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ANNUAL REPORT – FY2017 

Using Canvasbacks (Aythya valisineria) as a Bioindicator of Wetland Quality in the Upper 

Midwest  

W-192-R-1 

 

EXECUTIVE SUMMARY 
 

Objectives: 1) Develop an index to relate short-term mass changes in metabolite levels to

 free-living wild canvasbacks by 30 June 2018. 

2) Evaluate rates of change (i.e., sensitivity) in plasma-lipid indices associated

 with temporal mass changes in canvasbacks by 30 June 2018. 

3) Assess habitat quality of traditional stopover sites of canvasbacks in Illinois

 using plasma-lipid indices by 30 June 2018. 

Methods 

We captured canvasbacks on Pool 19 of the Mississippi River to conduct feeding and 

fasting trials on 60 individuals (15 males and 15 females each) during March 2017.  We 

collected two blood samples, and weighed each bird, at the beginning and end of their 24-hour 

trial period.  With a weight from the beginning and the end we calculated daily mass change 

values.  We tested all plasma samples for beta-hydroxybutyrate (BOHB) and triglyceride (TRIG) 

levels.  We used these levels with the daily mass change values to create an index of the 

relationship between metabolites and daily mass change.  We natural log transformed BOHB 

values to create a linear relationship between metabolites and daily mass change.  We also 

collected 7 canvasbacks from Pool 19 for later comparison to the index.  During spring 2018, we 

will continue experimental collections of canvasbacks (≥ 10 per location) from five traditional 

spring migration stopover sites in Illinois (Pool 19, Pool 12, Swan Lake National Wildlife 

Refuge, Emiquon Preserve, Hennepin and Hopper Lakes).  

Major Accomplishments and Findings 

We collected and analyzed 120 canvasback plasma samples.  We completed the 

development of three plasma lipid metabolite indices (Fig. 1–3).  All fasting birds lost weight 
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and 76% of the feeding trial birds gained weight.  We tested for differences among the sexes in 

the relationships between metabolites and daily mass change using ANCOVA models in 

Program R.  With no significant difference between the sexes in their metabolite, mass change 

relationships, we will use the combined model in the comparison of collected birds for objective 

3.  The final regression equations for males, females, and both sexes combined were DMC= –

130.22 + 52.62(TRIG) – 81.17(BOHBln), DMC= –144.34 + 81.48(TRIG) – 48.24(BOHBln), and 

DMC = –131.98 + 61.628(TRIG) – 69.821(BOHBln), respectively.  We also were able to 

experimentally collect 7 canvasbacks from Pool 19 in March 2017 (5 males, 2 females) and 

collect samples via cardiac puncture.  We will compare these samples to the plasma lipid 

metabolite indices to determine whether they were depositing or catabolizing lipids.  If they were 

catabolizing lipids while actively feeding, they were not acquiring sufficient nutrients.  If the 

experimentally collected birds were depositing lipids, they were acquiring sufficient nutrients.  

These measurements of deposition or catabolism can be used to determine if there is good or 

poor quality forage in a given wetland. 
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NARRATIVE 
 

Objectives: 1) Develop an index to relate short-term mass changes in metabolite levels to

 free-living wild canvasbacks by 30 June 2018. 

2) Evaluate rates of change (i.e., sensitivity) in plasma-lipid indices associated

 with temporal mass changes in canvasbacks by 30 June 2018. 

3) Assess habitat quality of traditional stopover sites of canvasbacks in Illinois

 using plasma-lipid indices by 30 June 2018. 

Introduction 

 Canvasback (Aythya valisineria) populations have been fluctuating since the 1950s (U.S. 

Fish and Wildlife Service 2017) likely due to changes in wetland quality and density.  The 

alteration and draining of wetlands has impacted wetland quality and altered their ecosystems.  

Changes in the resources (i.e., seeds, tubers, and invertebrates) in these ecosystems have had 

negative impacts on waterfowl species (Ma et al. 2010).  Many of these wetlands along 

migration routes are used as staging areas prior to moving on to the breeding grounds.  These 

stopover and staging areas are vital for females to accumulate sufficient nutrient reserves for nest 

initiation and egg laying (Anteau and Afton 2004).  Coupled with low abundance relative to 

many other North American waterfowl species, the life history strategies, morphology, and 

nesting chronology of canvasbacks may increase inter-annual susceptibility to carry over effects 

(i.e., when factors on spring staging areas influence later breeding success), particularly during 

years with poor conditions at migration stopover habitats.  Consequently, waterfowl managers 

are increasingly concerned over issues that may affect short- and long-term recruitment of the 

continental canvasback population.   Determining a way to test the quality of these stopover areas 

is very important for the targeting of conservation efforts. 

Anteau and Afton (2008, 2011) showed with lesser scaup (Aythya affinis) that stopover 

areas can be tested for quality by using plasma lipid metabolites.  Anteau and Afton (2008) 

showed that triglycerides (TRIG) positively correlate with mass change and beta-
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hydroxybutyrate (BOHB) negatively correlates with positive mass change.  Anteau and Afton 

(2008) developed an index of lesser scaup plasma using only males as that is what they could 

catch.  Anteau and Afton (2008) postulated that there may be a difference among the sexes in 

their relationships between mass change and metabolites.  Anteau and Afton’s (2008) index was 

based solely on recaptured birds and their daily mass changes, though they were unable to 

control the food intake of the lesser scaup.  By holding canvasbacks in short term captivity, we 

were able to fully control food intake by feeding or fasting birds, forcing them into lipid 

catabolism or deposition.  Once an index is developed this can then be used to compare collected 

birds and determine if they have been accumulating or catabolizing lipid reserves.  Comparing 

known daily mass changes with lipid metabolite concentrations provides a quantitative method to 

index spatial and temporal changes in lipid reserves, and thus a reliable technique for assessing 

waterfowl foraging habitat quality during migration. 

Development of an unbiased plasma-lipid metabolite index for canvasbacks may provide 

waterfowl managers with a useful tool for assessing the relative magnitude of change in wetland 

quality associated with anthropogenic disturbances across Upper Midwest, particularly 

traditional stopover sites throughout Illinois.  High quality wetlands can be determined using 

plasma lipid metabolite indices.  Lesser scaup have been used for wetland quality assessments 

across the upper Midwest.  Anteau and Afton (2011) found that birds collected on Pool 19 had 

higher levels of lipids present and were of better quality than birds collected elsewhere.  This led 

Anteau and Afton (2011) to the conclusion that wetland degradation has impacted animals at the 

top of the trophic scale (Anteau and Afton 2011).  Lesser scaup feed primarily on animal matter, 

while canvasbacks are more omnivorous, feeding primarily on tubers of submerged aquatic 

vegetation (Baldassarre 2014).  These plant communities could be more sensitive to changes in 
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water quality.  These continued changes could have significant impacts on canvasback 

populations in the future.  By estimating wetland quality through plasma lipid metabolites, we 

will be able to determine important stopover areas for canvasbacks.  

Our research will be accomplished over multiple years (2016–2018) and progress 

systematically through multiple phases (e.g., Phases 1–4).  Phase 1 will include trapping and 

banding canvasbacks and lesser scaup at Pool 19 of the Mississippi River and is currently 

supported by the Mississippi Flyway Council.  Phase 2 (e.g., Objective 1) will be conducted 

during spring 2017 and focused on the development of a lipid metabolite index using free-

ranging canvasbacks held for brief periods in captivity, following Anteau and Afton 2008b.  

Phase 3 (Objective 2) will include evaluating sensitivity of the index to temporal patterns of 

mass change.  Understanding the rate of change in blood metabolites is critical to relating 

metabolite values to habitat and foraging patches. For example, rapidly changing metabolite 

values (e.g., <12 hours) will increase the likelihood of index values representing habitats where 

birds are present and collected.  Phase 4 (Objective 3) will include an assessment of foraging 

habitat quality of traditional stopover sites for canvasbacks in Illinois using the index. 

Methods 

We captured canvasbacks using dive in traps described by Haramis et al. (1982) baited 

with corn.  We checked and emptied all traps at least once per day.  When possible, we checked 

traps at 0900 and 1800 hours.  Otherwise, we checked traps at 1400 hr; all traps remained open 

through the night and closed the following morning prior to 0700 hr.  We randomly selected 30 

individuals (15 males and 15 females) for fasting which had no palpable corn present in their 

esophagi.  For feeding trial birds we randomly selected 30 canvasbacks (15 males and 15 

females) which had less than 10% of their palpable esophagi filled with corn.  We transported 
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the selected individuals to the Alice L. Kibbe Life Science Station and placed them in holding 

pens with water ad lib.  We never placed more than 5 individual birds in a holding pen at a time.  

We weighed all birds prior to collecting a blood sample.  We collected blood from the 

medial metatarsal vein when possible.  If we were unable to obtain a sufficient sample from the 

medial metatarsal vein we switched to the cutaneous ulnar vein.  Within one hour of returning to 

the field station we collected the first blood samples using a 1 cc syringe with a 25-gauge needle.  

We transferred blood into 1.5 ml micro centrifuge tubes.  Prior to use we rinsed all tubes, 

syringes, and needles with a heparin solution.  We collected a minimum of 0.5 ml of blood at 

each blood draw.  We centrifuged all blood samples at 6000 rpm for 7 minutes within one hour 

of collection and subsequently transferred plasma to separate microcentrifuge tubes and stored 

them at –20° C.  After the first blood draw we placed fasting birds in holding pens and left them 

alone for 24 hours.  After 24 hours, we collected blood a second time from a different location on 

the bird to avoid hematomas.   

Within 10 minutes of the first blood draw we fed the feeding birds for the first time (1 

cup Nutrena Nature Wise scratch grains, 2 cups Nutrena Country Feeds layer feed 16% crumble, 

and 1 cup Happy Hen Treats mealworm Frenzy).  We ground this mixture into a fine powder and 

added water to create a slurry, that could be deposited through the syringe and tubing (60 cc 

syringe with center nozzle removed and 4 mm inside diameter/ 6 mm outside diameter tubing).  

We fed birds every 4 hours with the last feeding occurring at hour 20. 

We lubricated the tubing with the food mixture prior to feeding.  We then slid the tubing 

down the esophagus and deposited food into the esophagus until full.  We weighed every bird 

before it was fed and recorded the volume given to each +/– 5 cc.   
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We weighed all birds prior to the final blood draws at 24 hours.  At the 24 hour interval 

we collected blood a second time.  We spun all blood samples within 1 hour of blood draws and 

transferred plasma to separate microcentrifuge tubes.  Once treatments were completed we 

released the birds in the same area they were captured.   

We tested all samples for BOHB and TRIG at Northern Prairie Research Center in 

Jamestown, North Dakota on a microplate spectrophotometer.  We measured BOHB using 

Kinetic assay.  We calculated TRIG using endpoint assay by subtracting glycerides from total 

triglyceride.  If a sample was not reading properly we diluted it with distilled water.  If a sample 

had a CV in any category greater than 15% we reran it.  Prior to analyses, we calculated daily 

mass changes for each individual subjected to fasting and feeding trials.   

Additionally, we screened all predictor variables for collinearity using Pearson’s 

correlation coefficient (|r| >0.5) and examined residual plots to evaluate assumptions of 

normality.  We subsequently natural-log transformed (ln) BOHB because the relationship 

between non-transformed BOHB and daily mass change was non-linear (i.e., curvilinear).  We 

used analysis of covariance to evaluate whether levels of TRIG and lnBOHB predicted daily 

mass changes of captive male and female canvasbacks.  We developed lipid metabolite indices 

for males and females and a model for both sexes combined.  We conducted all analyses using 

Program R; statistical tests were conducted at  = 0.05. 

In spring 2018, we will experimentally collect canvasbacks (≥ 10 per location) from five 

traditional spring migration stopover sites in Illinois (Pool 19, Pool 12, Swan Lake National 

Wildlife Refuge, Emiquon Preserve, Hennepin and Hopper Lakes).  We will use small sneak 

boats equipped with electric trolling motors to slowly approach small groups of feeding 

canvasbacks.  We will only collect individuals observed feeding for ≥ 5 minutes to ensure that 
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metabolites are not being influenced by other food sources from other wetlands.  We will avoid 

collecting birds within 3 hours of sunrise to ensure that individuals have had a chance to begin 

feeding while minimizing the potential impacts of night time fasting.  Upon collection, we will 

collect blood samples (0.5 – 1.0 ml) within 10 minutes via cardiac puncture.  We will transfer 

these samples into 1.5 ml microcentrifuge tubes and spin at 6000 rpm for 7 minutes.  We will 

transfer the plasma into separate tubes for storage at –20° C until ready for analysis.  We will 

compare these samples to the lipid metabolite index developed in 2017 to determine lipid 

acquisition and fasting rates.  We will use this information to determine foraging quality for 

canvasbacks.  If they have higher levels of TRIG they are depositing lipids and feeding on higher 

quality food and vis versa for BOHB. 

Results and Discussion 

To account for unknown variation in plasma-lipid concentrations among individual 

canvasbacks and associated variation related to duration of time since mass change (i.e., food 

intake), we completed feeding trials of 60 randomly selected canvasbacks subjected to short-term 

(24–48 hrs) captivity and associated fasting (15 males, 15 females) and feeding (15 males, 15 

females) trials.  We obtained 120 plasma samples and released birds upon completion of trials in 

March 2017.   

TRIG and BOHBln appeared to be linearly related to mass change for males (Fig. 1), 

females (Fig. 2), and both sexes combined (Fig. 3).  Thus, the final regression equations for 

males was, DMC= –130.22 + 52.62(TRIG) – 81.17(BOHBln).  Similarly, the predictive 

regression equation for females was, DMC= –144.34 + 81.48(TRIG) – 48.24(BOHBln).  Our 

analyses yielded no intersexual differences in the relationships between mass change and 
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metabolites, thus we pooled the data and will use the combined (DMC = –131.98 + 

61.628(TRIG) – 69.821(BOHBln)) model for future comparisons to collected birds.  

One-day mass change of individuals subjected to the feeding treatment ranged from –37 

to 126 g, and 76% of 29 birds gained mass.  In contrast, one-day mass change of individuals 

subjected to the fasting treatment ranged from –37 to –112 g, and all birds lost mass.  Mean 

TRIG and BOHB values for fasting canvasbacks were 0.96 and 0.87, respectively.  Similarly, 

mean TRIG and BOHB values for feeding canvasbacks were 1.56 and 0.33, respectively.  We 

detected no difference in daily mass change between sexes (F1,51 = 1.00, P = 0.32), though levels 

of TRIG and BOHB were strong predictors of mass change for males (R2 = 0.71, F2,27 = 36.53, P 

< 0.001), females (R2 = 0.86, F2,26 = 87.56, P < 0.001), and for both sexes combined R2 = 0.77, 

F2,56 = 98.24, P < 0.001).  Our analyses indicated that TRIG was positively related with mass 

change for males (β = 52.62, SE = 14.74, t27 = 3.57, P = 0.001), females (β = 81.48, SE = 12.04, 

t26 = 6.77, P < 0.001), and both sexes combined (β = 61.63, SE = 9.70, t56 = 6.35, P < 0.001).  In 

contrast, BOHB(ln) was negatively related with mass change for males (β = –81.17, SE = 15.31, 

t27 = –5.30, P < 0.001), females (β = –48.24, SE = 12.04, t27 = –4.01, P < 0.001), and both sexes 

combined (β = –69.82, SE = 9.73, t56 = –7.18, P < 0.001).  
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Figure 1.  Relationships between triglycerides (TRIG; closed circles) and natural-log beta-

hydroxybutyrate (BOHB; open circles) to daily mass change of male canvasbacks staging at Pool 

19 of the Mississippi River during spring migration, spring 2017. 
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Figure 2.  Relationships between triglycerides (TRIG; closed circles) and natural-log beta-

hydroxybutyrate (BOHB; open circles) to daily mass change of female canvasbacks staging at 

Pool 19 of the Mississippi River during spring migration, spring 2017.   
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Figure 3.  Relationships between triglycerides (TRIG; closed circles) and natural-log beta-

hydroxybutyrate (BOHB; open circles) to daily mass change of male and female canvasbacks 

staging at Pool 19 of the Mississippi River during spring migration, spring 2017.   

 


