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ABSTRACT

—t

The prevalence and intensity of avian blood parasite infections
(Leucocytozooh, Haemogyoteus, Trypanésoma, and microfilariae) in blue
grouse (Dendvagapus obscurus fulginosus (Ridgway)) and twenty-eight
species of non—tetfaoﬁid birds from Comox\ESrn, Vancouver Island
were investigated. Eluc grouse possessed siguificantly higher
prevalences (80 percent) than their non—tetraonid counterparts (35
percent). This differenée is predicated on the basis of host preference
by, or host availability gé, vectors. Infecfions of L. bonasae (79
7 peétent) were more common than with #. canachiteg (57 percent), T. avium
(45 percent),{or microfilariae (27 percent). Although.bluw crouse 38 km.
north harbor infecpions of Plasmodium, birds from Comax By 1 were not, |
infected with this parasite éenus. Non—tetrfgpid Bird: . ored infections

i

of Leucocytozoon (21 percent) more often than. of Haemoproteus (13 percent),
Trypanosoma (9 percent), or microfilariaé (1 percent).

The acquisition of L. bonasae by blue grouse chicks occurred Shoftly‘

after hatching. Ciycum: tantial evidence indicated that the blackflies

‘

. Simulium aurewn and Cnephma minus were the vectors of this parasite species.
These blackflies occurréd as adults and immatures during the time of
Leucooytozoon transmlss1on and engorged adults were collected after feeding

on Eapthe blue grouse. Dissections of engorged blackflies revealed that

, , ’
a small proportion of S. aureuwn possessed sporozoites and oocysts and .
that several C. minus possessed oocysts. No other hematophagous Diptera
collected from grouse harbored sporozoites. Experimental transmission
of sporozoites‘zb uninfected blue grouse was not attempteds
' TN
e
¥ ”
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INTRODUCTION

&

Blood protozoa were first discovered from avian hosts by Danilewsky

in 1885 from the kaéine,(shortly after malaria parasites were described

\ . . . . o
Trom the blood of man. Ensuing workers reported the occurrence of

these organisms in the blood of many birds K and subsequently classified

| N
“the majority of these parasites into the classes Sporozoa (Haemoproteidae,

Leucocytozoidae, and,Plasmodiidae) and Mastigophora (Trypanosomatidae).
Filarioid nematode larvae (sub-family Splendidofilariinae) were aléo'

) : . X ’
found to inhabit the vascular system during a portion of their life

“\
cycle. Members of the grouse family Tetraonidae were not examined for

hematozoa until the early f900's, when the British Grouse Commission

. attracted considerable attention to unusual mortalities of red grouse.
/ -

LEUCOQXTOZOON: Seligman and Sambon (1907) provisionally described
L. lovati from the red grouse (Lago?us scoticus), based on gameﬁocyte
< . '
morphology. Sambon (1908) described L. mansoni fme‘the capeffaillie
(Tegrao urogallus) and Borg (1953) found this ﬂematozoon i- 59 pe:cenﬁ
of 599 capercaillie, blackgrou;;'(Lyrurﬁs tetrixz), and hazel grou.:
(I'etrastes bonasta) in Sweden. Oliger (1940) claimea that L. mansoni
was respoﬁsible for hazel grousé population flgctuations in the Goi o .
5region 6f Russia. 1In Ontario, Clarke (1¢34) attributed ruffed grouse
A(Bonaéa umé;ZZus) mortality to ;HIBUCOCYCO!ULd which iter 11935)
descr ibed és L.?bonas&é. In 1938, Clarke reported his findings on the
schizogony gf*L. bonasae in ruffed and spruce grbuse,(Canachites‘¢anaden3is).
Bennett and Fallis (1960) found 60 percent of 75'ruffed¢gf§use anchO
. percent of 12 spruce’groﬁse in Algonquin Park; Ontar?o, infected with

/

L. bonasae. . A &



Transmission studieé of grouse Leucoéyto?oa are notably scarce.
Fallis‘QUQ-Davies (1949) reported that L. bonasae developed in the
blackfly Simuliwm venustum. Féllié and ggnnett (1958) successfully
infectéd uninfected r;fféd grouse chicks by inoculating a §aline‘suspension
of sprozoites from the blackflies S. latipes and S. aurewn that had

. i \ 1 ,
previously fed on infected grouse. They found these two simuliid species

were responsible for transmission of L. bonasae in Algonquin Park. The

. -

y

gporogony of this parasite in blackflies was sgbsequentTy reported by
Fallis and Bennett (1962) and was compared to that of I. fringtlilinarum
>WOodcock i910 and L. m?randbe Franca 1912. They found that spbrogoqy
was c0xj1cted in some fligs iﬁ less than 5 days at 22 C;-otﬁers required
9, or mofe days. L. bonasae oocysts (13.0 u in diameter) were foundlto
be intermec:ate in size begween those of I. f?ingillinarum (10.5 p) and
L. mirandc (14;4 uj. No sporozoite measurements were given, although
L. bonaSae;sporozoiteslwere reéértedité be inte;mediate in size between

¢

those of L. fringillinarum (shorter and thicker) and L. mirandae (longer

%3

an& e slendér).  Bennett (persona}zcommunibatiOﬁ) states that'thefe” -
's mi oubt about the vai it~ »f L. bonasaé.' Mofphoméﬁric differenées
& ;:dtistically different between gametocytes of L. bonasae ané |
L. <. 47, and Clarke (1935) himself sfated that ”thé two species are'
cl ly related and any differences may be fhose of the host ohly;" )

HAEMOPROTEUS : Sambon,(l908) recorded H. mansoni from red grouse, giving
no description, and Fantham (1910) also found this haemoproteid in the
same host, speculating that the gf se fly (Ornithomya lagopodus) was

résponsible for its transmission. Boxg (1953) found that 16 péréent of

599 capercaillf? and black grouse examined were infected with Haemoproteus
\ A% s

SN . s o,

\ . : § : o



. ¥ . .

(no species given) while hazel grouse were not. ClarkeI(l938), in
o _ ’ {,

Ontario, observed Haemcproteus in rufféd grouse, and gave an incdmplete

(3

descriptipn-of pametogony and gchizogony. Fallis and Bennett (1960)
described H. canfchites from an adult spruce érouse'and followed its
sporogonic cycle in Cultcoides sphagnumensis. They suggested fhat
orgithophilic cerétopogéﬁids were the probable vectors since they weré
known to feed on grouse, were very prevalent during Haemoproteus

transmission, and since few (2) hippoboscids were collected from more
. : L
than 300 grouse in various years) They found that mature microgametocytes

exflagellated within three minutes aftér_ingestion by Cqucoides, and

Sy

that zygotes (5.5 p in diameter) were presént‘in the stomach up to 12
. ’ . ., o B

hours later. Fifteen oocysts (averaging 6.3 u}{wefe found in the stomach

e

wall four days after E;;estiop,(aqd one day latgr developing sporozoites
were seen within. ihirty oécystslaveraged 9.5 u a&d pfbduced,ZO to 30
sporozoites each avgraging'll.tg f& u. Haemoproteus.oocysts resembled
those of Leucocytozoon; differing,pnly in their smaller size and by
having bigment granules in theé residual body. Sporozoites were structurally
-uniform in diameter aha'posses;gd rounded or_siighgly pointed ends.
Prepatency was 14 days. Scﬁizogony was not in&eséigated,by these aughors.
'igﬁgnett et al. (19é5) sepﬁﬁated the genus ﬁaémoproteus’intobHaémopfoteus
(hippoboséid vectors; prepategcy greater than 14 dayé; large oocysts

containing several hundred sporozoites) and‘Parahaemoproteus T@uléaoideé

Lo

-

vectors; prepatency of 14 days; small ococysts containing fewer than 100 _
sporozoites). Haemoproteus.canachites was placed in the latter category.

" These authors noted that separation of the proposed-genera is difficult

. a ' . ,

. . ‘
on gametocyte morphcology alone and pointed ou%dthat hippoboscids were

implicated as vectors for at 'least three species. Many gther Haemopfoteus



species occur in bivds which do not normally harbor louse flies, and
these hacmoproteids would probably be shown to be transmitted by
Culicoddes. Levine and Campbell (1971) thought it premature to separate
the genus as propocod; instead, they consider "the two genera' as

sub-genera.

TRYPANOSOMA: Zwypanoﬁoma avium Danilewsky (1885) was first desc;ibed

from European owls (speciecs not given) and roller—-birds (Coracias garrulus ),
using'tho names "majus' and "minus" for the large and small forms. In

1889, Danilewsky gave an account of 7. sanguinus quium from a number of
birds; however h. did not deéignatc‘a type host or provide an adequate
description. Novy and McNeal (1905), Coatney and West (1938), Coatney

and Roudabush (1937), and Bennett (197Qa) used the terminology T. aviwum

for trypanosomes in birds in North America. Baker (1956¢) presented

, 1 .

the best description of an avian trypanosome which he termed T. aviym.

Subsequent to Danilewsky's work, many authors have followed the "one

host-one parasite' principle, describing species of avian trypanosomes :

¢
based primarily on the avian host from which they were obtained. Bennett

(1961) indicated that trypanosomes in most birds belong to thﬁ ”aviumh

complex; within the comp lex man'y physiologically distinct str@'r.ls or

species may exist. L
AQian trypanosomeé are pleomorphic (ranging in sizé,ggqm”ﬁg\}bhﬁg\y

in length), contain a prominent kinetoplast posteriorly‘, and have a well\\

developed undulating membrane and flagellum. nT avium occurs as )

RN

trypomastigotes in the blood and bone marrow of avian hosts (Baker, 1956a);
é'
{

\

hindgut of hippoboscids (Baker, 1956b) and simuliids (Bennett, 1961). \

\ . . .7 . .
aZd as epimastigotes in the midgut and metacyclic trypanosomes in the



i —

Anterforv station infection takes place when birds ingest louse-flies
proceeds when the flagellates ponetldgo the bucpal ‘esophaghl, and{or
crop mcmﬁrane, and probably invade the lymphatié\gystem (Baker, 1956b).
Posterior station infection occurs when flagellétés‘(in féccs of the

N

infected blackfly) penLtraLe blcdks 1ncthe skin of birds, and development

N <

proceeds diloctly‘ln the blood 9yst%m (Bennett, 1961). The level of
parasitemia is thought to be associated with the size of the inoculum- v
since there has been né reported myltiplication within the vertebrate,
the trypanosomes simplf become la;ger~(Bennett, 1970a). After ingestion’
by the fly, {ﬁypomastigoteg undergo three binary fissions, once in the
midgut and twice gn the hindgut, which produce many small epimaétigotesQ
Optimal temﬁérature for this process occurs at 15 to 20 C (Bennett,
1970b). In another study? Benunett (1970a) concludcd thgt the apparent

lack of pathogenicity and vertebrate-host specificity (Bennett, 1961) i

indicates a long-standing avian host-parasite relationship.

MICROFILARTAE: Miq?ofilariée are-often encountered in surveys of avian
blood -parasites and are rarely, if. ever, identified.“ Gibson (1965)
intensively;investigated the filarioid nematodes of all Tetraonidae from
British Columbla and found hyperenzoot1c 1nfect1g\‘ f Microfilaria sp. B.
and Skrjabinocta flextvajznalws (Jones, 1961) in biﬁe grouse from Nanaimo
Lakes, Vancouver Island. x%bcrofilarma sp. B. was prevalent in 89 percent

of 56‘adult'male blue grous@ 72 percent of 29 adult females, and 62 percent
of 16_yearliﬁg;; Sk. fiex%%aginqlis was prevaient in 46'(82 percent),

20 (69 percent), and 6 (38 percent), respectively. In ruffed grouse of

the same area, Mf. sp. B. was enzootic and Sk. flexivagtnalis was sporadic.

Culicoides unicolor group transmitted Sk. flexivaginalis from late June

.

L



g

i,
S,
e,

~ for both microfilariae was about. 2 months. Infectidéns with either

to mid-August; Mf. sp. B. was vectored by Cnephta minus from early June
to late July and by Simuliwm aurewn from €arly June to early July and
in early August. The latter blackfly species was a more efficient, but

less abundant, intermediate host than the former: The prepatent period

4

/

microfilariac were found to be protracted or readily reacquired.

Coatney (1936, 1937) compiled a host-index and checklist of the
species of Haemoproteus andeeucocytozoon, respegfiQeiy. Herman (1944)

. o . . . ,
listed the specieés occurring in North American birds. None of ‘the above

’ presented any .data for the avian family Tetraonidae. Levine and Campbell

-

- (1971) and Hsu et aZ. (1973) have since compiled checklists of the valid

sbecies of- Haemoproteus andeeucocy« ‘1, respectively, including those
described from tetraonids. Braun and Willers (1967) have tabulated.a.v
checkligt which includes the blood parasites of grouse iﬁ North America.
The presence of avian blood protozoa and filarioid nematode
microfilariae in blue grouse (Dendragapus obscur?s (Say)) haé been
doeumentea by several researchers (Table I). Rélatively’few in&estigatops

(Fowle, 1946;.Bendell, 1955) have supplemented prevaleﬁce findings with
the degree.of parasitemias (intensity) in these tétraonid hosts. Few
(Woo, 1964; Gibson, 1965) have atteépted, bgyond speculation, to determine
when, and by what means, these birds acquire their infections and to
pursue these infections throughout the transmission season.

» Fowle (1946) repogted the occurrence of Leuéocytozoon,ﬁHaemoprgteus}
and Trypanosoma ard a microfilarioid nematode from two areas on Vancouver
Island and found 56 percent of 44 grbuse examined to be infected. In
1953, Adams and Beuiell reported that Leucocytozoon occu;red in 87 percent,

3

Haemoproteus in 92 percent, Trypanosoma in 76 percent, and microfilariae
. 1 : .

Q
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in 82 peréent of 252 birds at Quinsam Lake, near Campbell River, Vancouver
Island. Bendell (1955) indicated that 174 ;éarlings and adults from

the same area harbored Léucocytozoon (85 percent), Haemoproteus (97 percent),
‘Trypdnosoma (77‘percéﬁt) and microfilariae (80 percent) during ﬁhe spring
and summer of 1950 to 1952. He alsb examined 89 chicks (no ages given)
which possessed a lowef brevalence (Leucocytozoon 38 percent, Haemoproteué
66 percent, Trypdnésoﬁa 18 ﬁercent, and microfilariae ‘0 percent). WOO‘
(1964) examined 62 grouse near Nanaimo Lakes, Vancouver Island which
harbored Leﬁcocytoxoén (iOO ﬁercent), Haemoproteus (97 percent), and
YTypanosonm (84 percent). He proposed that a new species, Haemoproteus
dendragapi, be erected on the basis of round gametocytes found concurrently
with those of Haemopfoteu; canachites Fallis and Bennett 1960. He thought °
. that his Leucocytozoon "A" was also:probably a new speéies. Gibson.(1985)
investigated the taxonomy and transmission ofAmicrofilarioid nema?gdes

in tetraonids in British Columbia and founa only M%cfofila{ﬁq.spt'ﬁ. and
Skrjabinocta flexivagﬁnalis infe&tiné biue grouse,qﬁ Vénéoﬁver Island.
The'former was found to be transmitted by Cnephia minus and Simuliim
aureun; the lattér, by C&Z?coideé'unicolor group. King (1971), in a
subalpine study, fb;ﬁd 86 pércent of.SO blue grouée to be infecéed with:‘
one or more of the abéve blood parasites during 1965 ané 1966.‘ He'
concludéd that infection ratés Qere similar to those found inithe lowlands

(Bendell, 1955), except for a lower prevalence of Haemoproteué%(SG percent).

ORNITHOPHILIC BLACKFLIES: Sommerman et al. (1955) reported one to two
generations of Simulium‘aureum annually in Alaska and Davies (1950)
reported form "A'" was bivoltine in Ontario. Abdelnur (1968), and Anderson

and‘Dicke (1960), reported three generations annually in Alberta, and



.Wisconsin. Peterson (1956) and Wolfe and Peterson (1959) reported that
eggs are  the over-wintering stage and Sommerman -et ql. (1955) found that
the first generation hatched in mid-May and the second.begaﬁ in early

July' in Alask@. They also found that larvae require 2 to 4 weeks for

*N

\’,

development and oﬁe week for pupae. Newly emerged females have undeveloped
eggs and llttle stored nutrlents (Abdelnur, 1968) and ov1p051t in patchily
vegetated streams (Davies and Peterson,‘1956).V§Ander§on and DeFoliart

(1961), Fallis and Bennett (1958, 1962), Jamnback (1969) and Stone (19%4)
reported S. aurewn to be(ornithoﬁhilic, and a vector of Leucocytozoxn \

and Trypanosoma of birds. Hearle (1932) reported that larvae, pupae and

adults of Cnephia minus occurred in thé Cariboo Diétrict,\British Columbia,

but.that nothing was knbwn of 1ts blood-sucking habit. Sommerman et.

(1955) reported that.qne generation occurred in Alaska Huring late

spring, bu%‘never collected 1mmafures; Sommermaa et d4l. (1955)//511ected

édults in Aiaska until mid-June. Little is known “About the biology of

this species. Woo (1964) and Gibson (1965) foﬁnd adult C. minus engorged

on.grouse and harboring sporozoites and microfilariae on Vancouver Island.
Shewell (1955).suggested that the large basal todth oh tﬂe térsal

claw of seQeralvspecieé of blackflieé 1is an_adaptatipn for feeding on

birds. Of 22 North Americén species possessing bifid claws, 9 species

are known to feed preferentially on blrds (Fallls, 1964). There are strong

indications that Cnephza minus is composed of two closely allied forms.

Dunbar~(1959) reported tha; Simulium aureum consists Qf 7‘cytqlogical

. C 8 ' X
forms, five of which are North American in distribution. It should be

strongly emphasized that the taxonomic status of all hematophagous Diptefa

from Vancouver Island, and for that matter, western Caﬁada, is poorly known.

IR
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OBJECTIVES OF THE‘STUDY Pnompté% by the‘knowledge that hematozoa were
frequently found in blue grouse, and by the paucity of relevant information -
on transmission, I set out to determine, first, the relative prevalence

and intensity’rates in this host, segond, when Biue grouse acqnired blood
par381te infections, and third the cycle of . transmlsslon of Leucocytozoon

1

bb@asae. Initially attention was focused on the blood para51tes of blue
grouse‘éione, beceuse 1)\in many fegions of Vancouver Island this is by
far the most abundant na;iVe galliform, 2).researeh'into its population
,dyngmics was alread§ well advaneed end 3) accomodation'fOr field research
was available. |

Ski.nce blue grouse Dendragapus obscurus fuliginosus (Ridgway) are
resident in’most pontane regions of Vancouver Island their distribution
often overlaps that of ruffed grouse ang non-tetraonid birds, species
for which knowledge of hemetozoon infections are -entirely lacking.
Therefofe, when»considerahle dhta had been acquired on the hematoeoa‘of
biue.grouse, tne soudy was expanded to include infections in other birdea
‘QbAdditlonally, information on blackfly populatlon composi;ion, distribution,‘

and abundance was monitored to further knowledge of that vector's biology

" and possible interactions with the host.

’
1



MATERIALS AND METHODS v

CAPTURE OF BIRDS: Blue grouse‘qere found with the aid of Engliah
pointing dogsﬁ captured with extendihle noosing poles (Zwickel and
Bendell, 1967), banded, measured for physical parametefs,‘bled, and
released unharmed.} Birds weretgampled from.April until September,
1973 and 1974, Recapture was not possible since each bird was a
valuable portion of an on-going population dynamics study in which
bigss were not recaptured.

Non-tetraonid birds were captured during the period May 20 to
“August 27, 1974, in 3.1 cm mesh, 2.l X'9.5m Jananese mist nets.
Nets were placed in areasAof adequate cover and high bird densities
to maximize the number caqght These birds were marked by toe-nail
clipping combinations, bled, and then released. Identification of
difficult species was verified by an ornithologiat, M. K.-Mchicholl,
a participant in the grOuse population study.' Between nettlng sessions,
mist nets were left strung-in the field gathered at the center to form
Va tight cord, and bound with elastic bands in order to facilitate rapid
unfurling for the next capture period. ﬁe observed that birds tended
to fly under, over, or nerched on the gathered nets and, later, often
‘responded yy "flaring into the nets when they were unfurled Capture
periods e%tended from early morning (0500 hours PDST) until noon and
from earl; evening (1700 hours PDST) until dusk (2100 hours PDST) on

those days &hen conditions were optimal for catch. Usually four capture

- periods tper week of 10 man~hours per day were made.

12



13

BLOOD éMEARS: Blood was oBtaiﬁéd from grouse and larger passerine

species by venipuncture of thé brachial or cubital vein, and from smaller

speéies from blood eminating from toe-nail clips; A small drop of blood

was ﬁransferred to the slide‘and a thin blood smear was quiéﬂl?,made

‘before clotting occufred. Each blood slide from blue grouse was identified

by the bird band number. Slides from non-tetraonid birds were sequentially

numbef?d. Blood smears were fixed in absoluté methanol for two minuges

thé séﬁe day éhey were made énd were stéined in Giemsa’s §olution for

one hour, bufferéd at pH 7.2 for maximal differenfiation. »
Examinationvof blood smears was made,'initiallf,fat 1qw magnifications

of 100x and 400x to ascertgin the preseﬁce of parasites, an& subséquently,

. at 1000x magnification fqr confirmation: of idgntificat}gn. 'Quaﬂ£ification

of parasites was réEorded,as the number seen per 10,000 erythrdtytes.

VSTATISTICALVANALYSES: Prgvalénqeé of blood'parasites in adhlt, yearling
“and juvenile blue grouse fog each year wére analyzed for statistical
différénces. Akbinomiai t—test; weighted fpr sample size by degrees
of ffeedom (Sokal and Rohlf, '1969), was used Eo test for equality.of
prevalence§ at the P < 0.0l level. Meap intensities of parasite infectioﬁsﬁ ﬁ
‘getween diffe;ent sexes and age classes were analyzed by Student's t-test’
for significan; differences at the P <-0.01 level. The calézzgzga critical

value was adjusted for degrees\of freedom of sample sizes (Sokal and

Rohlf, 1969).

J

HOST-BAITING EXPERIMENTS: Three blue gfouée‘were incubated from eggs

during 1973, maintained over the winter in Edmonton, Albertas, and used

]

as live attractants during 1974, since,wiid'caught\birds quirkly succumb

2



'1974. Records”from previous‘years'(Gibson, 1965; Wod, 1964) indicated

14

to the stresses imposed by confinement., A captive grouse was placed in

a 42 x 30 x 36 cm wire cage and was elevated by a system of ropes and

¢

pu]lgys (Bennett, personal communication) to varying heights (0 to
8.5 m) above ground auring different times ofbday. A dark cloth hood
placed over the bird's head kept the anlyél relatlvely quiet during
exposure so that flies were able to feed w1LhouL b01ng dislodged. Grouse .
were chosen sequentially for’éxposure sQ.as not to introducélindividual
bias.

The grouse was exposed for 20 minutes after-which'time the cage
was gently lowered onto a 1 m? plywood sduafe.‘ An insect~proof’cage
(76 x 76 x 76 cm), covered withv200 mesh fibefglass fabric, was immediately
placed over the exposure cage., Rubber welt strips glued to the bgttom .
of the collectlng cage formed a tight seal, preventing the escape of any
flies. All flies which had left the bird and settled on the sides of
the collecting cage were aspirated thféugh 15 cm diameter muslin sleeves
(on the two opposite sides of the collecting cage)tand wefe\placed into
one Half pint round ice-cream coﬁtainegs (qulins and Jefferey, 1950).

Birds were exposed at Comox Burn during the period 15 May to 25 Augﬁst,

that the Height of the biting fly season occurred the last thréé weeks
of ane. |

Engorged flies were méintaihed in ice-cream céntainers at ambient
environmeqtal températﬁre“under reduced light conditions. Flies'wefe
fed a 5 percent sucrose-water solution ad Iib and wet cqtton plugs were

placed on top of each container to provide high humidity.



FLY DISSECTIONS: Flie@ were maintained for a period of 72 hdurs for
the sexual_developmengzof the parasite (extrinsic incubation period) to =

take'place. The flies were then chilled for 1 to 2 minutes to reduce
’”

movements, the stomach and-salivafy glands were dissected in saline
(Shute and Maryon, 1966); and ovarlan development was 1n1t1allvle\am1ned
for the phy51olog1c status of the fly (Detlnova, 1962). Stomachs and
salivary glands wete. expressed onto glass slides, quick®y air- dried, and

then fixed in absolute methanol for one minute. Stomachs were stained
‘ - ,

i

with a 2 percent solution of mercurochrome (Eyles, 1950) as this ﬁethod
\f;

{

stained oocysts deeply red wlthout marked staining of fly tissue. )Salivary
glands were stained in Giemsa's solution for one hour. Parasitic stages

A}

were examined by compound microscopy at 400x and 1000x magnifications.
VECTOR SAMPLINC; Immature blackflies were collected weekly from
June 10 to August*28, 1974 from 10 x 10 cmhceramie tiles (Lewis and
Benneté, 1974) randomly placed in a complex of streams throughout the
study area. Larvae and pupae were placed into vials containing 70 oercent
ethanol, and water temperature and depth neasurements were recorded for
each site. Species determinations were made and verlficatlons were klnd\z;
provided by Dr. B V. Peterson, Head of Diptera Section, Agriculture
Canada, Ottawa. i

Adult” blackfly censusing attempts were carried out with standardized
sweep net collections (40 sweeps‘per minute), takenJ;t random 1ntervals,
with and without grouse as attractants: Representative specimens were

sorted to genera, their heads and genitalia were dissected and mounted,

and .they were identified by Dr. Peterson. o .

15
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Other hematophagous Diptera caught were initially identified to
family level, pinned or preServed iq 70 pe%cent ethanol, and representative
specimens were sent to specialists for identifications. Dr. Willis W.

Wirth, Research Entomalogisf, USDA Systematic Entomology Laboratory,

A 4

Washinpron, D.C., kindly identified ceratopogonidé.“ Dr. Stephen Smith,
University of Waterloo, is currently examining specimens of Culicidae

¢aught in sweep net collections. No Tabanidae were collected from grouse.

= -
~.r"r/\

STUDY AREA: The pr sent study was dgrried out on an approximate 1500

hectare area.(49o 4519, 125° 10') on the east slope of Vancouver Island,

rtenay, British Columbia. Comox Burn, as denoted. in
\\ . . —_ . -

16 km west of C

this stu ncludes ‘two large arezs being used im a population ecology

=

studv of 2 grouse: Comox Bufn (485 hectares), Tsolum Main (625
hectares), and g,§? buffer zone between the two. The area is in a

region intermediate between the douglas fir (Pseudotsuga menziesit) —
s .
and westerg hemlock (Tsuga heterophylla) bioclimatic zones (Krajina,

R

1959). /Eﬂzg\area was clearcut between 1947 and 1969, ravaged by a
wild‘fi;e in September 1961, aﬁd has since been replanted as a douglas

fir plantation. The area ranges in elevation from 244 m to 670 m above

.

sea level. A more complete description of the area has been previously

[

reported (Zwickel, 1972).-
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6 RESULTS

)

HEMATOZOA FROM BLUE GROUSE o '

A total of 688 adult, yearling, and juvénile blue gf@hSe gwendrag&pus
N P ’
\\ :: ' o
‘obscurus fuligincsus (Ridgway)) from Comox Bufn,\Yancouver Island, were -

. % .
_examined for blood parasites during the spring and summer of 1973 and

J

. . *. .
1974. Eighty-four percent (577) of those grouse harbored infections of

one or more of the -following hematozoa: Leucocytpzoon bonasae Clarke
1935, Haemoproteus (Parahaemoproteus) canachites Fallis and Bennett 1960,

Trypanosoma avium Daniiewsky 1885, and microfilariae (probably Microfilaria

IS

sp. B. of Qibson; 1965);
In 1975;;351 of 381 (92 peréent) grouse wefe infected, with‘concurrent
infecti s occurring in 91 percent of those infected. In 1974,‘however,
only 74vpercent'(226) of 307 prouse examined 5a£bored infeétions; 54 percent
had cOnéurrent infections. ’Table II.summafizés the prévaleﬁce and inténsity
data fof each §pecies of parasite and also provides inform;tion f;r-thqse

birds which were concurrently infected. .

LEUCOCYTOZOON: Prevalence and intengity data for different age classes

and sexes of blue grouse, for each year and both years, are presented in
Table III. No statistical difference was found between intensities:of
infection in yeaflings and‘adults within yeérs; however, prevalences and

. . s R : ) L ¥
intensities of all groups between years were significantly different.

i

'Figure I depicts seasonal prevalence data for infections of L. bonasaé

in all age classes of blue grouse for 1973 and 1974. :Each month of the "~ _ 7

sample period was dividéd into 4 equal periods: 1 to 4 . Figure .

_II‘illustratesthe mean intensities of infection of L. bqgasae in blue

17.
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Figure I. Seasonal prevalence of Leucocutozoon bonasae in different
age classes of Blue Grouse from.Comox Burn, Vancouver

Island, 1973 and 1974.
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FIGURE II. Seqsonallintensity of Leucocytozoon bonasae in differe"nf:

age classes of Blue Crouse from Comox Burn, Vancouver

Island, 1973 and 1974.
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grouse for each year.Figure III shows the total intensity of all age

\\ "
classes for each wyear.
8 t
%

HAEMOPROTEUS:  The prevalencé,énd intensity of H. canachites in blue
grouse is presented in Table 1IV. Mean inténsities of in'ection in male
and female adults were significantly différent;ggs were%ihose-iﬂ‘maie and
female yearlings. Figures IV to VI summarize'ﬁéekly prevalence énd .

'intensity data for each age class and sex’for'both‘yéqfsTNﬁVf;mﬂgkm

N

Y

TRYPANOSOMA: Table 'V presents T. aqvium prevéiépce and fhgensity‘data
. d _ _ ‘
for all age classes for 1973 and.1974.FiguresVIIzﬂuiVIIIprespnt weekly

prevalence and intensity of infections for each age class for both years.

MICROFILARIAE: Prevalence and intensity data for microf;iarial infections
in blue grouse in 1973 and 1974 are presented in,Table VI. Figure IX

shows the weekly prevalence of microfjjjariae for each age class each year.
/ o

> N

Other hematozoa were not found in any of the‘grouse‘éxamined from
Comox Burn. However, Bennett (personal communication) has personally
shown me sliaeé of blue grouse infected with at least‘ﬁhrez species of
Plasmodiwn: P.’circumflexum, p. réiictum,’an& L. vaughni, fromvghe Quinsam
Lake area, 30 km north of Comox Burn. J. F. Bendell had, for some years,
aeposfted 478 slides with the WHO International Reference Center for Avian
.Malaria Parasites and 13 percent were positive for one or more of these

parasites.

APPEARANCE OF HEMATOZOA IN CAPTIVE CHICKS: Seventy-five captive blue
grouse chicks were monitored for the appearance of avian hematozoa in 1973.

Eggs were'cﬁélected from Comox Burn and Quinsam Lake study areas and wefg

incubated. Three days after hatching, chicks were placed in a chicken



Figure I1II. Total séésonal prevalences of Leucocytozoon bonasae
in different age classes of Blue Grouse from Comox

Burn, Vancouver Island, 1973 and 1974.
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Figure IV. Seasonal prevalence of Haemoproteus canachites in

v

different age classes of Blue Grouse from Comox Burn,

Vancouver Island, 1973 and 1974.
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>\, Figure V.. Seasonal intensity of Haemoproteus canachites in

different age classes of Blue Grouse from Comox Burn,
Vancouver Island, 1973.
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-~ Figure VI. Seasonal intensity of Haemoproteus canachites in

\

o

different age classes of Blue Grouse from Comox Burn,:

;o g .
Vancouver Island, 1974.

-~



INTENSITY

2104
200+

1804 1974 adults

- —ylgs
160 — - —-juvs

PP,

-t ] .
BN e

w{ e



36

. L~
QANNIINOD * * °
(L0°0%) (2:0%)  (Z1°0%)  (S1°0%) - (IZ'0%) (0T°0%) (60°0%) = (22 0%) (*d°Ss s ueauw)
AR BT AR *€'T . AR €1 *2°T . X1 x7°1 © - K3Tsueiul
%81 . xL. x97 xHT xZ€ x0€ o %97 x0% (%) ®dousTeAdIg
SS 01 0z 51 s 54 S 01 pe3da3Jul ‘ON
R h ) .61
" L0€ 9n1 8L - 65 61 . €8 8% ¥4 pouTWEXy *ON
(v1'035) (82:0%) (0Z:03%) (82°0%) (%2°0%) (%2°0+%) (L€:0%) (1€°0%) (*d°S § uesuw)
x8°C x0°€ X'z x¥9°2 1°¢ x0°€ C %7€ %6 14£3Tsuajuy )
¥L9 ¥0G. 0L kIl x[9 ¥$8 - x%6 ¥8L (%) @dousTeAsig
967 €L €8 0S € 001 0 0§ Po3093JUT "ON ‘
_ : : : : €161
18¢€ T 611 0L 6% L11 €5 %9 paujwexy - oy
Teaol Te3o0r1 1®B30L dTeway aTeW Teaog aTewWag. 91BR
puein SaTTusAnp Co s3urTaeay . . v . . wuwavé
. . v . *PUBTST I9ANODUEB) awu:m X0wo) wolI Isnois

an1g JO Ssoxas ﬁcm S9SSeTd 988 JUDI9IIIP UT wniap GEOwQEGQmN& Jo A3TSua3uT pue 2doua[BADIg ‘A ISIqe]



37

- ‘ o
_\.\sxl\.{/,lﬁ/\r -
/v
> : "10°0 > d »
.mumhuousuxuw 000°0T1 22d so3rseaed jo laqunu ueady 4
kY
(Z1°0%) (92°0%) (L1°03) (€z°0%). (12°0%) _(0Z°'0%) (0£°0%)  (Lz°0%) (*2°S 7 ueaw)
"¢ 8T [ £ T 0°¢ LT L°¢ L2 £3Tsua3jug
{ey Y 26 . 0S s €9 65 09 (%) ®oustensig
R o sieag
11¢ £8 £E0T ¥9 6¢ - 5C1 ¢9 09 pa3dajur -oN-7
_ ; . . : . TEe30L
889 16¢ L61 8¢l 89 00¢ 11 68 pautuexy - oN
1301 12307 - Te3oy] oTRWAY STEN 12310 aTewag 91l
pueasn Wmaﬂcw>zh, s3urTaeay By s3INpy \)Il\\\
pa2nuIluod - *puBIS] um>soocmwi.:p:m XOoWwo) WOl 2SN0IYH

2nTg .JO SaX3s pue SISSBID 28 JUSISIJTP uT uniar wosourdAal 30 KITSUSIUT PuUB IDUITBASIJ A ITQE]



e

Figure VII.' Seasonal prevalence of Trypanosoma avium in different
age classes of Blue Grouse from Comox Burn, Vancouver

Island, 1973 and 1974.
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Figure VIII. Seasonal intensity of Trypanosoma aviwm in different

-age classes of Blue Grouse from Comox Burn, Vancouver

JIsland, 1973 and 1974.
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Figure IX. Seasonal prevalence»df microfilariae in different age

¢

arsne”

classes of Blue Grouse from Comox Burn, Vancouver =

Te? 1, 1973 and 1974.
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| J \
wire-enclosed outdoor aviary. It should be pointed out that- the aviary
‘was located within an area, of deﬁée alders,.an area dissimilar to normal
blue grouse habitat. Additionally, this aviary was loca%éd 36 km nérth
‘of Coﬁox:Bgrn étvthc head of Gooéeneék Eakp. Blood smears were taken
from each chick on three occasions: July 16 and 28 and August 3, 1973.
Table VIIpre;ents thé ihltiél period of time after exéosure‘when
hemato;oa were first detected. ﬁgAqqncurfan infections were noted.

' .-(:7

HEMATOZOA FROM NON-TETRAONID BIRDS

A total of 119 individéals, c;mpfising_28 species of 8 passerine
and 2 other non—gerraonid families from Comox Burn, were examined for the
prqsenée of hematozoa during the period 20 May to 27 August, 1974 (Appendix
I). Thirty-four percent (68) of‘the birds were infected by one or more
species of avian ﬁematozoa (Table VIII). Onlv one Fird; a dark-eyed junco,
Junco hyemalis, was infec?ed with»mivxotiiariae. Prevalence and intensity
data of hematozoa are presented in Table VIII. Multiple infections were
found in 14 percent of the infecked Birds: 7 Birds had concurrent inféctigns
of’LeucOcytozoén and Hgemoproteus and 3 birds had concurrent infections of
Leucocytozoon and Trypanosoma. Twenty-one juvenile and 48 adult birds
harbored infectiqns. vMonth¥ZJ§r;valénceArates were ﬁighest in June
(38 percent of 84 birds) and equal in july (33 percent of 72 birdgﬁ and
August (32 percent of 40 birds). Only one infected bird was captqu% in
May. -A new haemoproteid Species; H. caprimulgi (williams et al., 1975)
was described from the'éommon nighthawk. . |

Figure X depicts the biQeekly prevalence of hematoéoa from
non-tetraonid girdsvfrqm Comox Burn during 1974. Figures XI and XII

{

* present biweekly prevalence and intensity of Leucocytozoon and Haemoproteus
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r"”fis }
Table VII. Initial appearance of avian hematozoa in 75 captive
Blue GrouSekchiéks at Gooseneck Lake, Vancouver Island, 1973.
- \\v .
\Déys After Exposure
 Bleeding Date Lt ) H T
16 July ‘ 28% 34, 38
No. Infected 0 -0 3
28 July . | ; | 42, 47, 50
' No.:ﬁnfecfed ‘ 0 . 0 ’ 3
3 August 45, 47, 50, 54, 56 45, 45, 50 48, 51, 56, 56
No. Infected 5 ;» o 3 4
Total No. Infected 5 3 10 .

* Number of days after exposure (chicks were -exposed three days after
. hatching in an incubator). :
! &

+ L = Leucocytozoon, H = Haemoproteus, T = Trypanosomna
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Figure X.

\
Seasonal prevalence of avian hematozoa in adult and

juvenile non-tetraonid birds from Comox Burn, Vancouver

Island, 1974.
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Figure XI. Seasonal prevalence and intensity of Leucocytozoon
infections in adult and juvenile non—tetraonid»birds

from Comox Burn, Vancouver Ibland, 1974.
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Figure XII.

%

Seasonal prevalence and intensity of Haemoproteus
infections in adult and juvenile non-tetraonid birds

from Comox Burn, Vancouver Island, 1974.
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o
¢

infections in adult and juvenile bi%ds.

The major component of the avian hematozoa was composed of three
or more species of Leucocytoéoon: L fringzlltnarum WOodcock L. megorms
(Laveran), and L: dubreﬁfli M. &:L., of which the first two"species are
thodght to parasitize fringillids and several closely related passerine
families and the iptter, robins and'other tufdids. "Notice that prevalence
of Leucocytozoon infections (Figure XI ) in adules ie~initially somewhat

low, declines for the neit four'weeks,>and then steadily increases_from’

mid- July until examlnatlons were termlnated the end of August. The slope
f

. of the prevalence curve for adult non-tetraonids very closely paralleLs

s

that of total seasonal hematozoon prevalenc%f The prevalence curve for
juveniles, although damped somewhat, nearlyt mimics that for total hematozoons.

Haemoproteus infections in non-tetraonids (Figure X1I) are composed
\ : .

of H. archilochus Coatney and West, H. caprimulgi éb. n., H fringillae-

Labbé, and H. oryzivorae Anschiiltz. The first occurs in hummingbirds,

~

the second in‘nighthﬁﬁks, and the latter two both occur in fringillide aﬁd

otﬂer closely relaged pésserine familiés. |
The»mejority~of infections in non-tetraonids were seen in pass;:szgﬁ;

birds (89;5‘percent), followed decreasingly by piciform (7.2 percent),

apodiform (2 8 percent) and ceprimulgiform (1.4 percent) birds. Fringillids

4(46 4 percent), turdids (25.9 percent) and parulids (11.4 percent) composed

the major portion of infections within the passeriformes and of the entire

group sampled.

Qe

ORNITHOPHILIC DIPTERA

VECTOR INCRIMINATION STUDiES: Host-baitlng experiments were conducted

from 5 May to 22 August, 1974, at several sites on Comox Burm. Table X
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presents the idcntification of flies caught, the number dissected, and
theApercentage of infected (sporozoite containing) vectors. Dissections
of engorged blackflies from pxéosed grouse proved disappointing due to the
low numbers cOllected.’ Although 2 S. aureum.harbored sporozoites of
Leucocytbzoon, and one C. minus and Qné S. aurewn Harbqred oocysts, a
much larger sample size is needed before definite infectivity rates'can _
be computed. ‘Neveftheless, circﬁ%éténtial evidence indicates that'thesef
) SN f . '

two fiies are the vectors:of Leucoéytozcon in this area. Thirty-eight
other engorged simuliidé collected from exposed grouse harbored no parasite
forms. Dissections of 37 engorged simuliids (Table X) coilected in aerial
sweeps near grouse revéaled no deyeloping or infective parasites.

Although the pfiﬁa:y objecfive of this study wés to identify thosé
blackflies ﬁarboring L.vbonasae sporozoites, other b;ting_bipfera wefé L
also examined for the presence of infective parasite'étagés. Two engorged

Culicoides dissected posséssed oocysts in the stomach wall, presumably

those of a haemoprotqid. ‘No ;sporozoites were found in any Ceratopogonidae.

© SIMULIIDAE PO?ULATION STUDIES: Simuliidae larvae were quite abund;nt in
all streams throughout both summers. Unfortunatelyvno quahtitatiQe data’
was taken for»the summer of 1973; howevé;, our obsefvationS‘indicage Ehat
larvae were much more abundant in that year and that ornithophilic
blackflies were. more numérohs. S.‘aureum occurred as young larVag (second

instar) in late June and was present continuously until studies were

! .

terminated at the end of Aﬁguél. C.. minus were first collected in streaﬁ;{//(’

in mid-May and were present in fair numbers until late May. Since collect/ ns

tapered off quickly, itiis thought that the peak of larval abdndance'ﬁaa//,
. ¢ . > " -

fp s A
s RS

missed. (. minus was found in two sticdams, the majo;ﬁﬁy”%eing-recovered o
. : . 4 .
from one stream during the middle of June. S. aureyﬁ larvae were collected

) ‘ ‘ B "//r
' e

e

. : /
- . ErS J/

&
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from seven intermittent streams and were abundant from early July until
the end of August. Seasonal abundance and distribution of these larvae of
ornithophilic blackflies are presented in Figure XIII.

Adult blackflies listed in Table X were captured on Comox Burn‘from

o
57

sweep—nettfngs near grouse. Adult S. aqurewn in this study were first
collected in sweep nettings in early June and weré‘caught thrbughout the
~summer except for a one week period in mid-July. A two- week period of
rains virtually extirpated a large pupal population in streams pribr to
mid-July. Adult C. minus in this stﬁdy were collected frgm near grouse
by sweep-netting in early May and were found in decreasing‘ﬁumbers until
early.Jply. éf the tqtal number of adults cdllected,.S. aurewn and
C. minus ;dmprised 2 and 5 percent, Fespectively, "No infeetive parasitic
stages (sporozoites) were found in any of the engorged or parous flies.
Both S. aﬁreum and C. minus possess bifi%tcléws and have been found
feeding onlf'on birds in this study. No qther flies collected possessed
such attributes. |
Adult blackflies Qere'found to have two fgeding periods. An early

morning feéding period lasted aﬁ%roximately 30 to 45 minutes, commencing at

daylight. Although few flies were collected from exposed grouse during
this period.aerial sweeps yielded 15 pe;cent of all blackflies collected.
The major feeding period occurred from one houf before until thirty minutes
after sunset during the,sumﬁer. Nosimuliids were recovered after this
period. Activity was highest on overcast evenings and during the c¢alm
shortiy before a storm. Wind velocities over 5 mph appeared fo“decréase
feeding activity. The most successful exposure site ("The Gallows") was

situated at the edge of a douglas fir thicket, facing east, and was normally

in the lee of evening breezes. Most blackflies were collected at heights



Figure XIII. Seasonal abundance and distribution of ornithophilic

" blackfly larvae from ComOX Burn, Vancouver Island,

1974.
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.between 2.5 and 5 m; a few were taken up t

all other physical factors favorlng feedlng activity agreed wlth those v

,“found influencing simuliids. Aerial sweeps were most successful when //

64

taken below 2.5 m. CAerdal sWeeps.. yleldcd more. 51mu111ds whe¥ the collector(/
{

was standing atop stumps, or on knolls, and when the caged-grouse was

"located ﬁpwind.

OTHER HEMATOPHéGOUS DIPTERA: Culicoides were collected from mid-July

untll all collectlons were termlnated the end of August Only oné feeding

e ,
period was noted, lasting from sunset onward. Most biting midges were

collected at heights between l_tc 3 m Activity ceased with any wind;

/-

¥

;oﬁerated from the'érbuhd;'wAgain,'a"grodse placed'upwind yielded most’

/

“of the Cultcozdes netted. o B o // :

_____ L . . v /,
No other blrd bltlng Dlptera were collected from exposed grouce

’ FaNRIEN

However, mosquitoes were collected by aerial’sweeps, usuallyywhen grouse
' ‘ ' VAR

. . oo
were not used as attractants Indeed, all culicine species cdllected

. seemed to be attracted to man rather than birds, and were caught malnly

after having engorged on one of the collectors. More mosqultoes were
seendin 1973 than in/{;7él Hippoboscids were never found on grouse,

although between 50 and 75 yeatlings removed from one area were examined

PR -

for these flies.” Only 2 louse flies were ever seen, and these were on

non-tetraonids caught in mist-nets.



DISCUSSION

’

For the purpose of'clarity in understanding the complexity of these
ﬁafasite sysfeﬁs; this discussion will Be.prcsented in the folloQing
sequence: 1) prévalenée and inzensfty of infqgtioné of each paraéite in
'blue‘groﬁséland_non~tetraonid'birds, respectively,\Z)fthe acquiéition of
blood parasites b&kjuvcnile birds (Ch}cks),‘Bd the ebizootiolqu of avian
hematozoa iﬁ blue grouse and non—te£raonid birds with emphasié on
Leuéocytbzoon,rand'A)‘a conceptual model of Leucocytozoon; apélicable to
all of the parasite sygtems,'based on the foregoing discussions. It is
hoped that theicomplexity of Leucocytozoon trangéission, and that of other
'pafagites, can be reduced to a more easily visualized interaction of events.

B

’

PREVALENCE AND INTENSITY OF AVIAN HEMATOZOA -

BLUE GROUSE : - .
‘Blue grouse (Dendragapus obscurﬁs fu?iginosus (Ridgway)) from Comox

Burn, Vancﬁﬁver'léland havé?prevalgnces of aviaﬁ hemétbzoa similar to

‘thosé:found by ofher Qorkers'in that a ﬁigh deggee’offparasitism is

' exhibited. This 1is best predicated on the basis of'host—vectdp cogfact

and the suitability of grouse habitat for the maintenance of adequater

populations of bifd~feeding Diptera dapabie of transmitting these parasites.

Y

LEUCOCYTOZOON: Blue f§rouse from Comox Burn had significantly different

prevalences of L. bonasae in 1973 and 1974 (Table III). This is most

~. . .
probably attributable to differing vector densities and infectivity rates

. 1in each year.

\

Since no sucking adult dipterans were found in early spring, no

transmission could occur. Thus, it appears that grouse exhibit the relapse
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. There is no significant difference between prevalences in each year on’‘a \‘

. . ’ ) : . V4 ’
are presumed to be born parasite freé since there’is no evidence for the

66

phenomenon associated with the oqset of spring and migratory‘habits,

as found in-other birds (O'Roke, l934; Reaudoin et al., 1971; Chernin,

1952; hhan and Fallis, 1970) Indeed, prevalence rates are moderately

‘high in adult and yearllng blrds early in the season of both years.

seasonal basis. All adult, yearling, and most juvenile_blue grouse were

infected in late August. If my data are representative of the grouse

populatlon as a whole, it appears that nearly all blue grouqe become
. /
infected during the'first year. Juveniles (chicks)/’on the other’hand,

transfer of hematozoa from heris to offspring.//lhis hypothesié/is borne
: : y

'out by my. data in that chicks examlned shorfly after hatchlng exhibited

i /

‘no parasites_(Figs‘ I and LI) "This datﬁ alsa,strengthens the evidence

/

———

© {implicating insect-borne transmlssion‘of blood parasltes to newly born . \\\\

JuVeniles. _// '
Prevalence data for L. bonasae in this sgday differ somewhat from

. . . ‘//
other studies on blue grouse. Although totél prevalences vary, quite

'

s
/

g s
probably due to chance, comblned adult,and yearllng, and juvenile prevalences
are often'striklngly similar. Wheuadultsand yearlings are comblned for

both years in this study a resultant prevalence of 96 percent is found.

Bendell (1955)\indicated.that 97 percent of 169 adults and yearlinge

mhngfbor’é“d"I}\bonasaé Holmes and Boag (1965) found 92 percent of 57 adults

\
and yearlings 1nfected, and StablgENEE\fE\ (196?i/£9und 96 percent of 219

adults and yearlings infected. Prevalences in chicks for this and the,

above three studies are 57, 66, 67, and 35 percent, respectively.

Intensities of L. bonasae between years were signlficantly different.

Female yearlings and juveniles in 1973 had s1gnificantly higher intensities
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than qll'other groups. The factors'ihfluencing these differences are;
perhaps explaiﬁable on the basis of size of inoculum received froe infected
vectors. The depressed slopes of intensity curves of L. bonasae Suring

the latter part of April in both yeare brobaGly represent a return of
parasite production to a level associated with chrogic infections (Chernin}
1952). During mid—May, 1973, intensities'in adult and yearling groeée
were elevated to substantially higher éeaks. ﬁennett and Fallis (1960)
stated that high levels of parasitemia coupledeith high prevelencee

denote active transmission. ‘The results in this study suggest that these
peaks are related to the synehronous appearance of vectors. Another peak
was exhibited during early June, probably 1nd1cating a response of the
.paraSlte population to a renewed higher density of vectors. This elevated
parasitemia undoubtedly prov1des vectors with more infective froms for

the subsequent inoculatlon'into susceptible chicks. Althoughhintensitiee
for all age classes in both years are statistically dlfferent the damped

o

curves in 1974 follow the trend seen in 1973 The factors responsible for

lower intensities in all age classes of grouse in 1974 are not known. The

differences may be a result of differing rates of gametoéyte, zygote,

»

oocyst, and/or sporozoite survival in the vector, a lowered differential
of sporozoite survival in grouse, or a lowered 8u§erinfection rate. Huff
and Marchbank (1955) found that peak oocyst production consistently preceded

parasitemia peaks by 1 to 4 days with a resultant fall in oo x?t numbers

< ‘ St 13

during a period whenr total numbers of parasites were still increasing.

Sporozoites of Leucocytozoon are known tovsurvive in birds for up to 1l

\

days (Khan et gl., 1969) but their survival'rate is unknown. Gingrlch

(1932) argued against a lowered superinfection rate, finding that acqulred
: \
immgnity against PZaSMOdLum rendered chfonically infected»birds refractory

»

Y
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and that recovered birds were susceptible to reinfection.1

. . " '
Thus, three different montane biogedgraphic habitats produce
A &
) : ‘ |
remarkably similar prevalences. Intensity of infections, however, varies
. » )

&/»\ !

widely between the three areas. Mature'bikds in the firdt three studies

‘poseeSSed intensities of 17.5, 11, and 1 gémetocytes per 10,000 erythrocytes,

respectively. Chicks posseseed intensities  of 21, less than 10, - and’' 1
. = - ‘\\ » .
gametocytes per 10,000 erythrocytes, respectively. Fowle (1944) reported
\ —_

that Leucocytozoon inten51t1es rarely exceeded 2 per thousand blood cells”
and Adams and Bendell (1953) reported inten51t1es of 1 to 2 paras1tes

per thousand blood cells.

e R < o

HAEMOFROTEUS : In 1973, blue grouse harbored 51gn1ficantly more infections
than those in 1974 (TablelV). Weekly prevalemce data for A. canachites‘
indirates that yearlings of each year had significantly‘different prevalences.
‘Adults and yeerlings had signifibantly note:infections than did zhicks in .
all weeks of the season. Grouse alse_exnibit telapse of éaeﬁoproteus as
do other birds (Coatney, 1933) and adult birds exhibit this phenomenon‘nore‘
often,than do"yearlings or chicks. As a bird ages, the chencesvof its
;becoming infected'ere increased. Chicks in 1573 showe&*increasing pgevalences
throughout the balance ef tne summer. Thé data from 1973 differ ftom'that
of 1974 in that’;arked‘fluctuatlons eecurred during 1974 in all age classes.‘
’Vector efficiency and success 15 presumed to have been very low in 1974.
Conparison of my data with that of other studies reveals major |
differences in prevalence. In fact, several §tudies (Adams and Bendell,
:1953 Bendell, 1955; Schotteliue, 1951) indicate that H&emoproteus wes the

predominant hematozoon found in their grouse. There was a steady increase

of intensities in adults of H canachites . (when the one infected adult in



the first week of May is disregarded) until che latter part of July when
intensicies decreased somewhat. Intensities‘of H. candchitcs in yearlings
also increased after an-initial low level in the ficst six weeks; Intensitics
in chicks were characterized by a sharp 1ncrcase the last week of July,
coinciding with a concomitant 1ncrease in prevalence. A depreesed slopc of
inten51ty value for adults at the end of April is due to low sample size (2).
Sponadlc depressions in both adult and yearling intensities throughout the
seaéon probably‘indicate that vectors of Haemoproteus in this area are not
as efficient as their simuliid ccunterparts for Leucoéytozoon tfansmission.
These data would suggest that noderately high prevalences are
accompanied by a moderate level of parasitemia, and that lowered prevalences
‘are charactefized by increasingly high intensities. Perhaps in this way'
the, parasite population is assured cf continuance if a larger amount of
infective gametocytes are present in fewer infected birds. This presupposes
that auailability of gametocytes is the'sane in each case. This is noc
true, unless infection confers added attractancy.to the host. Morc
information is needed to elucidate chis seemingly'complex relationship.
Reported intensities for 4. canachitesvin mature Birds are given by
Fowle (1944), Bendell (1955), and Holmcs and Boag (1965), and are 12 and
1 to 500 per thousand blood cells and 8 per 10,000 erythrocytes, ?espectively.
'Intensities in Chlcks in the above studies were noted as being always lower

\/

than those for adults and yearlings

d

TRYPANOSOMA: Seasonal prevnience~daté for Trypanosoma avium_infections‘in
all age classes for each year reveal majorddifferences. Prevalence in adults’
was inltially high for the period mid- April to mid-May, was depressed
somewhat from then until the end of July,.and remained high throughout the

rest of the season. Yeaglings were %%mewhat infrequently infected until

SN

R
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. mid-May, remained ;t about the 75 pgrcent infection level through
mid-summer, spiked quickly to 100 pércent in mid-July anh then deérgased
té about 65 percent for the balance of the season. It would appear that
new transmission occurred during mid;Juné, reaching a maxiﬂum byAthe end
of the summer. This is bofné.Qgt by information provided by chick smears.
Décumenta;ioh of chick infections revealed a steady increasing prevalence
from the end of June until Wﬂd—August. In 1974, wild fluctuation$ of |
prevalencesuappearéd.- Adults had an overall prevalence of 30 percent,
yearlings of 26 percent, and éhické ;f 7 percent. An ihsignifiéant
preQalence in adults seen the first weék of May was due to small sample
size. New infections appeared to be initiqted in mid-July'with_the

" appearance of f;agéllétes in adults and yeaflings occurring thevlasy week
of June through the first week of "July. Another increase of prevalénces
occurred begiﬁning the first of August,.contiﬁuing unabated unfil smears
were no longer taken. Chicks initially caught the lag éhase of parasite

) transmission during the first peak period (end of June) and were:;nvolyed
negligibly during tﬁé second transmission phase.

: ‘Comparison of T.A&vium prevalence;datavwith thaﬁ‘of“other studies
shows that grouse on Comox Burn ‘in both years possess fewer infected
individuals than is usually ‘the caée in other_areas. Mature grouse from
thebCampbeil‘River4Quinsam Lake region .(Bendell, 1955) show hfgher infections,
(79-percént)vthaq do Comox Burn matures (57 pgrcenf), but chicks from the
formerAarea have lower prevélencés (20 pércent) than from thé latter (29
bercent).

In,197§,-chi;ks examined in mid-June tevealed'méderately high
parasitemias when compared to matures during the same period. Intensities

in all ége-classes increased the first of July to the hiéhest,of the season



and then tapered off for the balance of che scason. In 1974, T. aviwm
intensities in yearlings reached high levels the cnd of June and in
mid-July, declining ir the last of the summer. Juvenile:incensity seemed
to peak shortly after the end of July and then declined to ; level equal
to .that of the yearlings. Little information on tranghission can be
derived from this figune, as the intensities are lew and clumped within
4 narrow range.

Other studies of blue grouse hematozoa.(ndams and Bendell, 1953;
Bendell, 1955; Holmes and Boag, 1965) indicate that 7. qvium intensities
were of the order of 1 per 10,000 erythrocytes or 1 to 20 per smear in

: y
mature and immature birds.

'MICROFILARIAE: In 1973, an increase in prevalence of microf{lefiae in
adults was noted from the first of hay, which“latef’declined.and then was
elevated again the.middle of June. A sustained increase occurred until
mid-June and then tepered bff for the ree; of the season. Yearlings
possessed arsimiiar sequence of peake although the weekly‘prevalence values
were usuai&y 15 to 46 percent lower. Chicks in 1973 were found to harbor

microfilariae when exanined in mid-June, even though the prepatent period

‘has been found to be 2 months (Cibéon; 1965). This would indicate that

the chick was exposed to vectors at least by the third week nf May, a date

one week prior to normal initiation of hatching That such contact could
L4

-occur that early in the year is rare,ZUnless the prepatent period is
shortened by one to two weeks by favorable circumstances w1thin ‘the. host._
+ There 1is currentlﬁwgo proof to substantiate this line of thought and the
earlyaoccurrence of microfilariae in chicks remains an‘enigma

In 1974, grOuse ~had no detectable microfilariae in the blood until

‘Uthe first week of May. Adults showed a brmodality of prevalence: the
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first in mid-May and the second during the first week of August. Yearlings
maintaifed felatively lower prevalences throughout the, season except for

a r;pid increase in mid-June. Chicks showed infections only during
mid—Aqust, a.réasonable amount of time for developing larvae to occur.

~ N

It would therefore appear that transmission to chicks occurs early on
in their life.

Other workers (Table I) have found different;degfees of preQalence
in blﬁe grouse but havé rarely commented on the degree, or level of‘
infections. Gibséh (1965) found tkat Mf. sp. B. wefg.significantly mo;e
prevalent in adult malés than femalés or in yearlingé.. In tHe present
study, this was true only‘for adult males and females-in 1973.

No.figures aref§resentedJfor weekly miérofilariae‘intensities due
to the low order of magnitude. Suffice it to say that édults maintained
an average of 3.1 and 1.2 microfilariae for 1973 and 1é7Z, respectivelyy
peak intensity was found to occur during tﬁe periods late'Ma; td mid=June
in 1973 and late June to early July in 1974. Yearlings in 1973 and 1§74
followed the same trends for each respective year, bossessing 2.6'andi'

1.8 larvae per 10,000 erythrocytes. Chicks were infrequentlf encountered
with more than ‘1 larﬁae seen during routine examinations. lIn this study,
significantly difféggﬁt\ ntensities occurred.ongy‘bétweeﬁ adult males,

~ yearling males, and yearling females of each yeaf.'

NON-TETRAONID BIRDS
Thg biweekly Prevalence of hematozoa 1t adults and juvéniles (Figure X),‘dj
were quite differént in 1974. As expeEted from ihformatioﬁ gleanéd in
“‘)?;he: studiéé of this hapure (Box, 1966; Hénwell, 1955a; Mohammed, 1956)

~

' fh&ﬁlt‘prevalenées’wére highest at the Beginning of the summer. A‘aepressed
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prevalence followed, during which time gametocytes were often reduced
below the threshold detected by the examination. An increase in prevalence
was associated with the end of the .season and the concomitant appearance
of numerous bird—bitihg dipterans. A large portion of jbe juveniles ‘
. ' \ L

sampled were infected the lasp week of -June. They lat?r exhibited a-

'// ' ’ i)
lowered preva{ence as increasing greater numbers of ‘uninfected fledglings

. - . N

were added to the pbpulation. Note, however, that.the slope of the
4 . N

Juvenile prevalence curve closely parallels that of the adults during

~r

the latter half of August. Both age classes of the population presumably .

Sresponded to a higher .level of parasite transmission.
14

LEUYCOCYTOZOON : -Intensity data for Leucoeytozoon infegfions in non~tetra6nids
generate‘curveg'with slopeé closely.approximatiﬂg p;evalence,cq?ves Eor\
adults™and fledglings.":However, fowa"d the latter half Qf the summer,
intensities for both age Classe; declined; An increascd number of uninfect;d
fledglings was.iptrédﬁeed ingo.the population at fhié time; in effect,
diluting the nuﬁber;bf iﬁfectives availéble FQ vectors.wvihe factor
r;spOnsible for the deéreased intensity in aé;lt birds‘during the ‘end of

the Summer is thought‘to be a lowered p;oddction of gamgtocytes, gharactgéistic
of a long-standing, or chronic, infection (geaudoin'ét &i{, 1971; Bennett '

and Fallis, 1960).

v 3 A . . . V ) ) } : \\\ .‘ ) B
HAEMOPROTEUS: The prevalencg of Haemoproteus Infections in adults“graduaiiy B

;dgcreases until mid-gggust wﬂen an upsufge.occurs,'peaking~highe;'tha;*‘
the initial value. 3&§enile prevalencé éutbés increése_té the 15 percént
level at the end éf June and ﬁben graduélly décline ufitil ﬁoﬁfl;d§linés N
are infected by the first of A;\i‘gust.' Haemoproteus transmiss\ilo;'l, t:'hére:‘fore,

<1 must occur before the end of Ju?e for gametocdytes to appear in the periphéral

s sy




¢

o /’J\
circulation. High intensity values for adults correspond to high

prevalence- levels, indicafing~pew transmission (Bennett and Fallis, 1960),

as do high juvenilevintensitieé. It is interesting that peak intensity
o . s
in jhven%}es occurs two weeks after the highest prevalence.

A\

TRYPANOSOMA : Trypanosoma avium occurs inl13 percent of the ipfected
!

non—tetréonids, in 14.5 percent of the infected adults, and in 9.5 percent a

of the infected juveniles. Infections were found from the end of June

‘to early August in adults and during late July in juvénileS. Intensity

in adults ranged from 1 to 2.5 in adults and was 1 per 10,000 erythrocytes

in juveniles.

MICROFILARIAE: An unidentified microfilaria was found in a juvenile

dark-eyed junco during the first of August and none were seen in smears

from any other non-tgtraonid.

Robins (20.3 percent), pinevéiskins (17.4 percent) and song sparrows
. H

(11.6 percent)were the predominantlyinfected species,’unsurprisi&gly, since
these birds nest and féed in open grouse habitat and afe,‘phereforé\ more
available to vectors. Juncos and whitg—crbwned Sparrows alséigécpp; the
same habitat(and”werq,infected at slightly lower levels i8.7 perqéﬁt;and
7.2 percent, respectiVély). ‘Birdé_nesting and feeding: at tﬁe‘ﬁofdérs\Sf
the burn and in willow swales on the burng (parulids, flycatchers (1.4
percent) and\kinglets (0 percent)) are 1e%s availagie and quite clearly
: i .
exhibit a léwer infection rate. ‘Birds reéi&lng in dense thickets and

mature forests rarely show infections, due to the inherent difficulties

in finding them on the part of the vectors. ;Bowever, nighthawks, a species

‘known to nest in exposed areas, rarely exhibit demonstrable parasitemias.

This is very likely related to the fegding habit of the vectors (they

I

7%
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rarely Occur near the 8round) andvFo the hosts' feeding habits (they hawk
for insects late {, the evenings ét relatiyely high heights). Nighthawks
are immobile for pogt Of the\day at a time when vectors very infrequently
Sally.forth. Hummingbirds, of which only 2 were found to be infected,
are Very active dyring the déy and undoubtedly present few opportunities
for VeCtors to engorge- At night £hey rest in a torporous state; at this
time'culicoides, due tO their preferred nocturnal feeding periods, are
temporally distripyred tO take advantage of these small birds. It is
inteéTesting to note thaf 5 of 6 flicker chicks were infected, prior to
fledging- They were sltuated deep within a crevice of a charred douglas
£1r stump, 10 m aone the ground. This suggests that the simuliid vectors
of these Leycocytogpoon infections were quite disposed to seeking out
"énclosed" prey at heights normally thought'to.be above their activity
rang®: VBennétt (1960) indicated that more engorged sylvan diptera were
Collected at heightg between 3 and 7 ﬁetersabove ground, but rarely

Occufred above the uéper limit. Anderson and DeFoliart (1961) found that

4

«Simulium aureum exhibited a marked aerial stratification but was never

collected from avia, bait above 7 meters. It is unlikely, but not impossible,
that adult flickerg, returning to feed their yOuhg, transport partially-fed
vectoIs back to the hest site. 7

Comparison of the Prevalences of terrestrial non-tetraonid birds

£ rom other North Aperican surveys revealed that Comox Burn prevalences

were NOU statistically different from the total average prevalences. Table

XTI tabulates resylts reported in 37 major surveys, of which all include

mosé of the same specieés and families examined in this study. Comox Burn
pirds vere infécted at the 34 percent level; this favorably compares to

the ©€30 prevalence of the other studies combined (38.4 percent). The



Table XI. Major North American surveys of avian hematozoa.

. - N
! : AW

' \¥ Number Number of

Author Date Lochlity Examined Prevalence Species

(%) :
Opie and : . .

MacCallumt - 1898 MD, Canada 125 12.8% 6
Manwell and . _

Herman 1935 NY, MA 652 8.3% 34

@ ’
Coatney and . ;

Roudabush 1937 NB 89 29.2 b4

Wood and Wood 1937 - CA 203 4% 21
. Coatney 1938 IA 63 11.1% ' 23
Coatney and C

West ~ 1938 NB - 84 22.6 35
Herman 1938 MA: 2384 8.8% 61
Herms et al. 1939 CA 150 . " 27.3 | 30
Huff 1939 1L 967 27.4 81
Coatney and i _ :

Jellison - 1940 MT 22 40.9 b
Wetmore 1941 'DC, MD 618 30.4 53
Wohnus and :

Ryerson 1941 cA 130~ 4l1.5 22
Jordan 1943 GA 1103 14.1% 24
Thompson 1943 GA . 275 L 20% 23
Wood and 7 Southwest ‘ :

Herman 1943 USA " 1525 23.4% 112
Wirth 1944 LA 63 3.2% 30
Clarke 1946 ONT 1 34.2 54

. . . CONTINUED
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Table XI. Major North American surveys of avian hematozoa. - continued

, | Number "~ Number of

Author Date - Locality Exgmined Prevalence Species
- ' . (%)

Hart 1949 sC 387 O 59.7% 17
Hunnineﬁ and , | ‘ | . , ‘

Young 1950 - sC 137 “27.5 21
Couch | 1951 TX 436 52.5% 17
Sachs 1953 IL 158 21.5% 15
Love et al. 1953  GA 1246 25.8% 97
Manwell . 1954 ¢ 82 32.9 9
Manwell ; }955a NY 1037 29.1 | 17

, Manwell 1955b NY, CO 60 67%. 1
Bennett and ‘ : : A ' :

Fallis 1960 ONT 3004 49.7% 9%
Farmer | 1960 ‘ .iAl 568 17.4% : 13
Laird - 1961 | NWT 159 o 23
Al-Dubagh 1964 on 284 21.5% 13
Clark and S - ’ ,.

Swinehart 1966 CA 383 34,9 23
Collins et al. 1966 , . sc 603 Co22.7% 67.
Marx 1966 I, w237 lo.5% 36,
Clark : 1967 WA 124 73.44 ' 1
Smith 1967 o1 92 50 16
§tabler,and ~

Kitzmiller 1970 . Cco ~ 1361 50.9% 101

. . . CONTINUED .
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Table XI. Major North American'surve;é of avian hematozea. - continued

. Number . Number of
Author Date Locality Examined Prevalence Species
- (z)
Bennett 1972 LABR 454 37.7 - 38
Bennett et al. 1974 NFLD - 2675 69.9% 56
Total N =37 T22,649 0 38.4 36.1
v LA
T
1
This - | ‘
Study 1975 BC 197 34 28

t+ Studies combined. ‘ )
* Statistically different (P < 0.01) prevalence from the present study.
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number of aviip/g;ecies examined ‘in this study represents slightly mﬁre
than two—thirds of the aye;age nuﬁber'éf'species 1istea in the other
“studies. Seve;al studies which were of wider scope than this StUdY (more
ordefs and families); but which included families‘similar,fo the present
study were analy;ed fo; seleéteé.érevaleﬂces. Galindo and Sousa (ib66)
" and Huff and We;mdré (1967) surveyed 249 and7il9 species of 19 and 13
‘orders, respegti&ely.' Wﬁen‘prevalence data on inféctions»in pésserifofm,
piciform, caprimulgiform, and apodiform birds_are tabulated for the
former study, a prevalence of 14L9 percent is notéd. Similar_data is notv
extractable for Huff and Wetmore's data but they‘reiated that alleZasmodium
and microfilarid infections occurred in paéserineS, thét Haemoproteus A
infectioné»were seen only.in 7 passérine and 1 picid fémiliés, ang that
Leﬁcoeytozbon infections were not foung in any of the preceding. It'is
also’inferesting that thesg surveys were done in Pa;ama and that many'
species found.breediﬁg in northern latitudes of the continent migf;te
through‘Panama for the winter. It‘thus seems that parasites are lost or
gametgcyte-produétion is depressed during this period. | -
Canadian surveys usually provide prevaiences highet than that found
on Vanpouver Island. Studies from Ontario indicate;a ?revalencé of 50
percent; that frem Newfoundland, 70 percent. Compar;b}e species were

examined in all three areas. These differences in prevalenée'wili probably

be explained on the basis of vector densityvand/ﬁr'efficiency of transmission.

Prevalences of blue grouse and.non-tetraonid hematozoa of all genera

are significantly different. It can be postulated that differences dccur

due to one'o; more’ofvthe’following factors: 1) blue grouse are inhereg:
. . ; _ , ot

‘ ~ : .
more attractive to vectors, the vectprs being highly specific, 2) g

()
.
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are more abundant than non—tetraonids, 3) grouse are dispersed in areas

in which they are more available to vectors, Or 4) the habits of
non—totraonlds render them less avallable to vector .contact. Evidence

for the first postulate is presented by Anderson and De Foliart (1961)
L \
who stated that certain Ornlthophlllc specles eXhlblted host preferenceS'

within a 51ven habitat. * Bennett (1960) collected more S. aurewn feedlng

on ruffed grouse than the total collected from 9 other species of birds

.

in Ontario. Limited observations durlng the present study indicate that

simuliids are more readily attracted to' wild grouse than to passerines

caught in mist-nets. Evidence forgthe’sﬁognd hypothesis is lacking.
Zwickel (1972) 1nd1cated that approx1mately 473 male and female adults

and. yearlings resided in the comblned 1500 hectare study atea. A slowly

’

. increasing populetion has been\noted since that estimate was made (Zwickel,

X

personal communlcatlon) gThe total number of non-tetraonids in the study
area far.outnumber grouse since Martin (1973) found 1 breeding pair of

robins per 5.5 heoteres on a }34 hectare portion of the'Study area. If

»

this is indicative of the tr{é,population,'a conservative estimate would
¥y
. < {e,. . '
place roughly 200 breedlng palrs of robins on the study area. Sparrows

and warblers are as common throughout the‘area asrare robins* Therefore
the non-tetraonid population is more dense than that'of grouSe. Support
for the third hypothesis exists from numerouswohservations-throughout
“both years‘on habitat preferences of most birds. As described preﬁlously;
- many passerines occur concurrentiy in the same areés asrgtouse,:although
feeding habits may stratlfy them. - Other blrds nest in very dense’vegetatlon,
some feediﬁ% within ghese areas and others without Warblers, flycatchers

and thrushes ‘belong to this latter eategory The highest prevalences

were found in robins and other passerlnes which were located on ‘the open

©

. : ’ . K
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burns. Moreover, their rates of infection were significantly lower than
that found in grouse. Therefore, grouse must come ‘into contact with ' '
vectors more often in these.areas than do‘non-tetraonids.‘ Vector feeding
preferences based on stratification of the host most certainly influence“'
thewprevalence of infections noted. This explanation, in part, applies

to the fourth hynothesis. Additionally, host feeding periods (nighthawks)
may preclude them from cqntact with vectors. Downes et al. (i962) R
‘.snggested that vector response to host colcr; chemicals, size, shape, and
movement predicates host—findipg efficiency and, therefore, the contact
between'host and vector so'necessar; for/parasitthransmission; Studies

on host preferences of flies are indicated} as well, it would be useful

to determine if grouse are more susceptible to blood parasiteslthan their.

passerine counterparts and the effect of biomass on host attractancy.

ACQUISITION OF HEMATOZOA BY BLUE GROUSE

- The period of time when{ﬁivenile blue grouse acquire hematozoon
: . . :

infections influences the prevalence of parasites in the survivors of
that age class the fcllowing year. - . L |

Leucocytozoon bonasae appears in the peripheral eirculation as \
gametocytes approx1mate1y 12 to 14 days after an infective fly has inoculated“
a sueceptible bird. Observations made during 1973 on 75" captive ‘chicks
‘provide a basis fcr comparison with Wild populations._ Gametocytes of L.
bonasae were seen in smears.of 5 chicks 40 to 51 days after exposure It
is possible that infective flies obtained their infections from ruffed grcuse
resident in adjacent alder habitat 8ince blue grouse habitat was 8 km distant

' Naturally occurning grouse chicks first exhibited gametocytemias the firs:

k) L} a3
/. ° \



week of July,71973. Approximate eﬁick ages were obtained by back—dating
(Zwiekelvand Lance; 1966), utilizing primary feather growth patterns.
Juveniles infected during tnis neriod were found to be 3 to 4 weeks old.
Therefore, infective flies must have fed on them shortly after the young
were hateﬁhd Young grouse are known to be primarily terrestrial for
the flrst week of llfe, and are capable of 60'm flight only after the
second week‘(Zwickel, 1967). In 1974, cnicks were first found to be
infected the second ween of July. .Although hatch dates were similar for
both years (Zwickel, personal communlcation), ehicks in 1974 lagged one
week behind their counterparts the prev1ous year in acquiring infections,
By the end ‘of both summers, 84 percent of each juvenile population was

' infetted. It‘should be made ciear that hens often renest if the first
nest: has been disturbed or denredated; »ﬁenesting often protracts hateh

' . . . - s,

' dates until the third week of August. Therefore,.one ean'enuision*broods
hatchiné continually from early June until mid—August‘ With this in mind,
one should realize that, although 84 percent of the population may be
_infected, other individuals may not as yet exhibit any gametocytemia dys
to the.prepatent period required, |
: Haenoproteus canachitesﬁintéttions were first deteeted,in‘captiVe 4
chicke in 1973 40 to 45 days after exposure. Wild juneniles first exhibited’
~parasitemias;in'1973 the last week of June. Again most ‘of the chicks were
3 to 4. weeks of age and infection must have occurred a few days after
hatching. It is notable that a lower prevalence.of H. canachztes infeeted
chicks occurred in 1974; indeed, 1nfections were not noticed*hntil-the first
week of August. It is very probable that climatic conditions precluded
-
'large populations of Culzcozdés du;;;g 1974, since larval habitat 7

<; o

requirements are restricted Nevertheless, gametocyte ﬂgﬁensity levelelin



i974 far'exceed those'rocorded in 1973. Unless a higher mean iniensity
confers added attractancy to 5 host, it is doubtful that high inpensities
would offset low prevalences in some/years, since the number of uninfected
hosts available would prove a barrier to vector efficiency.
'iTrypanosoma aviwn infections were first>recorded from 3 captive
Agrouse chicks 23 io:38 days after their initial placement in the aviary.
A number of chicks Qere always found infected during each of the thiee
examinaﬁion pericds. A total of 10 chicke were infected during the period
_23 to 51 days after eiposure.during 1973. Wild chieks in 1973 were first
found infected the last week of June and prevalence rates gradually increased
' : . .
throughout the summer. The second week of July, 1974, marked the first
‘demonstrable T. aviwn infections in chicks. Overall prevalences were much
higner in 1973 than in l974;“a; were overall intensities: Woo (1964)i
found trypanosomes in the‘circulating blood 48 honrs after inoculating.
"clean" grouse chicks with 10 Qay?o%n cultured‘metacyclic T. aquiwn. No
. - .

attempts were made to infect “clean" chicks by infective vectors. It
would seem, therefore, that natural infections require 2 or more days for
trfpanosomee tonbecome present in the peripheral c1rculat10n. Chlcks
examined in-late June‘1973 Were 2 to 4 weeks of‘age and cou%ﬂ theoretically
heve acquired 7. aviwn infeetions iess than'three days befbfe examinetion.

-Miefofileriae oere not detected in 1973 in eaptive grouse chicke;"

In wild chicks, however 'microfilarid larvae were found as early as the

third weék'of July. As previously pointed{?o;, a prepatency of 2 months

is thOught to be.required (Gﬁﬁﬁ?n, 1963)\ Iﬁ§wodld appear that any chick i

with Such an early infectionhmust havé been iﬁfected.at the earliest hatch

: d'#f date. Infections in 1974 were not seen until mid-August. Vector efficiency

during this year must have been low or transm1551on must’have been delayed

5i

i
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It is not known when or where uninfected adult and yearling grouse
acquire infections during any year. Only recapture of known birds with
known infection levels will reveal the complexittes surrounding infections
‘ . , &
in subsequent years. It is probable that the maintenance of a pacasite-free

status decreases with the amount of time an animal is available to infective

vectors.

EPIZOOTIOLOGY

3
The assorted facts and conclusions concerning the biology of

hematozoa, the1r tetraonid hosts and thelr dipteran vectors which were
previously discussed 1ndependent1y are here con51dereﬁ in relatldn to each
other. Since much of the field research involved Leucocytozoon bonasae,
blue grouse, and simulilds on Vancouver Isiand this complex will be
corfsidered in greatest detail, other hematozoa, hosts, and vectors will

i

be brought into the plcture for discussiona
. . . /

BLUE GROUSE

~ LEUCOCYTOZOON : ﬁhen the grouse'descend in spriné from the winter range to
their breeding areas on the reforested lower slopes, most of the adults |
and yearlings harbor infections of L. bonasaa, many carry d0uble infections.
During bhe period when- territories become establishe? and nesting'sites

are selected, it is unlikely that hematozoa transmission occurs, because

few ornithophilic dipterans are ‘emerging and amblent temperaturesbover
extended periods may be below the minimum necessary for”development'of

blood parasites in intermediate hosts. - - o 7'; )

By 1ate May. p0pulations of biting flies are increasing, and grouse- °

biting simuliids are composed of Cnephia mnus . Daytime temperatures are



r

\}

. ‘. . :
.+ still moderately low (therefore sporozoite development would require

3

?-

several weeks) and transmission is probably negligible before early June.
In early June air temperatures rise and populations of C. minus
and S. aurewn inérease markedly, thus greatly enhancing the transmission

Y

potential of L. bonasae. The next three weeks are probably the most

favorable for transmission of this species to adult and yearling males.

When chicks enlarge the host population, the probability of-.

vector—host'contact is increased, but concomitantly, the probability of

¢

vector-uninfected host contact is greatly increased. The success of

—

-
influenced by the degree of synchrony between peak abundance of vectors

ieucocytozoid infection of newly hatched grouse chicks should be strongly

and peak hatching of chicks. Two types of synchrony can be v1s1oned

*ﬁe A: Most of the chicks hatch before vectors are numerous. In thlS

»

case, as flies become abundant many newly emerged 1nd1v1duals of the

A

" vector speciés will be feeding/on uninfected grouse. The ratio of rnfected'

€

to unintected vectors will be moderately low. Therefore, correspondingly

T,ﬁen cﬁ&@ks will become.infected;early. Type B; Most. of the chicks hatch

~ after the“vectors have been abundant for several weeks. The ratio of_

infected to. uninfected vectors will be considerably higher than in the

H

~previous case, and, consequently, a correspondingly greater proportion of

.

the chicks should acquire infections early.

At first glance, the relationship of vector-to Yhung chick in the

transmission of L. bonasae in 1973 seems to be of Type B‘synchrony. C.

minus and S. aureum have been abundant for npwards of“a week before the

chicks hatch, and have had sufflcient time to feed on infected ‘adult or

yearling grouse. Sporozoite development in simuliids probably requires

7 to 10 days at the temperatures of early to mid—June (Fallis and Bennett,

@

e
» Ty
: L
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Burn arearhétch between the. second week of June and,the second week 6f

86

1962); therefore, one would expect infective inoculum to be present in

‘the blackflies when most of the chicks are newly -hatched. Many chicks

shoﬁlq beccme infected after a few days og.hatching. Leucocytcnocn
bonasae gamctdcytes wvere not detected in Blood shears of captive juveniles
until, ar the earliest, 45 days after hatchiné. A few wild juvcﬁiles
possessed gametocytes roughlx two weeks after hatchiné was ihitiated,
altﬁough rhé majority of chicks were not infected until the end oﬁﬁJuly,

2 to 3 weeks after the peak of hatching in tce Ccmox‘Burn area.

Infection in chicks in 1974 appear to follow a different pattern.

Climatic factors retarded the peak of biting Diptera for roughly two weeks.

,5 . _—

“After this period of time, uninfected chicks were quite abundant and a

-

Type A synchrony seemed to take place. Yearly differences in the peak
hatching of chicks caused by environmental factors and/ar, .the delayihg

of emergence of adult simuliids could presumably alter ‘the types of

a0

synchrbny outlined above. Elghty percent of all chicks in the Comox

2

July, depending on elevatlon.

The follow1ng related aspects of the hablts of chicks and of vectors 4 =

Ve

probably result’ in minimal vector-chick contact during@June: l) Until

they are about two weeks old, chicﬁé are incapable of efficient flight
v \

AN

and are by necessity terrestrial, but S. alrewn-and C. minus are much

less abundant at ground level than in trees; 2)'Ch'ck activity.commehces
each day when direct sunlight evaporates the dew and\the air temperature-
Ny . R . . oo
. _ o ‘ » f
rises (Zwickel, 1967), but by this time simuliid activity has declined

from its early morning peak

The presence of L. bonasae in few chicks in early’ ' Ju y undoubtedly

indicates that some simul11d—chick contact occurs before thea rouse are'

. oo
. . . :
N “
P ot . . . ' .
o .
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one{month old. Perhaps much of this is a result of egg—laden fehale
, N

simuliids passing low over grouse range to oviposit in the streams; spatial

N

contact would thus be increased. Vector-chick contacts in this period ‘may

occur in the late evenings, when temperatures are’still'elevatedﬁand o

3 &

blackflies are active. Mild, overca$t days may_provide‘the most favorable

tonditions for transmission, since simuliids tend to drop near the ground

during the day and become active in cloudy weather. Théese limited observations

i

seem to agree with the findings of Wolfe and Peterson (1958, 1960), Bennett

(1960) and Anderson and DeFoliart (1%21)

o

Since C. minus is continuously present, though as 'a low population,

throughout most of July, this species is likely responsible for mid-summer
\ '-F> »’ ‘ ) . =
transmission to the rapidly growing chicks. In early August a resurgence
- . N . N ) . /
of S. aureun occurs. Despite its low density, there are several reasons

for believing that this population is responsible for considerable

transmission of L. bonasae.’ 1) S. aurdwn is the predominant species

e

feeding on grouse at this time:  2) Airxtemperatures are high; developg@nt

3.

of sporozoites to the infective stage requires less than a week Other ,

workers (Fallis and Bennett, 1958) state that S. aureum is ‘a highly effic1ent=

. ) \.A
intermediate host, capable‘of supporting iarge numbers of spbrozoites,

Some adult male blue grouse are present on the range when the resurgence,
/ . :

of S. aureum begins, however, by mid—August v1rtua1;y all have departed for

the montane w1ntering grounds This means that early in August the newly
&

- emerged blackflies probably acquire inoculum from cocks as well as hens,

J

but. later, oniyvthe.chlcks ad hen$ are available to receive infective

sporozoites.

The higher prevalence of L. bonasae in adult m'ales'th'an iix adult

v

females or in yearlings (most of which could: have acquired their infections

> . . . ‘. e i’”

@
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only as ohicks) is most easily attrib$ted to the relative availability .

: : . ’
.oi\these groups to infective vectors. Adult males may, be the most ¢

frequently . attacked by simuliids because much of their daily activity

while vectors are- abundant is réstricted to "hooting" sites in which they )
i .
are readily accesgible to infective vectors. In the high grouse populations

A . »

on the open 'burns,' ‘male territories are ratger small and frequently are'

fe ften associated with slight elevations

contiguous; Whooting sites

and young douélas firs (Mc ichol , communication), and the area

-occupiedloy grouse 1s relat y ho geneo s. These areas bear few

: : o P ‘ ’ . ' » :
gistructions to the movement of vectors. Yearling mdles on the breeding
2\ L. - o - o |
range are usually found wandering through the tenritories of the cocks;

“ as a result they 1ikely eneountEr pockets of infected vectors.

»

The lower prevaf;nce‘of L. bonasae in adult'hens.than in adult cocks '

mey be related to the lengthy incubation p+riod (Qﬁ days) during most of

which the hens4are restricted to their terrestrial nestgc\ Females leave

the nest only during: pre-deQIight hours to defecate and feed r The\rest RN
of their time: is spent inldbating. Results of sevetel studies indicate _
that the differential prevalence of hematozoan infections may reflect

factore other than differential availability tp‘aefihitive hosts. Wolfe.f. ;
and Peterson {1960) found that in the mornins and eVening, light%inned .‘
peOple were bitten more frequently then thoee with dark coloration, whereas
during the day the opposite was true. Eellis and(Smith (1964) provided
nconvincing evidence that «some orn ophilic simuliids are strongly attrected
{their hosts by chemieel olfactrory ntinmli Bradbuty and Bennett (1974)
heve shown that sin;uliidn hava a mgrked ebility to d:lecriminate between

73

ets, duting nnr orienutien./ on the bui- of color,‘ﬁhpendent of the

v mo ‘t of ooz. Sinuliidvicion waa __eﬁfective between 0 and 180 ot ¥ St

~N .. N : . : . ﬁ"c.': [ . B A,__
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hypothesis is true

, in&iéated that .other work“‘ ;q._would ;J.nd C‘ulicazdaf to be vect,ors of this

1 , - - . - T89.
' ' . . . ‘ . ’ )

Y . . ‘

v ‘ . o g

from a fixed target. It would.indeed by pJgfitabLe in the .future to !

igvestigate whether differences in pigmentation, $ize wnd physiologic oY

state which existAamong cocks, hens,‘and chicks result~in differentx»~i~ , d

-
1

attraction potentials for simuliids, and if so, to what extent these: -‘ﬂ

influence the transmission of L. bonasae. ‘ ) - ' o

Downes et al. (1962) indicates that . the pattern of blackfly dispersal )

in relation to population size could determine the rate of parasite

%

transmission By the time the population has age sufficiently to consist :M

largely of old ﬁlies these exist in 1arge numbers nly'close to the T el
) .

. breeding stream It is presumed thdt old flies sperse more slowly éhan ﬁf =

young ones. xpus the probability of ih??ctive bites decreases rapidly _ ey

with distance from the stréam, the scale of ‘the pattern would vary with

' the population size -and the }ispersal habits of the species. It would

therefore, prove of much interest to monitor the parasitemias_of territorial

cocks near ‘streams and those more distant to reveal if, indeed, the above
Yo “ » ’ - ' .\ ’ . . v
\’ : .y - ) . A b, I )
& . , ‘.l‘ . . & ov ; .c‘_
- i L

’ . : N . J

HAE’WPRO’M‘US" Transmission of H. oanachztes to chicka probably occurs

e

- from early July until mid-‘August, since Culwm,des are present on the =

gtouse-raage during this period Radi¢al climat.‘ic ext*’t‘emes\ were eemm«h\ "

\ o "

during 197_4 am‘ they very likely adversely influence.d the vecto; pop.u].ation. :

Since o hippoboscids were collected from grouse, and since Zi‘ulwoodes
‘
-were often seen fbovering over and on grouse, it is 'presumed that CuZtco*Ldes

are the vectora of H canaahztes. , Two of fifteeu c&“ticaides dissecte“d

poueﬁed oocysts. Fallis and Botmett (1960) incrimiﬁated L 8phagmmsns1—e .j-_;;. :‘

‘ véctora pf g, amachﬂ:es to ruffed and apruce grouu in Ontari,o and




pst}site elsewbere. Culwmdes populations would e subject to adverse R a
e ,y‘ & : oy ST
ks : Qtress und&r condi~ions of fluCtuating ambi&t;%f mpetatures and alternating

_‘ ). as was the caae in 1974

N N . B N L , ( J" - B \ ‘. I . ) ‘ B Wi
Many oﬁ ﬁhe aame factors‘which 1nfluence !honaaae qo doubt affect R
Eia FEEA

f transmissioh of this Specieq. , Haembproteus canaahttea occurs less frequently

L _ e | ’ "

’ th,a L bonasae in aslult.s og 2ither aex and‘in both total xearlings l‘
.lll . . 4"'6' / ",.9
and ad’ults“ -'Qne};ﬁighe expect this ;o be the cas,e for t:he following reasons. B

~

‘ 3 t:wo, daily ieedidg p:t‘iods by C‘ulwmdee. 3) the -

\ greateg suppreagant effe,ct by wind pn G'ulwozdea activity and 4) nhe 1onger




N ' N » .
' . : B : Ve e
PR .
cor D '_,
S

species for their transier, one ia immediately aware oﬁ disparencies in
px;yalence data.n This-muy be explaingd in the follnwing manners 1),some,'
interSpecific physiologic inhibition by L. bonasae may be occurring which

tends to depreSs,.tq a degree, té; development of flagellates within the

fly, 2) T av@um‘may expefiénce difficulties i penetration oﬁ.the vector s f

2N . *

\’j ptritrophic'membrane, thus reducing the number’of flagellates produced,

and 3) simuliids nay be moye Buitable intermediate hosts fbr leucocytozoiﬁ

. h

deveiopment than-for trypanosomeSx Ihe\possibility that mosquitoes may

N vecﬁor trypanosomes, in_the absence of exé;rimental data, capnot be ) '




: ’_s.

. " relatiVély lower p0pulation density on epen burns and the existence ‘

' of Type A vector,chick sync‘hrony/ Vector-}ybst contact is probably gless - E';;

‘\ B TR . -
‘." . ‘ S .‘ ‘:?'.

o

hematozoan preva].ence Ln small passerines, transmission failure i

probably,a function of the isolating effect of their habitat, ‘their®

.

frequent in dense willow and alder s'}ales wluch the majoritya of these - .[_ : ‘Z‘
‘ LN

ﬁh‘ds occupy bhan on adjoining "bﬁrns,'f *and flies carrying infective ‘\ ‘ ‘:;

- / j_ N . ‘,:':;‘. . :

inoculum may ‘be filtereﬂ' out near the.peripheryw , Indeed &hOSe birds : A’i‘

¥

.feeding and/or nesting in thefopen burns (robins, song sparrows, juncos, \

1 ower Island. : W.uh modifications
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forms are dlmost whollifunknovn. Recapture information will allow the : it*.

o 'true seasonal fate of infections in various cohorts to be known. ’ e

' ' Investigation of’ﬁifferential immunity between blue grouse and other )
‘;birds should be explored in light of their radically different preuelences ;ix
‘\-and intensity of infections Host feeding preierences by ue:fbrs shou;d

[

_ be investigated Whether true prefe;ences qr host availability to vedtorsr

-,ginfluences the number of hosts infected remains open to speculation.rn

o - Vector ecology is the-weakest link in our knowiedge of.parasite o

“~fb¥‘systems. The species eompositidn of vector populations, bofh immature e

and adult needs to. be studied._ They the life budget of ornithophilic

~3ﬁdspecies can be properly documented as to thei% seasonal abundahce, {_;{‘;’

B distribgtion, and survival.- Only gfter tHTE can the size of the true }:,} uﬁ;
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APPENDIX I

NQthetraonid birdst examineéd for. hematozoa from Comox Burn, Vancouver

Island, 1974.
' 1 — ri -A
o s ~ ‘ g o , No..
Order 'Family *  Species: ~Examined
! : ~7 —s
: ér‘i \ . o
- Apodiformes -, ) Trochilidae -Selasphorus rufus 28
_Capriﬁulgiformeé" Capri;ngidae . Chordeiles minor ' 10
Piéifofmes ” Picidae ‘ Colaptes auratus: cafer 6
o SR . ' .Dandrocopus pubescens 1
o Sphyrapicus varius 1
~ Passeriformes “~Bom5ycillidae BbeyciZZa'dédbrum'j 3
] ' Fringillidae . . Junco hyemahs S U}
T ,;Melosptza melodia *425
: _ Spinus pinus 13
) o Zonotmchza Zeucophrys B L
) 'Iéteridéé:‘ - - Euphagué cyanocephalus o
TRy Molothrus ater o )
Parulidae - 4.,'-Dendmwa coronata | T
IR © . audubont. - .
D petechm K [
., N . .. D. towmsendi , o b
.l c o ‘_~,vfGeochypw trwhas SR O
’ o .. g _-';.C;poroms tolmet . . .5
— .~ Vermvora e¢lata . =~ - .25
' o '5_.‘,fmtéoma pumlla X o
e Sylviidae ReguZus calendula 1

Trog],odytidae

3 '-’C'at}mme gutt
C. ust‘a latué

Troglodytee traglodytes "

104




. : : 2105 -

APPENDIX I - continued S ‘ | : B
Non—tétraonid birdst. examined for ﬁematozd% froﬁ Comox Burn, Vancouver

Iéland, 1974,

. - ‘ ° . L . \‘ 4‘ _ . - . ’ .A Nq'
. Order ;/,/ - - Family , . Species . Examined
/ j Tyrannidae - Brpidomax diffiéi‘é.‘s' 2
S R Bt traillic. 11
 Nuttalornis borealis 5
N - : ‘ o - - — - “ v
ToTALS 4 1 29 Ut 197
) B N 7 . _ l W -
t All names frdm the A.0.U. checklist, fifthJedi‘E‘ion (1957) and its t,
32nd Suppl®ment (1973). . . . ' o

s - ’ : . ‘ P - . ' . . .
- . . LR . L. ' - . T :
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~

Non-simuliid hematophagous Diptera colleciodf [fbm-Comgx Burn, Vancouvérh‘;iZV"

PR . R N N
e . . 5 T

Island, 1974, o 0T e N _1,:;§;f1_”. . _gag

‘Specigs;

“ s Collectidn Method  "*

N

Culicidae = - . o T L T

Aedés canadbnszs (Theo ) aer£31;$wéeps,

A varzpaZpus (COq ) ffﬁfsf
‘TA' stzmulans,(walk.). “»'T:£;;p

aerlal sweeps

aerial sweeps k

/ DR

4. sp. . ";1’-5&.1“
‘ aeriai aggeps,

"CuZex terrztans Walk

5_}35-‘ - aerial swe
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