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HEMATOZOA OF THE ANATIDAE OF THE ATLANTIC

FLYWAY. 1. MASSACHUSETTS

G. F. BENNETT,m W. BLANDIN,r2 H. W. HEUSMANN E�1 and A. G. CAMPBELLrn

Abstract: A total of 1852 anatids of 14 species from various locales in Massachusetts
were examined for hematozoa; 1064 (58%) of 10 species were found to harbour
one or more blood parasites. Haemoproteus (P.) nettionis was the commonest
parasite, occurring in 90% of the infected birds; Leucocytozoon simondi occurred in
27% while Plas,nodium cincu,nflexum occurred in 14.5% of the infected birds.

Prevalence of parasitism was somewhat higher in adult than in immature birds and
the rate of infection varied widely from area to area within the state but was fairly

stable within any one region during each of the four years of the survey. Seasonal

prevalence of the parasites indicated that transmission occurred twice each season

suggesting at least two major vectors for each hematozoon.

INTRODUCTION

The fall harvest of waterfowl has been

a traditional feature for sportsmen of the
Atlantic seaboard for some four centuries

and of the indigenous Indian populations

for time immemorial before. The impact

of civilization and advancing urbaniza-

tion with the concurrent destruction of

traditional breeding grounds and general

eco!ogical disturbance, has required the
institution of vigorous waterfowl man-

agement schemes to maintain waterfowl

populations at a harvestable level. Con-

siderable attention has been paid to

hunter-take regulations and to intensive

management of waterfowl habitat to pro-

vide the maximum harvestable yield for

an area. However, while the impact of

diseases on wildlife populations is gen-

erally acknowledged to have some effect,

relatively little has been done to clearly

quantitate their effects on wild popula-
tions or to attempt their control.

Avian hematozoa, particularly Leuco-

cvtozoon si,nondi, have been shown to
destroy a large proportion of young
birds in some areas. At the Seney Re-

fuge in Michigan, Herman#{176} and Sher-

wood” reported a maximum figure of
80% mortality among young Canada

geese from L. sitnondi in some years and

a minimum of 20% mortality in others.
Fallis and Bennett’ reported a 100%
mortality among young domestic ducks
in May-July in Algonquin Park from the
same cause and Laird and Bennett’
showed that this parasite precluded com-
mercial rearing of domestic anseriforms
at Fort Chimo, Ungava Bay, Quebec.
In these areas of recorded high mortality
due to L. simondi, the prevalence of
hematozoa in the waterfowl population
ranges from 80-100%. It is assumed,
therefore, that in any area where the
prevalence of hematozoa in a waterfowl
population reaches such a level, the
hematozoa may well be considered to
be a potential limiting factor of the
waterfowl population or of particular
species composing it. If such losses, re-
ported from these few isolated localities,
are indeed general, then a highly signifi-
cant portion of the potentially harvest-
able waterfowl production is lost. Some
measures to control such losses must then
be instituted. However, baseline infor-
mation on the prevalence of hematozoa
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in waterfowl in various areas, especially
those in which large-scale waterfowl

management schemes are employed, is

required before the impact of hematozoa

(or any other disease) on the breeding

populations can be assessed.

The survey reported herein is an at-
tempt to remedy this lack of information

and provide baseline information for the

State of Massachusetts, an area with cx-

tensive waterfowl management schemes

in the southern portion of the breeding
range of anatids of the Atlantic Flyway.

The prevalence of various blood parasites

in the breeding species of anatids, with

particular emphasis on wood and mal-

lard ducks, is reported, together with a

comparison of the blood parasites in

young and adult birds. The prevalence of

the parasties from various areas within

the State are compared, as is the pre-

valence from year to year over a period

of 4 years. The seasonal occurrence of

the blood parasites over the period March

to October is also given.

MATERIALS AND METHODS

Blood smears were obtained from birds
variously acquired by trapping, netting,

capture by airboat, etc. The smears were

air-dried and fixed in 100% methanol or

ethanol in Massachusetts and then sent

to St. John’s where they were stained

with Giemsa’s stain (1 Giemsa: 9 dis-

tilled water buffered to pH 7.2) and

examined for blood parasites.

In all tables, the prevalence of the

various species of hematozoa is expressed

as a percentage of the total infected

birds, Fiot of the total birds examined.

In all tables, the total of the specific

infections will be greater than the total

number of birds infected as each infec-

tion of a multiple infection is recorded

individually.

In all tables, the following abbrevia-

tions are used:

Leuc. = Leucocytozoon simondi; Haem.
= Haemoproteus (Parahaemoproteus)

nettionis; Plasm. = Plasmodium circum-

flexu,n; Micro. = microfilaria.

RESULTS AND DISCUSSION

A total of 1852 anatids of 14 species
were examined for hematozoa (Table 1)
1064 (58% ) birds of 10 species were

found to harbour one or more species of

blood parasites and the remaining four
species of ducks were sampled in too low

numbers to be of significance. All hooded

mergansers examined (Table 1 ) were
infected with one or more hematozoa but

the sample was small. Wood ducks were
heavily infected and also showed the
highest prevalence of L. simond!, the

most lethal of the blood parasites in-

volved. It is possible that blood para-
sites are acting as a factor of population

control on wood ducks in this area; pre-
valence of blood parasites in the other
duck species is considerably lower and
these parasites are unlikely to be a 5cr-
ious limiting factor of these duck popu-
lations. Blue wing teal show a signifi-

cantly lower prevalence of blood para-

sites than any other duck species.

Immature birds showed a slightly lower
overall prevalence of hematozoa than the
adults (Table 2), but the difference is
not significant. Generally, the overall
prevalence of haemoproteids and P/as-

modium was about the same in both
adults and immatures, although some
variation is noted between duck species.

Surprisingly, L. simondi is not as preva-

lent in immatures as in adults, and this
is in contrast to the expected as leuco-

cytozoonosis is considered to be primarily

a disease of young birds.” However, if

young birds are susceptible (either di-

rectly by the parasite or through preda-

tion or other environmental effects on

parasite-weakened birds), they could die

before being included in the sampled
population and hence the lower rate of

infection in the immatures (essentially

the survivors) might be expected.

Considerable variation in overall pre-
valence of hematozoa was noted during
the 4 years of the survey (Table 3). In

1969, the sample was small and probably
should not be compared with the other

years. However, the prevalence in 1972,

the largest sample year, was lower than

any other year. Much of the fluctuation

seems to be the result of the wide varia-

tion of the incidence of Plas,nodiu,n over
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specifically refer to the numbers (first column) in Table 4.

the 4 years (Table 3 ) . The prevalence of
H. (P.) nettiotzis was extremely high and
stable and except for 1969, L. simondi
was also relatively stable. The variation
of the Plasmodiu,n is hard to explain but

perhaps adverse climatic or control mea-
sures successfully reduced the vector
populations in some years.

Birds studied in the survey were ob-
tamed from a number of localities in
Massachusetts (Fig. 1, Table 4). Preva-
lence of blood parasites from 21 of these
areas (i.e.-areas where 10 or more
ducks were sampled) showed that the
prevalence varied widely from locale to
locale. Generally the areas can be

TABLE 3. Prevalence of blood parasites in anatids of Massachusetts in each of four years.

Figures in parentheses indicate percentage infection based on total infected birds.

Year

Total

examined

Infec

No.

ted

(%)

Leuc.

No. (%)

Haemo.

No. (%)

Plasm.

No. (%)

Mi

No.

cr0.

(%)

1969 99 55 (56) 9(16) 51(93) 3( 5)

1970 513 363 (71) 86(24) 338(93) 61(17) 11( 3)

1971 482 287 (60) 92(32) 248(86) 82(29) 22( 8)

1972 748 360 (48) 102(28) 325(90) 3( 1) 23( 6)

Total 1852 1065 (58) 289(27) 954(90) 153(14) 56( 5)

FIGURE 1. Illustrating townships in which anatids were sampled. Townships with numbers

(Nos. 1-21) represent areas from which 10 or more birds were sampled and the numbers
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grouped into three categories- heavy
infection (75-100%; 8 locales); moderate

infection (30-74%; 8 locales); light in-

fection (0-29% ; 5 locales). The reasons

for this extreme variation are not known
but are presumably related to factors
such as vector density and behavior,

availability of vector breeding areas and
host population density. Local trends in
climate are also undoubtedly important

in this respect. Age of impoundment and,
hence, stability of breeding areas for the

vectors and a stable vector population, is

apparently not a factor. All the areas
(Table 4) have been impounded and
flooded for at least 25 years. Broad Mea-
dows and Ipswich Sanctuary are natural
flood plains, seasonally flooded and an
impoundment has existed in the latter re-
gion for 30 years. An impoundment of

similar age occurs at Forest Park while
Fiske Mill pond has existed for 45 years;
the Fisherville pond has a 150 year his-
tory of impoundment while Bristol Blake

was first impounded in 1693 and has
gone through a series of earthen and

stone dams. Yet of these six areas, two

can be classed as high prevalence, one as
low, two as medium-low and one as
medium-high (Table 4). Whatever the

reasons, one fact is clearly demonstrated
- generalizations about prevalence of
hematozoa in waterfowl in Massachu-
setts can not be based on samples from
only one or two areas.

In 1971, sampling of the anatid popu-
lation was started in March and con-

tinued through October. Much of this
sample was composed of wood ducks and
the seasonal prevalence of hematozoa in

this anatid is compared to that of the

total duck population (Fig. 2). The

monthly prevalence of the blood parasites

in all ducks (Fig. 2 a) indicates a sharp

increase in the patent infections in April,

persisting at a high level through July

and decreasing sharply by October. A

similar pattern is observed for the aver-

age number of parasite genera/infected

bird. The lower prevalence of parasites

in the period August-October does not
necessarily mean that these birds have

lost their parasites, although this is a

possibility. It is just as possible that the
birds harbour a sub-patent parasitaemia

and parasites are not seen on the blood
smear. Recrudescence of the infection in
March-April as shown (Fig. 2 a), at a time

prior to the emergence of the vectors, is
due undoubtedly to the relapse pheno-
menon”-” and clearly indicates that
many birds must indeed have harboured
sub-patent infections.

Although the overall pattern of the
prevalence of blood parasites is unimodal,
analysis of the prevalence of each of

Leucocytozoon, Haemoproteus and Plas-

modium show them to be bimodal (Fig.
2 c, d, e), with peaks in May and June
for Leucocytozoon, May-July for Plasmo-

dium and April-August for Haetnopro-

teus. The fact that Haemoproteus is both

the predominant parasite and has its
second peak in August destroys the bi-
modality one would expect in the overall
prevalence pattern (Fig. 2 a, b). Bi-
modal patterns of infection have been
demonstrated3’ for Leucocytozoon and
Plas,nodium in Michigan and Pennsyl-

vania, respectively, but only unimodal

patterns (similar to Fig. 2 a) have been
shown for Leucocytozoon in Northern

Michigan’ and in Algonquin Park.’ The
epidemiology of blood parasites in Mas-
sachusetts therefore closely resembles
that recorded in Southern Michigan and
Pennsylvania. The seasonal prevalence
of hematozoa in wood ducks (Fig. 2)
is similar to that in the total duck popu-
lation. However, the prevalence is some-
what higher and the peaks of infection
more sharply delineated.

Tarshis” has shown that adult simuliid
vectors of L. si,nondi occur as early as
late March-mid-April in Maryland. If

vectors were active in April in Massachu-
setts, then the combined effect of relapse

of infection at the onset of breeding (as
shown by Chernin’), together with new
infection transmitted by early season vec-
tors (such as Simulium (Eusimulium)

anatinum), could lead to the first peak
of infection seen in May-June in adult
birds (Fig. 2 c). The second peak, noted
in late July, could result from late season
vectors (such as Simuliu,n (Byssodon)

ruggelsi) transmitting the parasite to the

young of the year which are now present.
Thus a sharp bimodality in parastie pre-
valence would be seen, resulting from a
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separation (in time) of the major insect
vector populations, this separation lead-
ing to the attack by the vectors of two

essentially different host populations

(adults and adult/immatures). The uni-

modal curves seen in Michigan and Al-
gonquin Park could well result from
climatic factors causing vector popula-

tions to overlap, rather than be separa-

ted, in time. In Algonquin Park, trans-
mission of L. si,nondi to sentinel birds
did not occur until mid-May,’-’ when S.

anatinu�n was the active vector. While

the population S. analinum was short-
lived, it was still persistent until mid-

June, although S. ruggelsi, the second
major vector of L. simondi in the region,

became a significant portion of the total

vector population by late May-early June

and persisted until the end of July-mid-
August (extending into September in

some years). With no clear separation in

time of the two vector populations, a

unimodal pattern of infection would thus

be anticipated. While this hypothesis ap-
plies directly to L. simondi, in principle

there is no reason that it cannot apply

equally to any vector-borne disease and

is the substantitive base for malaria-

control programs around the world. In

Massachusetts it would appear (Fig. 2 c)

that transmission of L. simondi and P.

circumflexu,n ceases by mid-July while

a new wave of transmission of H. net-

tionis occurs in mid-August. Transmission

of these parasites, of course, occurs some
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