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.' ... ABSTRACT, 

A recurrent, late-summet mortality cir ducks was examined under the 

hypothesis that it was parasite-induced. Comparison of parasite infection' 

levels in ci'ucks found dead and in hunter-shot ducks revealed lhat the .. 
dige.neans SphaeridlOtrema globulus (Rudolphi, 1814) and Cyalhocotyle 

bushiensls Khan, 1962 were both significantly more prevalent in 'ducks found 
c 

dead. ~The intensity of infection, however, was significantly higher in the 

ducks found de ad only for S, globulus. It was - concluded that the annual ' , 

mortality was probably caused by heavy infections with these two parasites, 

but tha,t S. globulus was the more important pathogen, Most duck species 

were equally susceptible to experimental infection with C. bushiellsls. 

suggesting that interspecific differences in feeding ecology, and not 

differences in innate susceptibility to infection, were respbnsible for 

blue-winged teal (Anas dlscors) and black ducks (Allas rubr,pes) being most 

affected by the infection and mortality in the field. Measure ments of 

parasite acquisition by sentinel ducks suggested that seasonal changes in 

the availability of C. bushiensis metacercariae to ducks were not 

\ responsible for the peak in mortality during late-summer. The mortality, 

instead. seemed to be correlat~d with an annual, pre-migration f10cking . 
behavior of ducks on the productive and infective marshes of the St. 

Lawrence River and/or peak transmission of S. globulus cercariae among 

freshwater snaits. 
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ABREGE 

La mortalité r~currente observ~e chez les canards à. la fin de l'ét~ fut 

examinée en supposant Que tel ph~n?mène ~tait causé par des parasites. La. 

comparaison du degré d'infection parasitaire entre les canards trouvés morts 
, 

et' ceux abattus par les chasseurs r;tvéla l'incidence significativement plus ~ • 
élev~e, des digéniens Sphaerid/Otrema globulus (Rudolphi, 1814) et 

Cyathocotyle bushwlSIs Khan, 1962 chez les canards trouvés morts. 

_ Cependant, seule l\int.eKsité des infections à S. globulus fut significative­

ment plus élevée chez les canards trouvés morts. )) a été conclut que la 

mortalité :1nnuelle de canards était causée par des infections considérables 
, l 

avec ces deux parasites, mais que S. glohulus était le plus important des , 
deux pathogènes. La majorité des différentes especes de canards étudiées 

~fl.-N' 

était également susceptible à une infection' expérimentale avec è. 

bush/msls. Ceci suggère que les ·~ifférences interspéc~fiqtJes dans les 

habitudes alimentaires, et non les différences innées déterminant la 
/ 

prédisposition à l'infection, étaient responsables pour la susceptibilité à 

l'irlfection ~ et la mortalité de la sarçelle' à ailes bleues (Allas dlscors) et 

du canard noir (Allas rubnpes) sur le terrain: L'acquisition constante de 

C. bushlellSls par des canards en sentinelle suggére que les changements 
, 

saisoniers dans la disponibilité des métacercaires ne\ cpr~espond pas avec le 

sommet de mortalité observé à la fin de l'été. La mortalité semble plutôt 

correler avec le rassemblement des canards, préCédant la migration, sur les 

berges fertiles et infectées du fleuve. St.-Laurent, et/ou la transmission 

maximale de S. globulus parmi les escargots d'eau douce. 
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INTRODUCTION 

Massive late-summer die-offs of dabbling dUCKS on ~he St. Lawrence 
.~ 

River in southern Québec during the early and late 1960's were attributed 16 

the digenean Cyathocotyle bushlellSls Khan, 1962 because Ihis parasite was 
i. , 

consistently recovered from the ceca of ducks found dead (Glbson el al., 

1972). This is the only known reporl of C. hush/en \/5 ln ilS wild, 

definitive host; essentially nothing is known about the ecology of Ihis 
V " 

parasite. Late'~summer die-offs of ducks have conlinued 10 occur in southern 
l 

Québec (R. Parent, pers. comm.; Demers, 1985). 

This study had three main objectives ln Chapler l, the hypothesis 

that C. bushlensl!J is still responslble for the mortalitles IS tested by 
• 

comparing ~nfection levels ln ducks found dead with infectIOn levels Ifi 
, 

hunter-shot ducks Field data from Chapler 

are not ail equally affected by the mortahty 

indlcates that duck species 

Therefore, the second main 

objective, presented in Chapter 2, is to test whether differences ln f in~ate 
susceptibility to infection are responsible for the va~Iable effect of the 

mortality on differen..t duck species. Chapter 3 presenls the Ihird main 

objective. which is to test whether seasonal changes in the availability of 

metacercariae to ducks may be responsible for the regular occurrence of the 
.. 

mortality du ring late-summer. 

" 
LITERA TURE CITED 

DEMERS, A., 1985. A quand le retour des canards noirs? Le Bulletin des 
tgriculteurs 8: 74-79. 

GlBSON. G.G., E. BROUGHTON AND L.P.E. CHOQUETTE, 1972. Waterfowl mortality 
caused by Cyathocotyle bushienslS ~han, 1962 (Trematoda:Cyathocotylidae), 
St. Lawrence River, Quebec. Can, J. Zoo!. 50: 1351-1356 . 

.... 

. , 
, 

l 

, 

, 



o 

o 

, . 

STATEMENT OF AUTHORSHIP 

Hunter-shot ducks collected in 1982 and 1983, ~ and "dead ducks" 

collected in 1983, were collected and examined by M. E. Scott. The 

collection of ducks in 1984 and 1985, i4nd ail) other experiments, were 

performed by the Candidate. 

"While the inclusion of manuscripts co-authored by the candIdate and 
• 

others is ..... not p.rohibited by McGiIl, the Cand~ate is warned to make an \ 
~'--r 

explicit st:rlemen00n who contributed to such work and to what extent, and 

Supervisors and others will have to bear witness to the accuracy of such 

claims before the oral committee. It should also be noted ..!hat the task 'of 

the External Examiner is made much .D'lore difficult In such cases, and It IS 

in the Candidate's interest to maKe authorship responsibillties perfectly 

clear." 

.. 

-
• 

2 



.' 
o 

CHAPTER 1 

A RECURRENT, LATE-SUMMER PARASITE-INDUCED MORTALITY 

• OF DABBLING DUCKS IN SOUTHERN QUEBEC. 

DY 

HOEVE, J. AND M.E. SCOTT 

" 

o 
- , 

• for submission to the Journal ~f WiI,dlife Diseases. 
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ABSTRACT • 

A recurrent, late-summer mortality of d:tbbling ducks in southern Québec 

was examined under the hypothesis that the mortality was parasite-induced. 

Comparison of parfite infection levels i~ ducks found dead and in hunter­

shot ducks revealed two digeneans, SphaeruilOtrema globulus ~udolphi" 1814) 

and Cyathocotyle bushiensis Khan, 1962, which were significantly more 

prevalent in dead ducks than' in hunter-shot ducks. However; the intensity 

of infection was significantly greater in dead ducks than in hunter-shot 

ducks only for S. globulus. It is believed that heavy infections with these 

-------,;'-... :- t~ parasites were responsible (or the mortality, but that S. globulus was 

• 

probably the more important pathogen. The mortality was highly seasonaJ, as 

two thirds of ail dead ducks were recovered during the last two weeks of .. 
August. Blue-winged tea1 (Allas dlscors) and black ducks (Arlas rubnpes) 

were the species most affected by the mortaIity. 

.. 
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INTRODtlON 

It° is generally agreed that par ite-induced hosto mortality does occur, 

but whether the martality is add ive (iAnderson, 1978) or compensatory 

(Holmes, 1982) is a matter of debate. Aiso of general agreement is the need 

for good empirical evidence of parasite-induced host mortality occurring 

qnder natural conditions. One particular area where research is needed is 

field studies demonstrating a correlation between intensity of parasitism 

and host mortality (Hassell et al, 1982) 

ln 1972, Gibson et al. reported that waterfowl mortalities 'on the St. 

Lawrence River, Quebec, during 'the early 1960's and again during 1969 and 

1970 were caused by the digenean parasite Cyathocotyle bushwm;s Khan, 
~ 

1962. A late-summer mortality of dabbhng ducks has recurred annually smce 

this first published report (R. Parent, M.L.C.P. Waterfowl Biologist, pers. 

comm.;' Demers, 1985).' This seems to be an example of a par,asite which. on a 

regular basis, kills its normal definitive host under natural conditions. 
G 

It is therefore an ideal candidate for the type of field study suggésted 

above. 

The work of Gibson et al. (1972) is the first and only known report of 

C. bushi,ellsls in its wild, definitive host. In their study, Gibson el ai. 

(1972) examined only the carcasses of ducks found dead; no.thing is known 

about the ecology of C. bushwlSIS in wild, free-flying duck populations. 

This study had two objectives . first, we investigated the hypothesis 

that C. bushiensis is responsible for the recurrent, late-summer duck 

mortality by comparing infection levels in ~ucks found dead with infection 

levels in the "normal", free-flying duck population, as represented by 

hunter-shot ducks. Infections with other gastrointestinal herminths were 

also recorded, to' ~dy whether other parasites might be responsible for the 

mortality. Seçond, we examined if the mortality affected ail species of 

ducks equally. 
.. 

... 

-
, 
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MATERIALS AND METHODS 

"Dead ducks" include ail those ducks fourld dead in the field with no 

obvious external cause of mortality. These carcasses were coUected during 
/ 

the period from August 1983 to Septembpr 1985. S_imens were 1abelled as 

to collection site and· date and then frozen. At necropsy, the species, age 

'and sex of the carcasses were determined by cloacal and plumage characteris-

tics (Larson and 
'" 

tracts were removed. 

Taber, 1980; Bellrose, 1976) and the gastrointestinal 

Exatnination during necropsy revealed three "dead duck/ 

carcasses which' showed evidence of hunting mortality, so these were- added to 

the "hunter-shot duck" samples. 

Gastrointestinal tracts of hunter-shot ducks were collected from three 

areas in southern Québec where duck mortality had been reported:, Lac St. 

Pierre, Lac St. François and Rivière du Sud (Figure 1 {'\ These "hunter-shot 

duck" samples were èollected only during the opening weekend of hunting 

season (mid-SePtembe~ from 1982, to 1985. Each sample was labelled by 

s~ecies, age and sex of duck and site and date of collection, \'then frozen 
~, 

for later,examination. ..-
Ali intestines were 'examined for large helminths using a dissecting 

microscope (5X). Smaller helminths were recovered by washing' the intestinal 

contents through a sieve (80 O1eshjinch) and examining tHe residue with a 

dissecting microscope (lOX). The gizzards of.!lll "dead ducts" and "hunter- . 
. 

shot" blue-winged teal (AI/as discors) were examinjd for nematodes by peeling 

off and examining the underside of the gizzard Iining with a dissecting 
-

microscope (5X). 

To quantify the worm butdens of ducks heavily, infected (>500 worms) 

with Sphaeridiotrema globulus (Rudolphi, 1814), a subsampling technique was 

used. The washed int~stinal contents were suspended in 50 ml of water and 

thoroughly mixed. An aliquot of approximately 2 ml ",as removed, the worms . 
cbunted. and the number correcteCt to estimate the total worm burden. The 

~."'" ,'" 
accuracy of this technique' was assayed by estimating th& worm burden of 12 "- .. 
ducks by subsamplipg and then COuntil\8 ail worms individually. Spe1lrman 

,,' 
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FIGURE 1. 

Map of southwestern Québec, showtng areas on the St. Làwrence 

River ,and its tribu taries where "dead duck" and "hunter-shot 

duck" . samples were collected, 1982 - 1985. 

area -on!a larger seale map. 
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rank correlation analysis yielded a significant positive relationship 

between the two estimates (r-0.8 Il , P<O.OI; mean % difference-21.4), and il 

is felt that this technique provided a reliable estimate of worm burden in 

heavily infected ducks. 
"'" . 

Helminths were fixed in 10% buffered formalin. Large helminths were 

then stored in 70% alcohol while small helminths were stained with aceto­

carmine, cleared in xylene and mounted in Permount. Digeneans were identi-. 
fied using McDonald (1981); representative specimens have been deposited in 

the Parasite Collection of the National Museums of Canada (accession numbers 

NMCP 1986-00 12 to NMCP 1986-0022) , 

Chi-square and Ri.sher's exact tests' were used to test for dif(erences 

in prevalence between "dead duck" and "hunter-shot duck" samples. Mann­

Whitney V-tests and Randomization Tests for Two Independant Samples (Siegel, 

1956) were used to compare mean intensity of infection among samples, where 

intensity is defined a~" the total number of worms recovered divided by the 

number of infected hosts (Margo lis el al.. 1982). Discriminant function 

analyses were performed using the STEPDISC procedure of' the SAS statistical 

packages; the level of significance was set at 15% to select onl>, the best 

discriminators. The species composition of the "dead duck" sample and the 

local duck population was compared using aG-test. .Unless otherwise st-ated. 

the level of significance was set at 5%. 

RESULTS 

A total of 61 "dead ducks" were. (:ollected during this study. Most of 
j 

the carcasses were' collected from Lac St. Pierre (25) and Gentilly (28), 

\!Vith the remainder collected at the Rivière du Sud (3), Lac St. François (3) 

and' around the island of Montréal (2) (Figure 1). "Dead ducks· began to be 

recovered early in August but two-thirds of ail "dead ducks" collecled were 
, 

recovered during the last two weeks of A ugust (Figure 2); the numbers 
o 

declined until ·mid-September. One each of pintail (Anas acuta) , gadwall 

(Anas sirepera) and shoveler (Anas c1ypeaJa) were collected but analyses 

) 
9 
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FIGURE 2. 

Seasonality of paras4te-induced duck mortality. 19$3 - 1985. 

Histogram shows numbers of "dead ducks" collected ~uring each 
/" 

week beginnîng June 1. 
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were restricted only to the four species most frequently collected: blue-­

winied teal, green-winged teal (Anas crecca carolinensis), mallards (Anas 

platyrhynchos) and black ducks (Anas rubripes) (Table 1). Therefore, only 

the data from these four spëcies of "hunter-shot ducks" are Pfesented (Table 
- . 

1), although data for other speci~s were also coltected. 

Generally, (the helminth fauna of the two samples was similar (Table 1) 

but statistical comparison of the prevalences produced tHree noteworthy 

'results. first, the prevalence of C. bushunsis in the "dead duck" samples 

was .. significant1y higher than in the "hunter-shot duck" samples for ail 

species. Second, except for green-winged teal,- the prevalence of S. 

globulus was also significantly higher in the "dead duck" sJm1>Tes. Third, 

ail bl!le-winged teal in both samples were infected wiJh gizzard nematodes. 

Further analyses were restricted to these three parasites . 

The mean intensity of gizzard nematode infections in "dead" blue-winged 

teal (9.0 worms) was not significantly different from the intensity in , 

"hunter-shot" blùe-winged teal (9.1 worms) (H-O.6250, pf-I, P>0.05). 

C.Qmparison of the intensity of infection for C. bushiensis and S. g/obu/us 

(Table. 2) indicated lhat only S. g/obu/us had an intensity which was consis­

tently greater in the "dead duck" samples compared with "hunter-shot duck" 
• 

samples and, except for 1985 mallards, these differences were statistically 

significant. - In contrast, the intensity of C. bushlenS1S was higher in 
. 

"hunter-shot" black ducks than "dead" black ducks in 1985, and the intensity 

was virtually identical betweep the two samples for mallards in 1985 (Table 

2); most of these differences in in'tensity were not statistically . 
significant. Both of these parasites were also found in the "dead" pintail 

(1$)1 C. bushiensis and 17,500 S. g/obu/us), gadwall (73 and 10)' Ilnd shoveler 

(114 and Il.500). 

Discriminant function analyses of C. bushiensis and S. g/obu/us worm -

burdens in "dead duck" and "hunter-shot duck" samples (Table 3) revealed 

that S. globu/us infection level was the slrongest discriminator (Iargest 

partial .-2) betwee9 the two samples for blue-winged teal. mallards and black 

12 
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TABLE 1: EXAMINATION FOR SIGIUFICANTlY HIGHER PREVALENCE OF HELHfNTH INFECTIONS IN "DEAO DUCIC" SAHPLES THAN IN "HUNTER·SHOT DUCIC" SAHPLES. 

PAAASITE 

Cyethocotyle bushiensis 

Sphaeridiotrema globulus 

Motocotylus attenuatus 

Zygocotyle lunata 

Maritrema sp. 

PsilostOlll8tid 

Echinostoma revolutum 

Echinoparyphium recurvetum 

Hypoderae\JII cono i deuil 

Levinseniella sp. 

Cotylurids 

Intestinal Cestodes 

Gestrotaenia $p. 

Acanthocephalans 

BLUE'~lNGEO TEAL 

DEAO HUNTEO 

n X n X diff. 

30 100 

30 100 

47 31.9 *** 

35 31.4 ,,** 

23 39.1 32 25.0. N.S. 

23 13.0 ~ 6.3 N.S. 

23 30.4 32 18.8 .N.S. 

23 69.6 32 25.0 ** 

23 78.3 32 12.6 **-

23 8.7 32 46.9 N.S. 

23 4.3 32 3.1 N.S. 

23 8,7 32 18.8 N.S. 

23 39.1 32 59.4 N.S. 

23 56.5 32 68.8 N.S. 

GREEN'~)NGED TEAL 

DEAD 

n X 

3 100 

3 100 

HUNTED 
10,,;."~'.: .. _~~~ 

n X di if:: , 
90 4.4 *** 

43 34.9 N.S. 

2 50.0 38 7.9 N.S. 

2 0.0 38 15.8 N.S.-

2 0.0 38 5.3 N.S. 
~ 

ë 0.0 38 18.4 N.S. 

2 50.0 38 18.4 N.S. 

2 0.0 38 10.5 N.S. 

2 0.0 38 0.0, N.S. 

2 0.0 38 18.4 N.S. 

2 50.0 38 50.0 N.S. 

2 0.0 38 76.3 N.S. 

2 0.0 o 

2 0.0 38 52.6 N.S. 

HALLARDS 

DEAD HUNTED 

n X n X diff. 

11 72.7 211 8.1 *** 

11 100 147 6.1 *** 

6 50.0 134 14.9 M.S. 

6 33.3 134 43.3 N.S. 

6 33.3 134 16.4 N.S. 

6 33:3 134 34.3 N.S. 

6 83.3 134 73.1 N.S. 

6 33.3 t34 50.0 N.S. 

6 0.0 134 6.7 N.S. 

6 0.0 134 32.l- N.S. 

6 50.0 134 78.4 N.S. 

6 50.0 134 88.1 N.S. 

4 0.0" o 

6 50.0 134 67.9 N.S. 

BLACK DUCKS 

DEAO HUNTEO 

n X n X diff. 

14 85.7 140 18.6 *** 

14 100 91 33.0 *** 

12 16.7 85 18.8 N.S. 

12 0.0 85 36.5 N.S. 

12 0.0 85 22.4 N.S. 

12 25.0 85 34.1 N.S. 

12 91.7 85 75.3 N.S. 

12 33.3 85 65.9 N.S. 

12 0.0 85 8.2 N.S. 

12 0.0 85 37.6 N.S. 

12 41.7 85 74.1 N.S. 

12 41.7 85 92.9 N.S. 

4 0.0 o 

12' 50.0 85 57.6 N.S. 

~ Ceeel Nea.todes-

23 21.7 18 11.1 N.S. 

23 47.8 ~2 62.5 N.S. 

23 56.5 2 59.4 N.S. 2 0.0 38 2.6 N.S. 6 66.7 134 55.2 N.S. 12 50.0 85 62.4 N.S. 

Gizzard N~todes 23 100 8 100 1 N.S. 2 50.0 0 4 100 0 4 100 0 

~ ~ 

N.S .. P>O.05 - . P<0.05 *- . P<O.Ol *** . P<O.OOl 

.1 , 
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TABLE 2: aJ4PARISON OF INTENSITY OF INFECTION FOR "DEAO DUCIC" AND "HUNTER-SHOT DUCIC" SAMPLES. 

cyathoè'p~yle bushiensi~ Sphaeridiotrema globulus -
"OEAO" "HUNTEO" "DEAO" "HUNTED" 

SPECIES YR n X (s.d.) n X (s_d. ) diff. n X (s_d.) n X (s.d. ) diff. 

8lue'wing~ Tea~ 1983 7 88.3 (83.8) 7.0 (. ) N.S. ( . ) (-) 

1984 9 59.3 (55.1> 13 39.0 (55.7> N.S. 9 12417.3 (9977.3) 11 2770.2 (2611.7> *** 

1985 14 19.2 (13.5) 0 (.) 13 4955.9 (2330.7> 0 (.) 

Total 30 47.4 (56.6) 14 36.2 (54.6> N.S. 22 8008.3 <7424.7) 11 2770.2 (2611.7) ** 

Green'Wing~eal 1983 3.0 (.) ( -) (.) (.) 

't984 2 13.5 (12.0) 3 2.7 (2.9) N.S • 2 997.5 (294.9) 15 93."\ <199.5) * 0.-

.... 
~ Total 3 10.0 <10.4) 3 2.7 (2.9) N.S. 2 997.5 (294.9) 15 93.4 (199.5) * 

Black Duc!cS 1983 2 97.0 (84.9) 8.0 (.) N.S. ( -) (. ) 

1984 4 31.3 (39.6) 16 11.0 (14.4) N.S. 5 4850.0 (3102.1) 23 282.5 (559.4) *** 

1985 6 7.5 (6.6) 4 9.8 (8.6) N.S • 7 5245.6 (16e7. 0) 7 224.1 (432.7> *** .. 
Total 12 30.3 (46.8) 21 10.6 (12.9) N.S. .12 5080.8 (2256.8) 30 268.9 (526.1) *** ~ 

Mal lards 1983 3 27.0 (26.2) 5 2.4 (1.7) * (-) (. ) 

1984 3 29.3 (26.5) 7 1.7 (1.5) ** 4 5084.0 (4896.7) 8 250.0 (368.2'->- ** 

1985 2 4.5 (2.1 ) 4 4.3 (4.6) N.S. 2 4699.0 (1907.8) 412.0 (.) N.S. 

Total 8 22.3 (22.8) 16 2.6 (2.6) *** li 4955.7 (3892.9) 9 ~68.0 (348.7) ** ---
N.S •. P>0.05 * J\P<0-.05 ** . P<O.Ol *** - P<O.OOl 

~ 
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TABLE 3: SUMMARY OF DISCRIMINANT FUNCTION ANAlYSIS OF UORM BURDENS COHPARING "DEAD DUCK" AND 
"HUNTER'SHOT OUCK" SAMPlES, 1984 AND 1985 • 

Duck Spec i es Step 
ç:; 

Blue-winged Teat • 
Green'winged Teal 

Mal lards 
/ 

1 
2 

Black Ducks f 

.. 

" 

--

, 

Vpriable Entered 

# Sphaerldlotrema 

fi Eyathocotyle 

tI Sphaeridl0trema 

" ", 

~ 

.---

PartIal r2 F Statistic df 

0.5726 73.691 1,55 

0.6687 ah. 774 ~ 1,43 

0.6365 264.457 1,151 
0.1520 26.878 1,150 

0.5555 126.237 1,101 

... 

~ 
• 

.J 

o 
( 

,; 

• 

r 
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ducks. Infection level of C. bush,e1lsls was the strongest discriminator for 

greer.-winged teal, and it also had sorne discriminating power for mallards. 

The high incidence of concurrent infections with C. bushlensis and S. 

globulus in "dead ducks" suggested that these two parasites might exhibit a 

'-positive association. Examination of concurrent infections among "hunter-

,hot duck" samples (Table 4) revealed that, except· for wood ducks '(Aix 
-

sponsa), the obs~rved number of concurrent infections was consistently 
. 

greater than the expected numb,er of concurrent infections: however, none of 

these differences were statistically significant. Pearson product-moment 

correlation analyses of log-transfermed (loglO(n+l) abundance data (number 

of worms/duck, including uninfected ducks) "id show significant positive 

correlations for C. busHlenS/S and S. globulus in the four duck species with 

the highest prevalences of infection while data from mallards and wood 

ducks, with lower prevalences of infection, showed no significant positive 

correlations (Table 4). 

Comparison of the species composition in "dead duck" samples and hunter 

bag surveys revealed that the species composition was highly significantly 

different between the two samples (G(Williams)=75.8778, df=6, P<O.OOl) 

(Figure 3). Most of the difference between the two samples resulted from 

the over-representation of blue-winged ---leul in the "dead duck" sample and 

the under-representation of mallards and wood ducks. 

The "dead duck" sample, once divided by species, was too small to allow 

an analysis of the effect of host age and sex. 

DISCUSSION • 
Samples of "hunter-shot ducks" were collected only du rIng (he op~.ning 

weekend of hunting season fcOr two reasons. First, this was the time period 
c> 

nearest to the late-summer die-off, and thus minimized any seasonal changes 

in infection levels between the two samples. Second, the species composi­

tion of the duck population present' at this time Most accurately reflected 

the species composition present duri1li the die-off in late-summer. 

16 
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TABLE 4: EXAMINATION FOR ASSOCIATION OF ~yathocoty~ AND ~P.baeridiotrema INFECTIoNS IN HUNTER·SHOT DUCKS, 1984 AND 1985. 

'\ SPECIES 

Blue'winged Teal 

Green~winged Teal 

Mallard 

rUacie Oùclc 

Wood Duck 

Pintail 

1 . calcwlated 8S 

N.S •. P>O.05 

\-

r 

C. bushiensis 

n # lnfec:ted X 

35 13 37.1 

43 3 7.0 

147 11 7.5 

91 21 23.3 

60 2 3.3 

9 3 33.3 

PREVI\LENCE 

...!.:.-l!lobulus 
OBSERVED 

CONCURRENR y 

# Infected X # Infected " 

11 31.4 

15 34.9 

9 6.1 

30 33.0 

5 8.3 

3 33.3 

9 

3 

3 

11 

o 

25.7 

7.0 

2.0 

1Z.1 

0.0 

3c,~~j 
1 

EXPECTED 
CONCURRENTLy1 

# Infected X 

4 

7 

o 

11.6 

2.4 

0.5 

7.8 

0.2 

11. 1 

(proportion infected with C. bushlensis) X (proportIon Infected "with s. globulus) X n. 

... . P<O.OS *- - P<O.01 

... 

O' 

ABUNDANCE 

">.. 
Correlation 

Diff. Coeff. (Si gn.) 

N.S. .729 ** 
N.S. .483 ** 

N.S. .147 N.S. 
i' 

N.S. .621 

N.S. . .044 N.S. 

N.S. .868 ** 

-
" . 

• 

."-

(r 
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FIGURE 3. 

Comparison of species composition ~etwe'en "dead duck" sam pIe 

and local duck population as represented by hunter bag 

surveys. "Hunted" ducks includes data from opening weekend 

of hunting season on Lac St. Pièrre from 1982 - 1984 (Dolan, 

1984) plus Ri~ère du Sud and Lac St. François in 1984 (this 

stu~y, unpubl. data). MAL-mallard, BLA .. bla~k duck. BWT-blue­

winged teal, GWT':' green-winged teal. WOO-wood duck, 

PIN-pintail, and GAD-gadwall. Data for "other" species are 

presented here but were not included in the analysis. 
~ 4, 
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o 
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Most of the "dead ducks" examined by Gibson et al. (1972) were 

collected from the marsh at Gçntilly, while a few· were collected from Lac 

St. François and around the island of M,98tréal. Many of the "dead ducks· 

collected during ~ this study were recovered fro,m these same areas, with 

tadditional carcB$$es collected from the islands in Lac St. Pierre and from 

the Rivière du Sud. 

Ouring this study, two thirds of the "dead ducks" were collected du ring 

the last two weeks of August. Gibson el al. (1972) reported that, during 

the die-offs in the early and late 1960's. many of the "dead ducks" were 

collected during fate-summer, although some carcasses were cO'Mected as 

earlyO as late-June. The probability of some duck can~asses being found' and 

reported may increase during late-summer as the number of hunters building 

and repairing duck hunting blinds, increases: However, many specimens from 

the "dead duck" sample were collected by government b'iologists and techni­

cians who spent the entire summer working in the field, and these specimens 

were only collected during late~summer. Therefore,' it is believed that the 

late-summer die-off is biologically real and not a result of sampling bias. 

Hoeve (Chapter 3) has shown that the timing of the mortality seems to be 
., J' 

correlated with an annual, pre-migration gathe~ing of large ~ocks. of ducks 

on the productive marshes of the St. Lawrence River. \ 

For a parasite to be implicated as the cause of the' observed annual 

mortality, it must be present in the "dead ducks". Because ducks may die 

from factors other than parasites, it may be unrealistic to e'xpecl 100% of 
, 

"dead ducks" to be infected with parasites; however, if parasites are the 

m~jor c'aus~ of the mortality, parasite prevalence should at least approach .. 
100%. Gibson el al. (1972) reported that almo~t ail "d,ead ducks" collected 

from the St. Lawrence River were infected with C. bushlellsis, and they 

concluded that the" parasite was responsible for the mortality. 
f,J, 

ln this 

study, 91.8% of the "dead ducks" were also infected with the sa me parasite, , 

providing support for the' hypothesis that the mortality, is caused. by C. 

bushi~nsis. Examination of the "dead ducks· for the presence of other 

20 
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gastrointestinal helminths revealed two other prevalent parasites: S. 

globulus ancY gizzard nematodes. Every one or ,the 61 "dead ducks" examined 

in this study was infected with- S. globulus. Similarly, every bl ue-win~ed 

teal examined was infected with gizzard nematodes; other species of "hunter­

shot ducks' were not examined for these parasites. "Gizzard nematodes" is 

actually a complex of, potentially, ]9 genera of nematodes found in the ., 

gizzard (McDonald, 191'4), and this may explain why previous parasite surveys 

of blue-winged teal have reported lower prevalf:nces for the individual 

genera and species of gillard nematodes (Buscher, 
r 

1966; Turner Bnd 

Threlfall, 1975; Shaw and Kocan, 1980) whHe combined prevalences for ail 

"gizzard nematodes" may add up to 100% or more (Buscher, .1966; Turner and 

Threlfall, ]975). Based on prevalence data alone, these two parasites must 

also be considered as potential causes of the duck mortality. 

The prevalence alone of helminths, however, is not sufficient evidence 

for the implication as the cause of mortality. Parasite-induced host 

mortality is generally believed to be sorne function of worm burden (Keymer, 

1982; Anderson and Gordon, 1982; Hassell et al., 1982). Therefore, 

intensity of infection must also be considered. As mention'ed above, gizzard 

1 nematodes were present in every_ blue-winged teal examined, but the mean 

inteflsity was almost identical for both the "dead duck" and the "hunter-shot 

duck" samples. This suggests that gizzard nematodes are very prevalent 

parasites of waterfowl in QUébef, but there is no evidence that they are 

responsible for the ~ortality. Although the intensity of C. bushienS1S 

tends to be higher in the "dead duck" samples, this difference is not 

consistently observed; furthermore, most of the observed differences are not 

statistically signjficant. In contrast, the intensity of S. globuJus 

infections is consistently much higher in the "dead duck" samples than in 

the "hunter-shot duck" samples, and most of these' differences· are h'ighly 

significant. 

The worm burden of S. globulus is the strongest discriminator between 

the otdead duck" sample ~nd tIle -hunter-shot duck" sample for blue-winged 
1 
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teal, mallards and black ducks. This is, ta be expected because the , 
intensity of infection is significantly greater for the "dead duck" samples 

for these species. For mallards, 

between the two samples for the 

there are 

intensity 

also signif}cant differences 

of C. bushlensis infection; 

therefore, worm burden of C. bushiensis also bas some discriminating' power 

for mallards, although much less th an does S. globulus. The discrimiJiating 

power' of C. bushiensis worm burden for green-winged teal' probably results 
" 

from the low prevalence of C. bushi~sis in "hunter-shot" green-winged teal. 

Because most of the "hunter-shot" green-winged teal were uninfected, and two 

,Of the three infected ducks harboured only one C. bus htensis , this parasite 

was strongest discriminator, despite the fact that the remaining 

infected " unter-shot" green-winged teal harboured more C. bushJensis than 

green-winged teal. In contras t, the two samples of 

green- inged teal cou Id be completely separated based an the worm burden of 

S. globulus; worm burdens in "dead" green-winged teal were, without 
" 

ex~ePtion, greater than in "hunter-shot" green-winged teal, and yet the worm 

burden of S. globulus was not a significant discriminator. 

Based on experimental infections (Khan, 1962; Erasmus and Ohman, 1963; 

Gibson el al., 1972), C. bushiensis is capable of killing heavily infected 

ducks. However, the only known rel?ort of mortalïty caused by natural 

infections with C. bushiensis is that of Gibson el al. (1972). In contrast, 

natural infections with S. globulu$ have been reported to be fatal in ducks 

(Priee, 1934; Cornwell and Cowan, 1963; Campbell add Jackson, 1977), coots 

(Trainer and Fischer, 1963) and swans (Speckman el al., 1972; Roscoe and 

Huffman, 1982; Roscoe and Huffman, 1983)\ The pathogenicity of ~. globulus 

has also been demonstrated experimentally in domestic ducklings infected 

with as few as 250 (Burns, 1961) or 1000 metacercariae (Macy, 1973), and in 

domestic chicks infected with 2 to 30 metacercariae (Huffman et al., 1984). 

Based on' the signifieant differences in both prevalence and intensity --of 

infect,ion, on the strength of its discri.minating power, and on the numerous 

references to its pathog~nicity, Sphaeridiotrenta globulus seems to be. the 
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more important cause of most of the late-summer, p~rasite-induced duck 

mortality in southern Québec during recent years. 

Sphaeridiolrema globulus was present less than 200 Km to the wèst in 
" . . 

the Rideau River drainage before 1972 (Speckman el al., 1972) and it wa~ 
,. 
present about 550 Km to the south in New Jersey since at least 1970 (Roscoe 

and Huffman. 1982). However, S. g/obulus was not recovered from the ducks 

found dead in southern Québec in the late 1960's (Gibson, pers. comm.). The 

mean intensities of C. bushlellS/S infections recorded during this study for 

blue- winged teal (47.4 ':Yorms/duck) and black ducks (30.3) are considerably 

less than the mean intensjties reported during the epizootics of the late 
. 

1960'5, 260 and 180 worms/duck respectively (Gibson el al., 1972). It would 
• , 

appear that since the late,. 1 960's, S. globulus has become established in 

southern Québec and has become an important factor in the lale-summer duck 

f!1ortal i ty. 
, 

If S. g/obulus is the more important cause of the mortality, then why 

is the, prevalence of C. bushle/lslS significantly higher in the "dead duck" 

samples than 10 the "hunter-shot duck" samples? There are at least two 

possible explanations for this. First, C. bushlensls may still be a neces-

sary factor in the mortality, and death is caused by the combined C. 

bushiensis and S. g/obulus infection. However, there are reports that each 

parasite is capable of causing host mortt'ty independently of the other 

(Priee, 1934; Gibson et al., 1972; Campbel nd Jackson, 1977), indicating 

that their combined presence is not a necessary prerequisite to mortality.' 

Alternatively, 'their regular co-occurrence in "dead ducks" may simply be the 

result of simultaneous acquisition. Bilhynia Un/aeu/ala (Gastropoda: 

Prosobranchia) is the only species of snail known to act as first or second 

intermediate host f.or C. bushlellsis in southern Québec (Gibson et a/., 1972; 

Ménard, in preparation). Sphaeridiotrema globuluSo is also able to use B. 

tentacu/ata, among other species of snails, as· both first and second inter-
.. 

mediate host (Huffman and Fried, 1983). 

lentacu/ata can acquire C. bushiensis 

23 
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simultaneously. Analysi5 of the abundance of both parasites in "hunter-shot 

ducks" revealed significant positive ,associations in four species of ducks 

(blue-winged teal, green-winged teal, black ducks and pintaits) which .had 

~igh pre~alences of infection whereas ~orm burd~ns in two duck species with 

lower prevalences of infection (mallards and wood ducks) failed ta show any 

association. The high. prevalence of C. bushiensis in the "dead duck" 

samples therefore proba~ly results from simultaneous acquisition of the 

metacercariae; although not 
~ 

necessary ta ca~se mortality, once present, C. 

bushiensis is undoubtedly a contributing factor in the duck mortality. 

To examine for differential mortality among duck species, the propor-. 
tion that each duck species comprised in the "dead duck" sample was compared 

with each species' composition in the local duck population'. The species 

composition of the local duck population is ~epresented by hunter -bag checks 

surveyed from 1982 to 1984, in areas where duck mortality has occurred. 

Such a representation will certainly inc1ude sorne biases. For example, 

~hunters may selectively shoot larger ducks, sa that mallards and black ducks 

might be over-represented in hunter bag surveys while teals might be" undert 

, represented. However, few hunters in this. region of southern Québec shoot 

their limit (pers. obser.) and the me an success rate for hunters on Lac St. 

Pierre from 1982 to 1984 was consis~t1y below three ducks per hunter 

(Dolan, 1984) when the bag timit wasl six, suggesting that hunter selection 

is not an important bias. A more important bias is the fact that blue-

winged tea1 are k{lo~n ta be early fa Il , migrants (Bellrose. 1976) and may 

therefore be under-represented in hunter-bag surveys. Nevertheless, hunter , 
bag sur~}ys are the best availabre representation of the local duck popula-. -
tion. The co'mparison of samples showed that blue-winged teal were highly 

over-representéd in the "dead duck" samplès. Although, at 8%, the composi­

tion of blue-winged teal in the hunter- bag surveys is probably under­

estimated, the composition locally does not approach 50%, which is the 

composition of blue-winged teal in the "dead duck" sample":" Therefore, the 
" 

over-representation of blue-winged te al in the "dead duck" sample is 
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probably a biologically real phenomenon and not solely a result of snmpling 
'J 

bias. Examining the sample comparison for ail species. it is believed that 

it accurately represenfs biologically real differences among duck species in 

their relative susceptibility to the late-summer mortality. Blue-winged 

tell1 was the duclt species most susceptible to thé mortallty, followed by 

. ,black ducks which were slightly over-represented in the "dead duck" samples. 

Similarly. Gibson et al. (1972) reported that black ducks and blue-winged 

teal were the duck species tnost frequently found dead in the late 1960'5.0' 

Ali other species of duck are under-represented in the "dead duck" sample in 

this study. Wood ducks, tn partlcular, are under-represcnted; although they 

are the species third most commonly shot by hunters, not one "dead" wood 

duck, has been collected. This differential susceptiblility seems to result 

from different feeding ecologies of the duck species; those species 

consuming more aquati~ snails are more susceptible to the mortality (Hoeve, 

Chapter 2). ,J 

Late-summer deaths of dabbling ducks on the St. Lawrence River during 

the ,early and late 1 960's were attributed to C. bushlellsis (Gibson el al., 

1972). Sjnce that 
1 

tlme, however, S. globulus has become established in 

southern Quebec and it is probably this parasite which was the more 

important cause of the mortality during this study period. This is not to 

suggest that every "df.ad duck" died as a result of S. glohulu\ infection. 

Sorne deaths may have resulted from heavy infections with C. hushll'lHls,' but 

most deaths were probably thé result of the combined infection with both 

parasites. Although the mortaIity of the ducks in this study is' belleved to 

be parasite-induced, there are undoubtedly adClitional waterfowl deaths each 

year completely unrelated to parasite infections. Hassell el al. ( 1982) 

suggested that field studies should try to demonstrate <;orrelations between 

intensity of 'parasitism and host mortality. This' study c1early demonstrates 

such a correlation for S. glohulus, a~thou~ the host mortality is 

complicated, by the regular )1resence of C. bushiellsis. Research 

investigating the interaction of these two pathogenic parasi~es and 

\ 
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ex'amining the patterns of acquisition would be useful. 
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CONNECTING ST ATEMENT 

In Chapter l, it was shown that a recurrent late-summer mortality of 

dabbling ducks in southern Québec was probably the result of heavy 

infections with the . " dlgeneans Sphaendiotrema globulus and C}'athocDlyle 

bush;ens;s. It was also shown that duck species have different prevalences 

and intensities of infection with these two parasites, and that ail duck 

species are not proportionally' represented in the "dead duck" samples. 

Blue-winged teal and black' ducks have t'he highest levels of infection, and 

both species are over-represented in the "dead duck" samples. 

The different levels of "infection among duck species may result from 

different exposures to the metacerc~iae based on feeding ecology, from 

differences in innate susceptibility to infection with 'the parasites, or 

from a combination of both these factors. The easiest of these hypotheses 

to test is to examine for innate differences in susceptibility to experimen-

tal infection. In Chapter 2, experimental infections with C. bushiellSIS 

were ..llsed ta determine· to what extent innate dlfferences in susceptibility 

to. infection could account for both the different Itvels of infection 

encountered among wild duck species and the dispropor,tionate species 

representation in th& "dead duck" samples. 

l 
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CHAPTER 2 

VARYING SUSCEPTIDILITY OF' DUCK SPECIES 

• o 

TO PARASITE-INDUCED MORTALITY, 

tff> {;~ 

DY 

HOEVE, J. AND M.E. SCOIT 

:...-

• for submission to the Journal of Wifdlife Diseases·: 
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'ABSTRACT 

To determine if innate differences in susceptibility' to infection with 

the digenean Cyalhocolyle bushiellsls Khan, 1962 cou Id explain observed 

differences among duck species in terms of prevalence and ~ntensity of 

infection, as weil as disproportionate. species representations among 

carcasses recovered during late-summer parasite-induced die-offs, three age 

classes and seven species of' ducks were infected with equal numbers of , , 

metacercariae. Worm recovery on Day 7 post-infection wa~ificantly 
L ( ~ f 

higher for' ducklings th an ,for juveniles ~d adults. Worm recovery was 

significantly lower for wood ducks (AIX, spo"sa) than for the other species , 
of dabbling ducks (Anas spp.) and lesser scaup (AYlhya affillls). ft is 

r 
suggested that differences in exposure to metacercariae are responsible for 

the different infection \ levels a.nd the disproportionate species 

representation in the sample of dead ducks. Thus, duck species consuming 
, 

more of the -.intermediate host aquatic snaiI are more heavily infected and 

"tore frequently found dead. ' ,Three forms of cecal pathology were measured in 

the experimentally infected ducks. Tl)e area affected by hemorrhagic spots, 

pathology produced directly by the parasite on the cecal wall, was similar 

among ail spellocies of ducks. The area affected by plaque formations and the 

extent of core formations, both host-induced pathologies, did show 

significant differences among species, but these differences did not show a 

, strong correlation with species' susceptibilities to mortality. 
, 
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INTRODUCTION 

The digenean Cyathocotyle bushiensis Khan, 1962 was reported to be 

responsible for mass die-offs of dabbling ducks on the St. Lawrence River 
r" 

during the late 1960's and e~ly 1 97.0's; black ducks (Anas rubripes) and 

blue-winged teal (Allas discors) were the species most frequently found dead 

.(Gibson el al., 1972). Late-summer die-offs of ducks have continued to 

occur in southern Québec since that time (R. Parent, Waterfowl Biologist, 
... 

pers. comm.; Demers, 1985). Hoeve (Chapter 1) reported that another 

digenean Sphaendiotrema globulus (Rudolphi, .1814) was probably the major 

cause of the mortalities in the years J 983 to 1985, but that C. bushiensis 

may still contribute to the mortalities. Field data showed that duck 

species differ in levels of infectiJn and in proportional representation in 

"dead duck" samples, 50 that blue-winged teal and black ducks were the 

species most affected by the mortality in the mid-1980's (Hoeve, Chapter 1). 

Infection with C. bushienslS can produce extensive pathology in the 

ceca of ducks (Khan, 1962; Erasmus and Ohman, 1963; Gibson et al., 1972). 

However, the role that this pathology plays in causing duck mortality is 

unknown. 

In this study, experimental infections with C. bushœnsis were used to 

determine whether innate differences in suscePtib~ity to infection were 

responsible for duck species being differentially affected by the recurrent 

parasite-induced mortality. Similarly, ducks of various ages (duckling, 

juvenile and adult) were also examined for differences in innate susceptibi­

lity. Gross cecal pathology was measured in these experimentally infected 

ducks to examine for differences between species that could be correlated 

with the mortality. 

MATERIALS AND METHODS 

Ali ducks were obtained from the suppliers as ducklings and were reared 

in tlie lab; thus, the y were free from' helminth infections. Water and 

commerpal, non-medicated 18% poultry laying mash (Coopérative du Québec, 
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Ste.-Rosalie. Québec) feed were supplied ad libitum. Ducks were classified 

into three ag~ groups for this study. Ducklings included downy or partially 

feathered birds up to about 6 weeks of age (elass 1 and Il ducktings of 
~ 

Gollop and Marshall, 1954). Adults were birds in or beyond the post--juvenile molt -(Karstad and Sileo, 1971), generally greater than 4 months of 

age. Juveniles included ducks between 6 weeks and 4 months of age, 0 

--generally about 3 months old at the time of infection. For the comparisons 

between species, ma liards (Allas platyrh}'lIchos). cali ducks (domestic 

mallards), black ducks, pintàils (Anas acuta), gadwalls (Allas strepera), 

blue-winged teal, wood ducks (AIx spollsa) and lesser scaup (Aythya a/finis) 

were used. 

Metacercariae were obtained from naturally infected BllhYl/la 

tentaculata (Gastropoda: Prosobranchia) collected at the Riviere du Sud 

(450 6'N; 730 14'W) and' at Lac St. François (450 2'N; 740 30'W) in southern\ 
\ 

Québec. Snails were crushed in mass, washed through a course sieve (40 

mesh/inch) and 'the metacercariae were' collected on a' fine sieve (120 

mesh/inch), a mo~ification of the technique described by Gibson el al. 

(1972). 

Ducks were infected, by intubation, with 25 metacercariae. Only thick-

wal1ed, supposedly "mature~ metacercariae (Gibson et al., 1972) were used. 

After infection, ducks were maintained separately in 63 X 46 X 38 cm rabbit 

cages. with water and feed supplied ad ltbllum. . 

Ducks were killed on Day 7 post infection (p.i.). Feed was removed 

from the cages 2 hours before sacrifice to allow the intestinal tracts to 

empty. thus facilitating the examination for worms. The ceca, colon and 

terminal section of the small intestine (equal in length ta the ceca) were 
, 

examined for C. bushiclISIS as described in Hoeve (Chapter 1). Only the 

terminal section of the small intestine was examined because no C. 

bushiensls were found in the anterior small intestine at the worm burdens . 
used for these experiments (Scott, unpubl. data). 

, 
Three measures of gross pathology of the ceca (Figure 1) were recorded. ' 
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FIGURE 1. 

Photographs of the three types of pathology measured. A:. 

.. hemorrhagic spots created at the site of attachment and 

feeding of Cyathocotyle bushiellsis. Notice that the spots, 

indieated by arrow. are the same size, and shape as the adult 

worms. B: plaque formations, easeous fi brin secretions 

)jning the cecal wall at previous hemorrhagic spots. ' Seven 

adult C. bushiensis in petri dish at right. C: core 
\ o 

formations. fibrin secretions occupying part or ail of the-
1 

ceea) lumen. )9 adult C. bushiellsis in petri dish at right . 

., 
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"Hemorrhagic spots" were the sites where C. bushlellsis had been recently 

attached and feeding (Erasmus and Ohman, 1963). "Plaque formations" were 

caseous .,secretions attached to the wall of the ceca (Gibson el al., 1972). 

"Cores", apparently of fibrin and blood (Gibson et al., 1972), were 

secretions occupying part or ail of the eeca"- lumen. To quantify the extent 

of hemorrhagic spots and plaque formations, affected ceea were gently 

pressed under a plexiglass plate and a dotted acetate sheet (7.8 dots/sq. 

cm) was superimposed over the plate. The numbers of dots covering 

hemorrhagic spots, pla'que formations and unaffected eeeal wall were counted 

and these were presenteq as both absol ute area affected and as % of the 

total area of each cecum. Both rneasures were eorrected for number of worms. 

Core de~lopment was measured by weighing the cores to the nearest 0.1 gram. 

The core formation measurements were adjusted ta correct for number of worms • 

aM to correct for number of worms plus size of the cecum~(surface area). 

Kruskal-Wallis tests were used for ail comparisons of experimental 

infections. Spearman's rank correlation analysis (Zar, 1974) was used for 

the analysis of 'feeding ecology. The level of significance was set at 5%. 

RESULTS 

Mallards were used to measure the effeet of host. age on worm 

establishment. Worm burden on Day 7 p.i. was significantly greater 
, 

(H-9.7450, df-2, P<O.Ol) in ducklings than in juveniles or adults (Figure 

2). There was no significant difference betweetl ju~e~es and adults 

(H-2.2361. df-I, P>O.OS). 

ln the experiment to determine the effeet of host species on worm 

establishment, juvenile ducks wete used whenever possible; however, 8 of the 

IS blue-winged teal and ail of the cali ducks were adults. Four gadwalls , 
were infected but. were not included in the analysis because of the smaU 

sample size. Worm establishment was significantly lower (H-25.7332, df-6. 
-..: , 0 

P<O.OOl) in' wood ducks than in the remaining species (Figure 3). There were 

r 
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FIGURE 2. 

Effect of duck age on the recovery of Cyalhocolyle bushiellsis 

on Day 7 p.i. Sample size equals 20 ducks for each ""age ' 

class. Ali ~s 'were 

dklg-duckling, j\v-juvenile. 

" .. 

'lit 

infected \Vith 2S metacercariae. 
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FIGURE 3. 

Effect of duck species on the rec·ovdry of Cyathocolyle 

bushiensis on Day 7 p.i. Ali ducks were infected with 25 

metacercariae. MJ\,L-mallard (n-20), C~L-call. duck (d01Tlestic 

mallard) (20), BLA-black duck (20), -BWT-blue-winged teal 

(15), PIN-pintai! (20), GAO-gadwall (4), WOO-wood duck (18), 

and LSC-lesser scaup (fO). Data for gadwalls are presented 

. here but were Dot included in the analysis due to the sm ail 

sam pie size. , 

39 

) 

• 

) 



Ir 

o 

0 
CI) 
..J 

0 
0 
3: 

c 
oC( 
(!J 

z 

c- ~ 0-

t-
3: 
al 

oC( 
..J 
al 

(was) SWt:lOM 'ON NV3W 

o 
40 

-

~ f 
() 
:::> 
0 
U. 
0 
CI) 

W -() 
W 
0-
CI) 

· . 
"', 



o 

o 

o .. 

no significant differences among the other duck' species (H-9.2213, df-S, 

1»0.05). 

The pathology present was a function of worm burden (Appendix 1 ). 

Therefore, each cecum was treated as an individual sampling unit. Five 

ducks showed pathology in at least one cecum but no C. bushielfSlS were 

recovered from either cecum. Ali five ducks werè pintaits, and parasite egg 

production was' not measured for pintails so that the infection cannot be 

confirmed by the- detection of parasite eggs in the feces. Pathology 

measurements from ceca with no worms' were not' Încluded in subsequent 

analyses. There were no significant differences among any of the species or 

age classes examined in terms of the absolute area affected by hemorrhagic 

spots lH-J2.5259, df=6, P>0.05) (Table 1). The development of Plaq" 

formations, also measured in terms of 'absolu te area affected, showed 

considerable and statistically significant (H-42.4590, df-6, P<O.OOI) 

differences among species and age classes (Table 1 ). Mallard ducklings and 

pintails developed significantly less plaque formation/worm compared to the 

other duck species (Figure 4) . Similarly, there were considerable and .... 
statistically significant (H=-40.2803, df-6, P<O.OOI) differences among 

species for core development (Table 1). Blue-winged teal showed much 

gr.eater core development, and mallard ducklings and juveniles showed less, 

than the other duck species (Figure 4). 

The previous analyses were based on absolute measures of pathology. To 

compensate for the different sizes of ceca in the different, duck species, 

the measures of pathology were corrected for the size of the ceca (Table 1). 

The results were generally similar to those obtained from the absolute 

measures. There were significant differences among species for the 

proportional area affected by hemorrhagic spots (H-13.5960, df-6, P<O.OS), 

proportioQal area affected by plaque formations (H-41.6029, df-6, P<O.OO1), 

and propprtional core formations (H-48.1280, df-6, P<O.OOI). but the 'species . ~ 

grouped as they did in the analyses using absolute measures (Figure 4). 
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TABLE 1: COMPARISON OF CECAl PATHOlOGY IN DUCKS EXPERIMENTALLY INFECTED WlTH tyatbocoty~ bYsbiensis. 

Absolute Area 1 

1 2 
Hemorrbagic4 Hemorthag i c Plaque 2 

Core 3 Species Age n Spots FormatIons Formations Spots 

" ",?llard Duckl ing 32 0.57 (0.37> 0.86 (0.78) 0.018 (0.052) 0.78 (0.58) 

Mal lard Juveni le 14 0.51 (0.37> 4.55 (2.87) 0.004 (0.016) 0.66 (0.53) 

Black Duck Juvenile 15 0.44 (0.42) 2.91 (2.24) 0.106 (0.171) 0.58 (0.62) 

Pintait Juveni le 21 1.07 (1.01) 1.66 (1.34) 0.093 (0.144) 1.59 (1.50) 

Blue'winged Teal Juveni le 7 0.50 (0.50) 2.93 (3.59) 0.321 (0.135),~.-' 1.33 (1.42) 

llood Duck Juveni le 10 0.54 (0.60) 4.96 <2.64) 0.136 (0.168) 0.n(1.17) 

Lesser Scaup Juveni le 19 0.32 (0.33) 5.02 (4.38) 0.140 (0.134) 0.48 (0.54) 

Il 

• mean (standard deviation) 
2 • measured as : area affected (# dots)/wonm/cecum 
3 • measured as : core weight (grams)/wonm!cecum 
4 • measured as : area affected (%}/worm/cecum 
5 • measured as : core weigbt (grams)/wonm!area of cecum (total # dots) X 1000 

'0 

Proportional Area 1, 

Plaque 4 Core 5 FormatIons Formations 

1.09 (1.06) 0.21 (0.58) 

5.66 (3.540) 0.04 (0.16) 

3.7'9 (3.10) 1. 12 (1. n) 

2.42 (2.06) 1.26 (2.13) 

7.56 (7.43) 8.38 (2.60) 

5.93 (2.82) 1.49· (1. 7'9) 

7.53 (6.86) 2.04 (1.98) 

~-



) 

.. 

... 

, 

FIGURE 4. 

Comparison of pa.thology measuremepts among species and age 

classes of ducks, for measures of both absolute and 

propartional area or extent. Scale of Pathology: for each of 

the six measures, the lowest value was set eQual to 0, the 

bighest value set equal to 1.0, and the remaining values were 
-' 
scaled in between., Species under the hatched bars are those 

not significantly different (P>O.05) after species had been 

dropped one by one from Kruskal- Wallis anal~is. 

MALd-mallard duckling, MALj-maIlard juveni!e, BLA-black duck, 

~WT-blue-winged . teal, PIN-pintail, WOO-wood duck, and 

LSC",lesser scaup. 
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DISCUSSION 

Mallard ducklings harboured significantly more C. bushle1lsis on Day 7 

p.i. than did juvenile or adult mallards. This might suggest that a greater 

proportion of the infective dose of 25' metacercariae 

established in the ceca of ducklings than in older birds. 

e xcysted and 

Alternatively, 

initial establishment may have been similar' but C. bushlellsis, once 

established, may have persisted longer in the ceca of ducklings than in 

older bi~ds. The life span of C. DushlellSlS \as been reported to be from 5 

to 10 days (Gibson et al., 1972). In this study, ail birds were examined on 

Day 7 p.i. to aHow for the developrnent and subsequent measurement of 

pathology. However, by Day 7 p.L, sorne ducks were examined whiclf exhibited 

the characteristic pathology of infection but no C. bushlellSl,'i 

recovered, suggesting that the worms had already been eliminated. 
~ 

Field studies have shawn that ducklings and juveniles tend ta be more 

,heavily infected with many parasites than adult çucks (Cornwell and Cowan, 

1963; BuscHer,' 1965; Buscher, 1966; Crichton and Welch, 1972). Drobney el 

al. (1983) have .demonstrated that high levlts of parasitism in, eg&-Iaying 

female wood ducks can be correlated with hyperphagia and an increased 

consumption of invertebrates. 'Because ducklings feed almost exclltsively on 
<-

~ ". invertebrates durlnj their first few weeks of life (Chura, 1961; Sugden, 

1 

1973), this increased parasitism may similarly result from increased 

exposure to the infective stages of many parasites. The present 

experimental results suggest that, in..., addition to increased exposure to 

infective stages, the increased levels of parasîtJsrn in young wild ducks may 

result from a greater innate susceptibility to infection or a decreased 
.... 

ability to resolve an infection once establisJ1td. 
. 

Parasite surveys of wild waterfowl have repeatedly shown that duck 

species differ .;oin theÎ'1' infection levels for many different parasites 

(Buscher, 1965; Be'verly-Burton, 1972; Crichton and Welch. 1972; Mahoney and 

Threlfall f 1978; McLaughlin and Burt. 1979; Scott et al., 1979). Thesè 
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differences May be the result of differences in worm establishment and 

---~-----survival among duck species or different levels of exposure to the infective 

• 

stages based on interspecific differences in feeding ecoldgy. Spieker 

(1978, in Wobeser, 1981) has shown that duck species are not ail equally 

susceptible to duck virus enteritis. Crichton and Welch (1972) reported 

that mallards were more parasitized than pintails and speculated that, 

because ma liard and pintail diets are similar, the se differences resulted 

from a greater susceptibility of ma liards to parasitic infection. In 

contrast, Scott el al. (1979) found that 4 species of ducks (mallard, blue-

winged teal, gadwalls and canvasbacks Aythya valis/lleria) were ail equally 

susceptible to experimental infection with Typhlocoelum cucumerillum, a 

tracheal digenean, th us supporting the hypothesis that Most waterfowl 

trematodes are not host-specifie for duck species (Wobeser, 1981). The' 

results of these experimental infections also tend to support that 

hypothesis; with the exception of wood ducks, ail species of ducks examined 

were equally susceptible to experimental infection with C. bushiensis. 

Although generally considered as a dabbling duck, the wood duck is the only 

North American member of the Tribe Cairinini, perching ducks (Bellrose, 

1976). 

Examination of hunter-shot ducks revealed that duck species differed in 

their C. buslfiensis infection levels (Hoeve, Chapter 1). The present 

experimental infections indicate that there are no differences in suscepti­
\ 

bility to C. bushiellsis infection among the dabbling (Anas spp.) and diving 

(Aythya spp.) ducks examined. The varying infection levels in wild d ucks 

therefore probably result from varying exposure to the metacercariae. 

Cyalhocotyle bushiensis has been implicated as a cause of late-summer , 

mortalities of ducks in southern Québec (Gibson el al., 1972; 'Hoeve, Chapter . 

1). Duck species present in southern Québec differ. in their susceptibility 

to . this parasite-induced mortality (Hoeve, Chapter 1) and can be ranked 

according to their proportional representation in "dead duck" and "hunter­

shot duck" samples (Table 2). The second intermediate hosts for C. 

~ 
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TABLE 2: DUCK SPECIES RANKED FOR SUSCEPTIBIlITY TO PARASITE'INDUCED MORTAlITY AND X SNAIlS IN FAll DIET. 
, t 

Susceptibility to Mortality 

Proportion of sample2 

. 
Duck Spee i es "Dead Ducks" 

1 

wood Duc" 0.000 

Gadwall 0.016 

Pintail 0.016 

Green'winged Teal 0.049 

Mallard 0.180 

Black Duck 0.230 

8lue·winged Teal 0.492 

1 from Korschgen (1955). 
2 fram Hoeve (Chapter 1) 

Kunted 

0.121 

0.063 

0.022 

0.058 

0.358 

0.184 

0.078 

Susceptibility3 
Index 

0.0 

0.3 

0.7 

0.8 

0.5 

1.3 

6.3 

Feeding ECology1 

.;, 

Il Oucks X Snails 
Rank Exal':lined in Diet , 

38 0.0 

2 47 0.0 

4 148 0.3 

5 318 0.5 

3 1467 0.6 

6 9 0.1 

7 19 4.8 

3 Susceptibi l ity Incl_ex" proportion of "dead duck" sample 1 proportion of hunted sample 
4 adjusted rank, see text 

" 

".. \ 
C· 

~ 

Rank 

1.5 

1.5 

3 

--4 

5 

6
4 

7 

e-~-' 

or 
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bushilnsis . are freshwater snails (Khan, 1962) and in southern Québec,-
" 

Bithynia - tentaculata is the only species of snail from which metacercariae 

have been recovered (Gibson et al., 1972; Ménard, in preparation). If the 

differential mortality observed among duck species is a f\lnction of feeding 

ecology, then infection and subsequent mortality should be correlated with 

the amount of snails in the diets of diffeA:mt duck species. Korschgen 

(J9SS) examined the fall food habits of waterfowl in Missouri and included 

in his data the percentage of snails in the diet. Because gizzard contents 

were exarnined, the actual values for percent snails in the diet may be 

underestimates (Swanson and Bartonek, 1970) but they are still useful for 

comparisons among species. Using Korschgen's results, duck species have 

been ,ranked according to the amount of snails in their diets (Table 2), with 

one correction. Korschgen examined only 9 black ducks and recorded a low 

value (0.1 %) for percent snails in the diet. Yet black ducks are generally 

acknowledged to feed more extensively on aquatic invertebrates, and particu-

larly molluscs, than the closely-related ma.1lards (Martin et al., 1951; 

Bellrose, 1976), so that the rank for black ducks has been adjusted higher 

than the rank for mallards (Table 2). Spearman's rank correlation analysis 

(Zar, 1974) yielded a significant positive relationship (rs.0.884, P<O.05) 

between the amount of snails in the diet and a duck species" susceptibility 

to parasite-induced mortality (Figure 5). 

This analysis has assumed that C. bushlenS1S is responsible for the 

annual duck mortalities. However~ there is strong J'vide"nce that another 

digenean, Sphae"diotrema globulus is in-volved in the mortalities (Hoeve, 

Chapter 1). S. globulus also uses B. tentaculata, as weil as other species 

of freshwater snails, as' second intermediate hosts (Huffman and Fried, 

1983). If trematodes generally are not host-specifie for duck species 

(Wobeser, 1981), a hypothesis that these experimental infections support, it 

is probable that duck spechts have no differences in susceptibility to 

infection with S. globulus. Then, because ducks acquire both parasites by 

cating snails, the preceding analysis of. feeding ecology would apply equally 

48 



FIGURE S. 

Spearman's . rank correlation analysis of percent snails in 

fall diet plotted against species susceptibility to parasite­

induced morlality. Data for percent snails in diet were 

taken from Korschgen (1955). MAL-mallard, BLA-black duck, 

BWT-blue-winged teal, GWT-green-winged teal, PIN-pintail. • 

t 

GAD-gadwall. and WOO-wood duck. ) 
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weil to S. globulus infections. or to the concurrent infections with both C. 

bushiensis ~d S. globulus which were found in almost ail ·dead d'Fks· 

examined (Hoeve, Chapter 1). 

Generally. the results of the pathology measurements were similar 

whether the measurements were based on absolute area affected or on propor­

tional area corrected for ceca size. Hemorrhagic spots are created at the 

sites of attachment of the worms, where the epithelial cells lining the 

affected was significantly higher in pintails. The general similarity of 

this measurement among duck ages and species sugsests that the worms behave 
'" similarly in the different species of hosts. The area of hemorrhagic spots 

is a measure of the pathology produced directly by the parasite . 
• 

In contrast. plaque and core formations result from host responses and 

are therefore host-induced pathologies. The fibrin secretion which cr~ates 

plaque formations seems to be a delayed response, occurring at the sites of 

previous hemorrhagic spots. In more heavily infected birds, the fibrin 

secretions are occasionally extreme enough to produce a core in the lumen of . 

the cecum. sometimes blocking the entire cecum. The measurements of plaque . 
and core formations did show significant differences with age and among duck 

species. Because plaque and core formations may be measurements of 

different extremes ot ~ssentially the same response; il might be Ilrtificial 

to separate them. For exarnple, juvenile maUards showed I~e core 

formation but fairly. high plaque formations. Therefore, lool.g at the 

total host-induced pathology (plaque plus core formations). two POII'ltS 'are 

clear. First. ducklings have the least development of host-induced .. 
pathology; perhaps this is involved in sorne way with the suggestion made 

earlier that ducklings May have a decreased ability to resolve infections. 

Second. blue,-winged teal have by far the grealest deveJopment of host-. 
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induced pathology, resultin~ mainly from extensive core formations. • Il is 

interesting that blue-winged teal is also the species that, based on field 

data, is most susceptible to the annual' mortality in southern Québec (Hoeve, 

Chapter 1). 

It should be noted that these measurements of pathology were highly 

variable, producing an inconsistent gradient of responses in different duck 

species, so that it· is difficult to know what effect, if any, the cecal 

pathology produced by C. bushiensis infections has in the observed duck die-

offs. This uncertainty is fostered by two observations. The first is that 

none of these ducks died or even appeared ill due to the experimental C. 

~ bushiensis infections (pers. obser.)~ Second, the mortality seems to be 

more closely associated with S. globulus worm burdens than with C. 

bushiemis worm burdens' (Hoeve, Chapter 1). 

Although there seems to be Ijt~le correlation between the cecal 

pathology caused by C. bushiensis and the annual duck die-offs, these 

experimental infections do pro vidé valuable information concerning the 

~ epizootiology of the die-offs. ~!most ail duck species examined were 

equally susceptible to experimental infection. Therefore, the varying 

infèetion levels and the differing effects of the mortality among the duck 

species probably results from different levels of exposure to the 

metacercariae, based on the amount of snails in the ducks' diets. 
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CONNECTING STATEMENT 

Chapter 1 showed that a recurrent late-summer morta~ity of dabbling 

ducks was probably parasite-induced. and that _ aIl duck species were not 
1 

equally affected by the infection and mortality. In Chapter 2. il" was shown 

that almost aIl species of ducks examined were equally susceptible to 

experimental infection with CyaJhocotyle bushienslS, and it was suggested 

that differences in feeding ecology were responsible for the obsel,'ved 

differences among duck species. Therefore. duck species eating more aquatic 

snails were likely to become infected and were more likely ta die frorA the 

infection. 
t 

It was also shown iÎl Chapter that thè lnortality was highly seasonal. 

as two thirds of ail "dead ducks" recovered were coll,ected during the last 

two weeks of August. One possible explanation for the regular occurrence of 

the mortality dudng late-summer was lhat seasdnal changes in the prevalence 

or abundance --of metacercariae in aquatic snails could enhance transmission . . 
during ~~summer. In Chapter 3. sentinel ducks were used to determine if 

seasonal ~ges in the availability of metacercariae to ducks were 

responsible for the timing of the mortalities. 
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Sentinel ducks were used to determine if seasonal changes in the 
y 

-< 

availability of SphaeridlOtrema globulus (Rudolphi. 1814) and or 

" . Cyathocotyle bushlensls Khan,' 1962 metacercariae cou Id explain the regular 
.. 

occurrence of parasi te-induced duck mortalities during late-summer. 

Acquisition of C. bush leI/sIS was not ~ignificantly different for each month 

from May to September; acquisition of S. globulus was 10w in May Bnd June, 

and higher but not significantly different from July to September. This 

suggests thilt seasonal changes in availability of C. bushlellS/S 

metacercariae are not responsible for the regularity of the mortalities. 

Data on S. globulus are less conclusive, and further studies are needed to 

determine the raIe of seasonal avallability of these metacercariae in the 

late-summer duck mortallty. Preliminary expenments indicate that small 

initial infections with C bushwIS1S produce a degre~ of acquired 

res;stance to re- inf.ection. It 

mortalities during late-summer 

is suggested that the occurrence of the 

May result either from } an annual, pre-

migration arrivaI of large numbers -of ducks to- feed on the productive but 

highly infective , . marshes of the St. Lawrence River and 

and/or the seasonal occurrence of S. globulus. metacercariae . 

• 
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INTRODUCTION 

ln 1972, Gibson et al. reported that late-"S~mmer mortalities of dueks 

on the St. Lawrence River in southern Québec were eaused by the digenean 

Cyathocotyle bushiensis Khan, 1962. Similar, late-summer mortalities have 

continued to oceur in southern Québec sinc~at time tR. 'Parent, Watèrfowl 

.. Biologist, pers. comm.; Demers, J 985). Hoeve (Chapter 1) has shown that the 

mortality was concentrated during the last two weeks of August during the 

summers 1983 to 1985. It was also shown that, although' C. bushiellsis was 
, 

still associated with the duck mort,alities, another digenean Sphaeridiotrema 

globulus (Rudolphi, 1814) was probably more important as. the cause of the . 
mortalities during these years (Hoeve, Chapter 1). 

The purpose of this study was to examine factors which might be respon-

sible for the mortality occurring so regularly during late-summer. Sentinel , 

dueks were used to monitor the seasonal ac;quisition of par~ites in 1985, to 

test whether changes in the availabllity of metacercariae to ducks could 

explain the mortality. The Rivière du SutJ, Québec, was chosen as the site 

for the sentinel duek experimen.t for 3 reason!: first, "dead ducks" (Hoeve, 
J 

Chapter 1) had been collected there during the two previous summers; second, 

the populat>ion of Bithynia telltaculala (Gastropoda: Prosbranchia) was known 

to be abundant and had been found to be heavily infeeted with C. bushiensis 

metaeercariae duriog the previous summer (Ménard, in preparation); and 

third, a study of the transmission of larval stages of C. bushiensis and S. 

g/obulus using sentinel snails was ~imu1taneously being eonducted there 

(Ménard. in preparation). To complement this field study using sentinel 

ducks, .. experimental infections were used to determine if small initial 

infections with C. bushiellsis eould produce aequired resistance to 

reinfection, as Macy (1973) has demonstrated for S. globulus. 

STUDY AREA 

The Rivi~re du Sud has long been reeognized' as an eeologically unique 
'\, 

and valuable area, as r.ecently summarized in an assessment report (CT ARS, 
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f984); most of the following description is taken from this report. The 

" 
Rivière du S~ (4506' N; 73°14\ W) is located approximately 50 Km southeast 

~ 

of Montréal (Figure 1) in a gently rolling' area of the St.' Lawr.ence 

LowlandS'. T~~, surrounding area is productive agricultural land, with m~st 
...... 1 l 

of the acreage. devoted to corn productiqn (pers. obser.). Annual spring 

f100ding has maintainéd a border of dparian forest along both 'banks of the 
, fI 

river, composed mainly of silver maple (Acer saccharillum), swamp white oak 

(Quercus bie%r) and black willow (Salt.t' II/gra). 

After spring f1ooding, the rrver wher7 the cages were built is approxi­

mately tOO metres (m) wide, the current is negligible and the discharge is 

small, with water depth varying between 1/2 and 1/2 m. The site is 

eutrophie ~and aQuatic vegetation is abundant, including wild celery 

(VallislIcr/a amer/cana) and wild rice (ZiZ/IIfa aquatica). Thus, during most 

of the sum~er, the Rivière ~u Sud more closely resembIeSlla large marsh than 

a river. This region supports breeding populations 'of blue-winged teal 

(Anas discors) , mallards (Allas platyrhYllehos), black ùucks (AI/as rubnpes) 
.. ft-

and wood ducks (AIx spol/sa). The cages were built in a portion of the river 

(Figure 2) intensively used by these species for feeding during late-summer. 
, 

Recognized as being among the best waterfowl habitat in southern Québec, it 

has been suggested as a site for protection and ffi1\nagement (Canards 

IIlimi tés Canada, 19~ 1). ' 

MATERIALS AND ""ETHODS 

(
'--- - 'Two cages were built, each approximately 3 X 3 m,. using standard 

chicken wire mesh supported on 5 cm X 5 cm X 2.4 m (2" X 2" X 8') wooden 

stakes. The ca~ge sites were selected where late-summer water depth was 

expe~ to be about J/2 m; when the cages were built in early May, 1985, 

wat~~th was slightly Jess than m. Water levels dropped more than 

anticipated, and Cage #1 dried up betwee,n the July and August sampling 

periods. Therefore, Cage #1 was moved approximately 20 m toward mid'stre+ 

for the last two months. 
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FIGURE 1. 

Map of south western Québec, showing tne location of the 

Rivière du Sud study area. <> 
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FIGURE 2. 

Map of the Rivière du Sud, showing the locations of the cages 

for the sentinel ducks. 
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Blue-winged teal was the~ species chosen for 0 use as sentinel 'ducks 

because the y are known to he susceptible to infection and mortality (Hoeve, 

Chapter 1) and, among dabbling ducks, they consume the most aquatic snails 

(Korschgen, 1955). Adult ducks, over-wintered in the laboratory, were used 

in May, June and July; juvenile ducks were used in August and September. 11-

Because susceptibility to infection does not differ significantly between 

juvenile and adult ducks (Hoeve, Chapter 2) and assuming that feeding 

behavior does not change, measurement of parasite acquisition should not be 

affected by switching from adult to juvenile ducks. AlI ducks were obtained 

from the suppliers aZUCklingS and were free of helminth infections. 

Three, wing-c1ipped ducks were placed to~ether in each of"lhe two cages 

for a period of 24 hours once during the Middle of each month from Ma, 

through September. Ducks were placed in the cages at midday and were 

removed lat midday the foHowing day, thereby allowing uninterrupted feeding 

during the peak feeding periods in the evening and, ta a lesser extent, the 

early mOJning (Swanson and Sargeant, 1972;' Stoddart, 1985). After removal 
" 

from the cages, ducks were returned to the laboratory where water and 

commercial, non-medicatfd 18% poultry laying mash (Coopérative du Québec, 

Ste.-Rosalie, 'Québec) were supplied ad libitum. Ducks were kjlled after 5 ... 

to 7 da ys; intestinal tracts were examined for helminths as described 

previously (Hoeve, chapter 2) except that the entire length of the smaH 
'. 

intestine was examined. 

In August and September. samples of B. lentaculala were collected from 

in and around the cages. The snails' were .crushed individually and the 

prevalence and abundance of C. buShiensis and S. globulus metacercariae were 

recorded. The metacercariae were distingUi~ed based on size and general 

appearance. Cysts of S. globulus were smaller averaging 0.180 mm (Mac y and 

Ford, 1964) whereas C. bushiensis metacerca iae averaged 0.239 mm (Khan, 

1~). In addition, C. bushiensis metacercariae were spherical. possessed a 

thick, transparent cyst wall and black pigmentation within the cyst. s. 
,lobu/us metacercariae were somewhat nattened, possessed no thick cyst wall 

64 



o 

o 

o 

.. 

and contained brown pigment. Identification was confirmed by C:jll cting 
> /' ... 

mature parasites aftçr experimental infections, 

Lab-reared Call ducks (domestic mallards Alfas plalyrhynchos) were used 

for the experimental infections and were divided into two groups. Five 

ducks were infected on Day 0 with 25 C. bushtelrsis metacercariae as 

described in Hoeve (Chapter 2). To estimate Jorm establishment, duck feces 
, 

were collected for 24 hours on Day 7 post infection and washed through a 

series of sieves until the parasite eggs were trapped on a 325 mesh/inch 

sieve. Ali feces and eggs from this sieve were suspended in 400 -ml of water 

and the eggs present in! 10 aliquots were counted using a McMaster Egg 

Counting Chamber. The mean value was adjusted to give egg production / 24 

... hours. On Day 15, when worms from the initial infection should have been . 
eliminated (Gibson el al., 1972, Scott, unpubl. data), the 5 ducks were re­

infected with 25 metacercariae. In addition, three ducks were infected as 

con troIs for the challenge inf~ction. Seven days later, ail ducks were 

killed and examined as described previously (Hoeve, Chapter 2). 

.. Kruskal-Wallis tests were used to compare worm burdens. 

significance was set at 5%. 

RESULTS 

Level of 

The sentinel qucks acquired both C. bushiensis and S. globulus 

infections (Table 1) during the 24 hour exposure period. In June, 1 duck 

escaped through a ho le in the mesh and wasn't recaptured; 2 other ducks were 

missing from the cages when they were to be removed on the second day. 

Three ducks died aCter 5 to 7 days in the laboratory, presumably from the 

infections. In addition to C ... bushiensls and S. globulus, immature 

Zygocolyle lunala was recovered from 1 duck in August and small numbers 

(maximum - 6) of immature EchinoSloma revolulum were recovered from severa) 

ducks in August and September. 

\ Even though few C. bushiensis were acquired in May and no ducks became , 

infected in June, there was no signifjcant difference in the monthly 

-t 
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TABLE 1: SEASONAL ACQUISITION OF ~ltbQÇoty1J bushlensis AND ~Dhaerid,otl"ema !Il~blJlus BY SEMTlMEL DUCI(S. 

Cage , 1 Cage il 2 .. 
Duck , , Duck il 2 Duclt il 3 Duclt il 4 Duck' 5 Duck # 6 Mean 

u--_-. 
Month Cyath. Sphaer. Cyath. Sphaer. Cyath. Sphaer. Cyath. Sphaer. Cyath. Sphaer. Cyath. Sphaer. CVath. Sphaer. 

May 0 0 0 3 8 0 0 0 0 0 0 0.7 1.3 -
JlI'le 0 2 0 0 0 3 0 10 0.0 3.8 

* July 14 2117 0 222 4 971 0 4 ,0 32 3.6 669.2 

* August 13 2757 1078 3 1806 2 1694 0 530 0 135 3.2 1333.3 

* 
0'1 Septemer 7 1161 4 843 
0'1 

2 217 828 1040 0 879 2.5 838.0 
"" 

• . click dled)rotory '. 

F 

t 
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acquisition of C. bush;ens;s (H-6.4S46, df-4, P>O.05). In contrast, 

acquisition of S. globulus was significantly higher in July, August and 
, 

September than in May and June (H-18.9346, df-4, P<O.OOI). 

FroQl the abundances of metacercariae in B. lenlaculala. the. mean 

infection levels of ,Co bushlens;s could have been acquired by the ducks in \ 
. 

August and September by eating between 13 and 62 B. tenlaculala (Table 2). 

In contrast, the ducks would have ta have eaten between 580 and 1483 B. 

lentaculala to aCQuire the reported S. globulus burdens (Table 2). 

Eggs of C. bushieltS1S were detected in the feces of ail challenge ducks 

7 days post infection. In Cali ducks, C. bushlensls produce an average of 

1595.4 eggs/worm/day (n=19, s.d.=940.0) on Day 7 p.i. with no evidence of 

density dependence. at, the worm burdens used (r .. -75.33, ts·1.94 14, d.f.- 17, 

P>O.OS). Therefore, Day 7 egg production in the challenged ducks was used 

to estimate the number of worms present from the initial infection (Table 

3). Worm burdens in control ducks on Day 22 were not significantly 

different from the estimated worm burdens in the challenge ducks on Day 7 

(H .. 2.7213, df""l, 'P>O.OS). On Day 22, no worms were found in any of the 

challenged ducks 'Table 3). Therefore, recoV/ery from the challenge 

infection ,",'clS significantly lower than from control ducks or the primary 

infection (H ... 9.0962, df -l, P<O.O 1). 

DISCUSSION 

Sefitinel ducks have been used in previous studies, but this has 

generally involved releasing domestic ducks onto large but restricted water 
\ 
\ 
bodies for an en tire season to determine which parasite species were 

acquired (Shaw and Kocan, 1980; Gvozdev, 1985). In this study, ducks were 

placed in ~mall restricted areas for short periods of time specifically to 

determine whether seasonal changes in the availability of S. globulus and C. 

bushiensis metacercariae to dUclcs cou Id be responsible for the tim1dg of the 
1 

late-summer mortality. For bath parasite species, not 

significantly difJerent in the months of July, August September, 

67 



o 

" 

0\. 
(X) 

o 

TMLE 2: PREVALENCE AND A8tJII)AllCE OF METACERCARIAE IN 8ithma tentaculata AIID THE IlUMBER OF SNAILS REQUIRED TO PROOUCE THE 
OBSERVED INFECTION IN SENTINEl DUCKS. 

'. 
Cyathocotyle bushianai. Sphaeridiotre.a globulus 

1 AtuI. 2 
Mean , Requ'd Il Mean , Requ'd' 

Month Cage ISnaBs Prey. WO .... /Ouck Snails Prey. AM. WOnllS/Duck Snei II 

Aue. 100 10 0.13 5.66 43.5 39 2.47 1880 761 

2 100 3 0.03 0.67 22.3 26 0.53 786 1483 

Sept. 100 5 0.07 4.33 61.9 40 1.31 760 580 

2 43 4.7 0.05 0.67 13.4 0 0.00 916 

1 • per cent lnaitl infected 
2 • total , ~tacercariae 1 total #1 snails 
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TABLE 3: ESTABLISHMENT OF fY-athocotv.le bushiensis OURING PRIMARY 
AND CHALLENGE INFECTIONS. 

No. Worms 

Group 
Day 7 Egg 

Day 7' No. ProclJc:tion Day 22 

Challenged '9476 12 0 

2 1868 0 

3 5336 3 0 

4 4536 3 0 

5' n04 5 0 

ControL 1 . 4 

2 11 

3 14 

1 • estf_ted fra. parasite ~g production 

o 

, 
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suggesting 

'not the 

mortalities. 

that aVfilabil:t~ of metacercariae in 

factor ~nlOg the late-summer 

Support for this observation is 

the snail populations is 

occurrence of the duck 

provided by Ménard (in 

preparation), who reported that the abundance of C bushlel/Sls metacercariae 

in B. tefllaculala populations IS actually lowest du ring late-summer due to 

the recruitment of uninfected snails born during the summer However, it 

was found that the rate of infection of sentinel snails with S. globulus 

metacercaptae peaked in August (Ménard, in preparation). Examlnation of 

Table reveals that the mean number of S. globulus acqulfed by sentinel 

snails In August was twice as high as in July and 1.6 times as high as in 

September. Because of the small sample slze and the high variability, these 

values are not r ~tatistically different. However, if S. globulus is the 

parasite more directly responsible for the recurrent duck mortality, 

seasonal availability of metacercariae may contribute to the seasonal 

mortality. ThIs possibllity J'squIres further in vestrgation. 
• 

Three of the sentinel ducks died after 5 to 7 days 10 the labora tory ... 

Because they were three of the most heavJly infected ducks and no other 

causes of mort.ality were observed, it is probable that they died as a result 

of the parasite' infections. The deaths occurred rapidly; aIl thl'ee dücks 

were found dead in the cages in the morning but none had appeared stressed 

or moribund the preceding evening. That these three sentinel ducks, 

restricted to 3 X 3 m cage, were able to acquire lethal parasite infections' 

in 24 hours demonstrates how Quickly wild ducks. free to forage over large 

areas, could also acquire lethal infections. The. deaths of these sentinel 

ducks also lends support to Hoeve (Chapter 1), who concluded that S. 

globu/us and C. bushiellsis were probably responsible for mortalities of wild 

ducks, based on comparison~ of infection levels in ducks found dead and in 

hunter-shot ducks. 

From the abundance of C. bushiellsis metacercariae in B. te1ltacu!ata, it 

is clear that the infection levels recor8ed in the sentinel ducks could have 

been aCQuired by eating 100 snails or less. For S. g/obu/us, however, sorne 
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, of the sentinel ducks must have eaten several hundreds," or thou~ands, of B, 

lenlaculata to acquire the worm burdens recorded, There art! at least ~ 

possible expia nations ,for this discrepancy. Fust, while C hushlt'llH.\ 

seems to be restricted to B lenlaeulata as second mtermediate h6st .KlJbson 

et' al., 1~2; Mênard, in preparation), S. g/obulus 15 capable of encysttng 

in different snail SpeCIe5 (Hùffman and Frted, 1983) 50 that some of the S. .) 
.:. 

globulus could have been acquired by eal1ng snalls other than B. 

lell/aeu/a/a; however, B. lelltaculala is tller most abundant snat! ln thls aren 

of the Rivière du Sud (pers. obser.) and It 15 belleved that this explana-

tion would only account for a portion of the discrepancy An alternative 

explanatlOn IS that these samples of B telltacl/lata do not accuralcly 

represent the abundance of S globulu.\ metacercaFlae ln the snat! popula-

tions. While crushing B tel/laeulala from the RIvIere du Sud to colleet C. 

bushlenslS metaeereartae, S. glohulus metaeereanae were also freQuently 

observed and, although not quantJfied, the abundance of S giobulul metacer-

cariae seemed much greater than the values recorded here (pers obser) 
~ 

Therefore, the abundanees of S, glohulu\ metaeercanae reeorded here are 

probably underestlmates. Certainly, eonsuming up to 100 B. lel/lawla/a. as 

suggested by the C. bus/llel/SIS data, does not seem to be unrealistic for 

blue-winged teal, whereas consuming more than 1000 fi. /{'I//acu/ala in one day 

seems unlikely It is dlfficult to explain why random sampllOg of snails 

would appear to aècurately represent the abundanee of C bu\hlem/\ but not 

that of S. globulus. 

For the experimental infectIOns, all of the challenge ducks became 

infected from the initial moculum, as proven by the detectlOn of C. 

bushiensis eggs in the duck feces. In the challenge ducks, no worms 

survived from the second infection on Day 15 until necropsy on Day 22, 

suggesting that these ducks had developed sorne degree of acquired 

resistance. These preliminary results agree with those of Macy (J 973), who, 

demonstrated aCQuired resistance to· reinfection for S. globulus, Sorne 

degree of aCQuired resistance has also been reported in ducks infected with 
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Trichobilharzia ocel/ma, as measured by parasite egg production (Rau el 

al., 19.75). 

The sentinel ducks have shown that transmission of S. globulus and C. 

bushiensis occurs at low levels early in the summer, ~durjng May and June. 

Resident breeding ducks on the St. Lawrence River marshes and the Rivière du 

Sud May acquire sublethal infections early in the summer and thereby develop 

sorne degree of resistance to larger, potentiaHy lethal infections later ln 

the summer. Therefore. it is probably not resident ducks which are most 
,1 

affected by the mortality. 

Sphaendiotrema globulus has been reported once from' wood ducks; two of 

34 ducks collected in New England were infected (Thul el al., 1985). Other 

surveys of waterfowl parasites' 'in Ontario and eastern Canada (Turner and 

. Threlfall, 1975; Mahoney' arld Ihrelfall, 1978; McLaughlin and Burt, 1979) 

have not, reported S. globulus or C. bushiellsÎj, and no C. bushœnS1S were 

reported from the wood ducks examined by\ Thul et al. (1985). The only 

region where .both parasites are ~OmmOnly found seems to be the St. Lawrence 

River system in southern Qu«!bec (Hoeve, Chapter 1). 

Patterson, (1976) examined factors regulating' duck populations. and found . .. 
that, ""hile behavioral spacing mechanisms acted to disperse, bre~ding ducks 

tarly in the season, these meçhanisms act less and less strongly throughout 

1he summel' 7 and nutrition becomes ,a more and more important factor. , There-
, .' 

fore, ducks garher to feed in large nocks on the most productive waters 

during late-summer., In late-summer. the productive marshes of the St. . 
LaV/rence River and ils tributaries attraet large numbers of ducks from 

s.urrounding areas, (L.M. 'Soyez, pers. comm.). Because . the region of corn mon 
, 

,oc~urrence 0 globulus and C. bushiensis seems to be limited to the St. 

La\\'rence- River system, many of these ducks may be "naive", n'èver having been , .. 
exposed to either parasite before. As "the sentine) ducks have shown, these 

1 

"na ive" ducks, ar~iving to feed on the productive but highly infective 
, 

~ars~es, can acquire lethal infections in as Iittl'e as 24 hours. 

t~e timing of the titqrqtlity during late-summer leems to tesult 

/ 
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changes in the factors regulating duck distributions, and/or from the 

pattern of seasonal availability of S globulus metacercariae. 

ACKNOWLEDG EMENTS / 

1 appreciate the help of G. Spurrell both in the lab and in the field .... 

Dr. J.O. Mclaughlin supplied Cive adult teal fo.r this experiment; the 

remaining teal and call ducks were supplied by thl) Niska Wildlife 

Foundation, Guelph, Ontario. Persona. support for J. Hoeve was provided by 

a Natural Sciences and Engineering Research Council (NSERC) of Canéda Post-

" Graduate Scholarship. This research was funded by NSERC Çirant U0204 and by 

the Faculty of Graduate Studies, McGill University. Research al the . 
Institute of Parasitology is supported by NSERC and the Fonds FCAR pour 

"ide et le soutien à la recherche. 

LITERA TURE CITED 

CANARDS ILLIMITES CANADA, 1981. Rivière du Sud: proposition d'aménagement. 
Report prepared for le Ministère du JLoisir, de la Chasse et de la. Pêche, by 
Canards Illimités Canada, St.-Jean, Qu~b'ec. 44 pp. 

CTARS (Comité technique d'aménagement de la rivière du Sud), 1984. Plan de 
conservation et de mise en valeur de la rivière du Sud. G. Massé (Ed.). 
Ministère du Loisir, de la Chasse et de la Pêche. 114 pp. " 

DEMERS, 1985. A quand le rerour des canards noirs? Le Bulletin des 
Agriculteurs 8: 74-79. 

GIBSON, G.G., E. BROUGHTON AND L.P .E. CHOQUETTE, 1972. Waterfowl mortality 
caused by Cyalhocolyle hushiensis Khan, 1962 (Trematoda. Cyathocotylidae), 
St. Lawrence River, Quebec. Cano J. ZooI. 50: 1351-1356. 

GVOZOEV, E.V., 1985. Use of the waterbody-indicator in the study of 
helm'inths on the migration routes of birds. Biologicheskaya 2: 23-27. 

, 
HOEVE, J., UNPUBL. A recurrent, late-summer parasite-induced mortality of 
dabbling ducks in southern Québec. Chapt!r 1 of M.Sc. Thesis, McGilI 
Unive~sjty, Montréal, Québec. ~ 

HOEVE, J., UNPUBL. Varying susceptibility of duck species to parasite­
induced mortality. Chapter 2 of M. Sc. Thesis, McGiII University, Montréal, 
Québec. 

HUFFMAN, J.E. AND B. FRIED, 1983. Trematodes from Goniobasis virginica 
(Gastropoda: Pleuroceridae) in Lake Musconetcong, New Jersey. J. ParasitoI. 
69(2): 429. 

KHAN, O. 1962. Studies on larval trematodes infecting freshwater snails in 
London (U.K.) and sorne adjoining areas. Part VI. The cercariae of the 

, 1 

73 

1 
! 



o 
'''Viva~'' ,group and the life history of CercaT1a bushiensis n. sp. 

(-CyalhoeiJtyle bushiensis n. 5p.) ..... J. Helminthol. 36: 67-94. 

KORSCHGEN, L.l., 1955. The fall food habits of waterfowl in Missouri. 
Missouri Fish and Game Division, P-R Ser. No. 14, March 1955. 41 pp. 

MACY,. R.W" 1973. Acquired resistance in ducks to infection with the 
ps.ilos~ome trematode Sphaeridiolrema globulus (Rudolphi, 1814). J. Wildl. 
DIs. 9. 44-46. "'-

MACY, R.W. AND J.R. FORD. 1964. The Psilostoine trematode Sphaeridiotrema 
globulus (Rud.) in Oregon. J. Parasitol. 50: 93. 

, 
MAHONEY, S. AND W. THRELFALL, 1978. Digenea, nematoda and acanthocephala of 
two species of ducks .from Ontario and eastern Canada. Cano J. Zool. 56: 
436-439. 

MCLAlJGHLIN, J.O. AND M.D.B. BURT, 1979. A survey of lite intestinal 
helmil)ths of waterfowl l'rom New Brunswick, Canada. Cano J. Zool. 57: 801-
807. 

MiNARD, L., UNPUBL. M.Sc. Thesis, McGill University, Montréal, Québec. 

PATTERSON, J.H., 1976. The role of environ mental heterogeneity in the 
regulation of duck populations. J. Wildl. Manage. 40: 22-32. 

RAU, M.E., T.K.R. BOURNS AND J.C. ELLIS. 1975. Egg production by 
Trichobilharzia oeellala (Trematoda: Schistosomatidae) after initial and 
challenge infection in ducks. Cano J. Zool. 53: 642-650. 

SHAW, M.G. AND A.A. KOCAN. 1980. Helminth fauna of wBtérfowl in central 
OklQhoma. J. Wildl. Dis. 16(1): 59-64. 

STODDARD, R., 1985. Activity and aggression in captive blue-winged-teal 
(Anas diseors). M.Sc. Thesis, McGill University, Montréal, Québec. 84 pp. 

SWANSON, G.A. AND A.B. SARGEANT, 1972. Observations of nighttime feeding 
behaviors of ducks. J. Wildl. Manage. 36: 959-961. 

THUL, J.E., DJ. FORRESTER AND C.L. ABERCROMBIE, 1985. Ecology of parasitic 
helminths of wood ducks, AIX spOllsa, in the Atlantic f1yway. Proc. 
Helminthol. Soc. Wash. 52(2): 297-310. 

TURNER, B.C. AND W. THRELFALL, 1975. The metazoan parasites of green-winged 
teal (Anas creee a L.) and blue-winged teal (Anas diseors L.) from eastern 
Canada. Proc. HelminthoJ. Soc. Wash. 42(2): 157-169. 

74 
,) 



o 

o 

o 

·CONCLUSION 

A recurrent, late-summer mortality of dabbling ducks in southern Québec 

was examined under the hypothesis that it was parasite-induced. In Chapter 

l, comparison of parasite infection ievels between ducks found dead and 

hunter-shot ducks revealed that two digeneans, SphacrtdlO/lema glohuilH and 

Cyathocotyle bushlellsis, ,were significantly more prevalent in the ducks 

found dead. Comparison of the intensity of infection of these two parasites 

showed that S. globulus infections were almost always significantly larger 

in ducks found dead; although C. bu~/J/(,lIw; infect ions tendcd to be larger 

in docks round ""'\tead, the differences were usually not statistically 

significant. lit was concluded that heavy infections with thesc Iwo 

parasites were ·the major cause of late-summer duck mortalities, but that S. 

globuJus was the more important pathogen. 

In Chapter 2, experimental infections with C. bw,hiel/sis were used to 

determine if differences in innate susceptibility to infection could explain 

observed differences among duck species in terms of prevalence and intensity 

of infection. and in terms of disproportionate species representation in 

samples of dead ducks. Almost ail species of ducks cxamined were cqually 

susceptible to infection and it was suggested that anterspccific differences 

" 
in feeding ecology caused the observed d.fferences. 

.' 
Therefore, duck spccies 

eating more aquatic snails were most frequently and most heavily infected, 

and mos!' likely to die from the infection. 

In Chapter 3, it was shown that acquisition of both S glohulu.\ and C. 

bushiellsis by sentinel ducks was similar from July through September, 

indicating that seasonal changes in the availability of 
. 

metacercariae to 

ducks was probably not re~onsible for the regular occurrence of the 

mortality during late-summer (end of A1.I8ust). ft was suggested, that an 

annual pre-migration arrivai of large numbers of possibly "naive" ducks from 
.II' 

surrounding areas to feed on the infective marshes of the St. Lawrence River 

may be the cause of the seasonality of the mortalÎty. 
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APPENDIX 1: 

RESUL TS FROM ~EGRESSION ANALYSES, 

SHOWING THE GENERAL DEPENDENC~ OF AMOUNT OF CECAL PATHOLOGY 
. 

ON THE NUMBER OF C. bushiensis PRESENT IN CECUM. 
\. 

r 

.' 

, .. ~ -. 
1 '. 

76 

-' 



o .. 

\ 

",'1 

-...! 
-..J 

..; 

, 

\ 
~ 

o \ 

, 

RESULTS FROM REGRESSION ANALYSES, SHOWING THE GENERAL DEPENDENCE OF AMOUNT OF 
CECAL PATHOLOGY 011 THE IU48ER OF,S.. bushiensis PRESENT IN CEctJ4. 

He.orrnegic Plaque 
'Spots Formations 

S~ies Age n t p1 t p 

Mallard clltlg. 40 5.081 *** 5.056 *** 

Mal lard juv. 20 4.599 *** 8.103 *** 

B.W. Teal juv. 14 2.305 * 2.116 N.S. 

Pintail juv. 40 3.866 *** 2.095 * 

Black Duck juv. 18 1.985 N.S. 4.295 **. 

wood Duck juv. 34 7.316 *** 13.993 *** 

lesser Scaup juv. 20 0.903 N.S. 3.920 .... 

N.S •. P>O.05i * . P<O.05i ** . P<O.01i *** . P<O.001 

J 
\ 

/) 

,v 

Core 
Formations 

t P 

1.529 N.S. 

1.034 N.S.-

5.686 *** 

3.553 ** 

3.310 ** 
8.597 *** 

0.523 N.S. 
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