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     Figure 1. Sample locations where BoNT/E affected waterbirds 

(circled) and culled double-crested cormorants (squares) were 

collected.  
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 Figure 2. Modified Costello graphs which show the importance of different prey items in the 

stomach contents of birds based on mean proportion of diet (percent abundance) and frequency 

of occurrence (proportion of birds containing the prey item). Prey items depicted in the graphs 

include round gobies (Neogobius melanostomus) (RG), alewives (Alosa pseudoharengus) (AW), 

yellow perch (Perca flavescens) (YP), crayfish (CF), chironomids (CH), terrestrial insects (TI), 

and gastropods (GA). Prey that comprised < 1% of the total prey consumed by a species, or that 

were considered incidentally consumed, were excluded. Since percent abundance is used instead 

of percent mass these graphs overemphasize the importance of macroinvertebrates. When 

BoNT/E-negative birds were examined they were represented separately. 
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Figure 3. A comparison of the size class distribution of round gobies (Neogobius 

melanostomus) consumed by waterbirds collected in Lake Michigan from 2010 to 2012. 

The bars show the mean proportion (± S. E.) of gobies in each size class. Intact round goby 

dentaries were found in one red-necked grebe, so standard errors were not calculated. 

Except for 3/10 ring-billed gulls and 12/30 common loons, all of the birds represented tested 

positive for botulinum neurotoxin type E (BoNT/E). There was no difference between the 

size class distributions found in BoNT/E-positive and –negative common loons (χ² (df = 4) 

= 8.792, p = 0.07).  Small sample sizes precluded statistical comparisons, but visual 

inspection of the data suggested that there was little difference between the size class 

distribution of round gobies in BoNT/E-positive and –negative ring-billed gulls, so samples 

were pooled. 
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Figure 4. Modified Costello graphs (left) that show the importance of 

round gobies (RG), alewives (AL), yellow perch (YP), and dreissenid 

mussels (DR) consumed by botulism-free double-crested cormorants 

(Phalacrocorax auritus) grouped by age class (Adults and Juveniles) 

and sex (Male and Female). Sample sizes (n) are displayed. All birds 

were collected from breeding colonies in Lake Michigan during 

summer 2012, and the importance of each prey item is based on mean 

proportion of stomach contents (percent abundance) and frequency of 

occurrence (proportion of birds that consumed the prey item). It is 

likely that the importance of dreissenid mussels are over-represented in 

these graphs, since they are much smaller than fish. The diets of adult 

and juvenile double-crested cormorants differed significantly (χ² [df = 

3] = 548.37, p < 0.01). 
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Figure 5. Bar graphs showing the percent biomass (g) of 

fish consumed by botulism-free double-crested 

cormorants (Phalacrocorax auritus). Cormorants were 

compared across location (Bellow Island, Ludington 

Pump Storage Breakwall, and Little and Big Gull 

Islands), age class (Adult and Juvenile), and sex (Male 

and Female). 
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