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Populatlon dynam1cs of Leucocytozoon bonasae Clarke 1935
Leucocytozoon sp. and HaemOproteus mansoni Whlte and Bennett
1979, gametocytbs, in w;ld and captm4/'blue grbuse
(Dendragapus obscunus) from Hardwlcke Isrand Brltlsh

Columbla ~were 1nvestlgated from~1980 1982. Ana1y51s was

-
v

based on: the assumpt1on that macropara51tes exlst in a
patchy enV1ronment and that dlfferences in patch parameters
can be measured and compared

| Patt\rgs/{n round and elongate gametocyte populatlon%
bf Leucocytozoon 1nd1cated separate or1g1ns fot these
gametocytes, One spec1es produced elongate gametocytes and
was cla551f1ed as L. bonasae whlle round gametocytes were
deS1gnated as LeucocytOZOOn sp..} ‘

3 ' T1me avaylable fdr transm1551on (transm1551on window

w1dth) varzed between mlcropara51tesq thlS may 1nfluence

gamétocyte populat{on behav1our. Leucocytozoon sp. and L.
Donasae vere transmltted to capt1ve chlcks for approx1mately
5- 9 weeks, whereas H. mansonlktransm1551on occurred over a h
much shorter perlod (3-4 ‘weeks). Relapse 1n;ect10ns in both
captlve and w11d blue grouse had épnstant monthly prevalence'y
for L bonasae and LeucocytOZOon sp.. By contrast relapse
prevalence 1ncreased throughout this peribd for H. mansoni;
1n addltlon, the 1nten51ty also showed a similar rise
throughout reNapse. Patency in 1nfrapopu1atlons of H

mansonl was 5-11 weeks for’ prlmary, and 11 26 veeks for

\
relapse 1nfectlons. Peaklng tlmes for gametocyte 1nten51ty




-
‘a
. h
-

was 1-4 weeks for prlmary, and 5-11 weeks for relapse

1nfectlons. No: such\di ¢~,ences in the ‘above parameters vere .

transmission windows. A moée <s proposedito expla1n the

o evoiutiOn'odeual'poﬁp,:;" : "iv1our durlng pr1mary and

and gave an 1nd1cator.o transm1551on effectlvenesst
tPrevalence of L bonasae was- constantvand hlgh (>90%) in all
~three years, while. prevalence: of ‘the other two- -
mlcropara51tes ‘was varlable and lower during the same
perlod Wlthln patch dynamlcs were . gauged by c0mpar1ng

pr1mary and relapse gametocyte oytput w1th1n each

m1cropara51te populavlon. ThlS gave a measurement of the

'._dependablllty-of the vertebrate ‘host for reproductlon of the

“parasite. During primary ‘and relapse, output‘of L. 'bonasae

‘was equivalent, but in Leucocytozooﬁ sp. relapse output was

" much ' lower than pr1mayy output. H. mansonllhad hlgher output

K’\k

Comparison of decllne in Leucocytozoon sp. and H

‘QUring:relapse.

mansoni - prlmary gametocyte populatlons durlng the flrst
'three weeks of 1nfect1on 1nd1cated more rapld loss of the
former. Normal loss of unlnfected erythrocytes, as measured

o

y



N

by deplet1on of chromxum 51 label wgg .similar to loss of H.

mansonf but less than decllne of Leucocytozoon Sp.

T " - + o.
gametocyte populatlons.jThls was taken as further evidence
\f,‘ '

for the undependable assoc1at1on between Leucocytozoon sp.

! and blue grouse. | | | ‘ - /
By combining the ‘two enﬁironmental parameters-
. transm1551on effectzveness and dependab111ty of the

vvertebrate host for reproductxoﬁio " site, a hab1tat

history
\

templet model waz{ifveloped to expla1¥
fstrategles of m
!

paras1tes Blue grouse- para51tes fit
\

N

‘three categories, L. bonasae wasﬂk selected Leucocytozoon

spt*was relatlvely r- selected and H: manson: was. relatively

\. as
fA selected Differences in life h;sbory chafacterlst1cs vere

: [ 3 ‘f—\

proposed on the bases of the model

vi
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I. GENERAL INTROﬁUCTION

N

Bards that 1nhab1t areas where orn1thoph1l1c b1t1ng flles

'COEXlSt may become 1nfected w1th 1ntracellular hlood

\,parasltes (Fall1s et al., 1974); these mlcropara51tes

(Anderson and May,,1979) belong to the suborder Haemospor1na
‘Whlch includes the genera Haemopr'oteus, Leucocytozoon and
‘*Plasmodium (Lev1ne et al. 1980) . Some of these
‘ mmcropara51tes are pathogenlc to birds (Fallls et al\, 1974'

ijAGarnham, 1977 Khan and Fallls, 1968 Kocan and Clark

1966) and thus the1r 1mportance has stlmulated con51derable

research ' e N

: LN

o Research has 1ncluded surveyspof bird spec1es for blood'

para51tes, determlnatlon of llfe CYC1e§( and 1nvestlgatlons

into pathology of 1nfectlon (Fallis et af\w\\974) There 1s

_‘however, little ‘known about the populat1on dynachs of any

‘,av1an Haemosporlna. Few researchers have applled genera\

ecologlcal pr1nc1ples to the1r flndlngs whlch is ‘ f*\\g\

understandable as most of the research was done prlor to the - |

.Jdevelopment of ecologlcal thlnklng in. para51tology

| Infrapopulatlons of para51tes, as deflned by Esch et

- al. (1977) can be sampled in serles from one host, or once

.from many 1nd1v1duals 1n a host populatlon Repeated ’

sampllng of many- 1nfrapopulat10ns should provide 1n51ght

.1nto general populatlon tréan of each mlcropara51te within

a 51ngle host populatlon. '

" The present study evaluates the l1fe‘strateg1es of

three blood mlcropara51tes in . a populatlon of blue‘grouse
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' (Dendragapus obscuqu) by\analy51s of populatlon dynam1cs in
_'naturally 1nfected capt1ve and w1ld blrds. Before thls was
undertaken, c1rcumstant1a1 eV1dence from populatlon dynam1cs‘
of round and elongate gametocytes of Leucocytozoon was used |
to evaluate how many Leucocytozoon Spec1es were. present. The
‘three parasxtes are Leucocytozoon sp., L. bonasae Clarke |
1935 and Haemopnoteus mansonl Castellani and Chalmers 1910
'lsee reV151on by Whlte and Bennett 1979) .

Gametocyte populatxon behaviour in Haemoproteus mansonl
was compared durlng prlmary and relapse perlods in Chapter
111, and the wldth of the transm1ss1on w1ndow was dlscussed
in connectlon with gametocyte output A model was. proposed |
to account for the evolut1bn of populatlon behav1ours dur1ngs
primary and relapse perlods. Pr1mary gametocyte populatlons
Vof Leucoc%fozoon sp. and H mansonl were also compared in
Chapter v; the relatlonshlp of these changes to erythrocyte
}longev1ty and dependablllty of the vertebrate host for the
reproductlon of the para51te were dlscussed In Chapter v f
H‘populatlon dynamlcs of the three mlcropara51tes were
vassessed Although this study was of short durat1on (three
years), it wés assumed that the chosen parameters w1ll
fnfluence»the evolutlon of m1croparas1tes. A model for
“selectlon processes in m1cropara51tes was developed in the:
‘flnal discussion by applylng 1deas from non- para51t1c |
systems. Predictions about life' h1story character1st1cs of

m1cropara51tes were made from the model V Vv" N



‘h1story patterns.lsporozoltes are xntroduced 1nto the av1an
" blood stream/%y b1t1ng flies (Bennett and‘Falllsq,1960,
Fallis and Bennett, 1961, 1966; Herman and Benﬁétt, 1976) .
‘Once in the blood stream sporozoites’seek target‘organs;'
and then reproduce asexually (merogony) w1th1n spec1f1c
cells. The cycle of merogony may be repeated several tlmes,if_
“and then flnally produce male and female gametocytes. This
sexual stage occurs in. the perlpheral blood, and represents{
'overall surv1val and reproduct1ve output w1th1n the avian
“host. Gametocytes are then ingested 1n the blood meal of an
iornlthophlllc fly. Fertlllzatlon occurs and is followed by
"asexual reproductlon (sporogony). Sporo201tes move to‘and
are stored3in'the sallvary glands ready to be‘transmitted
when the fly feeds; Leucocytoéoon and Haemobroteush_
overwinter in the tissues_of infected.birds;,relapse of
infection, aS‘evident‘from,the reappearance;or'increase in
gametocyte.intensity; may occuriin the following spring -

(Fallis et al., 1974). : '*_f"
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I11. Differentiation of two Leucocytozoon gspecies in blue

1grouse
@ .

Abstract

Population dynamlcs of round and elongate gametocytes
of Leucocytozoon in wild and captive blue grouse from
Hardwicke Island; British Columbia, were studied from
1980-1982. Blue grouse (Dendragapus obscurus) chicks were
sampled weekly throughout each transm1551on season. In
naturally 1nfected CthkS, three gﬁtterns were detected {1)'
Around gametocytes,_(Z) elongate gametocytes only, and (3)
round and elongate gametocytes. Patterns did not change in
GQ captive birds sampled for 2.5 years.,Prevalence of round
dand elongate gametocytes in wild blue grouse chicks were
~different in two of the three years. Reekposure of yearlings
already infected with .only elongate gametocytes to simuliids
resulted in round.gametocyte'infectﬁéns in six of the eight
birds. Timing of round and elongate gametocyte appearance
during primary 1nfect10ns was synchronous only 50% of the
time, and populatlon ‘behaviour of the two gametocytes was
very different. Results indicated that round and elongate
gametocytes were from different species of Leucocytozoon
The elongate gametocytes vere identified as L. bonasae
Clarke, 1935, and round gametocytes wvere designated as
Leuocytozoon sp.. This is the first record of symoatrlcl

species in ‘Leucocytozoon. Leucocytozoon bonasae produced

"elongate gametocytes only in captive bl%e grouse during a



2.5 year period. This‘was@evidence for a different life‘
cycle than has already been.descriqed in Leucocytqzoon

species. ' o \

Introduction _
Leucoéytozoon is one of the more common_intracelhplar
microparasites in tetraonids. | |
 The cametocytebstage of Leucothozoon epecies occurs in
the blood as two distinct morphologlcal types, round and\\
elongate. The productlon of these different morpholog1cal
forms of gametocytes is a functlon of the spec1f1c life
cycte for a given species of Leucocytozoon Such |
orpholog1ca1 varlatlon is related to’the origin of"
meroz01tes and deformlty of the host cell (Fall1s et al\;
1974). Two life cycles have been‘proposed, one which
produces a sequence of both round and elongate gametocytee
{(Chernlh, 1952a and b; Desser 1967- Fallis ét al., 1956;
Fallls et al. 1951; Fallis et al, 1974 Kocan and Clarkr
1966) (Flgure,l}//ﬁhfie in the other llfe cycle only round
. gam cytes are produced (Khan -and Fallis, 1970)(Flgure 2)
Leucocytozoon simondi in ducks, and L. danllewskyl in,
saw—whet owls, produce a seqguence of round and elongate”
gametocytes durlng primary infections, whereas L’ dubreuili

in roblns, and L. fringllllnarum in grackles, produce only

round gametocytes. Extensive f1eld‘and laboratory‘studles_

with L. simondi have defined;ghe relationship between'round:;Lrv—-

and elongate gametocytes in that species (Fallis et al., -

—

&
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Figure 1. Life cycle of Leucocytozoon simondi in ducks .
(Fallis et.al., 1974), RES = Reticuloen’dothelial system

-
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2.

Life cycle of Leucocytozoon'dubreuili in robins
(Fallis et al., 1974). )
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"1974). Transfer of megaloschlzonts, the tissue stage
precursor of elongate gametocytes,'lnto clean ducks produced
. both elongate and round gametocytes of L srmondl (Yang et
ai‘.., 1971),

“In the1r rev1ew Fallis‘et al. (1974) indicate.that :
there 1s much to be learned in order to refxne our. knowledge
.of taxonomy and blology of the Leucocytozoon Bennett and
,Campbell (1975) reexamlned the morphometrlc characterlstlcs'
‘.of Leucocytozoon gametocytes used to describe spec1es and
‘found round and elongate gametocytes ea511y dlstlngu1shable.
;However, measurements of round gametocytes from dlfferent’Y
species revealed s;gnlflcant overlap, wh1ch 1mp11ed .
'synpnymlty The authors cautloned trylng to d15t1ngu1sh
spec1es “on this ba51s.»

In the orlglnal descrlptlon of L bonasae in ruffed

_agrouse (Bonasa umbellus) only elongate gametocytes were
'descrlbed (Clarke, 1935), however, other researchers have‘
;nreported both round and elongate gametocytes from ruffed'
hazel_(Tetnastes,bonasza), black grouse (Lyrunus ternrx)
d;capercalllle‘STéfféofurOgallus) (Borg,»1953; Fallis and
Benne%t 195é 'Nevman:'1968) ThlS difference in gametocyte'
type COuld have several 1nterpretatlons.‘Presumably earller
A authdrs regarded round and elongate gametocytes as
' :ﬁrphologlcal varlants of the one spec1es. This
1nterpretat10n has been strengthened by a reported absence

of sympatrlc species in Leucocytozoon -In addltlon, cross

transmission of other Leucocytozoon spec1es from
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vnon-tetraonids.to tetraonlds‘have'been'unsuccessful
‘(Bennett, 1960; Fallis and bennettf 1962; Fallis et‘al.,
1954; Solis,. 1973). - | |
: Observations on which gametocyte types are'produced
1must be 1nterpreted carefully, as methodologles vary.\
. Numbers of‘hosts sampled number of samples from an
1nd1v1dual host and t1me of year when sampled in relatlon_‘
,to transm1551on season may affect data and conclu51ons.
vyRepeated sampl1ng over an extended per1od is requlred before
results can be aQtrue reflectlon of the type of gametocytes
’fproduced Only then can d15t1nct1ons about life cycles and
spec1es characterlstlcs be made.
| In this study eV1dence from: populatlon dynamlcsvof
- round and elongate gametocytes in blue grouse (Dendragapus
')ObSCUPus) help to eluc1date the relatlonshlp of these two.
vgametocytes. Prevalence patterns from year to year and
‘ igametocyte 1nfrapopulatlon dynamlcs through t1me were
evaluated Three patterns of gametocyte productlon were
. present in the grouse populatlon. The objectlve was to'
determlne if these patterns vere the expre551on ‘of one or
more than ‘one specles of Leucocytozoon
' Data from captive and w1ld blue grouse naturally
1nfected w1th Leucocytozoon were used to evaluate prevalence
levels, t1m1ng 1n appearance of gametocytes dur1ng a. prImary
llnfectlon, gametocyte populatlon proflles, and 1nten51t1es
and reexposure of grouse to vectors. These data ShOW‘

conclu51vely that the patterns observed are best explalned
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in. terms of two sympatrlc spec1es of Leucocytozoon. |
Taxonom1c de51gnatlons vere suggested and the 1nvolvement of
‘pOpulatlon ana1y51s in Leucocytozoon research vere
.dlscussed In add1t1on there were 1mp11cat10ns of another'
life cycle for Leucocytozoon spec1es 1n which only elongate
gametocytes. were produced |

[l

Materials and Methods |
~Wild blue grouse were sampled for.glood paraS1tes on a
study area on Hardw1cke Island (50° 28'N, 125° 48'W),
‘llocated off‘the east central coast of Vancouver Island
4Br1tlsh Columbla. A 460 ha area -was the mabﬂgstudy 51te for
an 1ntens1ve populatlon ecology research progect (Jamleson
'T‘Vand ZWleel 1983) The vegetatlon con51sted of regrowth
~western hemlock forest in d1fferent stages of success1on.
'Blrds were captured and bled durlng f1eld observatlon by
:‘~u51ng the locatlon and capture methods of Zw1ckel and
Bendell (1967) Blood from a brachlal ve1n puncture was
smeared on dupllcate slldes whlch were 1dent1f1ed by b1rd
band number A total of 1490 blrds were sampled between
~ Aprll and August’ 1980 to 1982 Samples were 713 528 andv2495
'1980- 1981 and 1982 respectlvely |
'Chlcks up to two weeks old Aas determlned by the method
of’Redfield‘and'Zwickel (1976), were captured dur1ng the

-
nlast week in June’ and the f1rst week in July 1981 and 1982

\;t 'Adams Rlver (24 Km south»west of Hardw1cke Island)

ancouveruIsland, Adams River was chosen as a collection
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s1te because the grouse on Hardwicke Island were part of an
ongoing population study and were unava1lable for S
collection. Broods- were. located w1th an Engllsh p01nter ‘dog,.
and subsequently caught by hand,.or w1th a handheld flshlng'
‘,net. Patag1a1 wing tags with the addltlon of numbered
- plastlc streamers were used for 1dent1fy1ng 1nd1v1duals,
4unt11 the chicks were large enough to receive numbered
‘metalllc leg bands.‘Chldks vere transported from Adams R1ver
"to Hardwlcke Island in well ventllated polystyrene coolers.
lBefore commenc1ng the trlp, wheat heated to 40° c and p&cked,
1n tinfoil was placed in the bottom of the container to
prov1de warmth for the chlck; whlle 1n tran51t
An av1ary was bu1lt on’ Hardw1cke Island (Flgure 3) h;

sectlon of. the av1ary was equ1pped w1th a brood house whlch
was heated'by an‘under-floor propane heater. A metal cone,
60 cm in diameter, was suspended from the roof of the
*brooder and p051tloned w1th its rim 6 cm above the nettlng

floor, to prov1de a“heat trap under wh1ch the temperature

- remalned at approx1mately 40° C. For the first few days,

~ . until the CthkS became famlllar w1th the1r surroundlngs,

they weréflocked in the brooder. After ‘a week, CthkS weref
free tolroam.the av1ary and returned to the brooder when’
cold. The-heater was. no longer.necessary.once;thevchlcks_
»;were a month old ' vk R

, Newly captured CthkS were fed a mlxture of ground

turkey starter (21% protein), chopped lettuce and hard

b01led_eggs (Lance et al., 1970). Eggs were removed from the



E'Figﬁrg 3. Plan of outdoor aviary on Hardwicke'ISJand, showing

brooder and nine individual cages.
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-‘d1et after the first week and by August the young birds ate
only turkey starter. Fresh water was provided and the soil
4 floor of the av1ary scraped clean every day. For ease of
dlsposal, a galvan1zed metal sheet under the brooder served
to collect'faeces. Mold growth on faeces was a problem,
,htherefore careful cleaning was essential in order to reduce
the p0551b111ty of asper9111051s. |

At the end of August, 38 CthkS 1n'1981 and 36 chicks
in 1982 vere shlpped by air, in well ventllated wooden
boxes, to Blologlcal Animal Services, at Ellersl1e, Alberta.
fblfferentm ge classes were housed separately in large 1ndoor
ﬂooms (4.9 m?). In each room, nest boxes, perches, turkey
flnlsher (17% proteln) and water were supplied. Each room
. had 1ndependent light controls whlch unless’otherwise
stated, were set during the summer for 8D - 16L and in the
w1nter at 16D - 8L. Temperature ‘was held constant at 25° Cc.

Captlve grouse. were bled weekly u51ng the method
‘deSCribed for wild grouse. D1urnal.fluctuat10ns‘1n
peripheral: Leucocytozoon numbers are known to occur (Gore
and Noblet, 1978; Roller_and Desser, 1973) To minimize the
'p0551ble effect of these fluctuations on gametocyte

1nten51ty 1n the perlpheral blood a standard sampllng

' schedule was undertaken' sampling was 2-3 hr. after

in the outdoor aviary (Hardw1cke Is.), and 2-3 hr. atter
s

4artificial lights were sw1tched on in the 1ndoor'

(Alberta).,
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Birds were weighed every week, as weight loss was the
best barometer of health problems. Birds %howing a dramatic
weight loss were isolated in small cages, butvnot removed
from the room unless a heavy infection of aspergillosis uas
suspected;.Rooms were‘scraped'daily and disinfected weekly.
When chicks in the winter of 1981 contracted aspergillosis,
the above cleaning schedule was sufficient to relief this ¢
_problem{ Durlng the winter of 1982 birds'became infected
with the enteric bacterlum Clostrldlum col inum, which was.
controlled by admlnlsterlng Neotetracycl;ne or Tetracycline
in the drinking water.

In May 1982, 11 yearlings from the 1981.cohort vere
returned by a1r to Hardwicke Island, from Alberta. They were
.housed in individual cages equlpped with shelters, in the
" aviary. Turkey finisher and water vere prov;ded and the
cages were cleaned every second day. Dur1ng the summer of
1982, elght birds from the. same cohort remained in Alberta.
and were kept indoors in fly-free condltlons at Biological
Animal Seru;ces, at Ellerslle.

Blood slides were fixed in absolute methanol for two
mlnutes, air dried and stained with G1emsa (Harleco,
Gibbstown, N.J. 08027 U.S.A.) buffered to pH 6.8. After
-staining for one hour, slides were rinsed with buffered
water, air dried, and then examined microscopically.
Prevalence of parasites was determined by a five minute

search under 100x and 400x magnlflcatlon. Intensity of

Leucocytozoon species is often guoted per 10 000 RBCs
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(Williams, Mahrt and ZWickel,‘1980); nonever, in Ehis etudy
intensities were so low that cennts of 150 000 RBCs were
required to mon1q§r very mlld 1nfect10ns. A modification of
Van Riper's method. prov1ded estlmates of RBC numbers (Van
Rlper, 1982). Mlcroscope fields at 400x were cla551f1ed
accordlng to the density of RBCs. The average number of RBCs
per field was calculated from a count of 10 fields at a
particular subjectlve c1a551f1cat10n, i.e., very dense (no
spaees petween RBCs, but little overlap) to few (very
patchy, with half of field empty).»The nunber of fields .

required to giveAa tetal_of 150,000 RBCS}was determined. To
A minimize error, all intensity data were collected.by one

observer. Morphometric measurements of,round.and elongate

gametocytes were also determined.

Results

Round and elongate gametocytes

Figure: 4 illustrates the generallzed shapes of round
and elongate gametocytes. The morphometric dimens1ons
diameter 1 and diameter 2 of round-ané elongate gametocytes
were different (Table 1). Elongate gametocytes were |
elliptical, and thus dlamé%er 2 was significantly larger
than in round gametocytes; in addltlon, elongate gametocytes
had cytoplasm1Q!ta:35 which were absent in round |

gametocytes. No intermediate forms were present.



o

Generalized shape of round and elongate gametocytes,

1nd1catingA€iameter 1 (Dl) and dlameter 2 (DZQ
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TABLE 1. DIMENSIONS OF ROUND AND ELONGATE-GAMETOCYTES FROM

PERIPHERAL BLOOD SMEARS OF BLUE GROUSE.

DIMENSION MEAN s SAMPLE SIZE -+ T P
: (um)

*
Diameter 1

Round 10.8%08 7 50 24.4 . 0.001

1+

Elongate ' 16.9 - 1.5 '50

* ) -
Diameter 2

14

Round 10310 50 3.3 0.002
:Elongatgv . 9.4 T 50
| . |
* = éeé Figuré 4.
A ’
. //

/'\
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- Patterns of infection
Primaty infeﬁtions of Leucocytozoon in captive chicks

vere followed by Bampling blood on a weekly basis.
Iﬁfrapopulaticnétfrom chick cohorts 1981 and 1982 fell into
three patterns; The number of birds exhibiting each pattern
varied from year to year. In pattern (a) both round and
elongate were present (Figure 5a). Twenty-one birds had this
pattern, four(14%) in 1981 and 17 (46%) in 1982. In pattern
(b) only round were recorded in a primary 1n£ect10n, bird 93
'in -1982 was the only example (Figure 5b). Pattern (c) was
exhlblted by 37 birds which produced exc1u51ve1y elongate,
24 (86%) in 1981 and. 13 (43%) in 1982 (Figure 5¢). Within
/individual birds these patterns were highly consistent.
Flfteen (a), one (b) and 1 patteasﬁ(c) infrapopulations
were followed for over one year; there were no deviations
from these patterns. In all, 2800 blood samples from 60
captive grouse, over a two and alhalf year period, adhered.
to three patterns. Although there were few repeated samples
from individual w1ld blrds, these patterns were observed in
ald three years as well as in the three age classes thkS,

yearlings and adults.L“

P ———

»

Prevalence of round and elongate gametocytes in chicks
Prevalence of elongate in captive chicks was high, 74%
iﬁ 1981 and B84% in 1982 and did not vary 51gn1f1cantly
between years (X*=0.58, p>0.05). similarly, high prevalence
was obeerved ipvthe field, bY'the end of August the range

N : . Y
) > ¥



Figure 5. Primary 1nfrapopu1at10n proflles in three ‘blue grouse
hicks with (a) round and elongate gametocytes,» '

- (b) round gametocytes, and (c) elongate gametocytes
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was 87- 99% infected between years (Table 2).

Prevalence of round 1n captlve chlcks d1ffered between
‘years, ‘with' 11% in 1981 and 50% in 1982 (X2=14.0, p<0 05)
‘.Prevalence in: w1ld chlcks also varled from year to year.,By

August it ranged from 65- 96% (X’-19 31, p<0 05)

Captive chlcks had d;fferent prevalences of round and

elongate w1th1n the same year (1981° X:=31.5, p<0 05) (1982-

X*=9.06, 'p<0 05). Prevalence of round and elongate in w1ld i
'chlcks was dlfferent in 1980 and 1981, but 51m11ar in 1982
A~(1980 X2=10. 07 p<0. 05) (1981- X2—4 13 p<0. 05),(1982:
X’?1,29,Jp>0.05). | |

Reexposure experlment
Elght yearllngs prev1ously 1nfected w1th only elongate
' gametocytes were reexposed to black flles in their second

summer. SlX of the elght developed round 1nfect10ns

"g c01nc1dental with prlmary round 1nfectlons in captlve

chicks. No 51gn1f1cant dlfferenfe occurred between peak N
rOund intensity in ‘chicks and réexposed yearllngs (Mann
: Whitney test, p>0. 05) Elongate gametocytes were found in
these reexposed yeaégings throughout the summer . Control
blrds from the same cohort produced elongate gametocytes

whlle in fly- free condltlons at Blolog1ca1 Anlmal Services -

at*Ellerslie. They did not produce round gametocytes.

Asynchrony in developing infections
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TABLE 2. PREVALENCE AT END OF FIELD SEASON FOR ROUND AND 'ELONGATE

GAMETOCYTES OF LEUCOCYTOZOON IN WILD AND CAPTIVE JUVENILE

 BIUE GROUSE. N

PREVALENCE (N) . \!i‘ PREVALENCE (N)
. " : *
Wild. Juveniles (15 -30 ) Captive Juvenlles
1980 1981 1982 - 1981 1982 .
" Round . 65(64). 72¢61) 96(68) . 11(36) 50(38)

Elongate ‘89(64)  87(61) ‘~99(68)5 74(36) 84(38)

* captive chicks'sampled on the 22nd. of Aggust of'Both years.
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During prlmary 1nfect1on the sequence of appearance of

:gametocytes in the per1phera1 blood of b1rds ‘with both types

‘of gametocytes can be evaluated from weekly samples taken
’ dur1ng the transm1551on season.. Table 3 presents the t1m1ng
‘of elongate 1n relatlon to the appearance of round. Elongate
were observed up to three weeks in- advance or. four weeks
post appearance of round Synchrohous t1m1ng occurred 1n‘,
’approxlmately 50% of cases. Secondary elongate 1nfectlons 1n
reexposed yearllngs were only occa51onally synchronlzed with
round (Table 3). | |
Prlmaryvpr;tale - o

Durlng the f1rst 10 weeks of a prlmary 1nfectlon, round
and elongate populatlons grew and decllned in dlstlnctly
dlﬁferent manners (Flgure 5). Round populatlons rose
exponentlally, reached a peak and decllned to a chronlc
“level. In contrast some elongate\populatlons rose gradually
to a h1gh and then decllned over many weeks to a lower
level; some 1nfect1pns were pers1stent1y low throughout the
primary 1nfectlon with no apprec1able rise. The dlfference
betWeen.round andjelongate gametocyte.populatlon behaviour

‘(refers to:the trend in the gametOCyte-populatiOn profile

through time) was consistent,-and nqt,due"to low intensity
-,elongate‘peing COmpared with high~lntensity round infections
(Figure46).’1n_addition, population behaviours were not
,subject_to‘change as a result of pattern or seguence in

‘appearance of the gametocytes; likewise, age of the host had

o
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Figure 6. Prlmary 1nfrapopulation 1ntensity profiies in\two"blue‘

grouse w1th round and elongate gametocytes.
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no effect. -

| A regression analysis was performed with peak round on
peak elengate éametocyte intensity in birds with pattern (a)
(Figure 7). The regression was not significant, and
'therefore there was no relatlonshlp between peak intensities
of the two types of gametocytes during pr1mary infections in

¢

captive grouse (t=1.21, p>0.05). .
Discussion

Three patterns in the type of gametocyte produced .
durlng a primary 1nfect10n were observed in captlve blue
vgrouse. Such varlatlon in the express1on of the ganmetocyte
stage within a 51ngle populatlon of vértebrate hosts
suggests a dlfferent 1nterpretatlon than has previously been
reported in Leucocytozoon. In Clarke's original descrlptlon
of L. bonasae in ruffed. grouae, only elongate gametocytes
(pattern (c)) were reported (tlarke, 935). However, later
observations on ruffed grouse and other tetraonid_species
indicated two types of gametocytes; round and.eIOngate
(pattern (a)) (Borg, 1953; Failis and Bennett; 1958; Newman,
1968) . In'this study the observed two tjpes of gametocytes
were consistently mprphologically different. "

No other studies of LeUCOCYtonon have shown evidence
for more than one pattern of gametocyte productlon w1th1n aﬂ
single host populatlon at one geographical locatlon.
However, different species of Leucocytozoon express.

independently each of the three patterns. observed in this



Figure 7. Peak intensity of round gametocytes (Gametocytes/
150,000 RBC) versus peak intensity of elongate
gametocytes (Gametocytes/150,000 RBC).

~
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study. Leucocytozoon simondi in ducks and L. danelewskyli in
saw¥ﬁh§t owls produce bothvtypes of gametocytes, as in
pattern (a) of blue grouse (Desser, 1967; Khan, 1975; Yang
et al, 1971). Leucocytozoon dubreuill and L. frin'gllllnar*um,

produce round gametocytes only, as in pattern (b) (Khan and

Fallls, 1970) . Elongate gametocytes only, pattern (c), vere -

vobserved in Leucocytozoon 1nfect10ns of Falconlformes and
Galllformes (Fallis et al., 1974). The life cycle for
Leucocytozoon species exhibiting patternn(c)_has notfgégd
determined. 7 ’ -
in blue grouse all three patterhs were present at the

same time, and in the same host population.,fé addition, the
proportion of captive birds exhibiting each pattern varied-
from year to year. Two hypothesges can explain these results;
They are: (1)two species are present, one produces round
gametocytes oz}y (pattern (b)), and one produces elongate
gametbcytes only (pattern (c)), with dual infections
resulting in pattern (a) or (ii)one species is preseht and
produces all three patterns.

| Superficialiy each pattern seen in blue grouse wasl
similar to that seen in other Leucocytozoon species; however
a more detailed analziisdwill»de5cribe the pertinent
differences. As pattern (a) has two types of gametocytes, it
should follow predlctlons made froﬂ other Leucocytozoon
species with pattern (a). )

The timing in appearancefof round and elongate

‘gametocytes is a consistent feature.of other Leucocytozoon

“\



species with pattern (a). During a primary infection of L.
simond| or L. daneleWSkyi variation in the developmental
time, after 1ntroductlon of sporozoites, resulted in round
gametocytes appearlng in the per1pheral blood first, and <

'then three days later elongate appeared (Desser, 1967;

Fall1s et al, 1951 - Khan, 1975). This was a consistent
feature of these infections.
Desser (1967) artificially 1nfected six ducks with L.

' srmondl and followed development of infection over 14 days.
Approx1mately equ1va1ent peak intensities of round and
elongate were produced during a primary infection. One could
hypotbesize that one species of Léucocytozoon producing_
morphologically distinctvgametocytes should produce :é
gomparable peak levels of each gametocyte during individual
infections. A .correlation shobld exist between the peak
levels of each gametocyte observed in an infection. Desser
(1967) also observed equ1valent populatlon behaviours of
round and elongate in exper1mentally infected ducks, as both
'populations rose and fell exponentially; natural infections
follow a similar development (Fallis et al., 1951).

Evaluation of pattern Qa) in bluevérouse using the
above predictions of: (1) timing‘inbappearanoe of round and
elongate is oonsistent, (2)'equivaient peak inteneities of
round and elongate are prodnced during a primary infection,
and (3) equivalent popUlation‘behaviours are observed in
round and elongate, produced contrasting results. Analysis

of population dynamics for round and elongate gametocytes in

4
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'blue grouse 1ndlcated that pattern (a) in this system did
not conform to pattern (a) observed in other Leucocytozoon
specles. The two gametocytes in blue géauél were not linked
in orxgln. Timing in appearance of'elongate in relation ta
round gametocytes during primary infections in captive blue
grouse chicks with pattern (a) was nighly variable (Table
3). This variability was observed in chicks from 1951 and
1982 cohorts, and also in yearllngs reexposed in 1982. Such

‘variation in sequence of development of gametocyte

populations in grouse may incorporate varlag1dn in

development, Ryt such 1arge divergences are most likely a

@%}Sequence o
v )

different T,

fferentotransmission systems vectoring
tozoon species. In addition, elongate
appeared firs 9 of 21 cases which was the opposite'
%&;,sequence to that reported for L. simondi and L danelewskyi
No relat1onsh1p exists between peak intensities of round and '
elongate in primary 1nfect1ons of blue grouse-uthe
regre551on of peak round on peak elongate 1ntens1ty was: not ( )
significant(Figure 7). Primary 1nfeet1ons of round and
elonéate in blue grouse develop in completely different
manners independent’of pittern, age of grouse, intensity or
sequence in appearence of gametocytes. In L. srmondl,
similar population behav1ours do not conf1rm the relatedness
of round and elongate; but conversely, totally: d;fierent
population proflles of the two gametocytes in blue ‘grouse
indicate different selective pressures_ectlng on the
"populations.zwild fluctuations in the timing of‘appearence

)

P
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of gan%tocytes, disjointed primary peak intenSities; andﬁ
“contrasting.popnlation profiles‘were opposite to'that‘
observed in other spec1es of Leucocytozoon w1th pattern (a).
1 therefore prov151onally accept Hypdthes1s (i) as pattern
(a) was not a result of a 51ngle spec1es, but the
'coexpre551on of two 1ndependent spec1es. The three patterns
- can be explalned 1n terms of two 1ndependent ent1t1es
| Can the three patterns of gametocyte production in blue
" grouse be the expre551on of one spec1es7'1f¢all patterns
'were the- result of a spec1es vary1ng productlon of
gametocyte types in response‘to varylng re51stance of .
individual hosts, one would notwexpect populatlon profiles
',\of each gametocyte to dlffer w1th respect to each other but

l

to d1ffer w1th respect to each host ThlS was not the casel |

P
The two gametocyte population behav1ours vere con51stently

S

’dlfterent and were not altered by - 1ndfb1dual hosts._

. Six blrds w1th prlmary elongate gametocyte 1nfectlons
twere‘reexposedzlm thelrtsecond summer., They all developed
‘ropnd/lnfectionsaat'the same .time as chicks. Reexposure f‘a
resulted inla change in pattern.‘Thls wvas the only occaslon
when a pattern changed The development of rouqﬂ gametocyte
popélatlons in reexposed yearllngs of equavalent 1nten51t1es
“to that of CthkS, 1mpl1es no dlfference ‘in re51stance to ‘”@"
bound between birds, with or w1thootkrouﬁg-after a flrst

h,exposure. Absence ofhrodnd;gametocyf’glin chicks_and.natorea
birds yas:a consequence of lack of COntact'with'the»yectorit

Moreover, eachkinfrapopulation‘Showed high fidelity to a .



,re51stance of hosts.
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partlcular pattern- in .2800 samples there were no

unexplained sw1tches/from one pattern to another. Absence of

/

‘1rregular occurrences in these 1nfectlon patterns 1nd1cated

i
tlght control, and lack of variable expre551on on the part

of the para51tes.

In addltlon, data from wild blue grouse supported

| :hypothe51s (i) and refuted hypothe51s (ii). Prevalence of

P

elongate and round in CthkS was dlfferent in two of the

’ three years. This was most llkely the result of different
‘transm1551on levels for each gametocyte type, it was not .a
vconsequence of changlng responses of one para51te and/or

! changes in re51stance of- the grouse population. It 1s |

’unllkely that e1ther para51te or hosts population genetics

would«change s0 dramatlcally betwveen years. Moreover,

captlve CthkS exhlblted a similar trend w1th large

e

dlfferences ‘in prevaLence of round ‘but 11tt1e change 1n

‘@ prevalence of elongate between years. Changes in

transm3551on levels of two par351tes was the only loglcal

%m

S explanatlon for these 3bservatlons.

‘7

I@ cdnclu51on, the, three patterns in gametocyte output

" can be adequately explalned in terms of two sympatrlc

spec1es leference in prevalence and t1m1ng in appearance
of the two gametocytes must be a consequence of dlfferent
levels and t1m1ng of transm1551on. A lower prevalence of

round gametocytes in some years was not due to dlfferenbxal

o
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ifferenees in the type ef gametocyte produced'by
Leucocytozoon spec1es have ‘been noted in Canada geese
.1nfected w1th L SImondl (Desser and Rychman, 1976) Only
round- gametocytes vere produced in some geese, whlle others
E produced both types of-gametocytes. Recyclrng the ‘infection
from geese,wrthﬁouly rduud gaﬁetdcytes through ducks |
produeed‘a normal cycle; i.e. rouud first’and elohgate
. .~ .second. Desser et al. (1978) concl§ded that absence of
elongate gametocytes in some goose 1nfect10ns was the. result
of stra1n dlfferences. Such an'explanat1on.for the |
| Leucocytozoon/blue grouse system w1ll not sufflce.
’Pronounced differences in the behav1our of the two
_gametocyte populatlons and the resilience of these
driferences regardless -of intensity of 1nfect1on, suggests
dlfferent evolut1onary forces’ shaping each para51tes life
strategy. | - o \ e
I suggest the follow1ng taxondﬁlc de51gnat10n for these
species. The species producing elongate gametocytes confprms
to Clarke s¢0r1g1nal description and remalns as L. bonasae,

whlle round gametocytes w111 be referred to as Leucocytozoon

Thls Leucocytozoon may be a vertebrate host generalist,

i ]

o %gigﬁhereﬁore may be present in other b1rd sQec1es from

2
B

“H&cdwlcke Island ThlS wlll be dlscussed further in’

B succeedlng chapters. A

Slngle infections of. L bonasae 1n captlve grouse
" produced elongate gametocytes éﬁ% ‘up to 2.5 years. ThlS

suggested a thlrd type of llfe cycle for Leucocytozoon one
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in wh1ch only elongate: gametocytes are produced.’ Although

- elongate gametocytes ‘have been recorded from other spec1es

(Grelner and Kocan, 1977) extenszve mon1tor1ng of

1nfect1ons will be requ1red to prov1de sufficient ev1dence

to conflrm the absence. ‘of .round gametocytes at any stage in

the 11fe cycle. Thls study provides such ev1dence.

f“ppec1es are a newly descrlbed phenomenon for

~

Leucocytdeéﬁ?&ﬁﬁ Leucocytozoon sympatry-may occur in

other grouse as both types of gametocytes were present

- (Borg, 1953- Fallls and Bennett 1958 Newman, 1968) Are

these sympatrlc spec1es or one spec1es7 The study of

1nfrapopulat10n dynamlcs may prove frultful for future

studies of Leucocytozoon not only as a tool for pop“mn
blolog1sts, but also as an addltlonal method of unravelling

taxonomic problems. ‘
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I111. Influence of t:ansmission window width on population

§

behaviour of three microparasites

Abstract
Leucocytozoon sp., L. bonasae and Haemoproteus manson i
infections ‘in captivenblue grouse were monitored weekly
throughout’primary and relapse periods. Chicks became
naturally infected with L. bonasae'and'Leucocytozooh sp.
dnring 5~9 weeks of exposuxe,nwhereas‘H, mansoni was
tranemitted during a much sho;ter period. Relapse infections
in ‘both capti&e and wild blue grouse had constant monthly
prevalence for L. bonasae and Leucocytozoon sp.. By .
contrast, brenalenee increased throughout the relapse period
for H. mansoni. The intenSityﬁaiso showed;a'similar rise
throughout the relapse period. The patent period in
1nfrapopula€10ns of H. mansoni.was 5-11 weeks for prlmary,
and 11—26 weeks for redapse 1nfect10ns Likewise, peaking
time was 1-4 weeks.for primary, and 5-11 weeks for relapse
infections. No such differences were detected in the other
//;wo paras1tes A precise peaklng time was selected for in
microparasites w1th narrow transmission windows, but not in
para51teslwith wide transm1551on windows. Gametocyte
production for»a'longer period during relapse than during
pnimary periods satisfies constraints imposed by a seasonal

7
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vector on mzcroparas1te transmission to vertebrate hOStS. A

model was proposed to expla1n the evolutioh of dual

,populatlon behaviour dur1ng prlmary and relapse perlods in

H. mansoni.

Introduction

The reappearance or increase in intensity of
gametocytes,of microparasites in chronically infected
vertebrate hosts 1is reooanized as an adaptation of the
'parasite for transmission via a.se;sonal*vector to the next
generatlon ‘of hosts. A spring rise in prevalence and
intensity (relapse) of blood protozoons has been documented
for Leucocytozoon (Chernin, 1952; Desse; et al., 1968),
HaemopPotéUs-(Alverson and Noblet, 1977; Cowan and Peterle,
1957; Dorney and Todd, 1960; Khan and Fallis, 1969) and
Plasmod ium (Applegate, 1970 and 1971; Farmer, 1962).

A,number of factors influence reproductive oufppt,
throughout’primarﬁ and relapse periods. The dependabilipy of
tpe vertebrate host for the reproduction of the parasite has
a strong influence on the inteneifies of gametocfpes
observed during reproductive periods (primafyland relapse)’
"(Chapter 1IV). The amount of time vectors are available for
transmission Qithin a season may vary between species of

microparasite. Such variations could result in discernible

‘differences in the population behaviour of micgoparasites.

Vectors can be divided into two extreme classee, with

respect to seasonal timing: pulse vectors transmit a

\

(&3
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parasite for a short period, wvhereas non-pulse vectoré are
available over a much longer period. These vectors may have‘
diffe;ent selective effects on the parasite population with
respect to the timing of reproductive output dqring primary
‘and relapse periods. '

The gametocyte populat1on prof1les of three
:Imicropara‘sﬂ:es,‘ Leucocytozoon sp., L. bonasae and
-Haemoproteus mansoni, which infect blue grouse were compared
over time. Gametocyte output was related tolthe width of the
transmission window (vecfor pu;sing). In H. mansoni, the
time of peék intensity (peaking time) and patent period
varied between primarf and relapse periods. This was not
observed in the other two parasites. An_evolutionaty model
was developed to explain these-differentApopulatidn

behaviours.

Materials and Methods

Captive chicks were reared in an outdoor aviary on
Hardwicke Island, and sampled for blood every week>(Chapter
I1). All captive ﬁf?és were shipped via air freight to
Edmonton at thengd of Augﬁst 1981 and 1982.'The techniqﬁes
for determination of prevalence and intensity of L. bonasae
and Leucocytozoon sp., in wila and captive blue grouse were
the same as prev1ously described (Chapter II). The
prevalence of H. mansonr was measured as above; ﬁowever

since intensities were much higher than those of

Leucocyﬁozoon spp., the intensity was based on 30,000 RBC.
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For H. mansoni infections the patent per1od was the number
of weeks gametocytes were present at a level of 2 1/30 000
RBC.

By comparing parasite size within erythrocytes, H.
manson i gametocytes were classed as young, medium oy/mature.
Young gametocytes ranged in 51ze from just visible to
occupying < 1/3 of the erythrocyte, nedium occupied > 1/3 to -
< 2/3, and mature occupied > 2/3 of the cytoplasm of the
erythrocyte, v %‘

Blood samples were collected from wild blue grouse from
April to August. It was important to know if parasites seen
in the beripheral blood of wild mature grouse, prior to the
appearance of gametocytes in wild chicks, were eitner
relepsing populations, or new infections plns relapsing
populations. Since black flies are known vectors for
Leucocyfozoon (Fallis and Bennett, 1958; Fallis and Wood,
1957; Roller and Desser, 1973) and Culicoides are vectors
for Haemopﬁoteus (Fallis and Bennett,1960} Fallis and Wood,
1957; Grelner et al., 1§78) it was important to determine
if transmlss1on occurred to.older age classes before chicks
became infected. Thus, thé‘}oliowing procedures were
conducted. Eleven yearlings from the 1981 cohort, were used
in host baiting experlments from May to.August on Hardw1cke
Island. Nine were infected w1th L. bonasae, three had
concurrent H. manson i infections. Only one yeerllng had
previously contracted a Leucocytozoon sp. infection,.Two

yearlings were uninfected. Four infected control yearlings
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were kept in fly free conditions, ‘and monifored throughout
the summer. Of these, two had L. bonasae and two were °
infected with H. mansoni. These control birds were housed
with clean birds, none of which became ihfectpd.; !!’
Black fly trapping experiments were performed using
sentlnel blue grouse in cy11ndr1cal cages, Gi ﬂm in dzameter
and 30 cm h1gh with 2.5 cm mesh net. Three cages were
placed at separate sites, two in open vegetation be51de the.
outlet stream f;om Little Lihou Lake on Hardw1cge Island,
"and one in more closed vegetation also close to the stream.
Little_Lihou Lake was ehosen for these experiments, because
earlier sampling for black fly larvae fnd pupae founa this

site was good habitat for a variety of black fly species

(Mahrt, 1982). After blue grouse were exposed to flies for

30 minutes, a large covering cage (90 cm in diam d 45

cm high), with fine fly proof netting (holes 190 um

/

was placed over each cege, After 20 minutes any flies which

are)

had been on the sentinel birdS“were retrieved using an

-

asplrator. Flies were cla551f1ed as engorged or unengorged.

Programs in MIDAS were used for stat1st1cal analy51s

&

(Fox and Guire, 1976). Parametrlc statistics were utilized
. ' _ t
where variables could be transformed to obtain homogeniity

of Variance.VOtherwisp, non-parametric statistics were

_applied. ~ | ', Y



Results | _ | o ,

Table 1 gives a chronology of‘qppearance of the'three
parasites in’ceptivevand wild grouse chicks. In all years nd
parasites appeared until the very eg% of June.

Two clean yearlings exposed in the-outdodr aviary, on
Hardwicke Island, from mid May did,not become infected with
L. bonasée or LeucOCﬁ%ozooh*;p. tntil July. The intensity of
L.xbonasae in nine previously idfected yearlings declined
throughout the exﬁdsure period, until a sharp rise in
intensities occurred in some birds on July 21, 1982, and at
a later date in others. This was taken as evidence of
reinfection. These higher intensities were sustained until | g
December. A similar rise in integsities did pot‘occur in’
’cdntrol birds heldlin-fly freerconditions.'; -

‘“During the same exposureﬂperiod gemetocytes of

Leucocytozoon Sp. were not. detected in ten unlnfected

-
yearllngs until July 28, .1982 Th1s was c&incxgpp;al w1§§ o

S . r~ g”&}J

1982, when both engorged and gmehgorge»

caught.

i ”J 1S

uninfected yearllngs used in host'bqgﬂhng exﬁefzment% untll’f

A‘l‘

August 24; H. mansoni 1nfectlons agpeiged’ln capt1ve CthkS'“
on the same date. Thus, relapse 1§ ?%e;three m1croparas1tesh

was the period from early spr;ngf“ ghf>patency Hegan 1n
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TABLE 1. CHRONQLOGYVOF FIRST APPEARANCE OF LEUCOCYTOZOON SP.,

i a

L. BONASAE AND HAEMOPROTEUS MANSONI IN WILD AND CAPTIVE .. -

BLUE GROUSE CHICKS.

PARASITE " SOURCE .. ' DATE OF FIRST APPEARANCE
R | — :
1980 1981 . 1982
Leucocytdzoon Sp. wiid ' 7/11* - 7/07 . 7/20
| o :captive - o 8/05 .7/28 ‘
.1? Bona$ae-1. = wild 6430 L 7/01 7 “ 7/20
'eiféﬁ?ivé ° - 718 7/21
g,'ﬁansoai | ) wild ‘ - 7/30 823 _8/16 . E
.'paptive - - -~ 9/02 .8/24
Samplingiﬁégén wild 5/28 6/27 6/25
o captive - 7/67 - 57/14
¥'¥ ﬁonﬁh)day' . ' ‘ | ’ .
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after that p01nt 1nten51ty data from mature w11d blrds could
include gametocyte output from newly acqu/ked 1nfect1ons.
rTransm1ss1on perxod in captxve ch1cks-

Thlrty elght and 36 capt1ve chicks were naturally

~ exposed in 1981 and 1982 respectlvely. As blrds were
vsh1pped to Edmonton at the end of August, no further

‘opportun1ty for transm1551on occurred after thlS move. In

1981 CthkS were sampled weekly beg1nn1ng July 7 Tbe flrst

‘patent 1nfectlons of L. bonasae occurred on July 15. (1981)
" and new 1nfectlons app@hred every week untll September 9, a

‘perlod of n1ne weeks In 1982 sampllng began on July 14,

with new 1nfect10ns detecteg for eight weeks, beg1nn1ng July B

21.

New infections of LéucocytOZOOn-sp.-were/recorded ower
a shorter perlod Patent 1nfectlons first occurred on August
5.in 1981 and July 28 in- 1982. They contlnued to appear for:
f1ve and six weeks in 1981 and 1982, respectlvely. Durlng
1982 there were. substant1al increases 1n the numbers of
birds 1nfected (Chapter 11).

v

—  Haemoproteus mansoni was not present in blood smears
- from cHptive chicks unt11 the beg1nn1ng of- September,‘1981»
| and the. end of August, 1982, In both years, new 1n£ectlons
were clumped arouné a single week. In i981 and 1982, wild
chicks flrst became patent w1th H. mansonl from 15 30 Abgust
which was very 51m11ar to captlve CthkS. Capt1ve ch1cks

were removed from’ contact with vectors at. the end of August.

S
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s o

As the prepatent per1od from Haemopnoteus spp. was

! -ﬁ;{mwand Bennett, 1960 “@&han and
Fallis, 1971) theh Captiv3?5“¥f%s were exposed to vectors

for two to three weeks. Further transmission to wild’chiCks

ﬂ

diad occur. in September of 1981 (Chapter IV), thus’ the

transmission perlod calculated from observatlons on captlve

~ch1cks (2-3 weeks) wlll underestlmate the transmission
window. L , '

‘?
/'Intens1ty of H. mansonl in wild blue grouse

\

\\\Wlld blue grouse did %ot show changes in geometrlc mean
1nten51ty during primary %

July, August) or relapse perlod
»(Apr11 ‘May, June) in e1 her L. bonasae or Leucqcyfozoon sSp.
‘(Chapter 1vV): howeverh.H. mansoni did show dramatic’changes,
Table 2 presentsvthe ge,metric‘mean intensity dé‘H. manson i
“ln wildjﬁluernguSe; I lQB]‘lntensity of primary infections
peaked in Septemuer an ‘declinedrby October’(Kruskal—Wallis
vtest H=6.55, p<0.d1); A peakpin September and‘decreasevln
intensity'by OCtober was also noted indCaptiue chicks
infected in the same/year (Figure 1). In all Years,,relapse
geometric mean‘intedSity in mature birds rose from April to
~ July (Table 2) and intensities were lower in August,‘1981
(H=6. 158, p<0. 01). Although the same pattern was observed in
_1982, small/sample size precluded detectlon of a 51glf1cant
aifference (Hs=3.48, P20 05)

»
L)
\ o -

. . E S .
Relapse prevalence*%@;wfld blue grouse . -

-

@ -
# s o :



TABLE 2. GEOMETRIC MEAN INTENSITY OF HAEMOPROTEUS MANSONI DURTNG

' PRIMARY AND RELAPSE PERIODS IN WILD BLUE GROUSE.

55

Q

 PERIOD

- datla ﬁissing

MONTH ‘GEOMETRIC MEAN INTENSITY, (N)
1980 1981 1982
Primary August 816(10) . 160(6) 609(35)
(juveniles) o ‘ ' i
September .~ - 646(4) -
4 :
) . Octgber - = 29(6) -
Reléps_e‘ Aprﬁ, 2(10) - - -.
(mature birds) CI o N ‘ v g
7 May : 8(38) 8(11): 6(7)
we Jume © T 220(60)  328(19) 309(33) .
July Lo 2816(22)  1386(19) 1009(8)
 August - 204(6) 204(5)
i’ ~ X .
+ =

Geometric mean intensity expressed as Gametocytes/B0,0éO RBC.

' g -



Figure 1,. Profiles of primary infeqxiqns of Haemoproteus mansoni

in three captive blue grouse chicks from 1981.
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In all three Yearsjthere‘were no differences in
prevalence of L. bonasae in mature‘wild birds between
vrelapee months, Abril, May and June.(X"test for months,
p>0.65) (Figure 2). With the e;;eption ofiMay, 1982, the
menthlf relapse prevalence was above 90%. Leucocytozbon Sp.._
'relapee moﬁthly prevalence never fose.above 84% (Figure 3).
Within each year there were no significant differences
between months (X* test for months, p>0.05). In all yeers
the relapsé prevalence of H. mansoni had signifibant rises
- from April through May to June (X’ for'months; p<0.05).
There were no significant dlfferences between June and July
in any year (X* for months, p>0 05) (Flgure 4). :
Comparison of primary and relapse H. manson i infectione

Gametocyte intensities of H. mansoni peaked within the
‘first four weeks of primary infection (peaking time); the )
patent period lasted from 5 to 11 weeks, but For the |
majority of inﬁecfions it was 6-8 weeks.

After eﬁbsidence 6f H. mansoni primary infections,
gametocytesg ;ere absent from smears until May - June of the
following year. Profiles of three reiapsing populations-ere
presentedvin Figure 5 Intensities rose and fluctuated
sharply before decl1n1ng Nine captive birds had. relapses in
the summer folIOW1ng primary infections. Thé@%gblrds
accounted for 100% of the sample with H. 'mansonl, as the
others died durlng the winter from various causes which were

‘»unrelated to H. nsqpr 1nf*




/
Figure

2.

Relapse prevalence of Leucocytozoon bonasae in mature

wild blue grouse sampled from April-Junhe, 1980-1982.

Sample size given on top of each bar.
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Figure 3. Relapse prevalence of Leucoczpoéoon sp. in mature¢®ild

blue grouse sampled from April-June, 1980-1982.

Sample size given on top of bar.
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Figure 4. Relapse prevalence of Haemoproéeus mansoni in mature
V wild blue grouse sampled from April—July; 1980-1982.

r Sample size given on top of bar.
- - » o
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Figure 5. Profiles of three relapse infections of Haemoproteus

mansoni in captive blue grouse.
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- The ranges 1n patent perzod and peak1ng t1me for each

1nfrapopulat1on was documented (Table 3) Prlmary 1nfect10ns

<

'd1sp1ayed much shorter patent perlods and muah earller

: N ) ,
peaking tlmes than first and second relapses (Table 3). In

contrast there was l1tt1e d1fference in patent period or
¢
peaklng t1me between flrst and. second relapse. Peak1ng times

ranged between 5 and 11 weeks durlng relapses and only 1 to
‘ \
-4 weeks in prlmary 1nfect1ons. DlStlct patent perlods were"

© not observed 1n e1ther L bonasae or Leucocytozoon Sp. .

¢
,uGametocytes were produced throughout the winter. As

- calculation of the peaklng t1me depended on a- deflned patent
. ’ . \ B ~ N
~ period 1t3Was nottcalculated:ﬁorbthese para51tes,'

ot
L P

‘Age structure of H mansonl\gametocyte populat1ons‘
The age of H mansoni o ametocytes from 1nfrapopulatlons
., were estxmated by 51ze of gjmetocytes in® relatlon to the
:'51ze of the 1nfected erythrocyte. The mean percentage
comp051tlon of age classes (young, medlum and mature) from

- k)

13 prlmary 1nfect10ns changed dramat1cally over 51x weeks

; (Flgure 6) Dur1ng the flrst week of patency approx1mately

equ1valent proportlons of each age class were present.~

y

Durlng the’ second week oK 1nfect10n and thereafter, the
'majorlty of gametocytes were mature and by the flfth and-

ﬂ‘sxxth week mature gametocytes composed >90% of the : ",’_

'bpopulatlons.j \ o '_ﬂ."f“ e T
‘ ' o0 ‘ S .\

ThlS sequence in. gametocyte age comp051tlon was not

‘observed 1n relapse populatxons..The percentage of young
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Figure

6.

: i .
Percentage of Haemoproteus mansoni gametocytes whic

.were young, medium and mature in age’ during primary
'1nfection50{% captive blue grouse chicks. VerticaL

+ o :
»bars == Pne standard error. g : ’g #

3
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gametocytes was determined for 10 relapse infectidns.vNo

' consistent pattern was observed as w1de fluctuations

: occurred However, there were certain common features in

* relapse populat;ons that were very different from primary -
infections}'During the first eight weeks of relapse, 76% of
observations‘from'10 i_frapopulatlons exhibited SLQ% young
,gametocytes- in'primarE infections this occurred'only on the

first and th1rd week ovnfectmn (Flgure 6). In add1t1on,.

<o 24% of samples had '>30% young gametocytes dur1ng theusame

§
.

"§q.* perlod but in przmary 1nfect1ons this was rare even in the
%1rst’3egk of patency. ‘The percentage of y%png gametocytes
in a relmpilag 1nfrapopulat1on (bird No. 65)‘15 presented in
Flgure 1 In general ydﬁ%g gametocytes vere present for 4 ’

longer than elght wedks 1n.a relagﬁf 1nfect1on, but were ine A

substantial numbers for only one week in prlmary 1nfe<att1ox¥“'t & «

. ¥ »
stcuss1on .» Co : L S “Q,g &‘;\‘
In order to complete thelr l1fe cycles blood g g%g:
mrcropar351tes must  be transferred from one, vertebrate host
to another (gr;sze to grouse) The yertebrate host&can be
’ v1ewed as a patch for ‘the m1cropara51te"each patch has a
f1n1te space and txme avallable (all patches eventually die
from various causes) (Price, l980) vIn'most climates, .

L ;_ vectors transmlt mlcropara51tes to- vertebrate hosts durlng
l1m1€ed t1me per1ods (usually summer months) Thus a.'
m1croparas1te should coordlnate 1ts output of gametocytes -
“(the 1nfect1ve stage ‘for the vector) .in order to optlm;ze

€
e
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transfer to new uninfected vertebrate hosts (grouse chicks).
: Gaﬁetocyte output oan be divided into two periods: (1)
pr1mary output Whlch resq\ts f;om an 1n1t1a1 infection
ﬁus?ally appears 10-14 days atte: a vector has transmitted
spbr0201tes) and (2)relapse output wh1ch occurs in a

succeedlng ieason after primagy 1nfect1on. Although a

m1cropara51te overwinters in a vertebrate host,.tﬁe

' glgametocyte output may be small or non- ex1stent throughout

"fthe winter months unt11 jUSt przor to the next transm1ss

season. Why are such patterns oﬁ%erved in gametocyte output’

Tk 'x& v

Vertebrate hosts may act1ve1y suppress para51te : ;~@.«“

reproduction ¥¢ an 1mmune reaction. The cost to the parasitéf'\

-

of producxng gametocytes at a time of year when vectors are
absent may be high, and result in suppre551on of parasite
'reproduct1on at the critical transmission period in the 11fe
‘cycle (reducing between- patch transfer), It would be
beneficial for the parasite to produce gametocytes only when
vectors are available (suﬁmer months). Different timingfin‘
gametocyte product1on during pr1mary and relapSe periods |
were observed in the blue grouse; m1croparas1te syétem. The

¥
evolution of these responses will be dlscussed,

The t1me perlod in wp{&h vectors F}({/m{t parasites can
be referred to as the trahsmlsszon w1naow -vVariation in the

width of the transﬁ1551on wxpdow w111 be dlscussed in

relation to tlmlng.of rt’ .

microparasites. Unlike the contlnuously present gametocytes

w~uet1ve output of the three

of ‘L. bonasae and Leucocytozoon sp., H. manson i had very
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distinct primary and relapse periods with no gametocytes
present from the end of primary infection (October) until
the beglnnlng of relapse infection in May. .
Before contrastlng month to month relapse prevalenc*:
and 1nten51ty of these m1crbparas1tes, an explanation of\the
éﬁgf crlterlon for separating field gata 1nto relap51ng
R

N populatlons and primary 1nfect10ns 1s redu1red Samples were

L %
v"'. collected irom éhld mature birds . (yearllngiband adults) from

L]

« ; %ﬁpg%; to August. Ch1cks became patent with L. bonasae and L

vy ‘\?,
Leucocytozoon n. §p. in July, but H. mansoni was not patent ‘%;
¥-until August. Reexposure and host baiting with yearlings,

from‘mid"May onward in 1982, did not result in any news - -

‘parasitic infections until the chicks were also becoming
vpatent;;Therefore, on the strength.of a negative result from
/fexposure'and host baiting erperiments, I have assumed that
h;‘ #nfections present in mature grouse prior to .new infections
appearing in the chickS‘were relapsing parasite populations, ..
Prevalence and 1ntens1t1es of L .bonasae and R
F'Ledcocytozoon sp. in w1ld blue grouse were consistent from
month to month throughout the relapse period (April-June)
(Flgures 2,3) (Chapter IV) By contrast in all years, the.
»prevalence and 1nten51ty of H. mansonl 1ncreased durlng the
. relapse perlod (April-July) (Figure 3, Table 2) Such .
striking synchrony 1n populatlon behav1our of gametocytes
between years suggested uhat ‘time was an 1mportant factor in
" the evolutlonfofopogulatlon dynamlcs in thrs.partlcular

“parasite. This was not the case for the other two parasites.
e | s co



Dorney and Todd((1960) observed a similar phenomenon in

ruffed grouse from Wisconsin. Rapid increases in intensity
of Haemoproteus occurred from April to June, whereas only
slight rises were detected in ‘Leucocytozoon throuqbout the’
s;mekperiod. : -
Differences in timing'of vector transmission may

provide insight into the timiné“patterns of these parasites.

BIue grouse chicks were the best age class to provide

e

evidence as to when vectors were transmitting each .parasite.
- 1

Wild chicks do not become patent with H. mansoni until thenfr

e

end of -the summe (Chapter 1V). Likewise, captive chicks
became patent w1th H. manson’i at the beginnlng of September,

with most of the infections appearing in the peripheral ,

A .

blood in t same week. As captive chicks were removed from
‘ ' : . o -

vectors at the end of Ahgust (1981) such 51miiar intensjty

profiles between éeptive and wild‘ghicks (Table 2, Figure 1) 2°

supported the con lusion that vectors vere probably absent

or their numbers d1 inished after August. I.propose that the

vector for H.-mansonl is a pulse vector, prov1d*‘§ a short

‘transmission window;' . - o |
Both,L. bonasae and'Leu¢ocytozoon sp. are transmitted

by a ngn;pulse ;ector system; with wide transmission

windows. Chicks in the aviary contracted L. bonasae over a

8- 9 week period ‘As a fixed number of chicks were‘being

monitored for infection, there would be a lower probabllity

of detecting neq_imfections as more_birds:became patent.

Therefore; the‘transmission period_obtgined'by_this method /

Y
-
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may underestimate the tfénhﬁiSé;gn"windgc;Leucocytozoon sp.
was transmitted to chtive chicks fo£°576‘weeks. The
transmission window width may be less than for L. bonasae.

v The transmiséién of Leucocytozoon spp. py non-pulse

vectors (simuliids) and Haemoproteus spp. by pulse vectors

¥

‘(Culicoides ) has been recorded in previous studies (Bennett

-

and Fallis, 1960; Fallis and Bennett, 1961,1966; Hérman and
Bennett, 1976). Fallis and Bennett (1966) fo d‘more than

one species of black fly‘fesponSible for the long

“transmiBsion window of L. simondi. Likewise, two species of

S ,
black fly were involved-in transmission of L. ‘bonasae to
- ,

ruffed grouse (Fallis and Bennett, 1958, 1962), and to blue

grouse (Woo, 1964). Each ve cies was dominant at a

¢ .
ssion period (asynchronous

Sur
& ¥ ) &

different time du;jng the tr;
veétors). N ¢

A pulse vector will.exert greater,gkléctidﬁwﬁfégsﬁ?éﬁ "l
than a non-pu}se vector on a parasitelto increqse gametocyte‘\

- output it an appropriate time of year. Haemoproteus manson i

;illuétrated this situation. Non-pulse vectors would not

create such poyérfﬁl sé;éctﬁve pressures. Both.Leucocxtozbon‘

sp. and L. bonasae g}emplified fhis state, as prevéienceiand‘

intengity'didAnot increase as the transmission season

approaéhed. ‘ ‘ . : o | ¥
The timing of reproductive output in H.. mansoni was

different during relapée and primary periods. Gametocytes of

H. mansoni were present twice as long dﬁring first-and

—-—

second relapse in comparison to primary.infections; this was
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the result of invasion of erythrocytes by H. mansoni
mer0201tes over a Jlonger period of time (Flgure 7) ‘
Repreduetive actiyity over time had increased in all relapse
infecrions. In addition, theipeak intensity during first gnd
second relapse was much Iater 1n relation to patency, ‘than
in primary infections. Th1s sh1ft in peaking t1me was
_independent of the 1ntenszty attalneq dur;ng'the peak..In
general data from captive and wild §roﬁse infections agree.
‘These populatxon behav1oural dlfferences between relapse and‘
primary inﬁections of H. Manson: may be the‘result of
‘selection on the para51te to maintain maxlmum reproductlve
output durlng perlods when vectors were avaxlable which
should maxxmrze beneflt (transm1551on) and minimize cpst
(vertebrate host immune response to para31te) !

How could this dual behav1oLr in pr1mary and relapse
populatlons have evolved? A model to account for changés 1n:4

‘peaking time and patent perlod for H. - mansoni.in blue

grouse is presented in Flgure Qé I will assume that the '
e -

.

dichotomy in- population behaviour could have evolved from
para51£e populatlons with orzglnally either type of -
populat1on profile (prlmary or relapse) There are two
p0551ble evolut1onary routes to the preseﬁt populatlon

"behavzour observed durlkg prlmary and relapse perlods.ﬁlq

Figure Ba both primary énd relapse populatlons dlsplay the

characterlst1cs of the pﬁésent relapse pdpul@txf
Arelapse populat1on in® Flgure Ba peaked at the'ce

in the transm1551on.w1ndow; selectlon would favour thls ST,



" Figure

8.

Model of proposed &volution of'Haemqggpteus mansoni

gametothe population behavibﬁrs during primary and

relapse periods 5 '

A= Hypothetical satuation with both primary and
relapse populations displaylng currqnt relapse

:populétion prd%&les observed in this SCun.

B = Hypothetlcal situatlon with both primary and
' relapse popui tions dlsplaylng current prlmary
population profiles observed in this study.
' C = Current gametocyte pdpulatioh profiles of
H. nah,
\ .
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opt1mum; Pr1mary\3nfect1ons would become patent ﬁurlng the

transm1551on per1od but would not peak unt11 well after

» A

.transm1551on'had ceased' th1s would -occur well 1nto October.'

Ta

Strongtselect1on wou%d act on prlmary populatlons (Flgure

~

‘}o favour prlmary pdpulat1ons that peaked more rapldly,f

and thus had a h1gher probablllty of contr1but1ng to,L
{

subsequent generatlons of para51tes w1th1n the same. cohort

of CthkS. As spor0201tes of haemoprotelds take only ﬁour to
\“\e&ghtndays to-develop in Cullco\aes (Fall1s and Bennett, \
‘ ‘1960) and an addlt&onal ten day prepatent perlod in: thep H
.l‘vertebrate host before gametocytes are present in perlpherala
blood transm1551on could occur ‘to the same generatlon of |
’ CthkS w1th1n that season (transm1551on per1od lasts
-approxlmately\three weeks) . Populatlons would behave as
opserved in thlS study (Flgure 8c) Relapse populatlons

;would have a centrally orlentated peaklng t1me and a’ long

-~
7

e

._patency, prlmary 1nfectlons would have a shorter pabency and

earlxer peaklng t1me. I assume that an- 1mmune response by

y -

blue grouse selects agalnst the alternatlve strategy of

g produc1ng gametodytes at a constant level from one,,"i

transm1551on season to the next.

The second p0551ble evolutlonary route assumes that ﬁ\i B
populatlon behavzour durlng Both prlmary and»relapse ‘
"exhlblted characterlstlcs of the prlmary 1nfect10ns in this
study (Flgure 8b) Both prlmary and. relapse populatlons hadvby"
hshort patent perlods, and peaklng tlme was early. Through
~evolutlonary t1met relapsevpopulatlons w1th a-broaderamore

N



' normal populatlon d1str1butlon would contr1bute more to :

/
’\subsequent generatlons. Thus select1on would result once

hhand Bennett (1960) noted sharp peaks and rap1d dec\lnes in -
f

\ . ,“ o .v - L-% /. .'- ‘. . .

1
N/

daga:n\ln\(c) (Figure 8c). - 'T\n;f v |
S . Althoygh the select1ve pressure for d;fferent

| populatlon behav1ours'1s a conseg%ence of the ?hteract1on of

vectors and para51te, the " behav1our would be expressed wh1le

in the vertebrate host. Thus, caution must be exerc1sed when

4 attemptlng to EYplaln para51te behav1our in terms of the - \

'vertebrate host wlthght\;onslderlng the vector(s)

Other studles on Haeyosporlna shqwed s1m11ar patterns

| 2

’ and varlatlons on the patent perlod and peaklng tlme. Fall1s

gé@etocyte 1nten51taes durlng pr1mary 1nfect10ns ofl H.

. y 3 /i b
mansonl in ruffed grouse..Applegate followed J o _

i~ and. found short patent perlods and peakln

’-1nfrapopulat10ns of PlaSmodlum Pé(lctum in Engllsh sparrows

:exhlblte;

;

.

g tlmes durxng

; i

: “ /
prlmary 1nfectlons, whereas rebﬂbse 1n£r populat1ons had

“Long patent perlods and later peaklng tlres. ThlS was

S -

_51m11ar to my observations 6n H mansonl in blue grouse.

~ Other studles of Leucocytozo@n sSpp. ~1nd1cated that they

i

short patency durlng pr1mary 1nfect1ons and longer

patent"eriods durlng relapse perlods. Prolonged patency

A

_‘during:relapse vas noted in both L. dubFeufll 1nyrob1ns, and

L. Qanllewskyl_ln saw- whet owls. Prlmary 1nfect1ons lasted

. two weeks, and relapse 1nfectlons lasted three months (Khan .

‘and,Fallls, 1970a,b). o 3

-
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In Leucocytozoon spp. the peaklné tlmes were h1ghly

"varfaPle, and daid not exh1b1t the patterns observed 1n H .

mansom andﬁ rel 1ctum. Leucocytozoon simondf 1n ducks, had o

'a short burst oF prlmary gametong@e product1on that 1asted }%'

“two weeks (Desser, 1967 Desser and Ryckman, 1976' Fallis et

al., 1951), and 1nten51ty peaked 1n one week Gametocytes of

lL SImondl weﬁ& present throughout the wlnter at low levels,

‘but 1ntens1t1es 1ncreased sharply ‘in Efbruary and remalned J,
| high untll at 1easthay (Chernin, 1952 Khan and Fallls,

= }
-/1968Y”'errat1c fluctuatlons in 1nten51ty made it 1mp0551ble

gametocyte populat1ons with a centrally orlentated peak“and
1ntens1t1es decl1ned rapldly after the peak. In add1t1on,v

the estlmated peaklng t1mes for Leucocytozoon Spp- vere out

\

| of phase w1th the VEetor appearance (Chern1n, 1952 Khan and

K

Fallus, 196@) Gametocytes of L - bonasae peaked in
February/March in captlve blue grouse, however 1t was not
known 1f thls was reflectlve of infections in wild blue.
. grouse populatlons- transmlsslon in the wild occurred in

\g July.\Th1s contrasts with H.. mansonl relapse populat1ons in

N
~_ blue grouse, whlch peaked 1n July and August the perlod

. ) N 4
v\\\When~transmlss1on would’ occur. Coordlnatlon of peaklng ~8

w1th vec\\r availability will be selected for in parasztes

with pulse \ctors, but may not be a powerful selectlon
» force for non-'ulse vectored paras1tes. However, a long
patent\%erlod duking relapse was a.more general response to

seasonalﬁ%& 1n'tra sm1551on, and’ it was expressed by ~

83

to determ1ne the peak1ng t1me. By contrast, H manson i had e

Vo



\—-ava1lable;:As przmary 1nfect1ons are the result’of cyclf‘

“ﬁp ”: . ;, o 1 | J iy | ‘1 ‘,‘34“

- . ‘ T

paras1tes thhbshort and long transm1551on wxndows. T

Mlcroparaszte 1nfect1ons AB doubt e11c1t an. 1mmune !-ﬁ‘

@"

response from the host Therefore, a: prudent parasxte should

11m1t gametocyte output to per1ods when vectors a;e .~h:

through the vector, the. transm1ssxon wxndqw for gametoc hes
produced from pr1mary 1nfectlons ‘will be shortened by
| development t1me of the paras1te in. the vecthr,_and the‘
prepatent perlod in the new vertebrate‘host (1’e.,.forf
- Haemoproteus spp., four days to dévelop 1n the vector plus
ten days prepatent perlod in the vertebrate host) Thus a
' short patent per1od dur1ng pr1mary 1nfect1on,'and a longe;
patent perlod durlng relapse 1nfect10n, would be .
, advantageous in reduclng the costs assoc1ated with
gametocyte produ¢t1on. |
" What mechan1sm enables these para51te populatlons to

~change thelr behav1our7 1f the populat1on behav1our of H

mansoqr were’ reversed, with prlmary 1nfect10ns longer than

?,

" immune response by the host resulted in premature

4.
-

curtallment of reproductlon durlng relapse. . This would imply
that in populat1on regulatlon of H. mansonl, the parasite
vas a pa551ve element In the H mansoni/grouse system such_

>

an 1mmunologlcal explanat1on w1ll not sufflce. Haemoproteus

'mansonl may avoid the 1mmune response by sw1tch1ng antlgen1c:

expre551on throughout relapse, in.much the .same mapner as '

P1asmod ium (Brown,r1977; Brown et al., 1953)-iThPSr the,
R . N . ‘ / . L

| ' . i

'relapSe ﬁnfeCtions; it would'be'easy to hypothe51ze that-anf'

%
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S populatlons, j

85 k-

re;apse populat1on prof1le may represent the accumulated |

output of many ant1gen1cally d1fferent H. mansonl

A

A sxngle morph chang1n 1ts 1mm loglcal expreSs1on
g “ﬂe

Y
could exp1a1n these observat1ons. Consxstent t1m1ng in the

..

-

’ development of relapse H mansoni infect1ons 1n bOthinld f‘

'and captlve grouse, even though both groups were 11v1ng

" | "Under different llght and phy51cal env1ronment5, SUQQESted

very rlg1d control of paras1te reproductxon. Such robustness
'Imay be a consequence of a f1xed znternal blologlcal clock 1n
.the para51te, an& not a response to physlolog1cal changes 1n
the vertebrate. This hypotheszs could b tested by careful

manlpulatlon of the vertebrate host an

exper1mental’
infections at dlfferent times of ‘th year. - | v"i :
Ev1dence'from‘th15<study and-qZhers suggests that the
Aitransm1551on<§Wﬁdow w1dth or vector pulsing is a v1ta1
parameter in shaplng the populatlon behav1our of ‘!. .
mlcropara51tes 1n vertebratewhosts Pulse vectors promote i'~f
‘prec1se peaklng t1mes in gametocyte output, whereas o
non- pulse veotors do not create select1ve pressure for. r1gld
timing. Thus, on a dontlnuum fr?m pulse to non pulse ;
tvectors, selectlon pressure for’prec1se peaklng t1me should
decrease. Long patency dur1ng r lapse and short patency
durlng prlmary 1nfectlon sugges ed a general response to a
seasonal transm1551on wsndow. dee w1ndows may result in . )
contlnuous gametocyte presence as in L. bonasae in blue

,grouse, wh1le shoNNer windows promote absence of gametocytes

. . — R
N . - s .
: N « e
Ce ) - ~\‘\ "
~ -
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_5£or extended perzods of t:me and a def1ned relapse per1od
. as in H. mansonl' In addltlon. ‘the cost to a parasmte, .
\ .

:tassoc1ated w1th gametocyte productxpn, may 1n£luence

5f3gametocyte populat1on behaviour . dAg"‘ﬂA. 0



" Literature Cited - ' B ¢ o .

vy

Applegate, J. T nvion changes\!n latent avian
‘ malaria inTofSEN® esSsPciated with season and‘
cort1costerone treatment. g Paraszt 56: 439- 443 .
Applegate, 3. ‘E. 1471. Spr1ng lapse of PIaSMOdIum rellctum
: ~infections in an experlment 1l field population of T
English sparrows lPasseP aémesticus) J. W11d 'Dis. 7:
37-42. e

Alverson, D. R. and R.'Noblet. 1977. Spring relapse of

" . Leucocytozoon smithi (Sporozoa: Leucocytozoidae) in :
""turkeys. J. Med. Entomol. 14: 132-133, /‘

Bennett, G. F. and.A. M. Failis: .1960. Blood para51tes of

birds ‘in Algonqu1n Park, Canada, and a discussion of

their transm1551on. Can. J. 2001 38: 261-273.

. Brown, K. N. 1877, Ant1gen1c var1at1on in malaria. In, .
Immunity to blood para51tes of - animals and man. Ed4. L.
H. Miller, J. A. Pino and J. J McKelveylr, Plenum
Press, N. Y. p. 5-27.

B / " b -

Brown, 1. N., K. N, Brown ‘and L. A. Hills. 1968. Immunlty to

" malaria: the antibody response to antigenic var1at10n by
P1asmod jum knowlesz./fmmunol 14:.127-138. .

195.. The: relapse phenomenon in Leucocytozoon-
ectlons of the domestlc duck. Am. J Hyg. 56°,

4

Chernin, E.

. and T. J. Peterle. 1957. Leuocytozoon bonasae
larke in- M1ch1gan sharp-tailed grouse. J. W11d Manag.
21: 468-471, g . S

Desser, S. 'S 1967 SChlzogony and gametogony of
' Leucocytozoon simondi and associated. reactlons 1n the
avian host’. J. Protozool. 14: 244-254,

. Desser, S. S., A. M. Fallis and P. C. C. Granham. 1968.
Relapse in ‘ducks chronically infected with Leucocytozoon
- simondi and Parahaemopnoteus nettionis. Can. J. Zool.
46' 281-285. v , ~+

. Desser, S. S. and A. K. Ryckman. 1976. The development and

pathogené51s of Leucocytozoon simondi in Canada and
domestlc geese in Algonquln Park, Ontario. Can.'J. Zool.

87



l’ . \ o ‘ . ‘*’! ‘, 88

54: 634 643 , : _ N ‘ .
’ o .
Dorney, R.'S. and A. C. Todd 1960. Spring incidence of
ruf f€d grouse .blood parasites. J. Parasit. 46: 687~ 694

Fa111s, A, M. and G. F. Bennett. 1958. Transm1551on of
* Leucocytozoori bonasae Clarke to rutfed grouse (Bonasa
- umbellus L.) by the black flies Sfmullum Iztlpe M.G.
and Simullum aureum flxes. Can. J. Zool, %g -539.

Fallxs, A. M. and G. P, Bennett, 1960. Descr1pt1on of
Haemoproteus canachites n. sp.‘(Sporozoa -
Haemoproteidae) and sporogony in Culicoldes (Diptera:
Ceratopogonidae). Can. J. Zool. 38: 455-46%.

Fa111s, ‘A, M. and G. F. 'Benne1t> 1§ topogonidae as
intermediate hosts for Haemopro other pa
Mosq. News 21: 21-28. . :

_ o "
fallls, A. M. and G. F. Bennett. 1962, Observations on the
sporogony of Leucocytozoon mirandae, L. bonasae and L.
fringill inarum (Sporozoa Leucocyt0201dae) Can. J.
Zool. 40: -395-400.

Fallis, A. Mt and G. F. Bennett " 1966. On the epizooliology r

of infections caused by Leucocytozoon simondi in /
Algonquln Park, Canada. Can. J. Zool. 44: 101-112,

Fallis, Q. M., D. M. Davies and M, A. Vickers. 1951, Life
histdry of Leucocytozoon. simondi Mathis and Leger in
natural and experlmental infections and blood changes
produced in avian host. Can. J. Zool. 29: 297-304.

_Fallis, A. M. and D. M. Wood. 1957. Biting midges (Diptera:
Ceratopogonidae) as intermediate hosts of Haemopﬁoteus
of ducks. Can. J. Zool. 35:425-435,
\
Farmer, J; N. 1962. Relapse of Haemopnoteus sacharov i
infections in morning doves. Trans. N. Am. Wlld Conf. &

27 &Qi\;74 | : - _
Fox, D. J. akd K. E. Guire. 1976. Documentation for MIDAS.
 Statistics Research Laboratory, University of Michigan.

Greiner, E. G., E. S. Evelelgh and W. M. Boone. 1978.
. Ornithophilic Culicoides spp. (Diptera: Ceratopogonidae)
from New Brunswick, Canada, and 1mp11cat10ns of their
1nvolvement in haemoproteld transm1551on. J. Med.
Entomol 701-704.

Herman, C. M and G. F. Bennett 1976. Ude of sentinel ducks
“ in epizootiological studies of anatid blood protozoa.
Can. J. Zool. 54: -1038-1043.



~ ‘ 89
- * :

Khan, R, A. and A. M. Fallis. 1968, Comparison of infections
with Leucocytozoon simond! in black ducks (Anas
rubripes) , gallard (Anas platyrhynchos) and -white
Pekins (Anas boschas). Can. J. Zool. 46: 773-780. -

Khan, R, A, and A. M, Fallis. 1969. :‘Endogenous stages of
. Parahaemoproteus fringillae (Labbe, 1894) and :
Leucocytozoon fringll] inarum. Can. J. Zool. 47: 37-39.

Khan, R. A. and A. M. Fallis. 1970a. Life cycle of
Leucocytozoon dubreuili Mathis and Leger, 1911 and L.
fringlllinarum Woodcock, 1910 (Haemosporidia:
Leucocytozoidae). J. Protozool. 17: 642-658.-

Khan, R. A. and A. M. Fallis. 1970b. Relapse in pirds
infected with species of Leucocytozoon. Can. J. Zool.
48: 451-455, |

~ Khan, R. A. and A, M. Fallis. 1971. A note ongthgwsporogony
~of Paraheamoproteus velans (= Haemoproteus velans
Coatney and Roudabush) (Haemosporidia: Haemopfoteidae)
) in species of Culicoides. Can. J. Zool. 49:420-421.

Price, P. W, 1980. Evolutionary biology of parasites.
Princeton University Press, Princeton, New Jersey. !

Mahft, J. L. 1982, Black flies (Diptera: Simuliidae) from
Hardwicke Island,.British Columbia. Can. J..Zool. 60:
3364-3369.

Roller, N. F. and'S. S. Desser. 1973. The effect of .
' temperature, age and density of gametocytes and changes
in gas composition on exflagellation of Leucocytozoon .
.simondi. Can. J. Zool. 51: 557-587. , _

Woo, P. T. K. 1964. A study on the blood protozoa of blue
grouse on Vancouver Is., British Columdia. Msc. Thesis
Univ. of British Columbia. .



‘ . 0 ¢ +

.

&

Iv. Population‘dynnnicu of thrno';}croparnlites of blue
| grouse |
‘ -

Abse‘f\a::t | ‘ 4

gopulation dynamics of three intracelluler blood
micropans:tes, Leuoocytozoon ‘bonasae, Leucocytozoon sp. and
Haemoproteus manson | were 1nvestzgated to determzne
'pert1nent ;egtures in the m1c;oparas1te environment which
1n£luenced %Gpulation dynamics. Infrapopulations from
naturally 1nﬁ$cted captive and wild blue grouse were
sampled. Prevalence of each parasite in wild grouse chicks
was used to esEXmate‘the‘effectiveness of the-transmzss1on
system from year‘to yeaf (between-patch'dynamcis).
rLeucocytoz n bonasae had 290% prevalence in blue grouse
-chicks every §ear; however, the prevalence of the other two
parasites was lower, and fluctuated from year to year.
Leucocytozoon bonasae~pad an extremely effectlve
transm1551on system, whereas **he other two parasites d1d
not. The dependability &f blue grouse for the reproduction
of’each parasite was cohpared by examining sprvival and
réprdductive output'of infections during primary and relapse
periods (wi;hin;patch\dynamice). Survivorship was similar
between parasites. Data from wild and Captiye blue grouse
indibated that L. bonasae had equivalent reproductive output
during primafy and relapse periods}.whereagbLeucocytozoon
sp. output was much reduced from the primary period.

Haemopnoteus manson i had hlgher output durlng relapée. The

.
)
~
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two environmental parnmotorl‘- effectiveness of transpission
and dependability of the vertebrate host to} reproduction of
the parasite - were different for the three microparasites

L)

in blue grouse. . L ] .

Introductién :

i - Price (1980) indicated that in the ecology of parasitic
organxsms, "the effectxve environment for a parasite is the
patch where it is eltuated and another patch that it or its
progeny must reach in order to find new‘hosts. Thus our
ecology must become one of within-patch dynamics and
betweentpatcﬁ dynamics rather-tLan one'eco;ogiCal overview
of the meny patches.™ How can betyeen;pafeh anquithin-patch
dynamics be measured Fnd compared between species\of
parasites? ' “ ~;Q

Esch et al. (1977) outlined several factors that
interplay in determ1n1ng a host's acceptab1loty for a
parasite: the oqte of parasite deveLopment,_%%ie expectancy .
of the paresite and host, reproductive potential of the |
parasite, defence system of the host, pathogenici;yvof-the‘

' parasite, and'variabilitf and transmissibility of the
reproductlve stages of the parasite. The last of theie

factors, transm1ss1on, clearly measures between- patch

dynamlcs- the rest measure the relationship with. the
vertebrate host or within-patch dynamlcs.
ThlS study investigates the between patch and -

w1th1n patch dynamics of three 1ntracellu1ar mlcropara51tes,

-
1
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Leucocytozoon sp., L. bonasac and Hmnopmtnut“ manson/, in
blue grouse (Dendragapus obacunus) on Hardvickc Illandfk
British Cclumbia. The tvo parameters unod vere of!octivoni""‘
of trnntmicsicn (botvn.n-potch dynamics) and dependability
of the vertebrate host tor rcproduction of thc parasite .
(within-patch dynlmicl). ' '

.

~ Materials and Methods .

Captive chicks were reared in an outdoor aviary on
Hardwicke lsland, and sampled for blood every week (Chapter
11). The techniques for déterm}nation of prevalence' and
‘intensity of L. bonasae, Leuoéucytozoon sp. and H. manson|
in wild and captive blue grouse were the same as previously
aescribed (Chabter 11,111).

Two captive blue grouse were held in fiy free
conditions at Biological Animal Services,‘mllerslie,
Alberta, for a period of two years. Total gametocyte
productxon dur1ng the relapse period, February to July, was

calculated by addition of weekly counts throughout this

period. Statistics were apﬁlied as described in Chapter III.
_Results
Prevalence and intensity of- L. bonasae

The prevalence of L. bonasae in wild chicks showed a

similar pattern in each year. Prevalence increased



9

. .
dramatically from the !lrlt.twékéuotn in July through the
tirst two weeks in Auqult (FSQur3 1), Prevalence, in all
years, was high with 290% of wild chicks infected by early
August. However, prevalence in late August of 1981 and 1982
wnl significantly different (X'=10.74, p<0.05).

The prenonan or absence of L bonaaao in captive blue
;?oune held in.fly free condition: vas assessed during the
tirst relapse period (Aprfl-Augusgjquter‘primary infection
" in the previous summer; 100X of the 27 intactgsns relapsed,
included was one bird which had one gametocyte present
during the primary period of 1981; it relapsed in July of
1982 with a simi;ar intensity. ‘

The mean monthly intensity of L. bonasae in captive
birds is plotted in Figure 2. The pattérns for chick cohorts
1981 and 1982 were very similar, as were‘tﬁose for yearlings
reexposed to infection in 1982. In all,the peak of primary
infection occurred in August and September. All cohorts had
lowest intgnsigies in December, with a subsequent rise to a
peak in February and March, after which intensities declined
for the remainder of the season'(April‘- July). 1

A signed rank test on all birds with primary and
relapse infections did not reveal any significant difference
between primary and relabse peak intensities (2=0.26,
p>0.05). A linear. regression was calculated for peak
intensity during relapse on primary peak intensity (Figure
.3); 60.8% of the variance {n intensity could be accounted .

£ N
for by this regression (t=6.45, p<0.001). In general, birds
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Figure l;f Prevalence Sf prlmary infections of Leucocytozoon

‘ bonasae in w11d ‘blue grouse. chlcks from. Hardwlcke
-‘A Tt

e Island B C 1980 1982.,Sample size glVen on top

of bars, '»
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Mean monthly intensity'of Leucocytozoon bonasae in

cohorts of captive blue,grouée.monitored for. a year.
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’-1nfectlon. l 'f‘. o

The primary geometrzc mean 1ntenszt1es of L. bonasae 1n
.w11d chicks are presented 1n Table 1 In any year there vere v
no s1gn1f1cant d1fferences between the'nonths of July and
: August. ‘In addltlon,'pr1mary 1nten51t1es did not differ
‘between years (ANOVA for years, p>0 05) " Blue grouse had L
'bonasae present when returnlng to the breed1ng grounds in
' February and March but the limited sample in February/March
- was too small to 1nclude in ‘the analyses. Durlng the relapse
months of Aprll May and June there were no s1gn1f1cant |
‘dlfferences in 1ntens1t1es between months in any year (ANOV%
kon months, 'p>0.05).

Prlmary geometric mean 1nten51t1es did not d1ffer from

- £ L

firelapse 1nten51t1es w1th1n the same, year in 1980 and 1981

but prlmary 1nten51t1es were hlgher in 1982 (F 12.3,
 p<0.001) (Tabie 1). There vere no significant dlﬁferenCes
between years in intensities for adults (F=2.25, p}Q.OS) or

yearlings (F=1.16, p>0.05)

*Preualenceiand intensit& of LeucocytoZoon Spe
| 'freualence of LéUCocnyZoon spr'in wild chicks s
hpresented in Figure 4. Aslnith L. bonasae prevalence was

' ve@y low in early July and cllmbed to -a peak in August In
the latter half of July, the prevalence of Leucocytozoon Sp.

was much lower than that of L. bonasae, with significant



TABLE 1. CEOMETRIC MEAN INTENSITY OF LEUCOCYTOZOON 3QNASAE DURING

PRIMARY AND RELAPSE PERIODS IN WILD BLUE GROUSE.

PERIOD MONTH
Primary > July
Augﬁst
Relapse April
\ May
\
\\
' June
a
Primary All
Relapse All

ar

GEOMETRIC MEAN INTENSITY' (N)

1980 1981 - 1982
14.5(102)  11.8(70)  10.5(1L)
13.3(172)  15.3(114)  18.0(80)
13.6(72) 13.0(50) 9.7(22)
12.9(83)  13.8(36) -~ 8.9(20)
12.1(67) 15.3(27) - 10.0(38)

. b

' . F X 3.
13.7 14.1 6.7
12.9 13.8 9.6

’

+ é,Geometric M

ean Intensity expressed as Gametocytes/lS0,000 RBC.

*kk = Primary~aﬁd relabse intensities (all months) significantly

" different at p 0.001 by ANOVA (Sokal and Rohlf, 1969).

a = Geometric Mean Intensity oflall primary months.

101
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Figure 4. Prevalence of primary infectiéns of Leucocytdioon sp.

. in wild blue grouse chicks from Hardwicke Island, B. C.,

1980-1982. Sample size given on top- of bars.
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o 104
- differences in 1980 and 1981 (X"-32.§5, p<0.05}\§j -j3.25;

p<0 05). Leucocytozoon BP. prevalence in late July\was
similar between, years (X”for years, p>0. 05), but by early.
August prevalence ranged from 59% in 1980 to 100% 1ﬁ 1982
(X’=f0.47, p<du65). fbese diéferences persisted into late
August (Chapker 1). Therefore, prevelence pattefns were
dszerent between years in Leucocytozoon sp. \\

| ‘The .presence or absence of gametocytes in capt1ve blue
' grouse held in fly free cond1tlons was assessed durzng the )

first relapse per kod (Aprll August) after primary 1nfect10h

)
in the previous summer. One bird did not show gametocytes in

the spring orﬂsummer follo@ing primary infection{ however,
all etberslwere posibive (14 of 175). |
\ The mean monthly intensity of Leucocytozoon~s§h in 14
captive grouse was plotted for a complete year (Figure 5).
Population profiles for yearlings and chicks were similar.
Gahetocyte populations rose rapidly duEing the initial
infection per%od, reached a peak and then crashed to a low
level ih'éctober .For the remainde} of patehcy mean

{fﬁnten51t1es remained low and never showed 1nd1catlens o{

| recovery to the peak p;1mary level. In all blrdsr after the
initial peak and crash, gametocybes were recorded only
sporadically for the remainder of the infection. Any
increase in gametocyte_intensity above 1/150,000 RBCs was
ststained.fof'longer than one week in onlyrone7bird, where~
if was Aaintained for fourvweeks.‘Transitqry peaks were

rarely higher than 4/150,000 RBC. A linear‘fegression was

~
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Figufe 5; Mean monthly intensity of Leucocytozoon sp. in

captive blue grouse monitored for. a year.
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not significant for peak int%neity during relapse on primary
peak intensity, indicating no relstionship betveen these
parameters (Figure 6).

Data on primary Leucocytozoon sp. infections in wild
chicks are presented fn Table 2. The geometric mean
“intensities did not differ from July to August, or from year
to year (ANOVA's for months and years, p>0.05). Relapse
infections in mature birds, from April to June, were similar
between months (ANOVA, p>0.05). The geometric mean relapse
intensities did nog differ £romvyeat to year (F=2,23,
-p>0.05). Within the same year, ?elapse intensities in mature
birds were significantly lower thaﬁ primary infections in
chicks (Kruskal-Wallis test 1980: H=25.3, p<0.00%; 1981:
He39.4, p<0.001; 1982: H=46.1, p<0.001). There were no
significant differences in intensities betveen years for
adults (F=1.28, p>0.05) or yearlings (F=2.45, p>0.05).

(.
Prevalence and intensity of H. mansoni

Haemoproteus mansoni first appeared in wild chicks in
August. Prevalence in August 1980 and 1981 was very low, L4
whereas in August 1982° it was significantly‘higher (x? M
=70.8, p<0.00]) (Figure 7). In 1980 and 1982, data from wild
chicks were'notjcollected after the end of August;
‘thetefore: the prevalence in these years may have been
underestimated. In 1981 blood samples were cellected in

September, prevalence was 39% (N= 18), whlch vas not

significantly different from August of 1982 (58%) (x*=2.0,



6. \Peak relapse intensity of Leucoqytozoon sp in.

» captlve blue grouse versus peak primary intensity
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" TABLE 2.

. PRIMARY AND RELAPSE PERIODS IN WILD§

LUE GBQDSE’

,(

110

S e

GEOMETRIC MEAN INTENSITY OF LEUCOCYTOZOON SP DURING

i
Lo GEOMETRIC MEAN INTENSITY ™
PERTOD ” MONTH 1980 1981 ~1982 |
Primary July 8.5(44)  11.6(30) 8.5(6)
(juveniles) S S ‘ : s R -
‘ IR “August’ 113.7(104) 17.6(99) 16.9(79)
‘Relapse - Aprilk [ 6.2(54) - . 1@.3(33)' Qv3;4(14)@,
_‘(\mva-tu’re birdS) o : » o T o e - s
S owvay 480 4.7(25) . 3.4(17) |
‘ June 5.9(57)  6.1(22) - 4.7(32)
, _ : ' aa' L ek o kkk L kkk
. Primary a1® SRS 1 O 13.9 15.8"
Relapse a1l 5.5 4.9 4.0

Can -

+ = Geometrlc Mean Inten51ty expressed in Gametocytes/lSO OOO RBC.

kkk = Prlmary and relapse intensities (all months) 81gn1f1cantly

'different at p

0.001 by Kruskal—Wallls o

Geometric Mean Inten51ty of all primary months
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. Figﬁre_ 7~_-Prevalence of primary infections of: Haemqproteus mansoni  >

' in wild blue grouse chicks from Hardwicke Island B. C.,~

August 11980-1982 ‘and September 1981. Sample size giVen .

gon‘top of bars.
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p>0. 05) .
Ten of the ch1cks from 1981 and n1ne chlcks from a 1982
cohort became 1nfected w1th H. mansonf durlng the exposure
per1od in the outdoor av1ary on Hardw1cke Island One of
’ n1ne unmnfected yearl1ngs from the 1981 cohort became
1nfected w1th H. mansoni when reexposed 1n IQQE‘/E}&mples of
three pr1mary 1nfectlons w1th d1fferent 1nten51t1és/are°
plotted in Flgure 8 Inten51t1es peaked within the f1rst.\
three weeks, and then crashed Prlmary peak 1ntens1t1esA
ranged from 10 to 1892 gametocytes/30 000 RBCs.’j:"
The presence or absence of H mansonr 1n capt1ve blue
grouse was assessed dur1ng the f1rst relapse perlod k e
L - (May- October) after pr1mary 1nfectlon 1n the prev;ous _ .k
' ‘;Zéigmmer-r100% of the 10 1nfect1ons relapsed Table 3 llsts o .
lh the peak pr1mary, relapse and secondary relapse 1nten51t1es
observed 1n these b1rds.1Four blrds from the 1981 cohort |
(1:~5urv1ved capt1v1ty to- relapse a second tlme.‘Two yearllngs .
(Nos.»90 92) from the 1981 cohort vere returned to Hardwlckel
/Island in 1982 and may have been relnfected. All other |
b1rds were held in fly free condltlons throughout the entlre.~
relapse perlod The rank order of peak prlmary and peak
»rfrrst relapse 1nten51ty d1d not change 1n capt1ve b1rds
.(Kendall coeff1c1ent of correlatlon, p>0 05) In,slx blrds
: relapse peak 1nten51t1es were hlgher, three were'10yer,.and
h1n one b1rd essentlally the same as pr1mary peak 1ntensities‘"

~_(Table 3) In secondary relapse 1nfect1ons, peak 1ntens1ties.

ﬂ*1ncreased 1n one b1rd whlle decreas1ng in: three others from

S

L
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TABLE 3. PHAK INTENSITY-OF HAEMOPROTEUS MANSONI IN.CAPTIVE BLUE

GROUSE DURING PRIMARY, RELAPSE AND‘SECONDARY RELAPSE

 PERIODS.
-
L ’ ' { +
“BIRD NO. - " PEAK INTENSITY
A PRIMARY RELAPSE SECONDARY
A - RELAPSE
00 . 22 731" -
38 13 133 72
- 65 63 629 -
02 | . .
67 10 12 P’
69 699 207 -
75 539 290 -
83 31 184 -
90 - J27 246 599
9% 912 1922 893 .
95 174 B -

* gametocyfes were present but numbers were less than 1/30,000 RBC

+ peak inﬁensity expressed in gametocytes/30,000 RBC

- bird did not survive.

/
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the previous peak. Haemopr‘oteus mansoni output obkusly

‘varied dramatlcally from host to host, and from year to year

N

in the same_host.

Primary and relapse geometr1c mean 1ntens1;1es of H.

‘mansoni in wild blue grouse are presented ‘in ‘Table 4.

Primary intensities 1n chicks were recorded in August of
A
every year..There were no 51gn1f1cant d1fferences between

years (F=1.9, p>0.05). Mature _grouse returnlng to the

'~ preeding grounds in February and March 1982, were negatiVe

for H. mansoni, with the exception of one*bird which had an
1nten51ty of only 1/30 000 RBCs. In all yearS, the geometr1c
mean intensities were extremely low in April and May, but
subsequently rose sharply in June and July (Chapter 2).

There was a‘51gn1f1cant rise in intensity from June to July

of 1980 and 1981 (ANOVA, p<0.01), but not in 1982 (F=2.89,

4 p>o.05). There were significant differences in the peak July

‘intensities between years (F=4.24, p<0.05). Two way analysis

of variance revealed significantly higher intensities during
relapse than in primary 1nfectlons ( F=12.57, p<0.001)f‘year
did not affect the outcome of the analy51s (ANOVA

interaction term F=1.09, p>0.05).

. Comparison of microparasite_intensities in yearling and

I3

adult blue grouse
Blue grouse which were 1solated from relnfectlon by

capt1v1ty, producedsgametocytes during two’Engecutlve

relapse seasons for both L. bonasae and H. mansoni.

/
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.. TABLE 4, GEOMETRIC MEAN INTENSITY' OF HAEMOPROTEUS MANSONI DURING

PRIMARY AND RELAPSE PERIODS IN WILD BLUE ‘GROUSE.

'PERIOD MONTH GEOMETRIC MEAN INTENSITY & (N)

| 1980 1981 . 1982
‘Primary August 816(10)  160(6) - 609(35)
"(juveniles) ) . :
Relapse July 2816(22) . 1386(19) 1009(8)

(mature birds)

€

+ = geometric mean intensity expressed as Gametocytes/30;000 RBC.
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Gametocytes from LeucocytOZOOn sp. were,present during one
relapse season. The1r presence in a second was not
'determ1ned as birds died from various causes unrelated to
;paras1te 1nfect1on before the second relap e per1od

‘ Only two chicks (No. 57 and 67) naturall infected in’

1981 w1th L. bonasae were held in fly free cond1 1ons for .
“two add1t1onal summers (1982 and 1983); they produced more
gametocytes as yearlings in 1982, than as adults in 1983.
?rom February to July 1982 a total relapse productlon was 76
gametocytes for b1rd No. 57, and 62 for bird No. 67. Dur1ng
the same. per1gf in 1933, total secondary relapse gametocyte
- production was 16 for N0:‘57 and ilve for No. 67. In alls
”years, wild yearlings had .significantly higher relapse |
intensities of L. bonasae than aduits{ This difference uas
not observed in the other two para51tes (Table 5).
Reexposed yearllngs contnacted secondary 1nfect1ons of

L. bonasae (Chapter 11). Sudden rises in gametocyte numbers
in exposed birds were 1nterpreted as ev1dence for new ‘\\
'1nfect10ns, as infected control birds d1d not produce such\\g
rises. Bird No. 62 exhibited a: mlld 1nfect10n of
'Leucocytozoon sp. (5 gametocytes/150,000 RBC) in 198?. No.
gametocytes were seen after September, but when reexposed in
summer of 1982 a secondary mild infe tion was detected.

Three yearlings, previously infected'with H. mansoni in

1981, were returned to the outdoor aviary in TQBé.xAs all
three‘infrapopuldtions were intensely productive throughout

the reexposure period, it was impossible to determine if

e

G
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TABLE 5. MEAN GEOMETRIC RELAPSE INTENSITY OF LEUCOCYTOZOON SP.,

L. BONASAE AND HAEMOPROTEUS MANSONI IN ADULT AND YEARLING

WILD BLUE GROUSE. )

PARASITE . 'MEAN GEOMETRIC INTENSITY (N) F P

YEARLING " ADULT

L. bonasae

1980 17.6(82) 10.7¢140)  11.48  %x#

1981 17.4(57) 10.9(56) 7.19 - x%
1982 - 13.0(34) 7.7(46) 5.95 *

r(Aprithune)

.
Leucocytozoon sp.

1980 C 5.2(64) 5.7(117) 0.26  NSD
1981 3.5(34) O 6.2(46), 4.77 *
1982 I 13.8(29) 4.3(34) ©0.28  NSD
(Ap:il-June) - '
" H. mansoni

1980-1982 - 2453(18) 1538(30)  ©  2.34 NSD
(July) ‘ i ”

* significant at 0.05, ** significant at 0.01, *** significant at

0.001, NSD = no significant difference.
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reinfection had occurred.

Discussion

Microparasites are transmitted from blue grouse to blue
grouse via vectors. In other systems, Leucocytozoon species
are vectored by simuliids, and Haemoproteus species by
Cullcoldes (Bennett and Fallis, 1960; Fal}is and Bennett,
1961;v1966; Herman and Bennett, 1976). Trgnsmission of a
microparasite to an uninfected blue‘grousé results in a
primary infection. Microparasites ovgrwint?r in blpe grouse,
and the reappearance or‘increase'in number}of gametocytes in .
the peripheral blood during the following year is referred
to as a relapsing infection. Relapse bopula ions of
gametocytes are the result of asexuai reproduction in the
birds; no further transmiséion‘has occurred.\Both primary
‘and relapsé gameto¢ytes-are_infective to the appropriate
vectors, and thus gametocytes are a vital link in the life
cycle of m1croparas1tes.' l

Blue grouse can be. regarded as a patch 1n which’
microparas1tes may sqrv1ve and reproduce.‘The population
dyhamics of parasites within an individual grouse éan'be
termed gifhin—pqtch dynamics. Moreover, as each'patchbhas a
finite life span, microparasites must transfer from one
patch to another. The éynamics'of such transfer is referred.
to qs between-patch dynamicé. Thus, the population dynémics
of microparasites have tw§ components,vwithin—patch and
befween-patchQ |

__— . , »
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_ Bftween patch dynamlcs ‘can be measured by the
1transm1551on of each mlcropara51te spec1es to the next
. o

T L genbratlon of blue grouse, the CthkS. A comparlson of the

a

prevalence 1n chlcks from year to year,_for each

mlcropara51te,'should reflect the level of and var1at1on in

transm1551on from patch to patch Thus,;the effectlveness of

'lf the transm1551on system can be compared betweentspec1es of
| paras1tes.' } o i | ;1 o

| Wlthln patch dynamlcslls measured by the surv1val and
B reproductlve output of each mrcrop:;a51te W1th1n the blue

grouse. An 1ndléator/oigsu§v1val 1s the prevalence of a d'

\)

para51te durlng relapse compared w1th the prevalence in an',tb

earller prlmary 1nfect10n. The reproductlve output can be
|

measured by the 1nten51ty of- gametocytes 1n the blood durlng'

prlmary and relapse 1nfectlons. I w1lk use these
compare w1th1n patch dynamlcs in the three m1croparasltes.
Thls assumes that both prlmary or relapse phases are -
1mportant for transm1551on. Reproductlve output is 1mportant
dur1ng prlmary 1nfect10n, as further transmlss1on 1nvolv1ng
- pr1mary 1nfect10ns in CthkS may occur. Durlng relapse,
output is: cr1t1cal for. malntalnance of the para51te
populatlon, as transm1551on occurs via the: vector to the new

generat1on of vertebrate hosts, the grouse chicks.

Comparison of output durlng primary: infectlon and subsequent

' relapse perlods can be a measure of the dependab1l1ty of the
% _

vertebrate host for the continuance of the para51te life:

1nfrapopulat1on studles, in both captlve and w1ld grouse, to
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cycler'iu -
. Infrapopulatlons of a part1cular m1cropara51te in

11nd1v1dual blue grouse or in- populatlons may follow four

(Al

kffposs1ble courses 1n terms of reproductlve output dur1ng ;

prlmary and relapse perlods (Flgure 9) (a) pr1mary and

relapse output are equ1valent (b) prlmary output is much

vgreater than relapse output (c) relapse output is greater

SRS

than pr1mary output, and (d) prlmary output only, 'nc'elapse

“F

' occurs.‘Comparlson of prlmary and relapse 1ntens1ty levels

.

in this way at the 1nfrapopulatlon level 1s 1ndependent of

.f'the 1nten51ty of 1nfectlon attalned by each spec1es of

paras1te, and serves as an 1nterspec1es 1nd1cator of '
assoc1atlon with the vertebrate host.

Are there dlfferences 1n effect1veness of the‘:

transmlss1on system from year to year7 ‘The’ preValence of

each m1cropara51te was determ1ned for three years 1n w1ld
chick populat1ons on. Hardw1cke Island allow1ng an
evaluatlon of the between patch dynam1cs of each k lj"f
m1cropara51te. Transm1551on of L. bonasae was hlghly
effectlve each year,'w1th 290% of chicks becomlng 1nfected
by August. By»contrast prevalence of Leucocytozoon sp was

!
lower and varled wldely from year ‘to year..The prevalence of

}'H mansoni in w11d~ch1cks also varled from year-to year.

Transm1551on of thlS para51te took place late 1n the summer,
and most llkely cont1nued after sampllng was stopped at the
end of August Therefore data from August may be an "01 |

1naccurate measurement of effectlveness. However, prevalence



.'Figure '9-."Hypotheticél comparison of primaQy_andfrélaﬁse

intensitylprqfiles of microparasites.
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' ._:rn~5eptember of 1981 was 39%° 1f I assume no transm1551on

S S e TSR SR R 126

i

’»occurred 1n October, then thls 1nd1cated poor effectlveness
f;of transm1551on. These features 1nd1cate that thel
‘:veffect1veness oF the transm1ss1on system, whlch 1s an o
1nd1cator of the between patch dynamlcs, dlffered amongy
fthese mlcropara51tes, Leucocytozoon bonasae had a hlghly
dheffectlve transm1551on system whereas Leucocytozoon sp and
‘"H mansonl had much less effect1ve transm1551on systems. -
Effectlveness of the transm1551on system 1s also .

. varlable for other blood mlcropara51tes. Beaud01n et al

'(1971) found vary1ng prevalence from year to year of

h~T_PIasmod1um in blrds from Pennsylvan1a. Pr1mary 1nfectlons 1m.

‘fmany spec1es of the1r blrds varled from 0 25%, in one year,‘

;there appeared to be no transm1ssxon Herman and Bennett-
I :

"‘1(1976) used sentlnel ducks to estlmate prevalence of L.

jsrmondl and H nettlonls in New Brunswlck In three years,l o
:~wthe prevalence of L slmdhdl in- sentlnel ddcks vas very j
‘con51stent and hlgh with over 90% of ducks 1nfected each
"year. By contrast the prevalence of H. nettlonls varled
‘ from almost zero (only one b1rd 1nfected) 1n 1973 to 40% in
1972 Apparently, L slmondl had a effectlve transm1551on

system, whereas H nettlonls d1d not Th1s pattern was y
51m11ar to that in my data for L bonasae ‘and H. mansonl 1n‘
7_‘b1ue grouse. W1111ams et al. (1980) reported var1able |

hprevalence of H mansonl in blue grone chlcks on Vancouver

'Island



Overwlnter surv1val of each m1cropara51te was meaSured
Lby the productlon of gametocyte stages which wene present 1n
thhe perlpheral blood durlng the relapSe perlod Captlve"A.
grouse were monltored weekly, and therefore served as ‘a nl
dependable gauge of survlvorshlp for each paras1te. All L
bonasae and H manson] 1nfected chlcks and yearllngs had
‘relapse populatlons the follow1ng summer..Fourteen of 15
':Leucocytozoon sp. 1nfectlons overwlntered and relapsed
Thus, there were no 1mportant dlfferences in surv1vorsh1p L

between these para51tes. 53?3?Va1 tc a second relapse per1od

'(second summer after prlmary 1nfect1on) ‘was also p0551ble’to

lwkassess in’ capt1ve grouse (at least for L bonasae and H

{A mansonf) All surv1v1ng grouse 1nfected w1th e1ther spec1es
"dhad gametocytes durlng a second relapse perlod The f /rd"
7=surv1vorsh1p aspect of dependab111ty of the vertebrate host
dvfor the reproduct1on of each paras1te does not dlffer'v'
1between the three mlcropara51te '4; - " |

h The dependablllty of blue grouse for the reproductlon }_

’of each para51te was also assessed by comparlng prlmarﬁéhnd

relapse output Leucocytozoon bonasae 1ntens1t1es in. wild
wand capt1ve grouse showed the same patterns. Thetgeometrlc//?’
mean 1ntens1t1es of L bonasae 1n w1ld CthkS (prlmary - ‘
1nfect10n) vere. s1m11ar to those found durlng relapse in
;mature blrds,‘wlth the exceptlon of 1982 (Table 1)

leewlse, peak prlmary and relapse 1nten51t1es in captlve ’
'1grouse were not 51gn1f1cantly dlfferent. Regresslon analy51s‘l‘

jalso 1nd1cated a relatlonshlp between peak prlmary and’
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~'f"relapse 1ntens1t1es. In general the reproductlve output‘

'“hdur1ng relapse was s1m11ar to that of pr1mary output 1n bothvj '

capt1ve and w1ld bxrds. There were d1fferences between WIIdY
.and captlve b1rds. Relapse 1nten51t1es in. captlve grouse
“ipeaked 1n February and March -and decllned throughout the'u"
”psummer months. In w1ld grouse,_1ntens1t1es could not . be
determlned 1n February and March but” were not s1gn1£1cantlyvj
~id1fferent throughout the summer months (Table 1) These o
hd1fferences could be. the result of the much lower
jlnten51t1es in captlve grouse. Overall L bonasae produced
"’gametocytes equally well during. prlmary and relapse pengods'
hglndlcatlng that blue grouse Were dependable hosts for this

fparaszte (Flgure 9a) ‘
x

Leucocytozoon sp. had dlfferent patterns in prlmary and‘
relapse 1ntens1t1es. Results were con51stent for w1ld and
‘captlvé grouse. For all three years, the geometrlc mean’
- 1nten51t1es of Leucocytozoon sp.”1n wild CthkS (prlmary
llnfect1on) vere 51gn1f1cantly hlgher than in relap51ng
mature-blrds (Table 2) Captlve grouse 1nfrapopulatlon
',proflles supported these observatlons; lnten51t1es dur1ng
drelapse were extremely ‘low and: there was no relatlonsh1p
V;rbetween pr1mary peak and relapse peak’ 1nten51t1es (Flgurea
h 7) Thls 1mp11ed a d1fferent type of host response than that
observed ‘in L bonasae Leucocytozoon sp. may have 1nduced a
»den51ty 1ndependent 1mmune response, whereas the response to'

L. bonasae'appeared more . den51ty dependent. Leucocytozoon

.sp, f%llowedja\type.(b) (Flgure 9b) reproductlve output
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with primary output being‘much greater than relapse output. - .

‘*" ‘L Y : oy
’ i '

In add1t1on, pr1mary 1nfect1ons of Leucocytozoon sp.
,“gametocytes had - poorer surv1val than H mansonl gametocytes
‘or unlnfected erythrocytes (Chapter V) Blue- grouse

.const1tuted an undependable host for thlS para51te.

Haemoproteus mansoni 1n wild' blue grouse had hlgherl

outputs 1n relapse than 1n pr1mary 1nfectlons. Capt1ve ‘birds
prov1ded an accurate assessment of the reproduct1ve output I |
of H mansonl, as ‘the peak 1nten51ty could be more prec1se1y

ed. There were ‘wide varlatlons in the output of H.

i Infrapopulat1oqs followed type (a), (b) and (c)
hpatterns. 6;Naverage, prlmary and relapse product1on was
equ1valent.vTherefore, H. mansinx can at least sustaln
reproductlve output dur1ng relapse, and potent1al exists for
.populatlon 1ncrease. Grouse constltuted a dependable host
_for H mansoni ; e | b

: These three mlcropara51tes can be’ categorlzed with
respect to. the’ dependablllty of blue grouse for their
",reproduct1on;and surv;val As there was no detectable
difference between‘surviual, reproduct1ve output must be the .
main criterion;.Reproductive'dependabllrty-was hlgh_for H.
mansonl and L bonasae, but: much less for Leucocytozoon sp.
| ‘How long is a patch sultable for these para51tes7 wild
yearllngs and adults had 1nfectlons of all three- para51tes
'(Table 5), but intensities of Leucocytozoon sp. were low 1n‘
both age classes whlch indicated a cont1nued poor B

assoc1atlon. Wlld and captlve adult blue grouse appeared to

©
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. have increased resistance to L. bonasae. Thus, the quality
‘,of°each patch (hird)_was apparently deteriorating with time.
:This'was?not’the case for H.“mansohi:‘the two age classes

had.equivalent intensities. As H. mansohilhad a low -
'effectiveness ofltransmissiggi‘contipueo dependability of
adult blue grouse would,be advantageousfto‘its surviual. On..
the other hand, L.- bonasae had a hlghly effective
transm1551on\system, and may not be as dependent on f .ﬁ
,ma1nta1nange of 1nfrapopulat1ons in .adult blue grouse.
Withinfpatch'dynamics can also be.aSSessed for other
Haemosporina. Leucocytozoon fringillinarumwproduced a
isubstantial primary‘infection;Abut essentially no relapse
;(Khan‘and'Fallis,_1970a'b)"This species was found in many
bird spec1es in the same locallty (Khan and Fallis, 1970b).
Although there was poor relapse 1n any one host, the
» accumulated relapse 0utput from many ‘host spec1es may result
1n a large total output &rom the- host communlty. Khan and
Fallls‘(1970b) noted reduced.para51tem1as in rob1ns and
saw- whet owls w1th relap51ng L dUbFeUl]l and L. ‘
danrlewsky;, respectlvely. Plasmodrum relictum in a
}populatlon of Engllsh sparrows had a much lower mean peak
relapse intensity than mean prlmary 1nten51ty (Applegate,
1970). Leucocytozoon bonasae and H mansoni in blue grousei
rwere 1n a more dependable vertebrate host than L

fnrngllllnanum, L. dubreu:ll, L. danllewskyl, P Pellctum,

and Leucocytozoon_sp_
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:This discussion has focused on the éffectivepass of the
transmission system,’ahd survival and?reproductive output of
thrée microparasites. These correspond to an assessment of
between- patch and within- patch dynamlcs. Each para51te fell
into different category when con51der1hg both effectlveness
and dependability parameters. Leucocytozoon bonasae had a
highly effective,tranSmission system, and a highly .
dependable association with blue grouse. In 'c:ont:rast,~
Laucocytoéoonfgo.‘had'a leSS‘effectiVe‘tfansmission systermt,
and the dependabi{itx'of the vé;tebrate host for its
rgprodUction—wasilow. Haemoproteus manson i exhibited the
lowest effectiveness of trapsﬁiSéion, and a'daﬁandable’
association with blue groqse.'Such a spectrum of patch

dynamics may influence the evolution of microparasites. This

idea will be developed in the concluding discﬁssion.'
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V. Compar1son of declxne in Leucocytozoon sp. and
Haemopﬁoteus manson i prtmary populat1ons~an "blue" grouse
- . .

Abstract

‘Loss of Haemoproteus mansoni and Leucocytozoon sp:
-gametocytes from per1phera1 blood of blue grouse during the
f1rst three weeks of prlmary infection, was compared
'Chromium 51 was used to est1mate normal loss of uninfected
erythrocytes. The loss of Leucocytozoon sp. gametocytes,
which are 1ntraerythrocyt1c, was more rapld than the loss of
elther unlnfected erythrocytes or erythrocytes 1nfected‘w1th
H. mansoni gametocytes. This was taken as further ev1dence
for the undependable association between Leucoqytozoon sp.
and blue grouse; -_ ) ' . . o .

*

Introduct1on' |

The gametocyte stage of Haemopnoteus spp. and some
‘Leucocytozoon spp. develops in erythrocytes (Khan,_1975;
Khan and Fa111s, 1970 White and Bennett, 1979) In blue.}
grouse (Dendﬁagapus obscurus) from Hardwicke Island Brltlsh
Columbla, Leucocytozoon sp. (Chapter 111).and H. mansoni
produced prlmary populat1ons of gametocytes within
.erythrocytes.\A number of factors may limit the duration-of
these primary infections: (1) initial peak intenSity.of ‘
infection, (2) 1mmune reaction of host which may reduce or
prevent . secondary mer0201te invasion and/or remove infected
erythrocytes from c1rcu1at1on,_and (3) the life span of

133
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erythrocytes.

Both parasites had greater gametocyte losses than could
be accounted for by the normal removal of erythrocytes, but
in H., mansoni thls loss may have been compensated byvnew '
merozo1te 1nvas1on..L1m1ted reproductxon of Leucocytozoon

sp. vwas implicated as further ev1dence for an. undependable

" association with blue grouse.

Mater1a1s and Methods | . f

| Captive grouse were ralsed and ma1nta1ned as prev1ously
descrlbed (Chapter 11). Inten51ty of H. mansonl and
Leucocytozoon sp. were mon1tored weekly/as described
.(Chapter IV). The patent period for Leupocytozoon sp. and H.
. manson i was calculated from the week the intensity rose
above 1/30,000»RBC, until the 1nten51ty dropped below these
levels. ;

Six captiye_blue grouse Kparasite free)'werejisolated
in individual cages and each injected‘in‘the brachial vein
with 100 ul orv"Cr (Na'CrO ). A Olsfml blood sample was
removed 24 hr after 1nocu1atloﬂ andfat weekly'intervals
_thereafter. Each sample was mixed wlth 0.2 ml of sodium
citrate. Duplicate 0.2 ml subsamples wereﬂremoved and washed
twice in physiclogical sallne (0 85%) to remove any |
.extracellular radloact1v1ty. The subsample was pipetted into
a 10 ml scintillation vral containing 5 ml of saline and
~counted (counts per minute)-on a Beekman Gamma 8000. Packed

cell volume (PCV) was also recorded. The loss of.
I : : o
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radioactivity was ccrrected for variation in PCV, and for

decay of the isotobe; The log declinsyin s'Cr content of the

‘blood was calculated for the first three weeks from the B

start of the experiment. This gave an indication of "the rate
of loss of erythrocytes from the circulation (Rodnan et. al.,

1957). Similarly, the log decline of the two parasite

- populations was calculated from the week of peak primary

Results

~ peak intensity

‘intensity o

intensity for two succeeding weeks after the peak. »

Al

‘Linear r essions were calculated for nuﬁber of weeks
6fi>atency £ nsoni and Leucocytozoon sp. on the peak

'y infection (Figures 1,2) to detetmine if

1

d an influence on patent period In H.

» mansoni, 39.5% of the variance in pr1mary patent per1od

could be accounted for by the regre551on (t= 3, 527 p<0 01)

“and in LeucoCytozoon sp., 33.3% of ‘the variance in patent

period could_betexplained by the regression (t=3.08,

p<0.01). The slopes of H. mansoni and Leucocytozoon sp. were

ﬁOt significantly different;(F=0.273,,p>0QdS).

The log decline of uninfectedr"Cr labelled
erythrocytes had a slope‘of‘—o 195, Thevdeclide in
Leucocytozoon sp. was greater than that of un1nfected
erythrocytes (Table 1) (Signs test, p<0.01) However, .the
logodecline of H. mansoni intensity was hct sig;ificantly

dlfferent from the decline of un1nfected erythrocytes (Table'

1). Chromlum 51 label could not he detected in erythrocytes

J
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Figute‘fln_ ‘Pateﬁt'périod of‘ﬁfipary Haemoproteus mansonil
o / versus

o

: infettionsiinICaptive%blue,grduse chicks

peak primary intensity. o
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PATENT PERIOD (weeks)

o1

 N=21

y=2.88540,016x

; r=0577 .

' 4"“"' - . '_‘"ﬁH-
2 4 6 8 10 12 14 16 18 20
PEAK INTENSITY S\
(gametocyteé' x1‘0fl150,0'00 RBC)



TABLE 1. COMPARISON OF LOG SLOPE OF DECLINE IN PRIMARY HAEMOPROTEUS

,  MANSONT AND LEUCOCYTOZOON SP. GAMETOCYTE POPULATIONS WITH
L0G ‘SLOPE OF LOSS OF ~'Cr LABELLED ERYTHROCYTES. =

S 2 P TS e

‘Case .7 =X slope . . N 'No. with slope >»RBC - Significance

o .

;Erythro'cytes - -0.195 - -, ;;f . co=

" H. mamnsoni  ~-0.25 . 19 IS ¢

Leucocytozoon sp. ~0.49 = 19° ' R ¥

4

% p=0.0l by Signs test (Siegel, 1956).
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beyondYthe f1fth week after 1n3ect1on. Therefore, the
.max1mum 11fe span of erythggcytes was fzve weeks. Almost all

Leucocytozoon sp 1nfect1ons had rmtent perlods shorter than.

f1ve weeks, whereas H. mansoni 1nfect1ons lasted longer =

(5 11 weeks) than the longest l1ved un1nfected erythrocyte.

L)

Regre551on of. peak 1nten51ty on weeks 1nd1cated that 1n;

‘sboth para51tes the hlgher the peak 1nten51ty the longer the.
'1nfect10n lasted It was curlous that 1n both organlsms e
‘approxlmately one th1rd of the var1ance was exp1a1ned by |

: thlS nelatlonshlp,‘however, thlS may be a c01nc1dence, or a

'functlon of the measurement techn1que. A large part of the

varlance in patency was. not correlated w1th peak 1nten51ty;

‘ Wlde;varlat1on 1nfpatency‘may_be the result of varlable'

‘resistance of the host.

A comparlson of 1og slope of decllne in erythrocytesv

with log. decllne in Leucocytozoon sp. and H mansonl o
;1nd1cated that gametocytes of Leucocytozoon sp decl1ned ,j
?more rapldly»than normal erythrocytes or gametocytes of H

- mansonl. Dur1ng the second ‘and th1rd week after the peak 1np

'WH mansonl 1nten51ty a few young gametocytes were«present in

the populat1on (Chapter III). Thus, the equlvalent slope of

kRBC 1nfected w1th gametocytes of H. mansoni and un1nfected~

normal erythrocytes may have resulted from a’ comb1nat1on of

the removal 6f mature gametocytes‘and the‘addltlon of young

v developiné gametocytes stemming from continued invasion by -



4z
| Emerozo1tes. | | |
. As ev1dent from the log slope of:. decllne of .
'Leucocytozoon sp. the loss of« gametocytes was much more
rapld and there were no 1nd1cat1ons of contlnued 1nvas1on "
‘of erythrocytes- the loss was not compensated. In both |
-;para51tes, removal of the 1nfected erythrocyte was
| presumably through an 1mmunolog1cal response, as in
- Plasmodium 1nfectlons (Cohen, 1978 Cohen et al - 1977;
‘ Poels et al 1978). Add1t1ona1 1nva51on of erythrocytes by
3 mer0201tes of H mansoni would also account for the longer
,patent per1od in this para51te. | _ _ _
o Khan and Fallls (1970) followed primatry 1nfectlons of
L. dubPeUIli in roblns and L. fPingilllnaPum in grackles.yIl
~ca1culated the slope of decline of gametocytes to be
‘ approxlmately -0 225 for L dubréu:?i and -0.21 for L.
lfrlngfllfnarum Thls was very 51m1lar to the decllne of H

’ & .
,,vmansonr, or erythrocytes in blue grouse. However, s1m11ar

slopes\could be “the result of remova1°of old gametocytes andﬂ
new gametocyte development as in H. mansonl, or jUSt normal
rate of loss of unlnfected erythrocytes

| The poer dependab¢l1ty of blue grouse for the
| reproductlon of Leucocytozoon sp. was reflected in a short

}pr1mary patency, wvhereas H. mansoni had a longer patency. ‘In

addition, although L tozoon sp. had a longer
“vtransm1ss1on window than ﬂ manson i (Chapter I111), t 'e;
former had a shorter patency which would reduce

“between-patch transfer from prlmary infected blue grouse to
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Uninféctgd chicks. Rep:odu¢tion of Leucocytozoon sp.

-+ .appeared to be severely curtailed. .
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V1. CONCLUDING DISCUSSION |

A;tempts to understand the selective pressures which
lead to different life history strategles have been the
focus of research in evolutionary ecology, see reviews by
. Steérns (1976,1977). MecAfthur and'wilson;(1967) first
1ntro ced the terms r‘and K selection, in the context of
environmental correlates which select for different su1tes
of'character1st1cs within species. These ideas have
stimulateﬁ much controversy, which has resulted in the
.expansion of the meanings for r and K seIECtion (see review
by Parry, 1981). The model 6;esehted here will invoke
habitat stability as the sculptor of_life hfstory strategies
for Nmicroparas.ites wi_‘tb two hosts (vector and %ert‘ebrate). ,
K-selected species are feuné in habitats that remain
available fe} long periods of time, whereas r-selected
species oecur in ephemeral habitats. I attemptfto’relate
fevdlutionary processes in micropafasitesoﬁo gener@}%\* |
eeological theory, and make no evaluation of these theories
any fhrther(}ﬁ%m is necessary to_understand'micropafasite
systems. :

Perasitologists have attempted to place perasfte life
hiStery strategies in the context of r- and K-selection
(Esch‘et al., 1977; Jennings and Caiow, 1975; Mitchellw_
1974; Seidenberg et al. 1974)' Jennings and Calow (1975)
 concluded that endopara51t1c Platyhelmlnthes followed both
r- and K- strategles. Seidenberg et al. (1974) 1nterpreted

loss of adult male enteric nematodes, Longistriata adunca,
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as an r-strategy. Esch et al. (1977) also concluded that

most para51tes exhibited r- selected characteristics.

3

However, a third selective process, adversity selection

~

 ("A‘selection") may alter,the\interpretation of some
- parasitic life history strategies.'Greénslade (1972 a,b)
‘.‘recognized thlS process, which has been applied to both
plants and animals (Greenslade, 1983; Grimes, 1979
Southwood, 1977; Whittaker, 1975). A-selection occurs in
consistently adverse environments. Greenslade (1983) cit‘s
cool wet montane forests as an adverse habitat for log  ~
dwelling Coleoptera. As temperatures are constant year
round, this environment is predictebly unfavourable for
‘these organisms. Similarly, arctic habitats are adverse for
;1nsects, as many critical factors are limiting. However
seasonal changes are predictable (summer follows winter).
" All three selective processes have been 1ncorporated

‘into a life history_strategy model for microparasites. In

the model, I have focussed on within-patch and between-patch’

dynamics, as suggested by Price (1980).

The Life History Strategy Model

| Southwood (1977) interoretﬁd habitat characteristics in
terms of heterogeneity in time and space. The time a'habitat
is suitable for the survival and reproduction of an organism
is critical; heterogeneity in this feature is described byr

habitat predictability. Relatively permanent habitats are .

predictable, whereas ephemeral habitats are unpredictaile.

y
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These_extfemes wiil‘create vastly different selective
pressures. Heterogeneity in space alsod varies, with some
patches more. favourable than others. §outhwood'(1977) n B
that this feature will influence migrationfrﬂﬁ”onepatifpio
another. Habitat favourableness refers to thzs | |
character1st1c. G;eenslade (1983) 1ncorporateé ‘these 1deas

into his habltat templet (Figure 1), The two hab1tat’
parameters, favourableness and predictability, 1nteract»to
produce three selectlon processes' r- selectlon in '\
unpredlctable habltats, K-selection in pred;ctable and |
favourable habitats and A—selectlon.ln predictable but

. unfavourablephabitats (Greenslade, 1972b}1983); Greenslade
(1983) did not use the terms within or between-patch when

reterring to his system. Although his interpretati ‘the

-

habitat templet inferred patch dynamics, no clear
drawn between within and be}ween patch features. Both his
‘axes appeared to focus on wlthln patch phenomenon. I adopted
the format of hlS model because of its simplicity, but used
-Price's (1980) 1deas on patch dynam1cs for my model.

In themmlcropara51te s habitat there are two
environments (vector and vertebrate)t This compiication >
‘requires a judgement on*whiCh'ofAthe time and space |
parametersﬂwill Bé critical in determining iife history
strategies in pa:asites. This model is intended to describe
avpartiouIar type of microparasite system, in/ahich the’

'vector 1s seasonal (present in summer months), so that the

AN
para51te must overw1nter in the vertebrate host and relapse

o



Figure 1. Greerislade's habitat templet.
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- in the succeedlng transmlss1on season. Thus, the hab1tat oh‘
templet must be defzned dlfferently from Greenslade S. As
the cr1t1cal overw1nter1ng stage of ‘the para51te ‘occurs in

\the vertebrate host heterogenelty in. txme\w1ll translate'
‘1nto t1me avallable in the vertebrate host (w1th1n patch
dynamlcs) and is measured by. the dependab111ty of the .
vertebrate host for the reproductlon (pr1mary and relapse)V

%of the para51te. Heterogenelty 1n space (hab1tat
“favourableness) will. refer to var1at1on 1n the transfer of'

' parasltes from vertebrate to vertebrate, or between patch

”'dynamlcs as measured by transm1551on effectlveness. As

-»dlscussed 1n Chapter 111 the transm1551on w1ndow wldth

‘.appeared 1mportant in the blue grouse - m1cropara51te"
system. D1fferent populatlon Q;hav1ours were exh1b1ted
'dur1ng prlmary and relapse per1ods- these behav1ours were -
presumably the result of strong selectlve pressures on ‘the
parasites to coordlnate reproductlve act1v1ty with

"avallab111ty of the vectors. In addltlon, transm1591on‘

,'w1ndow w1dth affected transm1551on effect1veness. H. mansonl
had the narrowest transm1551on w1ndow and the least
effectlve transm1551on, whlle L. bonasae had the widest
kransm1551on w1ndow and most. effectlme trahsm1551on (Chapterh
'III IV). Parasite systems’ where vectors are ava11ab1e
throughout the” year w1ll not be 1nfluenced by transm1951on
window’ constralnts and may not requlre a relapse perlod
therefore thelr llfe history strategles will not necessarlly

'be measured by the parameters,1n this model.

@
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The populatlon dynamlcs of mzcropara51tes can be v1ewed

from the perspect1Ve of the pa -s1te, as 1n this. model or

from the d1rect1on of ‘the
regulatlon by Brad&ey (197 5":loth approaches are based on

patch dynamlcs, thus 1f they descrlbe real phenomenon, they

should be compatlble. Bradley (1972) developed a general

i

theory for regulatlon of para51te populat1ons, in wh1ch he

N _
proposed three regulatory mechanlsms' "(1) by transm1551on,.
(2) atlthe host populat1on level by 1mmunolog1cal and

pathologlcal processes, and (3) at the 1nd1v1dual host level

' by premun1t1on and’ other partlal immune processes." Type I

"

response its numbers are prevented from rls1ng.f jﬁ |

7‘se1ect1on type. For eadh'stratégy, I w1ll descr1be the

1nvolves den51ty-1njkpendent‘determlnatlon of paras1te
numbers through environmental factors extrinsic to the
paras1te (weather i fluences on vector populatzons whlch

results in varlabl transm1551on of the para51te5 Type 11’

regulatlon requ1res more effect1ve transm1551on than in Type‘

I. Parasite popul tlons are regulated by death of heav1ly
infected hosts, r a successful 1mmune response destroys the

parasate populat on 1n that host and leaves the host

‘immune. Type II regulatlon requ1res hlghly effectlve

transm1551on. Indlv1dua1 hosts regulate para51te

populat1ons- ‘the para51te per51sts, but through an 1mmune

r"
rv‘ -

"In the follow1ng'd1scu551on offmy model, for the sake

of brev1ty, I w;ll be concerned only w1th extremes of each

o S R
habltat parameters and the«correspond1ng . oo
5.‘, 1.. . Y : g : ‘. ) . "; S f »

‘:._‘-Mb

a5 in a model of population~
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populat1on—determ1n1ng mechan%sm from Bradley S theory.
K—selected m1croparas1te§%occur 1n reproductlvely ’
h1gh1y dependable vertebrate hosts, and the vector system
will be extremely effectxve from season to season. Within
"and between patch dynamﬁcs are h1ghly favourable for these
}mlcroparas1tes. Populatlon regulat1on of K—selected species
’corresponds to Bradley' s”type IID (Bradley, 1972)
den51ty dependent regulatlon by 1nd1v1dua1 hosts (Flgure 2)
Extreme A- selected mlcropara51tes also occur in
reproduct1vely h1ghly dependable mertebrate hosts, but thevv
:between patch dynamlcs are unfavourable-'the transm1ss1on
:system is very 1neffect1ve. Populatlons are determlned |
through‘dens1ty-1ndependent events related to the
4var1ab111ty of the transm1551on system. Th1s is Bradley s ‘hf‘
type I mechanlsm. Between the A and K extremes l1es an A- K |
‘;contlnuum Para51te populatlons are determlned w1th1n the
cont1nuum by a m1xtu:?'of densyty dependent and f;y vy_. .
’den51ty‘1ndependent mechanﬂl‘§ (represented by overlap 1n_“
'“shaded areas in Flgure 2). o -

- . ) }

A reproduct1vely undependable host conpled todan'

Q-
transm1551on system w1ll result in extreme

r- select on. Reproductlon in the vertebrate occurs only

once, t erefore, any 1neffect1veness in transm1551on w111 "

‘1ncreas the probab111ty of ext1nct1on of a local

- lowest alue,'probabilityvof‘extinction‘reaches 100%.

'a(denot_d by E in Figure 2). PopUlation regulation.of'

¢

- N \

".,.. Lo < * . ’1/‘//



“ Figure '2. General life history strategy model for microparasites.
 The parameters are: Dependabllity of the vertebrate
. host. for the reproduction of the parasite and
.ueffectivgness of ‘transmission. R
K = K—strategy, r = r—strategy, A = A—strategy,
E = extinction, I I1 and III are Bradley s regulation “

* mechanisms. Shaded areas indlcate parts of the 'v‘*&

,templet under the influence of - each selection/fegulatiOﬁ wg.

oy

) type. . ’ u N ) L -. ‘ . ) ‘;“:. ::: ‘B :



=

. DEPENDABILITY OF VERTEBRATE HOST FOR

o

<
. w

. ¥

o

RASITE INgREA‘SlNG

REPROQDUCTION -OF PA

¢

.

TRA‘NSMISSlOWN EFF

1

ECTIVENESS

INCREASING __

LE

%

fi"') "

- 154



155

a

-~

elected m1croparas1tes is through Bradléy s type 11
. (Figure 2). This 15 regulatlon at the vertebrate host
'populat1on 1eve1 Death of the host or complete 1mmun1ty
removes that 1nfrapopulat1on.

The general llfe hldtory strategy model presents two

; environmental parameters that shape the life hxstory
fstrateg1es of m1croparas1tes. Selectlon processes result in
VA-, K- and r- strategles where populatlons are determlned by
Bradley s type I, I1T and II, respectxvely. Between the
‘extremes are tran51tlona1 areas where selection processes
comblne (overlapplng areas in. F1gure 2).. Reductlon of the
reproduct1ve dependab111ty of ‘the vertebrate host, or of the
transm1551on effect1veness, will increase the probab111ty of

L]

extlnctlon for a mlcropara51te populatlon.

Position of blue'Qronsebmicroparasites in model

- For each parasite, I will determine its position on the
'lee hlstory strategy model using my parameters and. |
Bradley s; this should determlne 1f they are compatlble‘
approaches to modellng parasxte populatlons.

Leucocytozoon bonasae had a h1gh1y effect1ve

transm1551on system,vcoupled w1th dependable reproductlon in
the vertebrate hOSt‘llt was classed as an extgagﬁ K-selected

species. In blue grouse, L. bonasae did not cause c11n1ca1

s1gns of 1llness or. death Type . II regulatlon did not appear

tfects through

7
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transm1551on (type I) was. probably not a factor in

populatlon determ1nat1on of L. bonasae. as prevalence was v

T e ays >90%, in.both chicks andjmaturé/b1rds. This indicated
“@twtransmission was‘ high eno'ugh in all years to .satu'rat'e

'ifthe host'populatiohr Intensity levels of L. bonasae

gametocytes may be affected by accumulatedZSporozoite load
(sporozoitesare.thetparasite.stageppassed‘on by the o f\
vector)‘ Captive‘chicks.hadAlower primary intensities of*L.
bonasae than w1ld-ch1cks- the former were restricted‘in //F*%sw

‘thelr movements by capt1v1ty,_and therefore were 11kely o] ‘ /
encounter geyer bites from.vectors. The .additive effect of .
ﬁoredfrequent encounters"with'vectorsrmay have resulted in

higher primary intensities in wild chicks; Therefore,
'transnission’may have‘an accumulated’affect on L. bonasae

‘populations, but it was impossible'to assess. I will assgmhe

the.effect to be sl1ght.. ) _',  | S e

Type I11 regulatlon did appear to be operatlng in L.
bonasae Second relapse gamet:cyte product1on in two/captlveﬁ
adult grouse was much reduced from the first relapse season
(yearllng grouse) A 51m11ar pattern was observed in the | .
field Where every year, adult grouse had 51gn1f1cantly
lower relapse 1nten51t1es than yearl;ngs (Chapter 1v). As}
ﬁwlld adults were exposed in at least two transm1551on

gk,

seasons, andﬁ%garllngs only one season, th;s result was

»

' 4opp051te to that expected Adults should have had

1ntens1t1es ghan year11ngs, as add1t1onal transm
* 0

W
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mappeared to be op’a‘ting
Leucocytozoon Sp. had a less effectlve vector system,-

and undependable reproductlon in the vertebrate host. It?was
not an extreme r-selected spec1es as it did not 1nduce
complete 1mmun1ty or death of the host, nor did 1t haVe a
highly effectxve transm1551on system. Therefore, it was
glassed as a, rolatlvely r- selected spec1es, as . 1t had’,

' characterlstlcs whlch placed 1t towards K- and A- selected‘
spec1es. In Leucocytozoon Sp., populatlons ‘were determlned

- partly. through transmission (type 1) as prevalence levels in
CthkS changed from year to year. Severe reductlon in
reproductlve capac1ty durlng relapse, in part, may be the
result of strong re51stance by the, host ‘This suggested a
type III immune mechanism with wery dlfferent ‘ l
characteristics from that observed for L. bonasae \
'Leucocytozoon Sp. d1d not cause 51gns of 1llness or death.
However, the strong immune response could be 1ntermed1ate to
type 11, as llttle reproduct1on occurred in any age class of
blne grouse, after primary infection. Leucocytozoon sp. |
population was determined by a combination of type I and

. 9
111/11. 3

HaemophotGUS‘mansoni'was,inva relatively,dependable
vertebrate'host,'but the transmission system was the least
effective of the three parasites. Transmission was,very
effective in one of the three years of this study.
‘Therefore, H. mansonl ‘was not’an extreme A-selected

;m1cropara51te, but it d1d lie on the A side of the A/K
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continuum, Although no reinfection by H. mansoni was
detected 100% of primary infections relapsedﬁ and there
were no cllnlcal 51gns of 1llness or death. Therefore
Bradley svtypeiII regulatlon does not appear to be
operating. Haemopnoteus mansoni_populations were determined
\predominately by type I, with a possrble_}nfluence of typev
III. Transmission of H. mansoni to chicks varied from year
to year. Such‘variable transmission suggested,that_
populatiéns were determined through typeCI. Fluctuations in
peak intensity from primary to relapse‘perioda was very much
dependent on the individual host. Regulation at the
~‘individual host level may be\contrlbutlng to populatlon
regulation of H. mansonl,lbut it.was operating in{a very
1mperfect manner. _ |

The l1fe history gtrategy model and Bradley's model
agree in the classification of these mlcropara51tes. In this
study, L. bonasae was regulated largely by type 111
regulatlon and was K-selected, while H. mansonl populatlons
lwere determined by type I with a possible 1nfluence of type
I11, and were relatively A—selected Leucocytozoon'épet ’
populatlons were determined by a c0mb1natlon of type I and 2
type III/II mechan1sm, and were relatlvely r-selected. In
F1gures3 "I have placed each para51te téglts appropriate
position on the habitat templet. ing@

Other avian Haemosporlna exh1b1té§radley s regulation . °
mechan1sms. Lee et al. (1969) preefnted eV1dence of type 11

W

regulatlon of L caullePyi through mortality in domestic

‘ﬁn*‘ﬁ,ﬁ;; @?},‘
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Figure- 3. Poéiiion-of blue grouse-microparas
\ history strategy model. 1, = Leucocytozoon Sp., /
L.b. = L. bonasae and H.m. = Haemoproteus mansoni.
[
4
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chio[l?enS. Leucocytozoon dubreul i, L. danelewsky.t and L.
fringllllnaru* had lower relapse intensities than primary
intensities (Khan and Fallis, 1970b), as did L. smlthl in
turkeys (Alverson and Noblet, 1977) and P. relictum 1n |
English sparrows (Applegate, 1971). Fallis et al. (1951)"
noted increased reslstance to secondary L simondl
infections, s. TheSe can be interpreted as p0551b1e
examples ‘of type 111 regulat1on, but lack of‘informatron on
;response to re1nfectlon (vith the except1on of L. simondi)

prevents any definite conclu51ons.

Predictions of Model .
For a model to have‘value, it‘must‘make'some
predictions about other life hlstory characterlstlcs. Table
1 g1ves properties and predlctlons for each selection type.
A-selected spec1es may have a brief prepatent perlod to
compensate for a narrow transm1551on w1ndow. This would
1ncrease the probablllty of between patch transfer But if
1neffect1ve transmission is due to vector populat1on |
fluctuatlons tbere would be no direct select1on affectlng
prepatent perlod- it could be short or long. A short
prepatent period is predlcteo for r-selected spec1es.
‘Reproductlon occurs only once in the Vertebrate host (time
restrlcted), therefore rapid transfer to new ‘hosts would be
adwantageous, this would result in selection for a short

, prepatent period. Thus bothﬁr- and A-selected species are

predlcted to have short prepatent perxods in responSe to
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TABLE 1. ENVIRONMENTAL PROPERTIES AND PREDICTIONS ABOUT:LIFE

HISTORY CHARACTERISTICS FOR EXTREME r-, K- AND A-

SELECTED MICROPARASITES.

A K - r
- \

PROPERTIES

Dependability of the High High Low
vertebrate host e

Effectiveness of Low -High High
transmission - » '

?

‘Mechanism of population I " III II
determination(Bradley's)

PREDICTIONS'

Specificity for Specialist Speciaiiét  Generalist/
vertebrate host Specialist
~Pé%hogenicity Low Low Low/High
Prgpétent périod Short/Long = Long Short‘
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» t1me restn1ct1ons that are from two different directions; in

some A- selected specxeseglme may be limited by the
transm1551on window, whereas in r- selected species . txme 1s
eséglcted in the vertebrate host K—selected species: have

lzttle time restrxct1ons 1n either s1tuat1on, and thus could

have 1°“93f prepatent periods.' % ;3\ ;

- For f-selected para51tes time is restrbcted in thez
vertebrate host. Restr1ctlons may be the’ result of two
N4
processes: (1) the host becomes immune and the para51te is

expelled (host 1nduced time restrxctlon) or (2) the host

"dles from the infection (para51te 1nduced tlme restr1ct1on)

;[;é}g Ewald (1983) recognlzed diseasé severlty as an fi

evolutlonary advantage in vectored par351tes, which

‘faC111tad§§ vectorlng He restr1cted h1s discussion to

hat I would class as r- selected They included

~ sueh pathogensias Borrelta, Plasmodtum, iiypanosoma and

jglﬂow fever virus, In th1s case, t1me restrlctxons result

f%om death of the host He proposed that 1ncreased severlty

L 1n these vectored para51tes was a. coevolved phenomenon that .

’ l

\ ]_resulted in a reduced ab111ty of ‘the host to swat or move

,away from vectors' thus, the para51te 1ncreased the

;“probablllty of be1ng transmltted to a new host, as in the

example below. Day and Edman (1983) experlmented with m1ce
infected with various pathogenlc spec1es of Plasmodium: andﬁD
observed reduced antlmosqulto behav1our in 1nfected mice.
The authors concluded that reduced antlmosqulto behaV1our é;

would 1ncrease susceptibility to vector feedlng Such

' -



ﬁ:coevolut1oh occurred w1th the ma]or host, bu

‘1n paras1te/host systems wh1ch were less spec1a112edu Ewal

164

not OCCU!‘

‘-_(1983) c1ted data to show that nonSpec1f1c paras1tes, that S

-

'used humans less produqed lower dlsease severlty 1n.humans.»

Lo

HIS adapt1ve seVerltY/hypothe51s is appllcable to spec1a115t

‘para51tes. I

SN

If the mechanlsm for reduced t1me 1n the ‘Host is a

<.

/,? consequence of the host s acqu1red-ster11e 1mmun1tyy then

the para51te may be forced to use dlfferent strategles to

‘ma1nta1n a populatlon..The parasfte could’ reproduce in many

' host spec1es (expandlng ch01ce of patchesQ /§pChfa-

’3generallst would 11kely not be as pathogen1c (low
“contact between host and para51teJ (Pathogenlc 1nteractzons
”vwhere a para51te 1nfect%lan unusual host see Garnham, _’

"?1977 ) In addltlon, 1ncreased pathogen1c1ty may result 1n

"reduced t ime 1n~a host, w1thout the benef;t,of 1ncreased

*

E 'pathogen1c1ty) as evolutlon of severlty requ1res maxlmum

'Nbetween para51te and host do occur. 1n nonevolved 51tuat1ons

/

A !

, P

:transm1551on (cost outwe1ghs beneflt) Thus, llm1ted t1me 1n"

1~
EL

va patch may result in r- selected pathogenlc/speczallsts or,

S selected less pathogen1c/genera11sts.'J

A—Land K-selected spec1es would be selected for low “\‘ly N

v'pathogen1c1ty, as surv1val in the vertebrate host for long

’h per1ods of tlme 1s advantageous. In addftion, they are

<

Lptedlcted to be vertebrate host spec1allsts, as tracklng

;host populatzon genetlcs 1s essentlal to counteract any _' = L

v'”changes in the host wh1ch may be detr1mental to: a dependable'

f\ oo N \_,.," \:., “}.‘(__

ey



“‘relatlonsh1p (Table 1)

1 suggest that the - selected spec1es in blue grouse,

i

gLeucocytozdon sp., is a generalxst and can complete 1ts 11fe

; cycle 1n a number of av1an hosts, 1ncludlng blue grouse

‘(Chapter V). Leucocytozoon Frlngillarum was also a
genera11st (Khan and Fall1s, 1970a) Ne1ther speczes

pappeared pathogenlc. In addltfon, neither [. bonasae and H
R - e .
mansonl appeared pathogenlc 1n blue gropse.i}g'i’h,‘

..,.g‘ el S

A 11fe h1story strategy model for m1cropdfasrtes may be'
useful in dlnectlng research 1nto the env1ronmenta1 '
parameters that 1mp1nge on the evolutlon of mlcroparas1tes.u_ﬁ
A number of predlctrons vere made regardlng regulat1on of “
.k]para51te populatlons whlch comply w1th prev1ous 1deas. k
Addltlonal predlctlons were suggested for 11£e h1story
chgracterlstlcs that dlffer between r-, K- and A- selected

V‘m1ctbpar351q§s!_Rbpl1cat1on ofmghls approach ﬁ"model1ng

| m1croparas1tes‘and other two hostﬁparaglte systems may help

1n understandlng pathogenlc organlsms and the1r 51m1lar1t1es o

.;land d1fferences wlth other less pathogenxc SpeC1es,é_M.

S I
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