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ABSTRACT

We collected maximum length and width (± 0.1 mm) of 4,257 duck eggs, 
which represent 12 different duck species nesting in South Dakota. These results 
were part of a larger on-going project which is analyzing the possible effects of 
climate changes on the size of North American duck eggs (DeJong and Higgins 
2011). Hundreds of waterfowl specimens and waterfowl eggs that were collected 
from South Dakota during the last 150 years are currently archived in museums 
throughout North America. The early collection efforts of various oologists plus 
the foresight of others to preserve the eggs in some of North America’s private 
and public museums have enabled us to conduct a type of time travel research 
on duck eggs that were collected and preserved as early as 1859. Egg size met-
rics were taken from museum egg collections of duck eggs which were collected 
from 1877-1922 (N = 371) and from 3,886 eggs measured during recent (2009-
2010) duck nesting studies in eastern South Dakota. All of the eggs collected 
or measured for this research originated in 14 eastern South Dakota counties, 
emphasizing the scarcity of duck egg collection and duck nesting research in 
western South Dakota. Egg volumes from five species of ducks in South Dakota 
indicated a statistically significant (P < 0.05) relationship to climate conditions 
(Palmer Drought Severity Indices). Duck egg volume of nine species varied be-
tween years when collected and/or measured. 

Keywords
 

ducks, eggs, climate, South Dakota, museum

INTRODUCTION

Climate is not a stable condition. It changes due to large scale factors such as 
the periodic changes of the earth’s orbit and also due to finer scale factors such 
as the amount of cloud cover blocking incoming sunlight. North America has 
experienced many changes in climate throughout history. During the last 150 
years, several droughts have occurred across the United States. One of North 
America’s most memorable droughts, often referred to as The Dust Bowl, oc-
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curred throughout the Great Plains during the 1930s. However, climate data 
also show time periods with above normal precipitation events. During the last 
50 years, high annual precipitation conditions were occurring in some North 
American regions (Gutowski et al. 2008), while other regions were experiencing 
drought conditions. North American duck species often migrate long distances 
during the spring on their way to northern breeding locations, and may pass 
through both wet and dry climate extremes. Climates across North America are 
predicted to become more extreme (Gutowski et al. 2008). How have ducks 
responded to extensive periods of drought or flooding encountered during mi-
gration and nesting, and what may be their response to future climate change?

Numerous types of data have been or are being used to track climate change, 
including studies of tree-ring growth patterns (Fritts 1991), core samples from 
glacial ice (Alley 2000), and temperature and precipitation measurements across 
years and geographic locations (Jones and Mann 2004). Collateral studies of 
climate change effects have also been conducted on several kinds of animals, in-
cluding polar bears (Derocher et al. 2004; Schliebe 2010), butterflies (Parmesan 
et al. 1999), and penguins (Barbraud and Weimerskirch 2001; Cunningham 
and Moors 1994). Researchers have found that the timing of seasonal activities 
of plants and animals have changed with climate changes (Brown et al. 1999; 
Menzel and Estrella 2001; Walther et al. 2002). Some birds are nesting earlier 
than in documented history (Brown et al. 1999; Crick and Sparks 1999), while 
others are laying eggs which are larger than in the past (Jarvinen 1994) due to 
warmer spring temperatures. Scientists predict future variation in the distribu-
tion of vegetation due to climate changes (US Environmental Protection Agency 
2011, U.S. Forest Service 2010). Additionally, climate change will have an effect 
on abiotic factors such as the presence and depth of lakes and ponds, and the 
intensity and frequency of weather events. These factors are extremely important 
when considering smaller, temporary wetlands like those found in the Prairie 
Pothole Region of South Dakota. However, except for some recent habitat ef-
fects modeling (Burkett and Kusler 2007; Johnson et al. 2005), a comparison 
of duck abundance variability due to agriculture and precipitation (Bethke and 
Nudds 1995), and reproductive performance and body condition studies of 
marine birds (Sydeman et al. 2001), very little other information exists relative 
to direct or indirect effects of climate change on ducks or their eggs relative to 
the past 150 years. 

Drought conditions cause prairie pothole wetlands to diminish in size or to dry 
out completely. This in turn reduces the habitat and food resources available for 
hens during the nesting season. Hens rely heavily on food resources to provide 
them with the extra energy needed to produce eggs. If there is less food avail-
able, hens may lay fewer and possibly smaller eggs. Eldridge and Krapu (1988) 
found that mallard hens with enhanced nutrition produced larger eggs than hens 
that were fed a natural diet. Our research utilized duck egg measurements from 
museum collections eggs and recent field studies to determine if past climate 
changes, such as drought, have had any effect on the size of duck eggs during 
the last 150 years.

Hundreds of waterfowl specimens and waterfowl eggs from South Dakota are 
currently archived in museum collections throughout North America (Table 1; 
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ORNIS 2011). These specimens are stored in climate-controlled, insect-free stor-
age facilities (Figure 1). Egg shells do not change in size or shape through time 
unless they become physically damaged. Egg collectors have adopted a standard-
ized system of preserving and marking the eggs that they collect. The contents of 
an egg are removed through a small hole drilled in the side of the egg. Each egg is 
then labeled with the bird species name and/or American Ornithologists Union 
(AOU) code, the date of collection from the nest, and the number of eggs that 
were in that clutch (Figure 2). Additionally, each egg/clutch is accompanied by a 
nest card. The nest card contains the same information listed above, but may also 
contain more details about the eggs, the collector, and descriptions and locations 
of the nest (Figure 3). Occasionally the hen and nest would also be collected. 
Through time, the eggs from most private collections have been transferred to 
repositories in museums across North America. A few museums, such as the 
Western Foundation of Vertebrate Zoology in California, contain over a million 
bird and egg specimens. 

Even though the practices of some commercial collectors severely affected 
some bird populations, egg collecting did serve a very important long-term 
purpose. Generally, an average egg collector was also a naturalist, recording in-
formation about the time of nesting and the type of nest or habitat used during 
nesting. This information has enabled scientists to understand more about each 
bird species. Early harvests by naturalists such as John James Audubon led to 
the first published bird identification guides. William Over and Craig Thoms 

Figure 1. Duck eggs in storage at the Smithsonian National Museum of Natural History. Eggs 
are stored in dark, dry, and cool conditions to inhibit fading, dust collection, and fungus growth. 
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published the first comprehensive bird guide for South Dakota (The Birds of 
South Dakota) in 1920. Museum collections have also been used for determin-
ing the past geographic distribution of certain species (McNair and Dean 2003), 
the timing of nesting (Tryjanowski 2002) and other natural history information. 
One of the most important and well-known uses for museum egg collections 
was the detection of the pesticide DDT (dichlorodiphenyltrichloroethane) in 
egg shell fragments. DDT caused egg shells to become brittle and weak, result-
ing in the parents crushing or breaking the eggs when they settled their weight 
upon them during incubation. Museum egg collections represent thousands of 
bird species and provide specimens from a wide range of geographic locations 
and time periods which are impossible to reproduce with current field studies. 

METHODS

We used digital calipers to obtained maximum width (W) and length (L) 
measurements (± 0.1mm) of 69,960 duck eggs (DeJong and Higgins 2011) 
from museums and field research. Eggs in museum collections were originally 
collected from across North America from 1859-1979. Some eggs were missing 
location data (2,109 eggs), and other eggs were originally collected from Iceland 
or Greenland (314 eggs), so were removed from analysis as were eggs that were 
cracked or broken. Additionally, duck eggs were measured during past and pres-

15 
 

Blue-winged 
Teal

-- -- -- 45.47 47.13 47.36 46.25

Redhead -- -- -- 57.73 59.22 59.35 57.90

Lesser scaup -- -- -- -- -- -- 45.41

Wood duck -- -- -- --- -- -- 36.34

Figure 1.  Duck eggs in storage at the Smithsonian National Museum of Natural History. Eggs 
are stored in dark, dry, and cool conditions to inhibit fading, dust collection, and fungus growth.  

15 
 

Figure 2. Egg collectors used a standardized labeling system. Each egg would have the American 
Ornithologist’s Union unique identification code for each species above the drill hole. In this case 
the number 135 signifies that this egg was from a Gadwall. The number of sets of eggs of that 
species which were collected that day is denoted by the top number over the dividing line. The 
number of eggs in the clutch was written under the dividing line. The date the egg was collected 
was also written on the egg.
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ent field research (1980-2010). Approximately 6% of all eggs in this database 
were collected or measured in South Dakota; 371 eggs were collected during 
the time period 1877-1922 (Table 2), and the other 3,886 eggs were measured 
at the nest and immediately replaced in the nest during duck nesting field stud-
ies conducted in 2009 and 2010. Overall, the eggs of 12 species of ducks were 
measured from 14 counties in eastern South Dakota. Volume (cm3) for each egg 
was calculated using the equation 0.51*LW2 (Hoyt 1979). In order to examine 
past climate over a large geographical area and longer time scale, we used Palmer 
Drought Severity Indices (PDSI) which are reconstructed from tree-ring data 
(Cook et al. 1999, 2004). PDSI values are calculated using the past and current 
precipitation and temperature of a particular area, and are an indicator of long-
term drought or extremely wet conditions. The index values are as follows: 1) Ex-
treme drought (-4.0 and below), 2) Severe drought (-3.00 to -3.99), 3) Moderate 
drought (-2.00 to -2.99), 4) Mid-range (-1.99 to +1.99), 5) Moderately moist 
(+2.00 to +2.99), 6) Very moist (+3.00 to +3.99), and Extremely moist (+4.00 
and above). PDSI values were acquired for the year and nearest location for the 
original nest location. We then conducted linear regression modeling to examine 
the relationships between egg volume (cm3) and PDSI value for the eggs of 12 
duck species found in South Dakota using R Statistical Software Version 2.13.2 
(R Development Core Team 2008). 

Figure 3. Each clutch of eggs in a museum collection is accompanied by a nest card or catalog 
card. The nest card contains information about when and where the clutch was found, the cer-
tainty of identification, the collector, the number of eggs in the clutch, the stage of incubation, 
and other details about the nest site.
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RESULTS

Blue-winged teal (Anas discors), mallard (Anas platyrhynchos) and gadwall (Anas 
strepera) were the most commonly found duck eggs during field research in 
2009 and 2010 in South Dakota. Eggs from certain species, such as ruddy duck 
(Oxyura jamaicensis), canvasback (Aythya valisineria) and green-winged teal (Anas 
crecca) were measured only from early museum collections (Table 2), while cer-
tain others, such as the wood duck (Aix sponsa) and lesser scaup (Aythya affinis), 
were found only during field research in 2009 and 2010. 

Eggs collected in South Dakota from blue-winged teal, mallard, gadwall, and 
canvasback (Table 3) were smaller than the previously published average size 
(Bellrose 1980; Baicich and Harrison1997). American wigeon (Anas americana) 
eggs were larger than previously published. Egg volumes from five species of 
ducks in South Dakota indicated a statistically significant (P < 0.05) relation-
ship to climate conditions (Table 4). PDSI values were not significantly differ-
ent between 2009 and 2010, but varied substantially in the years 1877-2010. 
Blue-winged teal and green-winged teal egg volumes were larger during periods 
of moderately moist conditions (+ 1.0 to + 3.49 PDSI), and were smaller dur-
ing years that were either extremely drier or wetter (Table 5). Northern shoveler 
(Anas clypeata) eggs (N = 380) were larger during years with severe or extreme 
drought conditions than they were in years with moist conditions. Northern 
pintail (Anas acuta) egg volume was greater during mid-range conditions (- 1.24 
to + 0.99 PDSI) than during extremely moist conditions (> +3.5 PDSI). Eggs of 
the American wigeon had the strongest response to PDSI variability (P < 0.05, 
R2 = 0.82), but unfortunately the number of specimens from this species was low 
(N = 20), and constituted only three clutches. The egg volume of nine species of 
ducks also varied significantly between years of collection or measurement (Table 
4). Additional statistical analysis of the entire duck egg dataset is currently under-
way, and will provide more information concerning the effects of past climates 
on duck egg sizes across North America. 

DISCUSSION

Climate during the duck breeding season in South Dakota periodically alter-
nates between drought and flooding and affects the occurrence and availabil-
ity of wetlands. Eastern South Dakota experienced above normal precipitation 
during the summers of both 2009 and 2010, but is experiencing mid-range to 
moderate drought conditions in 2012. Our results indicate that ducks may be 
compensating physiologically for the fluctuation in nutritional and habitat re-
sources during dynamic hydrological periods by modifying the size of their eggs. 
Larger eggs produce ducklings which are more capable of fending off starvation 
(Rhymer 1988), surviving cold temperatures, and feeding at a greater rate than 
ducklings from smaller eggs (Anderson and Alisauskas 2001). The lack of suit-
able breeding and feeding habitats, as are predicted under future warmer climate 
change scenarios, could lead to a large-scale decline in overall duck recruitment 
and production, and hence a decline in duck populations (Johnson et al. 2005). 
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Surprisingly, the response of “dabbling” feeders, those which rely on shallow 
wetlands during the breeding season, varied among species. There is likely an 
ideal climate under which each species is able to be the most productive. Small, 
temporary wetlands are the first to disappear during drought conditions, forcing 
ducks into larger wetlands for feeding. Certain species, such as the blue-winged 
teal, specifically target seasonal and temporary wetlands during the breeding 
season. Other species, such as mallards, are more adaptable in their wetland se-
lection. Therefore, the loss of seasonal and temporary wetlands due to drainage 
and long-term drought conditions would likely have a larger effect on habitat-
constrained species such as the blue-winged teal than on more adaptable species. 

Other factors which may play a role in the annual variation in the size of eggs 
are the age of the hen, nutrition limitations or additional stressors during spring 
migration, and difficult wintering conditions, to name just a few. Variation in 
interspecific and intraspecific egg sizes has been documented in previous studies 
(Krapu 1979; Ankney 1980; Birkhead 1985; Rohwer 1986; Hepp et al. 1987); 
however, the factors which play a role in those variations are not known. Re-
gional variation in egg size of individual species may also exist, due to changes 
in food resources and genetics. The eggs measured for certain species were often 
smaller in South Dakota than the average size previously published (Bellrose 
1980; Baicich and Harrison 1997). 

The greatest hurdles for this research project were the gaps in data both tem-
porally and spatially. Long-term data (eggs and climate) in specific locations were 
not available. For example, our sample size of eggs from South Dakota was low 
- only 6% of the total eggs measured for this project. It is unfortunate that so 
few duck eggs were historically collected for preservation from South Dakota. As 
part of the Prairie Pothole Region, South Dakota contains some of the most pro-
ductive habitats for duck populations in the United States. The remoteness and 
low human population of South Dakota are likely the prevailing factors limiting 
the number of eggs collected in this state. European settlement of South Dakota 
officially began in 1851, and was later augmented by the installation of the first 
railroad tracks in 1877 (Hufstetler and Bedeau 1998). In 1870, only 11,776 
people resided in southern Dakota Territory (Hufstetler and Bedeau 1998), the 
majority of which lived in what is now eastern South Dakota. The railroad line 
was completed as far as Sioux City, Iowa in 1868, which could help account for 
the earliest eggs (blue-winged teal, mallard, redhead (Aythya americana), and 
northern shoveler) which were collected nearby in Clay and Lincoln Counties 
in 1877. 

The earliest information about duck eggs acquired in South Dakota was likely 
not gathered by university-trained scientists, but instead by farmers, ranchers, 
hunters, doctors, and clergymen. These citizens had a genuine interest in the 
environment, and spent many hours trudging through prairies and wetlands or 
climbing trees to acquire eggs and bird specimens. Egg hunting was a very popu-
lar hobby for the nation’s young men during the late 1800s through the early 
1900s. Eggs, nests and birds that were collected either were kept in home display 
cabinets or were sold commercially. A large percentage of bird and egg collections 
occurred before binoculars were commonly available, so to get a good look at a 
bird and identify it, meant you had to shoot it first. Birds were often collected 



40 Proceedings of the South Dakota Academy of Science, Vol. 91 (2012)

with a “naturalist shotgun” as they flew from the nest (Henderson 2007). As a 
hobby, egg collecting could be an arduous affair. The collector’s mode of travel 
was often limited to walking, riding horseback or the use of a horse drawn buggy. 
If they were lucky and could afford the luxury, collectors could take a train or riv-
erboat on long journeys, and then hire a horse drawn buggy for the remainder of 
the expedition (Raine 1892). Some collectors hired native peoples to collect eggs 
for them (Raine 1892). Collection activity dropped off in the 1930s, presumably 
due to the economic depression and the Dust Bowl droughts. 

Few eggs have been collected since the implementation of the Migratory Bird 
Treaty Act, enacted in 1918 with the goal of protecting migratory birds such as 
ducks and geese from the extreme overharvests which were occurring throughout 
North America. Collectors are now required to go through a permitting process 
with state and federal wildlife agencies before they can collect eggs. Technological 
advances such as automobiles, digital cameras, global positioning systems (GPS), 
binoculars, spotting scopes, and detailed guide books not only enable more 
people to enjoy birding, but they also enable identification of the bird without 
having to collect the birds or their eggs. Currently, few bird or egg specimens are 
purposely taken for collections. Most are acquired through accidental deaths due 
to collisions with vehicles or windows, natural deaths due to disease, or preda-
tion by domestic pets. Researchers from The Western Foundation of Vertebrate 
Zoology are still collecting eggs, but at a much reduced number than in the past. 
Many museums are struggling to maintain funding for preserving and hous-
ing the eggs that they already have (Suarez and Tsutsui 2004). Additional egg 
collections would require more storage space, labor and increased funding. On 
the other hand, the lack of further collecting of eggs will result in data gaps for 
future research. We believe that eggs should continue to be collected to provide 
future generations with a continuous data and reference source. Federal and State 
guidelines and permits are in place to limit the excessive or illegal overharvest of 
birds and eggs, not to totally limit the scientific collection and storage of future 
specimens. None of our research on climate change effects on duck egg size met-
rics or the earlier efforts on the effects of DDT on egg shell thinning could have 
been possible without eggs because the samples and metrics needed for these 
projects could not have been obtained from photo images alone. Considerable 
effort is still being focused on waterfowl nesting studies in South Dakota as well 
as in other states and Canadian Provinces. With the advent of new technology, 
a well-planned coordinated effort by various public and private agencies and 
educational institutions could assure and sustain a continuous waterfowl egg 
database that would be available for many types of future research efforts.

We hope our duck egg research stimulates thought about other possible uses 
of egg collections and of other kinds of specimen collections in museums around 
the world. By making use of these collections, we pay tribute to those early 
naturalists for their hard work, perseverance and love of nature. The early collec-
tion efforts of various oologists plus the foresight of others to preserve the eggs 
in some of North America’s private and public museums enabled us to conduct 
a type of time travel research on duck eggs that were collected and preserved as 
early as 1859.
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Table 1. Waterfowl specimens (Family Anatidae) from South Dakota can be located in museums 
across the United States. The storage locations and information below are from the Ornithologi-
cal Networked Information System (ORNIS 2011) and may not include all possible storage loca-
tions. Some records do not specify the number of eggs in the clutch, and are then signified in the 
table by the term: Eggs/clutch. If the exact number of specimens could be acquired from ORNIS, 
that number is listed behind the specimen type in parentheses. 

NAME OF MUSEUM LOCATION OF MUSEUM
SPECIMEN TYPE
(NUMBER)

Smithsonian National Museum 
of Natural History Washington, D.C. Eggs (91), Skins (52), 

Skeletons (11) 

Michigan State University East Lansing, Michigan Eggs (9), Skeletons(2)

Bell Museum University of Minnesota Eggs (11), Skins and /or 
Skeletons

Field Museum Chicago, Illinois Eggs (64), Skins and/or
Skeletons

Western Foundation of
Vertebrate Zoology Camarillo, California Eggs (110), Skins and/or 

Skeletons

American Museum of 
Natural History New York, New York Eggs (86), Skins (2)

UCLA Dickey Collection University of California
Los Angeles, California Skin (1)

Humboldt State University Arcata, California Skins (7)

Burke Museum of Natural
History and Culture

University of Washington
Seattle, Washington Skeletons (3)

Sam Noble Oklahoma
Museum of Natural History

University of Oklahoma
Norman, Oklahoma Egg/clutch (1), Skin (1)

Santa Barbara Museum of
Natural History Santa Barbara, California Skins (2)

Museum of Comparative
Zoology at Harvard University

Harvard University
Cambridge, Massachusetts Egg/clutch (1), Skins (34)

University of Kansas
Natural History Museum

University of Kansas
Lawrence, Kansas Skins (23), Skeletons (4)

University of Michigan
Museum of Zoology

University of Michigan
Ann Arbor, Michigan Skins (45), Skeletons (2)

Delaware Museum of
Natural History Wilmington, Delaware Skins (7)

Florida Museum of 
Natural History Gainesville, Florida Egg/clutch (3)
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Table 2. Duck species and locations of eggs collected from 1877-1922 in South Dakota. Museums 
are identified by the following acronyms: Western Foundation of Vertebrate Zoology (WFVZ), 
American Museum of Natural History (AMNH), Field Museum of Natural History (Field), Bell 
Museum of Natural History (Bell), Smithsonian National Museum of Natural History (NMNH) 
and Michigan State University (MSU).

COMMON NAME COUNTY 
MUSEUM (NUMBER OF EGGS): YEAR 
COLLECTED

Blue-winged Teal

Charles Mix
Clay

Douglas
Miner

Moody
Sanborn

WFVZ (5):1910
AMNH (14):1877; Field (1):1879;
WFVZ (12):1884 Field (12):Unknown date
Field (2):1893
Bell (6):1891; AMNH (11):1891;
NMNH (12):1892; WFVZ(11):1913
AMNH (2):1882
WFVZ(12):1922

Mallard
Clay
Douglas
Miner

AMNH (12):1877
Field (2):1893
Field (1):1893

Green-winged Teal Clay
Kingsbury

AMNH (9):1880
WFVZ (4): 1922

Northern Pintail Bon Homme 
Miner

NMNH (7):1893
NMNH (9): 1891

Gadwall
Clay
Kingsbury
Miner

AMNH (7):1888
NMNH (11):1894
WFVZ (9):1922

Northern Shoveler

Charles Mix
Lincoln
Miner

Minnehaha

WFVZ (6):1911
WFVZ (6):1877; AMNH (8):1877
NMNH (10):1891: NMNH (9):1892;
MSU (9):1893; AMNH (9):1893
Field (11):1896

American Wigeon Kingsbury
Miner

WFVZ (5):1922
NMNH (9): unknown date

Canvasback
Douglas
Hamlin
Miner

WFVZ (2):1893
NMNH (5):1901
WFVZ (8):1888; Bell (5):1890

Ruddy Duck

Kingsbury
Moody
Union
Miner

Field (12):1922
AMNH (13):1882
Field (3):1891
NMNH (10):1892

Redhead

Beadle
Brown
Kingsbury
Lincoln
Sanborn

WFVZ (7):1885
WFVZ (12):1914
WFVZ (11):1922; Field (16):1922
AMNH (9):1877
Field (4):1892
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Table 3. Measurements of eggs from museum collections and field surveys in South Dakota. 
Published egg sizes (Bellrose 1980; Baicich and Harrison 1997) for comparison are in the last 
two columns.

COMMON 
NAME

NUMBER
OF

EGGS

VOLUME 
(cm3) Mean
(Min.-Max.)

LENGTH 
(mm) Mean
(Min.-Max.)

WIDTH 
(mm) Mean
(Min.-Max.)

BAICICH 
AND

HARRISON 
Length x 

Width (mm)

BELLROSE 
Length x 

Width (mm)

Wood duck 121 36.34
(33.50-53.71)

51.15
(47.5-57.9)

38.80
(36.8-43.8) 52 x 40 51.1 x 38.8

Blue-winged Teal 1536 26.22
(19.63-46.5)

46.27
(36.1-56.4)

33.31
(30.4-44.0) 47 x 33 47.1 x 33.9

Mallard 1076 46.87
(29.76-66.91)

55.87
(46.8-65.5)

40.51
(32.5-45.1) 58 x 41 57.8 x 41.6

Northern Pintail 186 38.83
(26.67-45.22)

53.37
(35.1-58.3)

37.74
(34.6-40.9) 54 x 37 53.6 x 38.2

Gadwall 602 41.11
(30.21-51.16)

53.26
(47.9-59.0)

38.88
(34.4-42.3) 54 x 39 55.3 x 39.7

Northern Shoveler 380 37.04
(28.69-67.43)

52.44
(47-60.28)

37.15
(34-47.1) 52 x 37 52.2 x 37

American Wigeon 20 44.78
(37.23-59.55)

55.14
(51.22-62.4)

39.74
(37.75-43.5) 54 x 38 53.9 x 38.3

Redhead 113 58.4
(47.95-68.78)

60.27
(55.85-69.9)

43.55
(40.4-45.39) 61 x 43 60.2 x 43.4

Lesser Scaup 152 45.41
(39.74-53.47)

57.11
(51.3-61)

39.46
(37.3-42.5) 58 x 40 57.1 x 39.7

Canvasback 20 56.67
(50.44-67.35)

59.68
(54.78-62.9)

43.12
(41.39-45.82) 63 x 45 63.7 x 44.6

Ruddy Duck 38 67.26
(54.52-77.65)

62.5
(59.21-66.19)

45.91
(42.49-48.28) 64 x 42 62.3 x 45.6

Green-winged Teal 13 26.65
(23.55-29.84)

46.33
(42.93-49.19)

33.56
(32.39-35.1) 46 x 32 45.8 x 34.2
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Table 4. Results from linear regressions of duck egg volume against PDSI values and year of egg 
collection or measurement. A dash (-) indicates a species with non-significant relationship be-
tween egg volume and the independent variable (PDSI Index or Year). 

EGG VOLUME~PDSI INDEX EGG VOLUME~YEAR

Estimate P-value R2 Estimate P-value R2

Northern Pintail -0.37 0.003 0.05 -0.02 0.024 0.027

Northern Shoveler -0.34 3.08e-05 0.05 -0.01 0.027 0.013

American Wigeon -3.25 0.0001 0.82 0.01 0.001 0.463

Green-winged Teal 1.55 0.016 0.43 0.07 0.016 0.43

Gadwall - - - -0.01 0.064 0.006

Canvasback - - - 0.39 0.029 0.238

Ruddy Duck - - - 0.12 0.005 0.198

Mallard - - - -0.04 0.0001 0.014

Blue-winged Teal 2.96e-04 0.0004 0.01 -0.01 0.038 0.003
 

Table 5. Average egg volumes for each duck species according to PDSI category. A dash (-) indi-
cates the lack of egg metrics data for that PDSI category. 

AVERAGE EGG VOLUME (cm3) IN EACH PDSI CATEGORY

< -2.75 -2.00 to 
-2.74

-1.25 to 
-1.99

-1.24 to 
0.99

1.0 to 
2.49

2.5 to 
3.49

>3.5

Northern Pintail -- -- -- 40.62 -- -- 38.83

Northern Shoveler -- 55.44 38.00 52.72 52.49 -- 52.28

American Wigeon -- -- -- -- 56.34 -- 43.66

Green-winged Teal -- -- -- 25.73 28.73 -- --

Gadwall 39.13 -- -- -- 44.84 -- 41.04

Canvasback -- -- 56.92 54.47 56.91 -- --

Ruddy Duck -- -- -- 66.17 70.16 65.68 --

Mallard -- -- 50.73 59.75 50.00 46.83

Blue-winged Teal -- -- -- 45.47 47.13 47.36 46.25

Redhead -- -- -- 57.73 59.22 59.35 57.90

Lesser scaup -- -- -- -- -- -- 45.41

Wood duck -- -- -- --- -- -- 36.34


