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Table 3. The percent occurrence (proportion of birds in which round
goby bones were detected) and mean number of round goby diagnostic
bone structures in the stomach contents of all botulism-affected birds
that contained goby bones.

Bone Structure % Occurrence bol;ld::g; gfr d
Cleithra 0.43 2.38+0.74
Dentary 0.90 4.03 +£0.70
Dentigerous plate 0.80 4.62+0.74
Operculum 0.24 0.80 £0.30
Otolith 0.43 1.70 £ 0.50
Pharyngeal branchial plate 0.70 2.71£0.80
Premaxillary 0.70 2.63 +0.60
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Table 4. Grand mean estimated lengths (GMEL + S.E.) of fish consumed by birds collected on northern Lake Michigan shorelines. The
sample sizes (n) of botulism-positive (+) and botulism negative (-) birds that contained each fish are included. The mean lengths of gobies
consumed by BoNT/E-positive and BoNT/E-negative common loons did not differ (Mann-Whitney, U (248) = 7.324, z = 0.02, p = 0.98), so
samples were pooled. Ring-billed gull sample-sizes were too small for such an analysis, so botulism-positive and negative samples are
displayed separately*. The dash marks (--) indicate an absence of the corresponding prey item in GI tracts.

n Round Goby n Alewife n Yellow Perch

+/- GMEL(mm) +/-  GMEL (mm) +/- GMEL
Common Loon (Gavia immer) 17/12  109.73 £6.12 1/0  48.20 - -
Double-crested cormorant (Phalacrocorax auritus)  7/0 114.41 £5.80 1/0  99.46 1/0 138.44
Horned grebe (Podiceps auritus) 5/0 70.81 +£3.42 1/0  46.36 - -
Long-tailed duck (Clangula hyvemalis) 2/0 55.60 1/0  69.12 -- -
Ring-billed gull (Larus delewarensis) 7/3 120.10 £ 17.00 / 5/1 73.13+6.82/ -- -

120.34 + 19.85* 67.70%*

Red-necked grebe (Podiceps grisegend) 1/0 72.74 -- -- -- -

White-winged scoter (Melanitta fusca) 2/0

72.90+3.21

33



!
*w\

46°0'0"N
46°0'0"N

45°0'0"N
45°0'0"N

44°0'0"N
44°0'0"N

0 100 200 400 Kilometers

85°0'0"W

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 ()2 (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
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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 (y? [df =
3]1=548.37, p < 0.01).
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