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ABSTRACT 

The continental scaup population (lesser [Aythya affinis] and greater scaup 

[A. marila] combined) has declined markedly during the past 20 years, and has 

remained below the population goal of the North American Waterfowl Management 

Plan since 1985.  One hypothesis explaining the scaup population decline states 

that reproductive success has decreased because females presently are arriving 

on breeding areas in poorer condition than that historically (Spring Condition 

Hypothesis [SCH]).  I tested the SCH by comparing fresh body masses (FBMs) 

and nutrient reserves (lipid, protein, and mineral) of lesser scaup at 4 locations 

(Louisiana, Illinois, Minnesota, and Manitoba) in the Mississippi Flyway between 

decades of the 1980s and 2000s.  I found that mean FBMs of females were 58.5 g 

and 58.9 g lower in the 2000s than were those in the 1980s in northwestern 

Minnesota and near Erickson, Manitoba, respectively; mean FBMs of males 

similarly were 40.7 g lower in Minnesota.  Mean lipid reserves of females in the 

2000s were 28.8 g lower than those in the 1980s in northwestern Minnesota and 

27.8 g lower near Erickson, Manitoba.  Mean mineral reserves of females in the 

2000s were 3.2 g lower than those in the 1980s near Erickson, Manitoba.   

Consequently, females arriving to breed near Erickson, Manitoba in the 2000s had 

accumulated lipid reserves for 4.1 fewer eggs and mineral reserves for 1 fewer egg 

than had those arriving to breed in the 1980s.  Accordingly, my results clearly are 

consistent with predictions of the SCH and indicate that there has been a long- 
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term decline in female body condition, reflected by declines in FBMs, lipids and 

mineral reserves, which could significantly reduce reproductive success.
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INTRODUCTION 

The continental scaup population (lesser [Aythya affinis] and greater scaup 

[A. marila] combined) has declined markedly during the past 20 years (Austin et al. 

1998, Afton and Anderson 2001).  Annual population estimates of scaup have 

been below the population goal of the North American Waterfowl Management 

Plan since 1985 and recently approached an all-time low (Dubovsky et al. 2001).  

The scaup decline is a particular concern in the Mississippi Flyway because, on 

average, 40% of the continental scaup population winters there and 62% of the 

U.S. harvest of lesser scaup occurs in this flyway (Afton and Anderson 2001).  

Recruitment of lesser scaup in the Mississippi Flyway apparently has declined over 

the past 20 years, and female survival rates have declined relative to that of males 

(Afton and Anderson 2001). 

Nutrient reserves acquired during winter and/or spring migration are 

important determinants of reproductive success in geese and some ducks (Ryder 

1970, Ankney and MacInnes 1978, Afton et al. 1989, Afton and Ankney 1991, 

Alisauskas and Ankney 1992, Krapu and Reinecke 1992).  Lesser scaup use 

endogenous and exogenous nutrients for clutch formation and incubation (Afton 

and Ankney 1991, Afton and Paulus 1992, Esler et al. 2001).  In Manitoba, lipid 

reserves of female lesser scaup decline an average of 0.50 g for every gram of 

lipid deposited in eggs, and mineral reserves decrease 0.13 g for every gram of 

eggshell produced (Afton and Ankney 1991).  In a recent combined analysis of 

breeding lesser scaup in Manitoba and Alaska, Esler et al. (2001) reported that 
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lipid and mineral reserves decline, on average, 0.68 g and 0.05 g, respectively, for 

every gram of that nutrient allocated to eggs.  Protein reserves do not decrease 

during egg formation for lesser scaup nesting in Manitoba, presumably because of 

abundant, protein-rich invertebrate foods (Afton and Ankney 1991).  However, for 

those nesting in Alaska, protein reserves declined 0.07 g for every gram of protein 

in eggs (Esler et al. 2001).  Thus, lipids clearly are the most important nutrient 

reserves for female lesser scaup arriving on breeding areas. 

Declines in body mass may result in decreased survival and/or reproductive 

success, especially in females (Afton and Ankney 1991, Pace and Afton 1999).  

Austin et al. (1999, 2000) and Afton and Anderson (2001) outlined several 

hypotheses explaining the scaup decline, 1 of which is the Spring Condition 

Hypothesis (SCH).  The SCH states that reproductive success of lesser scaup has 

declined because females are arriving on breeding areas in poorer body condition 

than in the past, due to reduced food resources preventing females from acquiring 

sufficient nutrient reserves on wintering, spring migration, and/or breeding areas 

(Afton and Anderson 2001).  If female lesser scaup are arriving on breeding areas 

in poor body condition, they might have to spend more time on breeding areas 

prior to laying eggs (cf. Afton and Anderson 2001) because of their reliance on 

nutrient reserves for egg production and incubation (Afton and Ankney 1991, Afton 

and Paulus 1992, Esler et al. 2001).  Because nest success and/or duckling 

survival generally are negatively correlated with nest initiation date among 

waterfowl (Rohwer 1992, Flint and Grand 1996, Grand and Flint 1996, Dzus and 
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Clark 1998, Guyn and Clark 1999) and clutch size of lesser scaup declines 

seasonally (Afton 1984, Esler et al. 2001, Brook 2002), females arriving on 

breeding areas in poor condition probably nest later (Reynolds 1972, Esler et al. 

2001) and concomitantly produce fewer young.  Given that 1- and 2-year-old-

female lesser scaup often do not breed when conditions are unfavorable (Afton 

1984), it is likely that females in poor condition have a lower breeding propensity 

than do those in good condition.   

 I tested the SCH by comparing fresh body masses (FBMs) and nutrient 

reserves of lesser scaup in the Mississippi Flyway between decades of the 1980s 

and 2000s.  I analyzed FBMs to allow comparisons with other studies for which 

carcass composition data were not available.  Finally, based on my findings, I 

discussed several hypotheses that may explain the observed decline in body 

condition of females on northern spring-stopover areas and upon arrival at 

breeding areas. 
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METHODS 

Study Areas 

I used band-recovery data and sightings of color-marked lesser scaup to 

select collection locations within the Mississippi Flyway (Afton and Hier 1987; 

Havera 1999; A. D. Afton, U.S. Geological Survey, unpublished data).  I collected 

lesser scaup (hereafter scaup) during two decades (the 1980s and 2000s) at 4 

locations in the Mississippi Flyway (Table 1):  (1) southern Louisiana (hereafter 

Louisiana), (2) Pool 19 of the Mississippi River between Hamilton and Niota, 

Illinois (hereafter Keokuk Pool), (3) northwest Minnesota (hereafter Minnesota; 

including collection sites at Thief Lake Wildlife Management Area [WMA], Agassiz 

National Wildlife Refuge, and Roseau River WMA), and (4) on a Prairie-Parkland 

breeding area west of Erickson, Manitoba (hereafter Manitoba; between Sandy 

Lake and Elphinstone, Manitoba and the area 35 km south of these towns).  

Detailed descriptions of these locations are provided in Rogers (1959, 1964), 

Thompson (1973), Parker et al. (1980), and Afton et al. (1989).   

Historical FBMs and nutrient reserve data from Louisiana (Afton et al. 1989) 

were collected at Rockefeller State Wildlife Refuge; however, few scaup used this 

area in 2000.  Thus, I conducted the 2000 Louisiana collections near Lake Pelto, 

south of Cocodrie, Louisiana, where large numbers of scaup were using saline 

coastal fringe marsh composed mostly of smooth cord grass (Spartina alterniflora).  

In 2001, I did not repeat collections at either Louisiana site because preliminary 

analyses indicated that nutrient-reserve levels of scaup on wintering areas had  
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Table 1.  Locations, dates, and numbers of lesser scaup collected during winter 
and spring migration by decade in the Mississippi Flyway.  

Decade Location Year Dates Males Females 

1980’s Southern Louisiana a 1986 14 - 24 Jan. 42 33 

 Keokuk Pool 1986 16 - 30 Mar. 22 22 

 Northwestern Minnesota 1986 17 Apr. - 1 May 31 26 

  1987 17 - 30 Apr.  9 9 

  1988 14 - 24 Apr. 27 34 

 Erickson, Manitoba b 1977 13 May - 1 Jun. 3 4 

  1978 13 - 25 May 3 3 

  1979 7 May 0 1 

  1980 7 May - 23 Jun. 9 7 

2000’s Southern Louisiana 2000 12 Feb. - 4 Mar. 34 45 

 Keokuk Pool 2000 13 - 15 Mar. 40 40 

  2001 14 - 17 Mar. 30 29 

 Northwestern Minnesota 2000 10-25 April 40 40 

  2001 27 Apr. - 3 May 30 30 

 Erickson, Manitoba 2000 30 Apr. - 15 May 40 39 

  2001 6 - 15 May 30 34 

Total    390 396 
a Data from Afton et al. 1989. 
b Data from Afton and Ankney 1991 (Pre-RFG samples only).  
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little influence on those of scaup on northern spring-stopover areas or upon arrival 

at breeding areas. 

 

Collection of Specimens 

I collected scaup with a shotgun (Louisiana State University, Institutional 

Animal Care and Use Committee Protocol #:  00-011 [for collections in 2000 and 

2001]) by sneaking, pass shooting, or spotlighting at night to avoid potential 

condition biases associated with using decoys or baiting (Pace and Afton 1999).  I 

determined pair status of individuals prior to collection using criteria outlined in 

Afton (1985).  In Louisiana, I collected scaup just prior to spring migration.  I timed 

collections to coincide with peak numbers of scaup using spring-stopover areas at 

Keokuk Pool and in Minnesota.  I timed collections in Manitoba to begin when 

resident scaup first arrived and immediately began using small ponds (see below) 

and concluded before the start of Rapid Follicle Growth (RFG) in females.   

I collected scaup from actively foraging or roosting flocks consisting of 5 or 

more scaup, except as described below.  I limited collections in Minnesota and 

Manitoba to paired individuals, except for 26 unpaired males that were collected in 

Minnesota in 1986 and 1987.  I included these 26 males in my analyses because 

FBMs and lipid, protein and mineral reserves did not differ between paired and 

unpaired males in 1986 (analyses of variance/covariance, P = 0.104, P = 0.373, P 

= 0.479, and P = 0.351, respectively; in 1987 too few specimens were collected to 

test for pairing effect [Table 1]).  I further limited collections in Manitoba to isolated 
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pairs on smaller ponds which, based on observations of marked individuals, 

insured a sample of resident breeders (A. D. Afton, U.S. Geological Survey, 

unpublished data; R. G. Clark, Canadian Wildlife Service, personal 

communication).  

 

Specimen Dissections and Body Composition Analyses  

I recorded FBMs of scaup immediately upon collection (± 1 g), and 

generally preserved esophageal and proventricular contents by injecting a 10% 

buffered formaldehyde solution down the esophagus with a syringe.  However, if 

the bird was observed feeding (in 1988 or earlier), esophageal and proventricular 

contents were removed, weighed, and preserved (Afton and Hier 1991, Afton et al. 

1991).  Specimens then were labeled, placed in double plastic bags, frozen, and 

transported to the laboratory for dissections. 

In the laboratory, I thawed specimens and took the following morphometric 

measurements:  (1) total length (± 1 mm), from tip of longest rectrix to tip of bill 

with bird stretched on its back (Afton and Ankney 1991), (2) wing length (± 1 mm; 

Carney 1992), and (3) rectrix length (± 1 mm), from body to tip of longest rectrix.  I 

did not assess age of scaup because accuracy of aging techniques, such as 

presence or absence of bursa (Hochbaum 1942), eye color (Trauger 1974), 

notched rectrices (Kortright 1967), and wing plumage characteristics (Carney 

1992) have not been verified during late-winter or spring.   
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I conducted dissections exactly as described in Afton et al. (1989) and Afton 

and Ankney (1991).  Specimens collected in the 1980s were prepared for body 

composition analysis as described in Afton et al. (1989) and Afton and Ankney 

(1991).  The 2000 and 2001 specimens were ground in a bowl chopper and 

grinder (Hobart, model 84145, Troy, Ohio).  Samples were chopped in the bowl 

chopper for approximately 8 minutes then passed twice through the grinder 

attachment using 10- and 5-mm plates, respectively.  Samples were thoroughly 

mixed, and a sub-sample of approximately 150 g was weighed and dried to a 

constant mass at 80o C and reweighed.  The dry sub-sample then was reground in 

a coffee mill (Moulinex, Luxe 140 W, Concord, Ontario, Canada) until the sub-

sample could pass through a 2-mm sieve.  All body composition analyses were 

contracted out to the University of Western Ontario and were conducted as 

described in Afton and Ankney (1991).   

I calculated nutrient-reserve levels using the following equations.  To 

represent the sample upon which body composition analyses were conducted, I 

calculated carcass dry mass (CDM) by, 

CDM 1980s  = (DM / WM) IFFBM – AFM 

CDM 2000s = (SDM / SWM) IFFBM – AFM 

where DM is dry mass (sum of all dried components of the carcass), WM is wet 

mass (sum of all wet components of the carcass), SDM is sub-sample dry mass, 

SWM is sub-sample wet mass, IFFBM is ingesta free fresh body mass, and AFM is 

abdominal fat mass removed, weighed, and discarded during dissections.  I used a 
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sampling method of calculating CDM rather than summing dried components of 

the carcass for comparability between historical (1980s) and current data sets 

(2000s) and to account for small amounts of carcass lost in the dissection and 

grinding processes.  My estimates of lipid, protein, and mineral reserves were 

calculated by, 

PLipid = (SDML – SLDML) / SDML 

Lipid = PLipid (CDM) + AFM 

CLDM = CDM – PLipid (CDM)  

 Protein = [(SLDMc – ASH) / SLDMc] CLDM 

 Mineral = CLDM – Protein 

where Plipid is the proportion of lipids, SDML is sample dry mass before lipid 

extraction, SLDML is sample lean dry mass after lipid extraction, CLDM is carcass 

lean dry mass, SLDMc is the sample lean dry mass remaining after transferred into 

the crucible for ashing in a muffle furnace, and ASH is the remains after ashing.  

  

Statistical Analyses 

I conducted separate, but identical analyses for each sex because 

predictions of the SCH concern only females; thus, sex-specific estimates of least-

squares means for FBMs and nutrient reserves were required.  For each sex, I 

conducted a principal components analysis of the correlation matrix for all 

morphometric measurements (PROC PRINCOMP; SAS Institute 1993).  I then 
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used the first principal component scores (PC1) to index body size (Ankney and 

Afton 1988, Afton and Ankney 1991, Alisauskas and Ankney 1994).   

I created a variable named collection day (CD) to adjust for varying lengths 

of collection periods (Table 1) because observed FBMs and nutrient reserves 

could change with time at a given location within years.  I calculated CD for 

Louisiana, Keokuk Pool, and Minnesota data sets by subtracting the Julian date of 

the first day of collections per location and year from the Julian date when the 

individual was collected and then added 1.  For Manitoba data, I subtracted the 

Julian date of the first day that isolated pairs were observed on small wetlands 

from the Julian date when the individual was collected and then added 1.   

To test the SCH, I compared FBMs and nutrient reserves between 2 

decades (historic [1980s] vs. current [2000s]; Table 1).   For simplicity, samples 

collected in 1977-1980 (Afton and Ankney 1991) were included in the 1980s 

decade.  For each sex and for 4 response variables (FBMs, lipid, mineral, and 

protein), I conducted an analysis of covariance (ANCOVA; PROC Mixed; SAS 

Institute 1993), with decade and location as class variables and PC1 and CD as 

covariates.  To control for annual variation, while testing for a difference between 

decades, I specified collection year within decade as a random error term for all 

ANCOVAs (PROC Mixed; SAS Institute 1993).  I used backwards elimination (P-

values < 0.05) with all possible interactions, excluding any interaction with PC1, to 

select the final models (Zar 1996a).  I did not allow PC1 to interact with any other 

variable because these interactions were not considered to be biologically 
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significant.  I conducted a priori statistical tests between decades; however, 

because the decade-by-location interaction was significant in all models except the 

female protein model (Tables 2 and 3), I conducted a separate test for each 

location in all models except the female protein model.  I specified these a priori 

tests in the least-squares means statement of the decade-by-location interaction 

by the pdiff option (PROC Mixed; SAS Institute 1993).  I set the critical value for all 

a priori tests as P < 0.05 except for the Manitoba data set, where P < 0.10 was 

used because of small sample sizes in the 1980s (Table 1; Zar 1996b, Anonymous 

1995). 
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RESULTS 

My final models for FBMs and nutrient reserves of females and males are 

summarized in Tables 2 and 3, respectively.  I detected significant decade-by-

location (P < 0.0001) and CD-by-location (P < 0.05) interactions for FBMs and lipid 

reserves of females and males (Tables 2 and 3).  I also detected a significant (P < 

0.0001) decade-by-location interaction in mineral reserves of females (Table 2).  

The decade-by-location interaction was not significant for protein reserves of 

females, nor did protein reserves of females differ by decade (Table 2).  However, 

for males, the decade-by-location interaction was significant in the protein reserves 

model, but protein did not differ between decades except in Manitoba (see below). 

 

Louisiana  

Mean FBMs and lipid and mineral reserves of females were 80.0 g, 52.5 g, 

and 3.0 g greater, respectively, and those of males were 108.8 g, 72.5 g, and 2.4 g 

greater, respectively, in the 2000s than in the 1980s (Fig. 1). 

    

Keokuk Pool 

 Mean FBMs and lipid reserves of females were 88.6 g and 56.5 g greater, 

respectively, and those of males were 80.6 g and 76.0 g greater, respectively, in 

the 2000s than in the 1980s (Fig. 1).  Mean mineral reserves of males were 2.7 g 

greater in the 2000s than those in the 1980s, whereas mean mineral reserves did 

not differ between decades for females (Fig. 1).   
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Minnesota 

Mean FBMs were 58.5 g and 40.7 g lower in the 2000s than those in the 

1980s for females and males, respectively (Fig. 1).  Mean lipid reserves of females 

also were 28.8 g lower in the 2000s than in the 1980s (Fig. 1).  Mean mineral 

reserves did not differ between decades for either sex (Fig. 1).   

 

Manitoba 

Mean FBMs of females were 58.9 g lower in the 2000s than those in the 

1980s (Fig. 1).  Mean lipid reserves of females also were 27.8 g lower in the 2000s 

than in the 1980s (Fig. 1).    Mineral reserves of females were, on average, 3.2 g 

lower in the 2000s than in the 1980s (Fig. 1).  Mean protein reserves of males 

were 14.3 g lower in the 2000s than those in the 1980s (P = 0.016; Table 3). 
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Fig. 1.  Least-square means (g ± SE) of fresh body mass and lipid and mineral 
reserves for female and male lesser scaup collected at four locations (southern 
Louisiana [LA], Keokuk Pool, Illinois [KP], northwestern Minnesota [MN], and near 
Erickson, Manitoba [MB]) in the Mississippi Flyway during spring migration in 
decades of the 1980s (closed circles) and 2000s (open circles).   Significant 
differences between decades at a given locations are indicated as **** = P < 
0.0001, *** = P < 0.001, ** = P < 0.01, * = P < 0.05, ~ = P < 0.1 (MB only; see 
Methods), and ns = P > 0.05 (except MB, where ns = P > 0.1).
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DISCUSSION 

Louisiana 

 My results suggest that FBMs and lipids and mineral reserves were greater 

in the 2000s than those in the 1980s for both sexes; however, these results must 

be viewed with caution.  The 1980s and 2000s collections in Louisiana were not 

made in the same sites or exact times of year, and such differences could affect 

FBMs and nutrient reserves of scaup.  I detected a significant CD-by-location 

interaction in final models of FBMs and lipid reserves for both sexes (Tables 2 and 

3), but interestingly CD was not related to FBMs or lipid-reserve levels in 

Louisiana.  My findings, that CD was not a significant variable for Louisiana 

collections, suggest that FBMs and nutrient reserves of scaup do not change 

greatly during winter.  Thus, my comparisons of FBMs and nutrient reserves by 

decade are confounded by potential differences in collection sites, but probably are 

not biased by differences in collection dates between decades.   

 

Keokuk Pool 

Keokuk Pool is one of the most important migration stopover areas for 

scaup in the lower-Midwest (Thompson 1973, Korschgen 1989, Havera 1999).  

However, in recent years scaup use at this location apparently has declined 

(Austin et al. 1998, Havera 1999).  I suspect that this decline in use is an artifact of 

the continental population decline because, based on present condition of these 

birds, forage conditions at this location appear to be good. 
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The significant CD-by-location interactions in my final models, concerning 

FBMs and lipid reserves, fit the data very poorly at Keokuk Pool for both sexes.  

This poor fit inflated the standard errors around means of FBMs and lipid reserves 

at Keokuk Pool (Fig. 1) and thus decreased the precision of my tests.  I believe this 

occurred because collection periods were too short in duration in the 2000s (Table 

1) for CD to affect FBMs or lipid reserves at this location.  However, this poor fit for 

the Keokuk Pool data makes my tests between decades very conservative at this 

location.   

Despite decreased precision of these tests, I documented marked increases 

in FBMs and lipid reserves in the 2000s over the 1980s for both sexes.  I suspect 

that these current increases in FBMs and lipid reserves are due to increases in 

availability and/or quality of forage at Keokuk Pool and perhaps at preceding 

stopover areas to the south.  In Keokuk Pool, abundance of fingernail clams 

(Musculium transversum), a preferred scaup food (Thompson 1973, Afton et al. 

1991), generally is positively correlated with the previous mean spring hydraulic 

discharge (Wilson et al. 1995).  Accordingly, fingernail clam abundance probably 

was high in 2000 and 2001, given that mean spring hydraulic discharge has been 

relatively high since 1991 (LaTour et al. 2001).   Additionally, zebra mussels 

(Dreissena polymorpha), another preferred scaup food (Wormington and Leach 

1992, Mitchell and Carlson 1993, Hamilton et al. 1994, Custer and Custer 1996, 

Mazak et al. 1997), were first discovered in the upper Mississippi River in 1991 
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(Cope et al. 1997) and their abundance has increased markedly since 1995 (Sauer 

2001).   

Minnesota 

I selected collection sites in Minnesota because of their historical 

importance as northern stopover areas for migrating scaup in spring and fall 

(Korschgen 1989, Afton et al. 1991, Austin et al. 1998, Pace and Afton 1999).  

Scaup color marked on my collection sites in fall returned the following spring, and 

were later seen in southwestern Manitoba (A. D. Afton, U.S. Geological Survey, 

unpublished data).  Minnesota is not an important breeding area for scaup (Austin 

et al. 1998); however, wetlands in Minnesota are important spring-stopover areas 

for scaup based on aerial surveys of waterfowl breeding populations conducted 

annually during mid-May in Minnesota.  Historically in delayed springs (e.g. 1979; 

Afton 1984), mid-May counts indicate that migrating scaup far outnumber other 

locally breeding waterfowl species in Minnesota (Maxson and Pace 1989).     

Numbers of scaup using Thief Lake and Roseau River WMAs appeared 

lower in the 2000s than that in the 1980s (A. D. Afton, U.S. Geological Survey, 

personal observations).  The observed decline in scaup use of these spring-

stopover areas could reflect declines in the continental population or selection of 

habitats elsewhere where better forage conditions exist (Afton et al. 1991, Afton et 

al. 1991, Hanson and Butler 1994a, Lindeman and Clark 1999).   

I observed the greatest declines in FBMs and lipid reserves of females 

between decades in Minnesota.  Moreover, in the 2000s FBMs and lipid reserves 
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of females were lower in Minnesota than at other locations.  If my collection sites 

and other areas through which scaup migrated had greatly different food resource 

levels, I would expect to find large variation in the FBMs and lipid-reserve levels of 

scaup collected in Minnesota because my collections probably represented scaup 

that had arrived recently as well as those that had been on the site for several 

days.  However, I generally observed low levels and little variation in FBMs and 

lipid reserves of both sexes in Minnesota (Fig. 1), suggesting poor forage 

resources in northwestern Minnesota and at other preceding stopover areas.  

 

Manitoba 

My Manitoba collection location has received extensive study with regard to 

breeding ecology of scaup (Rogers 1959, 1964; Hammell 1973; Austin 1983; Afton 

1984, 1985; Koons 2001).  However, historical data concerning FBMs or nutrient-

reserve levels upon arrival in spring are limited to 1 data set with small sample 

sizes (Table 1; Afton and Ankney 1991).  Accordingly, I selected an alpha level of 

0.10 to decrease the probability of a type II error because of low statistical power 

at this location (Zar 1996b, Anonymous 1995).   

Koons (2001) reported that the local scaup population breeding near 

Erickson, Manitoba has declined for the period 1981-2000.  Similarly, his estimated 

local population growth, using recent vital rates, also indicates a declining local 

population (Koons 2001).  Because female scaup are highly philopatric to breeding 

areas (Anderson et al. 1992), the decline in this local population probably is not a 
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change in numbers of females using this area, but rather a local population decline 

driven by declines in recruitment (Afton and Anderson 2001, Koons 2001).   

 Average scaup eggs contain 6.8 g lipids and 4.1 g minerals (Afton and 

Ankney 1991).  Based on these averages, my results indicate that female scaup 

presently arriving to breed in southwestern Manitoba had accumulated lipid 

reserves for 4.1 fewer eggs and mineral reserves for 1 fewer egg than had those 

arriving in the 1980s.   These documented declines in lipid and mineral reserves of 

females probably are caused by factors operating on preceding spring migration 

stopover areas because I collected specimens soon after arrival in Manitoba.   

 

The Importance of Northern Spring-Stopover Areas 

Nutrient-reserve dynamics of waterfowl, especially diving ducks, during 

spring migration are poorly understood.  A better understanding of areas in which 

scaup and other species accumulate nutrient reserves during spring migration, 

which are used later for breeding, is an important step toward understanding their 

breeding ecology as well as to focus habitat management on crucial spring-

stopover areas.   

Heitmeyer (1988) suggested that wintering and southern stopover areas 

were important for the accumulation of lipid reserves in mallards (Anas 

platyrhynchos).  However, mallards on his collection sites likely were optimizing 

their lipid storage by consuming large quantities of acorns and crustaceans, which 

are a good source of high energy, compact storage fatty acids (Heitmeyer and 
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Fredrickson 1990).  In contrast, Alisauskas (1988) demonstrated that lesser snow 

geese (Chen caerulescens caerulescens) accumulated most of their lipid reserves 

for breeding at northern spring-stopover areas.  Similarly, Gauthier et al. (1992) 

reported that pre-breeding lipid accumulation in greater snow geese (Chen 

caerulescens atlantica) began after they departed from wintering areas.   

Scaup migrating through Klamath Basin, California in spring had FBMs near 

mid-winter levels but still below those of scaup arriving on breeding areas 

(Gammonley and Heitmeyer 1990), suggesting the importance of more northern 

stopover areas for nutrient-reserve accumulation in this species.  My results 

suggest that scaup do not accumulate significant amounts of reserves for breeding 

on wintering areas in Louisiana.  Moreover, Chappell (1982) reported that scaup 

increased FBMs and lipid reserves at a northern stopover area in Quebec between 

early and late spring.  Given high wing-loading effects due to relatively small body 

size of scaup in relation to other waterfowl and various adaptations in body shape 

and physiology for diving (Hedenstrom and Alerstam 1992, Lovvorn and Jones 

1994), female scaup probably accumulate lipid reserves for breeding late in 

migration to minimize energetic costs of migration and body maintenance.  

However, I did not find that lipid reserves in the historical data increased greatly as 

they migrate north.  Although, lipid-reserve levels in northern locations were 

greater in the 1980s than in the 2000s, I suspect in the 1980s they were not as 

great as true pre-decline values.  Accordingly, I believe that northern spring-

stopover areas, such as those in northwestern Minnesota, are crucial to migrating 
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scaup for accumulation of lipid reserves used for breeding.  Moreover, scaup on 

northern spring-stopover areas, at least historically, consumed primarily 

amphipods (Afton et al. 1991), which are good sources of fatty acids that can be 

stored more compactly than are other fatty acids (Heitmeyer and Fredrickson 

1990).   

 

The Spring Condition Hypothesis 

My results clearly are consistent with predictions of the SCH (Afton and 

Anderson 2001), given the documented declines in FBMs, lipids, and mineral 

reserves of females in Minnesota and Manitoba.  Moreover, my results suggest 

that there has been a long-term decline in female body condition on northern 

spring-stopover areas, which affects female condition upon arrival on breeding 

areas in southwestern Manitoba.   

Examination of FBMs and nutrient reserves of males between decades, 

although unimportant for the SCH, shows FBMs of males closely track those of 

females.  Accordingly, the current decline in FBMs of males at Minnesota and 

Manitoba further supports the SCH, that present forage conditions are poorer than 

were those historically.  However, unlike females, current lipid and mineral 

reserves of males did not decline from historic levels at Minnesota and Manitoba, 

suggesting that behavioral or physiological differences exist between sexes, with 

regard to lipid and mineral accumulation at these locations.  A better 

understanding of mechanisms that affect the differential accumulation of lipids 
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between sexes is important for understanding nutrient-reserve dynamics of scaup 

during spring migration, and in turn, may provide a better understanding of the 

mechanisms of the decline in body condition.  

Esler et al. (2001) reported that female scaup with non-developed ovaries 

had smaller lipid and protein reserves than did those that had initiated RFG, which 

is consistent with the hypothesis of a nutrient-reserve threshold that females must 

exceed before the initiation of RFG (Reynolds 1972).  Accordingly, I predict that 

females arriving on breeding areas with smaller lipid and mineral reserves are 

unable to quickly exceed their nutrient-reserve threshold and thus may not breed 

at all, or have to spend more time on breeding areas feeding prior to laying eggs 

(cf. Afton and Anderson 2001).  In corroboration, scaup breeding near Erickson, 

Manitoba initiated laying markedly later in 1999 and 2000 (Koons 2001) as 

compared to historical records (Afton 1984).  Similarly, mean nest initiation date of 

scaup nesting near Yellow Knife, Northwest Territories was 19 and 21 June in 

1999 and 2000, respectively, whereas peak initiation dates (back-calculated from 

brood observations) at that same location ranged from 7–13 June during 1967–

1970 (Brook 2002).  Because nest success and/or duckling survival generally are 

negatively correlated with nest initiation date among northern nesting waterfowl 

(Rohwer 1992, Flint and Grand 1996, Grand and Flint 1996, Dzus and Clark 1998, 

Guyn and Clark 1999) and clutch size of scaup declines seasonally (Afton 1984, 

Esler et al. 2001, Brook 2002), those females arriving on breeding areas in poor 

condition that do breed, probably nest later (Reynolds 1972, Esler et al. 2001) and 
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concomitantly produce fewer young.  Moreover, some females arriving in poor 

condition may not be able to accumulate adequate reserves on breeding areas to 

attempt breeding. 

As discussed earlier, FBMs and lipid reserves of migrating scaup likely are 

linked from one spring stopover area to the next.  Considering the present poor 

body condition of scaup in northwestern Minnesota and southwestern Manitoba, 

any future decline in forage conditions at Keokuk Pool, as occurred from 1985 to 

1991 (Wilson et al. 1995, Havera 1999), likely would have a catastrophic affect on 

body condition of scaup in Minnesota and in turn in Manitoba.  Moreover, the 

decline in FBMs and lipid reserves in Minnesota is of special concern given the 

present good condition of scaup at Keokuk Pool.   

My findings suggest that the most likely and parsimonious explanation for 

the observed decline in female body condition is reduced availability and/or quality 

of forage on northern spring-stopover areas beyond Keokuk Pool to northwestern 

Minnesota and perhaps extending further north into Manitoba.  Possible factors 

affecting availability and/or quality of forage in semipermanent and permanent 

wetlands in the prairies and upper-Midwest include (1) loss of semipermanent and 

permanent wetlands, (2) a landscape-scale increase in numbers or foraging 

effectiveness of fish or other macroinvertebrate predators (e.g., salamanders), (3) 

an increase in anthropogenic sedimentation, (4) an increase in agricultural 

chemicals leached into wetlands (Neely and Baker 1989, Tome et al. 1995), (5) 

changes in water chemistry induced by acid rain (Baker and Christensen 1991, 
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Cook and Jager 1991), and (6) global climate change effects (e.g., winter kill 

frequency, snowfall patterns, and water depths; Poiani and Johnson 1991, 

Sweeney et al. 1992).   

Migrating scaup rely on semipermanent and permanent wetlands during 

spring in the upper-Midwest (Korschgen 1989).  Many of these wetlands have 

been lost through draining or accelerated sedimentation (Austin et al. 1998; 

Gleason and Euliss 1998a,b).  In the prairie pothole region, anthropogenic 

influences (e.g., agriculture) accelerate wind and water facilitated erosion, and 

subsequently sedimentation into prairie wetlands (Martin and Hartman 1987; 

Dieter 1991; Gleason and Euliss 1998a,b).  Such sedimentation can fill wetlands 

completely in one catastrophic event or gradually over time (Martin and Hartman 

1987; Dieter 1991; Luo et al. 1997; Gleason and Euliss 1998a,b).  Loss of wetland 

depth often leads to monotypic stands of cattail (Typha spp.; Gleason and Euliss 

1998a,b), which provide little benefit to scaup (Murkin et al. 1997).  Loss of wetland 

depth also may convert wetlands that were historically good scaup habitat to 

wetlands that favor species that prefer shallower water.  Scaup typically forage in 

deeper open-water wetlands than do most other duck species (Murkin et al. 1997), 

which suggests that scaup would be one of the first waterfowl species noticeably 

affected by habitat degradation of this kind in the upper-Midwest. 

Scaup consume macroinvertebrates almost exclusively in spring, and 

amphipods are their single most important food during spring and summer 

throughout the upper-Midwest (Rogers and Korschgen 1966, Swanson and Nelson 
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1970, Swanson and Duebbert 1989, Afton and Hier 1991, Afton et al. 1991).  

Because amphipods and perhaps other scaup food densities affect scaup use of 

particular wetlands in spring (Afton and Hier 1991, Afton et al. 1991, Hanson and 

Butler 1994a, Lindeman and Clark 1999), I believe that a landscape-scale decline 

in amphipods and/or other scaup foods is required to cause declines in scaup body 

condition at one location during spring migration.  

Recent natural invasions or introductions of minnows (including fathead 

minnows [Pimephales promelas]) and/or other aquaculture practices (i.e., rearing 

and stocking of walleyes and other game fish) in semipermanent and permanent 

wetlands of the upper-Midwest adversely affects the abundance of amphipods 

(Austin 1983; Hanson and Butler 1994a; Zimmer et al. 2000, 2001a) and other 

important scaup foods in this region (Hanson and Riggs 1995; Bouffard and 

Hanson 1997; Zimmer et al. 2000, 2001a).  Fish directly affect the abundance and 

size of macroinvertebrate communities (including amphipods and other scaup 

foods) through predation (Held and Peterka 1974, Price et al. 1991, Bouffard and 

Hanson 1997, Duffy 1998, Wooster 1998, MacNeil et al. 1999).  Indirectly, fish also 

cause dramatic changes in aquatic communities upon which macroinvertebrates 

depend (Hanson and Butler 1994b; Bouffard and Hanson 1997; Zimmer et al. 

2001a,b).  Recently, roadside ditches, culverts, and wetland drainage canals have 

increased connectivity of semipermanent and permanent wetlands, allowing fish to 

colonize traditionally fish-free wetlands, and thus potentially altering ecological 
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characteristics of prairie wetlands at a landscape scale (Zimmer et al. 2000, 

2001a). 

In addition to filling wetlands, anthropogenic sedimentation can affect both 

primary production and invertebrate communities in wetlands (Gleason and Euliss 

1998a,b).  Suspended sediment reduces the depth of the photic zone, which 

provides less light to macrophytes on or near the bottom of the wetland (Dieter 

1991, Gleason and Euliss 1998b).  Sediments can bury macrophytic 

photosynthetic substrates (Gleason and Euliss 1998b), and reduces stem densities 

(van der Valk et al. 1983).   Excessive sediments prevent seed banks from 

germinating (Hartleb et al. 1993, Jurik et al. 1994, Wang et al. 1994) and prevent 

tubers from surviving to mature plants (Rybicki and Carter 1986).  Sediments bury 

eggs and clog the filtering apparatuses of some aquatic invertebrates, and high 

levels of silt or clay are toxic to certain invertebrate taxa (reviewed by Gleason and 

Euliss 1998b).  Sediments also cover decomposing organic matter and epibenthic 

algae (Gleason and Euliss 1998b) on which many scaup foods (e.g., amphipods, 

chironomids, and gastropods) forage (Swanson and Duebbert 1989, Brown 1991, 

Covich and Thorp 1991, Murkin and Ross 2000).  Reductions in primary 

productivity cause declines in invertebrate productivity (Krull 1970, Euliss and 

Grodhaus 1987, Neill and Cornwell 1992, Schriver et al. 1995, Gleason and Euliss 

1998b).  Moreover, loss of vegetative structure in wetlands due to decreases in 

primary production also may make macroinvertebrates more susceptible to 

predation by fishes. 
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 Other possible explanations and/or interacting factors affecting the 

observed decline in female body condition include (1) increases in human 

disturbances which may reduce foraging time or increase flight energy 

expenditures (Korschgen et al. 1985, Kahl 1991, and Knapton et al. 2000), (2) 

increased occurrences of disease, (3) increases in environmental contaminants, 

and (4) increased parasitism.  Austin et al. (1998, 1999, 2000) and Afton and 

Anderson (2001) previously outlined concerns that excessive parasites and/or high 

contaminant levels may be affecting scaup populations.  Increases in parasites, 

contaminant loads, or disease may affect the ability of females to accumulate 

nutrient reserves during spring migration.  Consequently, these possibilities 

deserve future research efforts to determine the rate at which they occur and to 

test their affect on body condition of scaup.   

In conclusion, I speculate that a landscape-scale decline in availability 

and/or quality of forage has caused the decline in body condition of scaup that 

migrate through the upper-Midwest in spring.  Moreover, scaup arriving on other 

breeding areas also may be in poor condition if they are leaving northern spring-

stopover areas in poor condition, as are those presently in Minnesota.  If females 

nesting in the Boreal Forest are arriving in poor condition, delays in nest initiation 

should have a greater effect on recruitment there than for those arriving in the 

Prairie Parklands because in the Boreal Forest less time is available between 

arrival and egg laying to acquire nutrients for breeding (Austin et al. 1998, Afton 
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and Anderson 2001).  Notably, Afton and Anderson (2001) reported that the 

steepest scaup population declines have occurred in the Boreal Forest Biome.   
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MANAGEMENT IMPLICATIONS 

Consistent with the SCH, female scaup migrating through Minnesota and 

arriving to breed in Manitoba presently exhibit lower FBMs and have fewer lipid 

reserves than did females collected in the same locations historically.  These 

results indicate that there has been a long-term decline in female body condition, 

which could significantly reduce reproductive success.  These findings also 

suggest that there has been a landscape-scale decline in availability and/or quality 

of forage on northern spring-stopover areas in the upper-Midwest. 

Despite the fact that specific factors affecting female body condition are not 

precisely known, I believe that providing important scaup foods (e.g., amphipods), 

especially at known spring-stopover areas, in the prairies and upper-Midwest 

should be a management priority.  Moreover, I encourage further research to 

clarify the factors affecting and interacting with availability and quality of scaup 

foods in the upper-Midwest.  I encourage future research to determine how 

widespread recent losses of semipermanent and permanent wetland habitats are 

through sedimentation in the prairies and upper-Midwest, and to develop 

management techniques to prevent this type of wetland degradation.  Finally, I 

encourage further research to determine (1) the condition of female scaup 

migrating though other northern spring-stopover areas (e.g. North and South 

Dakota and other parts of Minnesota) and (2) whether scaup arriving on other 

breeding areas are as in poor condition as those presently in Manitoba.   
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