s efforts eventually
produced
the
Bird-Banding
Gadwall An acrylic painting by Delaware artist Richard
Laboratory at Patuxent Wildlife
Clifton, was selected as the 2017 North Carolina WaterResearch
Center
in
Laurel,
fowl Conservation Stamp and Print
Maryland. Presently, more than
a million new banding records of
all bird species are added to the
Dakota renamed in his honor is part of the 500 + unit
computerized
database
each year.
system.
10)
In
1930,
businessman
Joseph Knapp
9) In the United States, sequentially numbered
established
the
More
Game
Birds
in America
bands became available in 1902 and banding
Foundation,
which
promoted
artificial
propagation
of
remained a private project until 1909. Then the
ducks.
At
the
height
of
the
drought,
the
Foundation
American Ornithologists’ Union [AOU] chartered the

Jay Darling (b 1876), was a cartoonist and
conservationist. Theodore Roosevelt, the
26 th president, found an ally in Darling,
and the two became good friends. Darling's
drawings promoted issues of wildlife
exploitation and the destruction of waterfowl
habitat. In 1935 Jay “Ding” Darling accepted
President Franklin Roosevelt’s offer to head
the Bureau of Biological Survey, where
he oversaw implementation of the Duck
Stamp Program. He also drastically cut
waterfowl bag limits and seasons to help
dwindling waterfowl populations, and was
instrumental in getting three million acres of
public land set aside as wildlife refuges.
The Robinson Library website
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organized the 1935 International Wild Duck Census,
a breeding-ground survey that tallied 42 million
ducks. Moreover, the census showed Canada’s
wetlands lay at the heart of waterfowl management
in North America. The Foundation proposed the
creation of Ducks Unlimited (DU), which strove for
the preservation of breeding habitat in Canada.
DUs first wetland project was the restoration of Big
Grass Marsh in Manitoba, or “Duck Factory Number
One”. In 1970, the work expanded into Mexico.
Ducks Unlimited also conducts nesting and harvest
surveys, as well as banding and additional research.
11) In the 1940s and 1950s life history studies
of individual species of waterfowl appeared in
illustrated books on Blue-winged Teal, Canvasback,
and Canada Geese. The first edition of Ducks,
Geese and Swans of North America, published in
1942 became the source for information on the
ecology and identification of waterfowl.
12) In 1931, an Army plane flew over ducks
rafted on the Potomac River near Washington, DC.
This pioneering flight indicated large numbers of
waterfowl could be counted from the air and over
vast areas of habitat, including the remote North,
with relative ease. Nonetheless, aerial surveys
did not materialize until surplus planes became
available to conservation agencies at the end of
World War II.
The first regular aerial surveys began in 1947,
May and July, but the methods were not standardized
until 1955, which became the benchmark year.
Two governmental agencies: the US Fish and
Wildlife Service and the Canadian Wildlife Service
were involved. Aerial transects covered about 3.5
million km 2 . The May survey estimated the breeding
populations for 10 species of ducks. The July survey
recorded wetlands still holding water and the number
of ducks still nesting.
13) A mid-winter survey began in the 1930s to
determine winter distributions of waterfowl and
assess winter habitat conditions. The mid-winter
survey established the swan and goose populations,
which later included estimates of yearly productivity.
14) In 1952, the Waterfowl Harvest Survey by the
US Fish and Wildlife Service questioned hunters
on their hunting success. In 1961, the Cooperative
Parts Collection Survey, allowed hunters to submit
wings (ducks) or tails (geese) from shot birds. At
the end of each hunting season, about 80,000 wings
and tails were analyzed for age, sex, and species. In
1961, the Canadian Wildlife Service began a similar
harvest survey.
15) Canada and the United States was joined
by Mexico in 1994 to form the North American
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Waterfowl Management Plan (NAWMP).This along
with the Migratory Bird Treaty 70 years earlier,
helped secure and recognize a place for waterfowl
in the treasury of our continental natural resources.
NAWMP has specific population targets set for 32
species – Habitat protection of 4.5 million hectares,
plus restoration or enhancement of about 6 million
hectares. The final goal is a fall flight in excess of
100 million waterfowl in the early 2000s.
Work under the NAWMP was made possible by
the 1989 North American Wetlands Conservation
Act in the United States. It is a little-known fact that
the NAWCA provided the bulk of funding for wetland
management work in Canada, acknowledging that

Marsh Marigold, Caltha palustris, in
London, Ontario, 17 May 2016. Canada
Geese and Mallard are already marshalling
their young on land and water. Marigold is
a native perennial of the Buttercup family.
It grows in wet areas and is one of the first
wetland plants to bloom in spring
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Ponds In spring the average number of ponds counted in May each year is 3–4 million
in the Prairie Pothole Region. Waterfowl population numbers closely follow the number
of ponds. Since 1985, years of low counts of ponds due to periods of low snowfall and
rain, have been lengthening and the annual swings are not as dramatic (Hanesiak et al
2011)

waterfowl do not recognize international borders
unlike habitat biologists and managers (Batt 2012).
16) A decline in hunters, and more women
entering the field of conservation means a change
in management objectives and goals. Perhaps more
emphasis on non-game birds will take place. Habitat
maintenance will increase the amount of flora and
fauna biodiversity in the world. The Conservation
and Reinvestment Act (CARA) will fund a cornucopia
of programs and projects that will continue to benefit
waterfowl. The recent increase in most waterfowl
species' numbers is a result, in part, from the
Conservation Reserve Program (CRP). With habitat
continuing to diminish, wildlife management will be
for all species, game and nongame. “The reality
of global warming is but one issue for waterfowl
biologists in the forthcoming century” (Bolen 2000).
The Standardized North American Marsh Bird
Monitoring Protocol (SNAMBMP) was established
in 1999. It surveys some of the more secretive birds
which are dependent on marsh habitats. Presently
26 focal species are monitored from March into
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July. Rails, bitterns, coots and grebes, Limpkin,
gallinules and the Common Moorhen are among this
group. These are species for which there is little
information on their status or population changes.
With 5 main goals, the monitoring protocol
allows data sharing and comparisons among sites.
Estimates of abundance and density of a bird rely
on estimates of detection probability – an estimate
within an estimate. All the necessary methodology to
conduct a survey is outlined in this article (Conway
2011).

My Opinion
Although Gadwalls experienced a large population
increase the last several decades, I did not find
any paper on the reasons why. Wildlife biologists
do wetland and upland surveys, have computers
and models to work with, but no one knows why a
species population increases or decreases over any
period of time. If we can’t figure that out, how will we
know what to do to increase any population, except
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to provide what we consider suitable habitat as long
as possible and let all species, from sparrows to
Pintails, have a go at maintaining their populations.
We don’t know as much about ecology as we think
we do.
Money saved from banding fewer ducks
annually should be spent on increasing payments
for recovered bands. Does banding have to be an
annual event? Could a banding program take place
for a few years every 10 years, especially now
that the number of hunters is steadily decreasing
as are the number of potholes needed to maintain
the populations of ducks. Why do we need to know
everything on an annual basis? Why is such a level

aspect in several marshes per province or state.
A brood of ducks is the best indicator of success.
Count broods, note their behavior and forget about
finding nests every year. When we study where
broods feed and rest, we may be able to improve
those physical and vegetative features in a marsh
that will enhance brood survival. Can marsh
managers fine-tune habitats to make more broods
of ducks secure? Do ducks choose a marsh based
on brood-worthiness as well as ideal nesting sites?
We don’t know. Concentrate on broods for the next
3 decades to improve, if possible, duck productivity
post-hatching.
Nature has too many variables. We approach

of control over ducks and hunters so important and
for whom?
We still don’t know how to sample and evaluate
waterfowl habitat from a duck’s point of view, for
example, which variables make it ideal for nesting,
feeding, migrating, molting, and wintering.

the study of nature in a very feeble manner. We
probably ask half the necessary questions. From the
few papers on ducklings, rarely has one mentioned
the causes of duckling mortality. Additional
observations should add to our knowledge in this
area of duck production. And DU should have more
follow up visits to the marshes they create, to see
how the plants are evolving. ▄▀

Any field study less than 10 years long, and its
results, should be ignored. Waterfowl biologists
should find where Gadwalls raise their broods in
a marsh and concentrate their field studies on that
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Gadwall, A stamp printed in Hungary shows
a Gadwall from a series, Ducks, c 1988
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decomposing litter 135
invertebrates 98
Arisaema triphyllum 142
Arizona 144
Arkansas 31, 142
Army Plane 170
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Artemia salina 85, 107
A Sand County Almanac 141
Assiniboine River 155
Atlantic Coast Joint Venture 166
Audubon National Wildlife
Refuge 77
Avian Influenza Virus 123, 125

B
Baltic Rush 69, 102
Banding
at night 91
bureaucrats 91
indirect recovery 91, 96
losses 91
Ontario 91
recoveries 89, 91, 92
re-sighting dates 93
returns 93
size 91
transmitter 84
trap designs 92
trapping 96
Barnyard Grass 31, 33, 99, 100, 118
Basic 1 Plumage 25
Bearded Sprangletop 113
Bear River Marshes 79
Beaverhills Lake 154
Behavior, Aircraft-induced 116
Belted Kingfisher 154
Bent, Arthur C 17, 20
Big Grass Marsh 170
Bill 25
lamella 27, 111
Bill Threat 116
Biodiversity Hotspots 147
Bioenergy 68
grasslands 68
Biotic Integrity 66
Birds
benefits 162
ecosystem services 162
Birds of North America 19
Birdwatchers 67, 140, 147
Bison, American 155
Blackburnian Warbler 162
Black Duck, American 71
Blow Fly 126
Blue Crab 81
Blue Grama 78
Blue-winged Teal 44, 49, 50, 60,
117, 128
Bodie Island 109
Body
weight 43, 90, 105, 118
Bones
humerus 12, 13, 16
pelvic girdle 14
skull 12, 15
Botany
science of 98

Botulism 59, 89, 126, 167
outbreaks 126
Bounties 56
Bouteloua curtipendula 81
Bouteloua gracilis 78
Breeding 69
home range 69
Breeding Grounds 20, 96
hens return to 20
Breeding Pair Densities 36
Breeding Pairs 51
Brine Shrimp 107
British Columbia 27, 160
Broad-leaved Arrowhead 100, 101
Brome, Smooth 63, 65, 74, 77, 78
Bromus inermis 69, 74
Broods 45, 49, 62, 81, 82, 83, 149,
153, 172
abandonment 82
age 83
counting 83
detection 50, 83
downy young 84
first flight 84
late 45
rearing habitat 82
reduction 71
Brook Stickleback 154
Brown Pelican 138
Buckwheat 100, 101
Bulrush, Hard-stem 81

C
California 33, 38, 56, 66, 67, 77,
101, 109, 123, 124, 126, 138, 141,
158
California Gulls 48
Calories Per Day 30
Caltha palustris 170
Canada 54, 125, 132, 139
Canada Geese 57, 124, 125
Canada Thistle 62, 74
Canadian Pacific Railway 17
Canadian Parklands 60
Canadian Prairies 140
Canadian Wildlife Service 159, 170
Canis latrans 54
Canvasbacks 107, 140, 170
Cape Churchill 18
Carbon Sequestration 163
Carex 26
Carex crinita 10
Carolina, North 81, 109, 115
Carp, Common 156
Cattail 137
Centers for Disease Control 123
Central Park 36
Central Valley, CA 33, 34, 67, 80,
101, 109, 124, 141
spring staging 33
Ceratophyllum demersum 127

To m

Reaume

C– E

Gadwall
Ceryle alcyon 153
Cestoda 129
Chara species 32
Chaulelasmus streperus 11
Chemicals 135
oil 138
Chenier Plain 143
Chenopodium album 109
China 136, 162
Chironomid Larvae 115
Christmas Bird Count 33
Cinnamon Teal 141
Cirsium arvense 62
Cladocera 106, 107
Clark Salyer 169
Climate 146
Climate Change 164, 165
Cloacal Swabs 124, 125
Clostridium botulinum 126
Cloud Base Heights 165
Clutch
fourth 69
size 35, 48, 69, 79, 130
volume 130
weight 43
Coastal Marshes 116, 143, 161
Cocklebur 31
Colorado 66, 92, 102, 108, 148
Colorado River 144
Common Carp 156
Common Grackle 160
Common Loon 137
Common Moorhen 171
Common Terns 73
Common Yellowthroat 28
Communication
lack of 166
Conflicts 116
Conservation and Reinvestment
Act 171
Conservation Development 148
Conservationists 147
Conservation Officers 139
Conservation Reserve Program 67,
163, 171
Cooperative Parts Collection
Survey 170
Coot, American 32, 74, 110, 111,
117
Copulation 37, 41, 115
Cornell Lab of Ornithology 43
Corticosterone 133
Costal marshes 161
Courtship Behavior 36, 112
copulation 37
displays 37, 38
pursuit flights 38
territorial chases 38
video 38
Cover
densest and driest 69
Coyote 54, 55, 57
Crickets 58
Crow, American 34, 51, 125
Crypsis schoenoides 119
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Culex tarsalis 125
Culiseta inornata 126
Cyperus esculentus 101
Cyperus odoratus 108
Cyprinus carpio 156

D
Dakota, North 35, 36, 38, 42, 43, 44,
48, 55, 58, 59, 63, 66, 70, 71, 72, 76,
77, 79, 83, 84, 91, 95, 96, 105, 106,
107, 126, 132, 144, 147, 167
Dakotas 43, 45, 55, 59, 61, 63, 67,
83, 160
Dakota, South 36, 51, 62, 65, 83,
125, 152, 162, 169
dam-type 68
Daphnia magna 87
Dechloranes 136
Decomposing Detritus 102
Deepwater Horizon 138
Deer, White-tailed 65
Delaware 17
Delta Marsh 21, 26, 36, 38, 41, 44,
50, 62, 89, 101, 107, 128, 156
Delta Waterfowl Research
Station 12, 24
Dense Nesting Cover 60, 76
Department of Agriculture 112
Desert Wildlife Area 71
Detroit Institute of Art 52
Detroit River 167
Diagrams 5
4-gram transmitter 84
helminth 132
net nesting ducks 95
trap designs 92
Diet 117, 118
overlap 110
Ding Island 38, 43, 44, 70, 72, 77
Diptera 106, 107
Disease 123
bacteria 59, 123
loss of tissue 123
surveillance of 124
Distichlis spicata 115
Distichlis stricta 69
Ditching 149
Domestic Poultry 124
Double-observer 36
Downy Young 17
Dragonfly Nymphs 110
Drakes 105
aggression 96
Drought 65, 164, 165
Duck Factory Number One 170
Ducklings 26, 43, 59, 69, 71, 74, 79,
81, 82, 84, 87, 90, 92, 123, 132
banded 123
body weight 90
cloacal examination 90
culmen length 90

diet shifts 105
disappeared 48
feeding 105
mortality 82
nasal tag 93
production 56
salt concentrations 59
salt glands 59
survival 54, 58
tarsus length 90
unfeathered parts 88
web-tagged 92, 95
weight 26, 50
Duck Plague 125
Duckpotato 159
Ducks
amount of risk 141
harvested 140
Duck Stamp 67, 142, 167, 168
Ducks Unlimited 74, 76, 137, 142,
154, 170
Duckweed 45, 109
Dust Bowl 167

E
Echinochloa crus-galli 33, 99
Echinochloa crusgalli 100
Echinochloa Walteri 101
Ecological Puzzle 9
Economics 162
Ecosystems 35, 52
lack of understanding 148
Edge Effect 55
Eggs 24, 42, 43, 87
first laid 43
hatching 43, 59
laying 43, 45, 46, 48, 53
parasitic 48
protein 45
removed 56
shell 42
calcium 45
shifting 47
volume 130
weight 43, 87
Eleocharis 117
Eleocharis macrostachya 32, 99
Eleocharis palustris 99
Elk Island National Park 154
Embryos 24
development 49
growth 25
twin 47
weight 25
Emergents 69
Endangered Species Act 137
Energetic Carrying Capacity 101
Epomidistomum uncinatum 128
Erythronium americanum 136
Eurasian Watermilfoil 111
Exxon Valdez oil spill 138
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Eyes 12
iris 88

F
Fagopyrum esculentum 100, 101
Fairy Shrimp 107
Fall Rye 62
Farm Bill 166
Farmers 146
Farm Programs 67
Fathead Minnow 150, 154
Feathers 24, 44
breeding 23
growth 24
juvenile 24, 25
natal down 24
tail 25
Feeding 32, 48
aquatic plants 44, 87, 113
duckweed 87
autumnal 107
filter 107
foraging speed 109
gizzards 138
grit 107
habits 107, 113
head-down 111
invertebrates 43, 44, 87, 112
kleptoparasitism 111, 117
lamellae 111
midday 109
nighttime 107
protein levels 113
rates 105
rice fields 109, 117
robbing 110
spring 116
surface 33
surface-pecking 111, 112
time 112, 115
tip-up 111
winter 109
Female
flightless 51
laying 42
prelaying 42
resting 115
Flame Retardants 135
Flightless 23, 51
Flukes (flatworms) 130
Flyway
Atlantic 18, 91, 166
Central 20, 124, 140
Mississippi 22, 30, 89, 92, 93, 124
Pacific 33, 125, 157
Food
300 calories per day 30
analyzing 106
buffer prey 55
by volume 113
duckweed 45
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feeding rates 105
global warming 55
green algae 45
insects 44
Alkali Flies 84
invertebrates 81
Brine Shrimp 84, 85
layers 44
metabolize 118
pre-layers 44
prey sizes 105
residue of plant 58
seed passage 103
Food Security Acts 152
Foot Damage 123
Foraging 102
Francis Lydon 156
Frederick C Lincoln 169
Freshwater Habitats 163
Freyana anatina 131
Fringed Sedge 10

G
Gadwall 60, 61, 71, 78, 89, 102, 113,
118, 125, 126, 144, 156, 166, 168
abundance 117
age ratio 140
age ratios 89
banded 96
breeding 68
courtship 102
disturbances 147
hens 95, 121, 130
juveniles 125
kleptoparasitism 111
late nesters 77
locomotion 102
marshes 68
non-breeding 115
overwintering 109
parasitic load 129
water depth 109
Gammarus lacustris 113, 149
Geese, Canada 57, 124, 125
Georgia 131
Gizzard 114, 118, 138
worms per 128
Glen Canyon Dam 144
Global Positioning System 20
Global Warming 150
Glyphosate 161
Golden Stonefly 118
Goose Island 43, 48, 74, 75
Goose Lake 103
Grackle, Common 160
Grand Canyon 144
Grand Passage 21
Graphs 6
3-bird chases 53
behavioral patterns 112
breeding pair densities 36

brood size 83
ducklings weight 50
embryos weight 25
feeding 48
foraging 108
hatching in the Dakotas 43
incubation 46
initiation 81
length of incubation 53
nesting cover 75
nest initiation 42, 45
number of ponds 171
ponds and ducks 66
population size 64
wintering in Toronto 30
Grass, Barnyard 33, 118
Grasses 65, 73, 78, 81
biomass 68
Phragmites 72
Grasslands Ecological Area 81, 158
Gray Duck 11
Grazing 66, 68, 156
Great Basin 123
Great Blue Heron 82, 144
Great Egret 30, 160
Great Plains 35, 163
Green Frog 153
Green-winged Teal 140
Gull, California 58, 79
Gull, Franklin 74
Gull, Ring-billed 74, 79
Gulls, California 48, 58, 59, 71, 74
Ring-billed 58, 59
Gut Measurements 114

H
Habitat 58, 77
disappearing 98
loss 138, 147
managers 63, 65
patchiness 102
protection 170
suitability index 61
Haemoproteus nettionis 130
Hardstem Bulrush 69, 71
Harrier Jets 116
Hatching
day 24
synchronous 47
Haying 43
Heavy Metals 107
Heleochloa schoenoides 158
Helminths 129, 130, 131
Hemiptera 106
Hen 31, 35, 44, 45, 48, 60, 61, 62,
95, 105
2-years-old 43
3-years-old 43
aggression 85
better condition 82
dead 133
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decoy 96
exploring 72
identified 44
incubating 133
inexperienced 73
layers 44
lipid reserves 143
local movements 143
marked 69
pre-layers 44
reproductive output 141
shot 16
survive 71
transmitter 84
unsuccessful 96
Heron Lake 108, 118
Highlights in Conservation 167
High Plains 37, 158, 165
History of Plants 11
Hoary Puccoon 134
Homo sapiens 10
Hooded Merganser 122
Horicon National Wildlife Refuge 79
Horned Pondweed 34
Hornwort 127
Housing Developments 148
Humans
look attentively 148
Humber River 10, 121
humerus 13
Humphrey-Parkes 23, 24
Hunters 91, 134, 137, 141, 142, 143
constructive force 139
decline 171
questionnaire 142
successful 139
Hunting 89, 139
economic impact 140
market hunter 139
monitored 141
recoveries 96
season 95
spinning-wing decoy 141, 143
Hurricane Ike 143
Hyalella azteca 113, 130, 131, 149,
150

I
IBM 91
Idaho 26
Illinois 90, 142
Illinois River 127
Illinois River Valley 21, 101
Incubation 43, 46
abandoned 48
partial nests 56
recess 44, 48, 49
Industrial Waste 107
Insects 44, 106
aquatic 107
larval cases 126
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Intermediate Wheatgrass 65, 77
International Ornithological
Congress 11
Introduction 9
Invertebrates 81, 116, 128, 137, 151
Investigator Disturbance 79
Iowa 68, 98, 103
Iris 88
Islands 73, 74, 76, 77, 78
artificial 73, 74, 75

J
Jack-in-the-Pulpit 142
Jamaica Bay Wildlife Refuge 71
Japan 55
Jay Darling 169
J. Clark Salyer National Wildlife
Refuge 116
John Muir 103
John Ray 11
John S Sargent 145
Juncus balticus 69, 102
Junegrass 69
Juvenile 24, 25, 27, 29, 43, 90

K
Kansas 129, 158, 165
Kleptoparasitism 111, 117
Koenig Study Area 95

L
Lactuca scariola 69
Lake Amphipod 113
Lake Andes 125
Lake Audubon 78
Lake Baikal 113
Lake Chapala 33
Lake Erie 167
Lake Manitoba 87
Lake Newell 73
Lake Winnipeg 152, 155
Lamb’s Quarters 109
Lamellae 111
Laying 49
Lead 137
ammunition 137
gizzards 138
losses 138
poisoning 167
shot 137
steel shot 138
Leopold, A 141
Lesser Scaup 156
Lice 131
Lincoln, Frederick C 169

Linnaeus, C 11
Lipid Reserves 44, 45, 133
juvenile 133
Lithospermum canescens 134
Little Wall Lake 98
Liver 114
Livestock grazing 160
Long Island 18, 71
Longleaf Pondweed 32
Long Point, Ontario 57
Loon, Common 137
Louisiana 20, 23, 31, 58, 89, 91, 92,
93, 112, 113, 114, 115, 116, 125, 133,
138, 143, 161
Delta National Wildlife Refuge 58
marshes 93
waterfowl conservation stamp 167
Lower Great Lakes 131
Lower Souris National Wildlife
Refuge 70
Low Pressure Weather 165
Luther Marsh 76, 160
Lythrum salicaria 152

M
Males 115
Mallard 49, 60, 130, 140
Mammals 54
Coyote 55
Mink 57
Raccoons 55
Red Foxes 55
skulls 54
Striped Skunk 55
Management 166
practices 32
Manitoba 12, 18, 35, 36, 41, 42, 47,
48, 62, 68, 84, 90, 95, 96, 101, 126,
128, 129, 130, 133, 142, 152
Maps 7
annual ranges 19
band returns 93
California 80
conservation reserve program 163
Ding Island 70
migration north 22
nesting expansions 18
playas 158
prairie pothole region 60
radar 21
spring migration 31
transects 37
Mareca strepera 11
Marsh 9, 30, 109
coastal 116, 152
drawdown 34, 102
Louisiana 31
nutrient cycles 103
salinity 30
semipermanent 108
Marsh Knotweed 71
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Marsh Marigold 170
Maryland 17, 38, 169
Masclef, Amédée 61
Mating 41
Medicago sativa 60, 61, 71
Melilotus species 34
Mephitis mephitis 54, 57
Mercury 136
Metabolism
cellular 134
Mexico 92, 125, 129, 137, 166
conservation efforts 167
wildlife 150
Michigan 156
Midge Fly 115
Migration 20, 124, 149
arrival dates 35
autumn 21
Finger Lakes 21
Illinois River Valley 21
Louisiana 31
non-stop flight 31
patterns 22, 110
separately 140
sex ratios 21
speed 21
spring 20
stopovers 21
Migratory Bird Conservation
Fund 168
Migratory Bird Habitat Initiative 138
Migratory Bird Hunting Stamp
Act 168
Migratory Bird Sanctuaries 147
Migratory Bird Treaty Act 138
Military Aircraft 115
Miller Lake 48, 72
Mink 57, 82
home ranges 57
radio-tagged 57
Minnesota 55, 68, 108, 118, 137,
142
Minnow, Fathead 150
Miquelon Lake 58, 74
Mississippi 140
Mississippi Alluvial Valley 112
Mississippi Flyway 30
Mississippi River 112, 116
Mississippi Valley Joint
Venture 166
Missouri 124
Mites
Freyana anatina 131
nasal 131
Mitochondrial Content 134
Molluscs 131
Molt 23, 24, 84
basic 23
behavior 26
delays 23
flightless 23
juvenile 24
partial 24
pre-alternate 23
primaries 45, 83
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Monarch Butterflies 64
Mono Lake, CA 84, 96, 123
Montana 67, 77, 125
Monte Vista NWR 66
Moorhen, Common 171
Mortality 20
at towers 20
freeze-up 83
lead poisoning 137
rates 92
Mosquitoes 125
method of trapping 126
Mourning Dove 126
Muskgrass 32
Mute Swan 106
Mycoplasma anatis 132
My Opinion 171
Myriophyllum spicatum 111, 113,
115
Myriophyllum verticillatum 99

N
Nasal Tag 93, 95, 96
National Parks 147
National Wildlife Areas 147
National Wildlife Refuges 65, 80,
147
National Wildlife Refuge
System 169
Nature 77
Nature Alaska 38
Nebraska 36, 81, 123
Necrosis 123
Nematoda 117, 129, 130
Nesting 35
abandonment 48, 79
artificial 56
attendance 48
average distances 65
broods 82, 83
clutch size 69
cover 55, 57, 71, 75
alfalfa 60, 61
dense 60, 65
mowed 63
planted 61
Winter Wheat 59, 64
densities 44, 57, 58, 65, 66, 67,
73, 75, 77
74 per ha 75
distance between 69
early 69
early season 43
expansions 18
experiment 72
failures 71
feathers 44
Goose Island 48
habitat 58, 63, 73
habitat choices 62
habitat suitability index 61

hatching 43
homing 69
human bias 77
human visits 51
incubation 43
initiation 42, 48, 73, 81
initiation dates 43, 62
investigator disturbance 79
layers 44
lipid reserves 44, 45
location 44
steel cable 44
micro-climate 77
Miller Lake 48
nearest neighbor 77
parameters 51
pastures 66
period 43
predation 79
pre-layers 44
protein reserves 44
recess 44, 48, 49
Redheads 48
re-nesting 68, 69
success 57, 58, 61, 63, 65, 69, 73,
74, 76, 79
successful 79
summer solstice 45
survival 42, 57
traps 95
variables 61
vegetation 62, 75
Winter Wheat 59
Net 95
Nettle, Stinging 72
New Hampshire 146
New Mexico 92
New York 71
New York City
Central Park 105
Nictitating Membrane 24
Nitrogen 157
North American Marsh Bird
Monitoring Protocol 171
North American Model 141
North American Waterfowl
Management Plan 153, 166, 170
North Carolina 17, 37
North Carolina Waterfowl
Conservation Stamp 169
Northern Pintail 50, 141, 159
Northern Shovelers 42, 110, 115,
118, 120, 122, 124, 167
Nuphar variegata 154
Nuptial
plumage 69

O
Oak Hammock Marsh 62
Odonata 136
Ogden Bay Refuge 68, 71

To m

Reaume

O– P

Gadwall
Ohio 134
Oil 138
Oil Gland 24
Oklahoma 110
Oligohaline 30
Ontario 21, 35, 36, 57, 76, 142, 152
On the Nature of Things 148
Opinion, My 51
Optimum Foraging Theory 111
Oregon 33
Organ Weights 115
Ostrich 134
Ovaries and testes size 41
Overwinter 20
coastal Louisiana 20
Oxygen Consumption 134

P
Painted Turtles 148
Painting 169
Pair Bonds 50
Pair Formation
Toronto 35
winter bonding 35
Palaeoclimate Records 165
Pale Spikerush 32, 99
Pancreas 114
Parasites 128
acanthocephala 129
Anaticola 131
blood 130
cestoda 129
diversity 129
external 131
feather mites 131
lice 131
gastrointestinal tract 129
helminths 129
intensity 129
internal 128
intestine 130
invertebrates 128
lession 128
lice 131
molluscs 131
nematoda 129
population infected 130
prevalence 129
richness 131
summer 130
trematoda 129
vectors 131
winter 130
Parts Collection Survey 140
Passenger Pigeon 139
Pasture
high-quality 59
Patuxent Wildlife Research
Center 169
PBDE 135
Pea Island National Wildlife
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Refuge 81
Pectoral Girdle 14
PEI 153
Pelican, Brown 138
Peregrine Falcons 144
Pesticides 135
eggs 135
PhD 71
Pheasant, Ring-necked 65
Phormia regina 126
Photographing Wildlife 146
Photosynthesis 164
Phragmites australis 157, 160
Eurasian variety 157
Phragmites communis 71
Pimephales promelas 150
Pintail, Northern 50, 141, 159
Plaisance National Park 154
Plants 31, 62, 111, 151
alien 152
aquatic 32, 101
consumption 106
emergent 32
energetic carrying capacity 101
food 44
introduced 99
invasive 156
moist-soil 33, 101
native 98
nitrogen 68
seed banks 101
seed biomass 31, 99
vascular 147
Playas 157, 158
Plecoptera 118
Plumage 23, 87
adult hen 28, 29
adult male 29
alternate 23, 25
basic 23
Humphrey-Parkes 24
juvenile 25, 27, 29
quality 36
Poa pratensis 69
Polygonum aviculare 119
Polygonum coccineum 71
Polygonum pensylvanicum 81
Ponds 32, 36, 66, 171
area 68
breeding pairs 38
class 3 38
cooling 115
counts 144
dam-type 68
fenced 68
fish production 33
inactive 33
livestock 32, 112
older 68
oligohaline 30
seasonal 45
semipermanent 38, 62
sewage 107
temporary 68
underlying sediments 159

waste-stabilization 107
Pondweed 101, 103, 107, 117
Population 17
Columbia Basin 95
densities 58
eastward expansion 17
Manitoba 18
Massachusetts 18
New York 18
South Carolina 17
human 146
increasing 17, 64
spatial synchrony 144
westward expansion
British Columbia 17
Washington 17
Population Regulation 144
Potamogeton 97, 106, 117
drawings 101
Potamogeton americanus 101
Potamogeton nodosus 32, 110
Potamogeton pectinatus 101, 103
Potholes 110, 152
draining 155
freezes 155
monitoring 159
Potomac River 170
Prairie Habitat Joint Venture 154
Prairie Pothole Region 22, 51, 58,
60, 67, 110, 125, 150, 152, 154, 162,
171
Prealternate 1 Molt 25
Predators 51, 79
bounties 56
control 66
exclosures 58
higher nesting success 63
identification of 56
mammalian 78
partial 56
Raccoons 56
rates 55
Red Fox 56
reduction 51
roadkill 63
Striped Skunk 56
Prickly Lettuce 69
Prince Edward Island 153
Pristine 152
Procyon lotor 54
Productivity Post-hatching 172
Protected Areas
worldwide 146
Protein Reserves 44
Pseudocorynosoma
constrictum 130, 132
Puget Sound, Washington 138
Purple Loosestrife 152
Purple Trillium 104
Pursuit Flights 38
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Q
Quackgrass 77, 78
Quatsino Sound 30

R
Raccoons 54, 55, 58
radio-equipped 58
Rachel Carson 35
Radio-tagged 20, 143
anchor-shaped 84
hens 20, 31, 68
Louisiana 31
Rainfall 76
Rainwater Basin, Nebraska 81
Ramsar Convention 153
Rana pipiens 153
Range 17
breeding 19
home 69
Wintering 19
Rapid Follicular Growth 114
Ray, John 11
Red Foxes 54, 55, 57, 125
and Coyotes 57
radio-equipped 55
Redheads 48
Red-tailed Hawk 144
Red-winged Blackbirds, 160
Reed Canary-grass 99, 100
Reproductive Cycle 114
Rice 117
Rice Fields 109
Ring-necked Duck 101
Ring-necked Pheasant 126
Road and Rail Side Habitat 63
Rockefeller Wildlife Refuge 23, 91
Rosa woodsii 77
Rose, Wood’s 77
Royal Ontario Museum 12, 28
Ruby-throated Hummingbird 134
Ruddy Ducks 123
Ruppia maritima 17, 91, 107
Russell Lake 108
Rusty Flatsedge 108

S
Sabine National Wildlife Refuge 89
Sacramento National Wildlife
Refuge 38
Sagittaria lancifolia 159, 160
Sagittaria latifolia 100, 101
Sago Pondweed 62, 101, 107
Salinity of Ponds 30
Salt Glands 84, 126
Saltgrass 115
Salt Lake City 89
Saltmarsh Cordgrass 157
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Sandhill Cranes 122
San Joaquin Valley 66, 80, 81
San Luis Valley 102
Saskatchewan 21, 43, 48, 54, 55,
61, 74, 82, 83, 89, 92, 130, 136, 159
Scirpus acutus 69
Scirpus americanus 81
Scirpus fluviatilis 103
Sclerotic (eye) Rings 15
Scolochloa festucacea 102
Sedge 26
Seed Consumption 117
beneficial 32
Seed Densities 98
Seed Passage 103
Seed Production 34, 98, 108
Seed Recovery 108
Setophaga fusca 162
Sex Ratios 89
Shelterbelts 58
Shorebirds 149
Shoveler, Northern 42, 50, 110, 115,
118, 120, 122, 124, 167
Shrubs 76
Side-oats Grama 81
Sierra Nevada 96
Site Fidelity 35
Skeleton 12
Skunk
radio-tagged 55
Skunk, Striped 57
Small Wetlands Acquisition
Program 67
Smartweed 119
Smooth Brome 63, 65, 74
Snowberry, Western 72, 76, 78
Solar Variability 124
Song Sparrow 103
Sound Levels 116
Spain 135
Sparrow 61
Song 103
Vesper 61
Spartina alterniflora 157
Species 147
not hunted 139
richness 112
Spiked Water-milfoil 113
Spike-grass 69
Spike Rush 109
Sprangle-top 102
Spring 149
Staphylococcus epidermidis 123
Start of Egg Laying 43
St Clair River 106
St. Denis National Wildlife Area 54,
61, 82
Stickleback, Brook 154
Stinging Nettle 62, 67, 69
St Lawrence River 152
Stormwater Treatment Areas 152
Streptocara crassicauda 128
Streptocura crassicauda 128
Striped Skunk 54, 55, 56, 57
feeding modes 57

motion-sensitive radio collar 57
prey items 57
Stuckenia pectinata 117
Suisun Marsh 56, 77, 80
Sunflowers 160
cattails 160
glyphosate 161
Surface-pecking 111
Surveys 33, 35, 36, 49, 64
aerial 33, 36, 37, 51
breeding pair 82
broods 49
Christmas Bird Count 33
detection probability 36
double-observer method 36
ground 36
respondents 166
roadside 36, 50
Survival Rates 35
Sustainability 148
Swamp Timothy 34, 119, 158
Sweet Clover 34
Symphoricarpos occidentalis 72

T
Tables 8
breeding pairs 38
Gadwall and coot numbers 74
helminth infections 130
molt 24
preferred wetlands 62
weight, internal organs 114
Tail Feathers 29
Tall Wheatgrass 71
Tapeworms 129
Taxonomy 11
Tennessee River 111
Tern, Common 73
Terns 74
Territorial Chases 38
Texas 16, 32, 37, 92, 112, 126, 129,
140, 157
The Bureau of Sport Fisheries 91
The Great Depression 167
The Land Institute 65
Theodore Roosevelt 145, 167
The White House 145
Thinopyrum intermedium 65
Thorny-headed worms 130
Three-bird Chases 53
Three-square Bulrush 81
Time Budget 32
feeding 32
Toronto
wintering populations 30
Transects 37
Trematoda 129, 130
Trout Lily 136
True Metabolizable Energy 108
Typha glauca 103
Typha latifolia 157
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U
Uncertainty 166
United States 153
Unregulated Hunting 139
Uplands 69
Urtica dioica 67, 72
Urtica gracilis 62, 69
US Department of Agriculture 67
US Fish and Wildlife Service 82, 83,
168, 170
Utah 57, 68, 69, 71, 79, 89, 92, 115

V
Vegetation 71, 74, 77, 91, 106, 117
diverse 157
information 159
openings 102
patterns 61
Phragmites 72
shrubs 72
submerged 62
variables 57
Virga 165
Virginia 17, 147
Viruses
shed 125
Vulpes vulpes 54

W
Walter’s Millet 101
Washington 71, 95, 96, 98, 138, 157
Waterfowl
density 106
feeding habits 167
managers 63, 108
production 63
researchers 71
threats 166
wintering 30
Waterfowl Conservation Stamp 167
Waterfowl Harvest Survey 170
Waterfowl Management Plan 60
Waterfowl Production Areas 67, 82
Waterhen Marsh 74, 82
Water Plantain, American 99
Weight Loss 43
Western Snowberry 73
Western Wheatgrass 81
West Nile virus 125
West Virginia 155
Wetland Conservation Provision 67
Wetlands 33, 54, 61, 71, 81, 82, 165
area 83
benefits 152
breeding pairs preferred 62
broods 50
by 1950 156
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classification 155
conservation 152
constructed 160
drained 152, 153
drawdowns 34, 102
ecological services 150
flora and fauna 106
flow-through 155
food per hectare 33
freshwater 163
high water levels 107
intertidal 157
losses 152
managed 109
nutrient cycling 149
permanent 149
pesticide fate 135
plants 50, 100
playas 157
preservation 102
productivity 149
recharge 155
restoration 153, 154, 155
saline 107
seasonal 158
seasonal draw-downs 100
sediment 98, 155, 159
wind-borne soil particles 149
synchrony 144
turbidity 156
underlying sediments 159
uniting 149
water depth 109
winter 159
Wetlands Reserve Program 112
White Trillium 133
Whitewater Lake 89
Whorl-leaf Watermilfoil 99
Widgeon, American 116, 124
Widgeon Grass 17, 107
Wild Birds 126
spreading the infection 126
Wildflowers
moist-soil 108
Wildlife
photographing 146
researchers 166
unregulated exploitation 139
viewing 146
Wildlife Management 141
trade-offs 146
Wildlife Management Areas 17, 140
Willamette Valley 98
Wilson’s Phalaropes 123
Wintering 30, W
Lake Powell 30
Louisiana 30, 31
Mexico 33
Mississippi 33
populations 30
southern France 30
Texas 31, 32
Toronto 30
Vancouver Island 30
Winter Wheat 43, 59, 63, 64

Wisconsin 20, 36, 79
Wood Duck 9
Wood’s Rose 76, 77
Working With Nature 146
World Bank's Open Data 165
World Population 165
Worms, unsegmented 130
Wyoming 159

X
Xanthium strumarium 31

Y
Yearling 36
Yellow-headed Blackbird 159, 160
Yellowknife, NWT 19
Yellow Nutsedge 101
Yellow Pond-lily 154
Yellowstone National Park 164
Yolk Lipid 42
YouTube 82
Yukon 17

Z
Zannichellia palustris 34
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