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ABSTRACT ;

An extensive collection of blood films from the avian

family Pycrondtidae, ‘collected across the range’of their

_distributioh from Africa to .the Philippines, provided an

family and to study the taxonomy and zoogeography of. the

idae and Leucocy 3

Of the 9834 bulbuls of 69 species examined for blood '

"~ parasites,’ 23.0% c _was

the most commonly occurring blood parasite, recorded from
- 15.7% of the total pycnonotids examined, followed in’
prevalence ' by Leucccytozoon (4.6%), microfilaria, (3.1%),
Plasmodium (1.1%) and Trypanosoma (0.78).

Five species of Plasmodium (B.  circumflexum, B.
polare, P. relictum, P. rouxi and P. vaughani) and thiee
‘species . of Trypanosoma (T. avium, T. calmettei and T.

paddae) were identified. Microfilaria Jere recorded but

_opportunity ' to survey —the blood parasites of this host

not identified. Three haemoproteid speches. were found in
‘the bulbuls. Haemoproteus sanquinis.Chakravarty and Koz
1945. was .resurrected frofh . synonymy with Haemoproteus
otocompsae . de Mello 1935 and both 'species were
redescribed. A new species, Haemoproteus philippini sp.
n., was described for the first time. - Leucocytozoon
brimonti Mathis and Leger 1910,_ Leucocytozoon dubreuili

and Leucocytozoon majoris were also identified. It was

that Leucocytozoon brimonti be considered a

‘

a5




A7 A valid species and that Leucocxtozaan molpastis de Mello
’ .1936 ‘e synonymized with it.

i

| ‘When the haemoproteid species were' ‘examined by host
genera, H. ofocompsae and -H.  sanguinis were found to
*_/occur more oftén’ in Pycrionotus while'H. philippini sp: n.

| occurred more frequently in Hypsipetes ‘and. Criniger.

e

‘Leucocytozoon were e3camined. As evidenced by pxevalence
I

_western end. of their’ range, paruculany in India; H.

philippini sp. @‘ was a more. 'e_asterlv parasite; reaching

/.. its peak prevalence in pycnonotids in’the Philippines; and

A range to the western end.

rate; H. otccnmgsvae was more comnen“in Sulhul: towards che :

‘H. sanguinis was fairly evenly distributed across the:
i " . range of the host family. Leucocytozoon prevalénce.showed

The 2zoogeographic distribution of Haemoproteus and’_’

an upward trend from the eastern ‘end of the pycnonotid °
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- 5 5 .+ 7 INTRODUCTION Bawrd g
‘Avian haematozoa, because of their similarity to
human ‘' Plasmodium, have received worldwide study sihce
— . ‘Danilewsky first -reported them in .1884. Garnham (1966),
.. ,reviewed in depth-.the 'early ‘history of these studies,

: s :

Jparticularly of Plasmodium, and Huff (1965) has shown that

.
sporogony of _ the avian' forms ~of Plasmodium’ occurs ! -

orimafily in non-anoghéline species of Gylicidae.

. ' w | The genus Haemogrcteu‘s‘, which was erected " by Kruse

1(180), was-later subdivided by Bennett et al. (1965) into

3 : the. gem‘;ra Parahaemoproteus " for “haemoproteids with
« A :

sporogony in ¢ dae, and for

|
ids with in Hippol idae. Levine and

f:ampbel(l (19‘}1:' f‘\owever, consigdered Parahaemoproteus to be
;, * a subgenus of" m__p&g_\g, since too little was known of
} % ’ the vectors and life cycles of most species to assign them _
| i to either }x‘ou’p. This move wag adopted by Bennmett (1973, et
gq.) Bennett and Peifce (1985) reviewed the vectors of

Heemoproteus. : ¥

The genus Leucocytozoon has been variously ascribed

to Danilewsky, Berestneff and Ziemann but Bennett et al.

(1975) determined -that . the generic authority should be
" accorded to. SambGn  (1906). Fallis et al. (1974) have
shown ‘that sporogony of this genus occurs only in
Simuliidae. " -

Numerous réviews of these parasites have appeared in




N

the 11terature over the, ast severalndecades, the most

- recent “and comprehenslve of which is, that of Bennett et

NP

al. . (1982) who summarized” / knowledde' of these blood.
! pa:asiées, their - hosts gnd qecgraphic distripution,

i[ Bennett listed 196 species and vhrieties of Habmoproteus,

| S of Leucocytozon: and 75 of Plasmodiun, .uith the.

! T % majonty of Athese species' requirin raview. / ) S
! .z 7 pvo L speciesof Hasmbproteus, “H. ‘otocompsae de Mello

! 1 1935 and H. sanguinis Chakravarty and’ Kaz,1945, and two."
species of Leucocytozcon, L. brimohti‘m‘chis and Leger

1910 and'L. molpastis de Mello 1937, have ‘been. described
from the Pycrionofidac.

The bulbuls: thenselves are a widespread paleotropic A

family found throyghout Ainca, soutgern Asu, sthe Malay -

SR archipelago, . the Philippines and the' Holuccas, with one
species ’reachmg the temperate zane in eastern Asia. They
az‘e common. nuisy inhabitants of Eorests, sparsely ‘wooded
i N : or b:ushland habitats, “dperf bxushy'.gz,asslaqd, . and '_ e
. cultivated land and gdrdens. They £111 411 niches from

man-disturbed areas, -inclyding cities, ‘to uncust‘urbed'

forests (Moclure et al. 1978). They are gregarious, Living
N < in qroups, . with -some species in large flocks, - and they ' -
i L L often' \m.x with . other birds ‘in wandering feeding p.xnes"
(McClure et'al. 1978)." Most eat frfiit, berries and some |
! . in}ects, whlle a few'are mainly insectivorous. “only the
! " tompsrate . zone . species’ (Hypsipetes . amaurotis)  is. i

migratory, while many .of the tropical 'species. are
i L [ “ T T




- and. % ical’

(Mcclure et al. 1915]. S R d

An extensive ccllectmn of blood ﬂlms from bulbul§

-and. some are sedem’,at

in the files of the Internationﬂl Refez‘ence Centre ‘,fbr

Avian Haematézoa provided Aan opporr.unlty tu study :he

i _naemétogz;a ‘of ithe pycnonoudvs.’ espec;allv :vthe{ .

ids * and. leucpeytozoids; | £rom both. a taxonomic,

We. . Thia O thesfs:

concentrate on both the tax’onomy and distr;butmn "of Z:he_

Haemprutexdae md Eeut;ocycczomae of‘ this Ianuly acr,:_)ss'

i€$ distributional range. P &g

e }ncvemr}ts ‘of which are not Well u’n‘ﬂers;d’odz. <

Wil
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T R MATERTALS AND METHODS -+

B : Blood, smears weré taken from netted ljve %: by o

-cli'pp_ing a toenail or by followfnq the proto of .

Sennett (1970): The: slides were air-dried, £ixed in 100%

()
“"meth'anol or ethanol and ‘stained with a va‘riety "\ of, stains

(VWright's, © Fiel'd's' or Glemsa s) It was noted' that the = . I

i S e "quxck” stalns fad‘ed badly afte: a few years, makinq the | /

slidqs difficult to read, Inltial‘sc:eenl.ng of the blood

. £11ns and parasite identification to the generic level was ~

P dcne either by the ‘contributor at the yomt “of collection, R
‘\ or by the staff at, the Internauonal Reference Centre for Y

. o " Avian Haematozoa. . 4 2 . 3 e

B Ny

i = P ‘- “Taxpnomic Analysis: . 5 g
| ; “Zaxonomic Analysis
- | For - the purpose of this’ study, posit:wa sndes were ’

rescreened and ' parasites vers identified- to r.he spec).es
level where possible. Haemnprnteid parasltes, parasitized
and unparasitized ezythrccytes ‘were drawn with the axd of *

a camera, lucida and measured -uging a‘zeiss fMoP-} Diqital

" Analyzer. c e (Bennett _and

i © *campbell 1972; Forrester et al. 1977) included: parasité

length, width and area;"’pa:!‘lsir.e nuclear length, width and
v o 5 area; erythrocyte length, width-and area; and.erythrocyte
’ nuclear length, width and area. Ratios derived from these
' measiréments included: the nucledr ‘displacement ratio

(NDR);  percent.  hypertrophy/atrophy  of . infected -

. . i




'

!
: L T . par: sess
|
!

!

T erythrocytes  and <their nucléi, ".and  various area
pe\rcenéaqes. ‘Pigment g.runllynles were. counted and the sex
‘rnties determinsd v»fgr_ pagh haemoproteid species.
Photomicrographé  vere  obtained - using 4 a Zeiss

R '.\Phctemiexﬁécope . - ‘

Statistical Analyses s T~ 7

i L | statistical analyses of the ‘mu(gomeuic paranetérs
of me haemopra:eid species were doffe using procedures

from the Sta:i.stical Package for the  Social Sciences

. (sPSST, Relesse 8.1, run on th&mwfoundland and Labrador
Compliter Services TBN-370-158. Tl -

. were obtained usinq _SPSS proceduxe FREQUENCIES, which

“prints” frequenci' distribution tables and  sumary
tatistios for dxsc;ete variables. ! t

& ® p Analysls of variance was used ' to determine Whether
s +i1" significant statistical differences existed between the

qiemop:oteld "spec’iesvith regard to ‘mean values of the

ONEWAY, which performs
. @ univariate analysis bf variande, was run on each of the

. i ®
;. following: garetocyte variables : length, width -and area,

3 R nuclear displacement ratio, and number of pigment granules

! ™ . for both macro- and mickogametocytes;. and huclear length,

G Means ,and standard deviations. for all measurements

| A width ,and area foi' macr. tes only. Mi tocyte

. ' nunber of measurable nuclet. . j w 5y

" - huclear parametexs were not 'anLlysed because of. the small




2 .angeogtamical ysis

Differences in prev’alénce__of the iaemup:'oteid species

L - &
among . the - bulbul: genera were tested ter statistical

sxgnificance using T-tests on Arcsixne transfcma&{ns of

"

the data-(sokal and Rohlt 1969) '\\\

v T |

To, facilitat t

znuqeographionl exan\ination of the
bulbui haematozoa, :wo “PL/1 progxams were developed to

edlt, store and sunmarize the dlstributionll data./

. Further of | the 5 cal data was

"accomp].isheﬂ usmg SPSS procedure CROSSTABS which p:avides

Joint frequency distributions of ‘ases ' in the form of

‘continqency tables.. This: presentition of the data alloved

haematozoa with regazd to both host" species und qeographic

area.é . e s e v o :

‘Thrpuqhdut this thesis, the’ ‘ten ‘irate of 1n.fecn:ion“

is to be regarded as i 'the equivale t of "prevalence of .

infectian" where prevalence is define as the pmportinn

ot 1n£ected birds in a nmple. o

'examination of . the distributional relaticnships of the .
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According to Bennett et al

RESULTS AND DISCUSSION -

'rhe bulbuls were slmpled acxoss the range of their

dlstribution £rcm western Africa to suutheasr_ern Asia. and

" north to anan, with t)lese records supplemented by records

from the litexature . Axotal oﬁ 9834 birds of 69 species
were examined for blood purasltes ' (Table 1). -A total of

2263 (23. 0\) birds of 51 species were fo\.md tc harbnur

* haematozoa. 'Thﬁbﬂ commonly occurring bluod parasite

‘genus was Haemopr¥oteus _which * was found 1n 1545 (15.7%)
birds of 37 : species, followed by Leucocytozoon which
‘occurred in 452 (4.6%) birds of = 36 species. Plasmodium

was found in, 105 (1.1%) birds of 21 species, Trnanosomn‘

ih 67 18.7%) birds of 22 species and microfilaria, in , 302
(3.1%) brds 'of 27 species.

' ' plasmodfum, Trypanosoma and Microfilaria

Of the' 105 Plasmodium infections : found in the

B bulbuls, 5 were ideéntified  as g.' circumflexum, 3 as P.

lare, 4 as'P. relictum, 25 as P.’ rouxi and 21°as P. '

vau han}, with the remaining 48 infections unidentified to
species..The identification of these Plasmodium species' in
the bulbuls is not surprising since the avian plasmodia

are known . to occur: in a wide range of host species.

(1982), P. circumflexum is

found in 115 species. of birds, P. polare in 31, P.
relictun in 270, 'B. rouxi in 59 and P. vaughani“in 174
& .




Table 1.
records

in the (Based on
from the uunmn and from the files of the Xnuruuunl
Reference, Centre for Avian Heematoros

Host Total Infct. Total birds infected with
B Dirds Dirds =-e-eseesmeeecemmeaee——eieeseee—

Haem. Leuc. Plasm. Iryp. Micro.
gmsmimmuu 1 2 » 1 = 1 =
chlorocichis flaviventris 2 1 = = - 1 =
Criniger bres m » 4 - - 3
criniger calurus RO AR R S
Criniger finschi ‘ 0 5 - = 2 2
criniger flaveolus Wy T .- - -

o g 4 m . n‘l 22, e 3
Gitniger shasocephaliis” W e ren, 2 e Bale ‘
Hypsipetes amaurotis FLN 84 - 1 - - -
Bypsipetes porbonica ‘ 0 .- 2, Tam =ML %
ypsipetes charlotsse TR U 3% a - s
Hipsipetes crassirostris 3 $."1 Sgr; = Ly o=
Brpeipetes criniger R N W T ;
Hypsipetes everecti 2 5= = = = L
Hypsipetes flavala “ n 3 6 -1 -
Expsapetes indicus 2 o .- - - - -
Hypsipetes madaga: s 12 an. 4t ) 4 1 -
Eypsipetes malaccensis H P -
Hypsipeces meclellandis 0 . e sz - 1 ..
Hypsipetes palawanensis ' s 0 = - - % *
Eypsipetes philippinus e nioase ‘s 1 a4 s
vk b o




Table 1 (Continued).

Host : I::;: :255: \ _ Total birds infected with
_ Haem. Leuc. 'Plasm. Tayp. Micro.
| Hypsipetes propinquus i 27,726 e -5 -
. Bypeipetes rufioulargs .3 1 e - - . 1
- Bepsipetes simiforensis . 72 5 ¥ - - -
Hypsipetes thompsoni - 18 1 et 1 -
Hypsipetes viridescens - . 17 4 T R - - -
. Ixonotus guttatus 1 0. - = 5 3
| ptcator guaris oo T " .
| Phylisstrephivs albigulsris’ 38 0, 0.0 - - -
© Phyllasirephus cerviniventris' 15 0o - - - - -
. Phyllastrephus fischert T 2 1 - R -
Phyllastrephus strepita 15 3 3 - - “ -
'\ Phyllastrephus terrestris 3 o - - - - -
! pyenonotus atriceps 8 2. .6 8 - - 3
| pycnonotus surigsster TR | O NS - m e
Pycnonotus 2 97 49 52 .17 20 o 8
! pycnonotus \-rE o - - = - -
! pyenonotus blanfords 1091 : 557 526 20 s 1 -
| Pycrionotus brunneus o 2 1
. Pyenonotus cabanisi a : - v
: Pycnonotus cafer 298 I}
| Rycnonotus curvirostris “ :; - 1
| Pycnonotus cysniventris ] -
i gxénonuzus umxaﬂh(um s Bim A

Pycnonotus eg“pg;g; I K

1




| : :
(4 \ C -0~
\ Table 1 (Continued). s |4
.- \ Host. 5 Total Infct. birds infected with
F > birds birds —eieee
H iy Pyénonorus finlaysont Y200 )
’ *  pychonotus flavescens - c 186 | .7
¥ ; Pychonotus golavier o 2714 350
] ‘Pycnonotus gracilirostris 3 o
H ) Prchinotus dmportume’ | 3
! ‘ * puchenotus jocosus 2 @
! {0 Wucnonotus latirostris a1 (3 i
i i Pycnonotus leucogenys L :
I 4 Pycrnonotus luteolus L 66 40
i Bycnonotus melsnicterus 217 167
i £ " pycnonotus melanclevcos 6 1 A
} ' ‘Bycnonotus plunosus PEELIE 1
1 Pycnonotus simplex 100 12
| Prcnonotus sinensis Y IR
. -Bycnonotus striatus ) 1 i
! Prencpotus safvams 3 e !
| Pycnonotus urostictus TR
| Bycnonotus virens 2 12 '
| : (‘nn_gnmp xanthopygos “n n !
Pycnonotus xanthorrhous 40 - 0 !
' ' pycnonotus zevlanicus 25 s,
Setornis criniger 2 b .
. + Spizixos canifrons LR
. Spirixos semitorques . - e { |
5 " . -4
. \"
. . i
58 o : e S 243 -‘ o i
> i A ]




i . g e .
| -n=
{ .
Table 1 umam), g . .
1" Host Total Infer. . Total birds infected with 4
i birds birds ==
Unidentified bulbuls . 24 a7
T + 934 263 1sds 4s2 205 67 302
Sot totll examined’s 1 om0 T 1a '?_"6 § R B f
! . ““Hmﬂﬂm. 2 (% LIS 53 oona Fi Wﬁ ections xn a ' ]
; , the total of u-f.euun- n-na Bay excesd the total number X
Infacted birds. . s, .
* Nete t Eiwd ation of + ochraceus and Criniger  Bedlsdue gy
i was unreliable s6 botl l c s are considered together. ¥ *
. (McClure et al. 1978). . o
4 : !
i \, ¢
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Knowledge on the genus Plasmodium has "been well.summarized .
.by Garnhan (1966), while Greiner st al. (1975) provided'a ™

detailed key, to, the avian»‘specie Tha' pycnonotid hosts”

-of ' pladmodium ar\é summarized in Appendix A.

of the 767 trypanosome infeutions recorded from the |

i bulbuls in this studi 17 were referrable to the T. aviun

i complex, .7 to the calmettei complex: ‘and’l ié the T. :

- paddae complex. Included in this total were’ recozds 'fz‘om

the ;itexgtu;e of 2 T: everet and 2 T. Excnonoti
i . Tntactiche: % thomy: Fhe: ycncnotidae. A total of 38 .
trypanosome infections were not "identified to species.
Current kncwledga on Ir nanasuma taxonomy and mmenclature ‘

i 1 was summarized by Baker (1976) and life cycles wezaldealt .

(I . with by Bennett (1961). .These authors have shown chgc‘ the
| ' extreme ' pleomorphism of * the trypanosomes . makes % |
. ‘morphological criteria ' unreliable indicators of species, .-

-and also that host spacifj.city is uns\p_pu:ta.ple as a'basis

_ for species di ation. e d hosts ‘of
Trnannsoma are summarized in Appendix B.

i % . The rarity of Plasmcdium and Tnanosema in .the .
. bulbuls is not.surprising since McClure et al: (1978), who

‘sampled - 55,289 birds across ~southern Asia, reported & ‘i

'prevala_ncg of only 0.8% for ‘Plasmodium and 0.‘2_\ for
. Trypanosoma. Numerous stud_i‘es '.(e.q. Herman 1968, Woa and“
iy Bartlett 1982) have shown the  inadequicy of 'the Single
;& blood film technique for diagnosing these plxnsiées and - \.

have demonstrated that the use ‘of more sensitive detection




|2
St

- techniqies, such’ as 1scd1?qm{s15 and the hematocrit

centrifuge  technigue, yiet much higher rates’ of

infection £or Plasmodium and /Trypanosoma than is found by
‘ N

examination of peripheral bloed smears.. Thus the paucity

of both . Plas

BN o i i
probably. a refléction of ‘the unsuitability of | the-

diagriostic technique, rather tjax_n the actual o:_cu:rer‘xce of

these two parasites in pycnonotid populations.

. | : |
No attempt was made in this  study to identify the
species of nmicrofilaria fuunﬁ in the bulbuls. sinde

specific identification can -|only. be nccempusrlea\ by
|

”‘associacinq the microfilariae with . the adult wnrms

© (1966, 1?68). The pycncne\:ld_po.ste/

_study, as vell as the

(Bannetf. et al. 1982). The miqufuaxia haye been teviewed

in depth by Anderson and Pxeemn (1969),‘ and by sunin

of. microfilaria are

-sunmarized -in Appendix C. . .
‘Because of the relnﬂ‘Llely small  numbers. of
Plasmodium', Trypanosoma; and microfilaria’;found in this

. problems in

dealing'with the latter two, these parasites . will not be

7 4 | .
considered Eu;n-_hez. Haemoproteus and Leucocytozoon were"
. the dominant blood pnrasites found in.the bulbuls and will

<
ibe ' examined 'in detail jwith regard to éhei: taxonomy,

distribution xnd zoogeography. |
' |

ur and Trypanosoma infections is most”




Taxonomy . ;
Haemoproteus ' °
" ) g

Historical ¥

i .
Haeroproteus was first reported from the Pycnonotidae
recorded "Halueridium' £rom .sevéxal

by Zupitza (1908) who
to

unidentifled’ blxlhuls. Since then, nulmtnus references

builpul haemcprat.eids have_been made in tne literature, but
with few exceptiuns, identification uf\:he parasites daas
not pzoceed beyond the qenarjc level, and only two species

" described. Because' of the difficulty of

have bee
obtainxng the journals

descriptions are presentéd in total. ;
De.. Mello (1935).. named. "and rbriefly described

Haemoproteus otocompsae' from a Pycnonotus jocosus

shot at

Malim, India as follows: - "

N oA .

" Sexual’ dimorphism. Q@ pale blue at Leishman, -and

rose at May 'Grunwald-Giemsa, seldom vacuolated. Nucleus

spherical, sub-central, seldom elongated, situated on the.

convex border of the.parasite. Pigment scattered over the

. body! "O" colorless at . Leishman, pale : rose at May

Grfinwald-Giemsa. , Nucleus very large,. granular without-

definite outliné, sub-central. Pigment located on poles.
ned cell hypertrophied nuvleus displaced."

*De Mello (1936) xedeseribed the same matexial and

provided illustg’at}ons of, - the _.new parasite. ms

. redescription reads: !
E " Fema)(e gametocyte with the protoplasm stai('u.ng pale
- blue at Leishman and pink by May-Grunwald-Giemsa (this
“ tinctorial reaction is * characteristic of ‘this
Haemoproteus :, in contrast' -with ~others -the female
gametocytes of which are stained violet ‘blue or deep blue
by May-Grunwald-Giemsa and the males pink). The
protoplasm is always homogeneous, seldom with vacuoles.
Nudleus generally spherical and subcentral; more rarely,
elongated, located on the convex border of the paras_;te‘.
~

in which they .appeared, these '
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N Piqment scattered throughout the body, the granules being
ve! The

ry few, very form of
the parasite is alnost always halteridial.

Male gametocyte with- the protoplasm unstained and
cclotless by Leishman, pale pink by May-Grunwadld-Gienmsa,
seldom vacuolated. Nucleus very -large, without definite
outline and constituted by chromatic masses scattered
here and there. Its position is subcentral. Pigment with
granules located especially at the poles. Form generally
halteridial. -

Red cell hypertrophied in the longitudinal sense,
nucleus displaced. Aberrant deformations ¢f the globules
frequently sesn - "

R groggg sanguinis i was described from another
. Bycnonotus I osus from calcutta. India by Chlgavaztz
and Kar (1945) who included lina drawings’ and -rudimentary
measurements :in their- description:

“ "' The early gametocytes are oval in outlj.ne with one

of the ends pointed. . In these forms no pigment could be
seen. The cytoplasm is clear, takes up a bluish stain and

contains rod-like elongated chromatin mass representing °

the nuclels. Afterwards, the parasites assuhe a spherical
form and the pigment granules appear for the first time in

- the cytoplasm. As the parasites grow they become dval in

shape with the ends rounded. In stages measuring 6.6u x
3.3u, sexual dimorphism could not be observed; in a later
stage, however, they “become differentiated as male and

, female gametocytes. * R
Both the male and female gametocytes are found in

large numbers in the red-blood corpuscles, and the
majority of them are somewhat crescent-shaped in.
appearance, while some are broadly oval in form occupying

- only one side of the red-blood corpuscles.

The female gametocytes have a deeply stained
cytoplasm containing the nucleus and irregularly
scattered pigments. The pigments are either rod-shaped or
granular. The shape of the nucleus varies from spherical
to oval and takes up a .deeper stain thar the male

« The female S measure 9 - 13.2ux

3.3 - 4.4u. X

The male gametocytes have a very faintly stained
cytoplasm which appears almost unstained in Giemsa stain.
The ‘pigments have the same form as in the female but they
are aggregated either at one or both poles of the
parasites. The nucleus is spherical in outline, bigger in
size than the female and stains lighter. It contains
several faintly stalned granules. The male gametacytes -
measure llu x 3.
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based, on found in a5

from zull\bh, and syncnymized

‘H. sm{gums_ wi?h it on the hm.s "of ~'the published
’pe‘scxipﬁirm. Haemoproteus’ tol:mnggae and ‘H.. sanminis
are .herein Qadésc:u:ed ‘and 'a'» new  haemoproteid, .
Haenwgroteu EhiligginL sp. n. fxqm maEetes ghxligginus
£rom, che Phillpp:.nes is auu de!l:ribed “In ndd:.tion,

'\

. new host records were established fur E. toccm\gsae anﬂ 25

£or H.  sénguinis, ‘qhile 23 host speci.bs vere recorded for:

H. ghiliggini se- ‘n. Appendxx o1 i

Results U

Haemggoteu otocompsae de Hello 193; a
TYPE‘,HOST: gxcnonotus jocesus (Limueus)
TYPE LOCALITY: ~ Malim (Bardez), Ind_i’a

TIMMATURE GAMETQCYTE :. Yuunqgn: Fotms seen_ de&elop lateral

.to the host cell ‘nucleus ‘in. mature erYthx‘ocytes,

often with not;ceable fiuclear dlsplacement.

" MACROGAMEIOCYTE /(Fig. 1, Table:2); Semi- haltexidxal w;:nj

_reunde‘d ends, | parasxte 1steral to and maxkedly

‘d'isplaair‘nq host @gell nuclgus, mgrgin § e_nci(e,—uot

staining blue; parasite iucleis median ' to-submedia
round to ovoid, staining: pink; plgmant ) granules .

yellw-b:own, diacrer.e, ,.ranrlam y distnbu\:edx nnst /

bold; | cytoplasm sely . gramular, vacuolate,

Both species were reevnluaced by Peirce (1984¢) who.
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area of host cell =

ummom: nnxslmm
AMETOCYTE

BY HICROG)

Erythrocyte .

Tengeh

width

width
Area

gpent.

. A Mypertrophy - Atrophy
= o Erythrocyte
Length'

Nucleus |
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] .. Table 2 (Concluded). o
Paraneter” . H. btocompsae philippini  H. sanguinis
5 ®p. n. g :
BICROGAMETOCYTE N'm 55 N=ss | P
Length 17.5 (2.2) 14.5 (1.3 .
s.width | N 3.3 (0.7) 2.6 (0.4) N
+'51.0°(6.0) 39.4 (5.0)

rea
A area of host cell -
8

“|NDR = Nuclear Displacement Ratio’

te : Linear

squared; standard de
xophy..( < )K=

complex 72.0 57.8
vdenz . - . .
- 10,7, (4.2) N=42 8.8 (2.3)°N=42 . '14.8 [4.7) Ns49
tocyte Nucléus = N = | 5. e M=l k
’ 3442.2) 0 ®osl9
MY (0.3) o j2.2
44 (5) ! 2.5 Ty
ol ERTN: 7 TN
Lrakni™ 1 y | % 5 2
SEX RATICG (FEMALES : MALES) 1.0 1 0.1: 1.0 : 0.4 1.0 :.0.2;
i B
i res) area in |
YPH phy. noted as ( +.), " |
P L
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in ‘width;* host cell nucleus atrophied in length, /
i width and'area. 3

mc‘aoammucwz (Fig. '2,. pg. 17; . Table 2, pg. 18): \

iy i Cytoplasm staining very pale blue, almost colorless, C

finely granular; paxasn:g slightly larqer than

E L ‘macrogametocyt®; = parasite nucleus’ median;’ staining
“ ; 3 very pale. pink, ev‘oid,‘ diffuse; -hhst' ce{l/“’

E hypertrophied in length, width and area; host celj =~ - . |
’ : nucleus atrophied in  length, width' and area; . |

remaining stics as for the A

i
i :

0 S - \ ‘

P ;

| ‘

|

REDESCRIPTION BASED ON: Neohapantotype - IRCAH bloﬂd film‘ _‘

42195 ‘from Pycnoriotus luteclus (Lesson) collected by i

.Dr. ‘H. Elliott McCIure on 18 Janua:y 1971 at - Point |

-, Calimere,” Tamil Nndu. India. 2 k ‘\ i

PARANEOHAPANTOTYFE" IRCAH blood film 8612 from msigtes | i

c:inigek (Blyth), collected by Laizd,_ 5 October '1962, \

i X Subang, Selangor, Federation of Malays}.a; blood £ilm “

42286 from Pycnonotus goiavier (scopr‘:li), collected * ~ .|

= 5 by McClure, - 11 April “1966,” Maloh; Siaton, Negros - 1
; } " oriental, Republic . of -the 'Philippines; blopd £ilm
) ) 2108 ' from Pycnonotus  leucogenys  (J. E.. Gray),

collected\by Jahangirhejad, 1968, Bandar A.bbas Iran; ‘

;8 . bleod film 12363 - from Pycnonotus melanl.cterua

(Ghelin), ‘collected by McClure, 7 December 1967,
v ! 5 . 24

i Sakaerat, Pakthong Chal, . Nakhon Ratchasina (Korat),
Thailand.

Ly 1
ADDITIONAL HOST R.ECORDSA sde Append;x/D.
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/. .
DISTRIBUTION: ' Zambia, Kenya, Iran, v‘Inﬁll, Tha}land,
R A
‘ Malaysia and the Philippines. -

[coMMENTS:  Haemoproteus  otocompsae “belongs. to” the
' © group of morphologically -similar’ large' haemoproteids,
exemplified by . lborgesi gghdeizo 1947, ‘which oegupy
| more than 70% of the host cell - parasite complex and
almost totally displace’ the host cell nucleus. .
i . With thev éxception of  Peirce ilBBda.c), no new
i records ‘of H. ' otocompsae have been reported in the
literature since ' its  redescription by de Mello
(1936) .. However, ‘Leger - agg Leger. (1914a) presented 3

several chéraet@stius of an unnamed haemoprateid
i * ~— %

from Pycrionotus - barbatus-.from northern: Senegal,

Africa. The parasite was described~~as_one whifh

eI~ _

hypertrophied the host cell, displaced th

nucleus, and was oval in shape with large, : fairly
numerous ‘- pigment 'granules. - From ~ this brief

‘description, it appears that this haemoproteid may.be

to H. De Mello (1935, 1936)

‘noted that H. otocompsae was "perhaps similar to the

'unnamed. H. of Pic (sic) : by

A. and M. Leger (sic)’in Senegal."

Héemog‘roteus g_liillpgini sp. ny [ . ) » -t
TYPE HOST: . Hypsipetes ghiliggir{lfs (3., R. Forster)

TYPE LOCALITY: Camp Lookout, Valencia, 'Negros Oriental,

Y Republic of the ?hilipl?ipes. |




" pink;°

-k
MICROGAMETOCYTE

Bive \\gecludinq \measu:ement; host

423~

'IMMATURE GAMETOCYTE: Youngest forms seen-develop lateral

{ to the host cell nucleus in mature egythrocy:eé’.

MACROGAMETOCYTE (Fig. 3; Table'2, pg. 18): Parasite with

marked -central ' constriction lateqal to hdst cell

nucleus, .closely appressed to it, and causlng slight

nuclear ‘displacement; 'margin entire, not-amoeboid;

. :
cytoplasm coarsely granular, vacuolate, staining

“bluej paras‘it‘:e nucleus subterminal, ovnid, stainipg

pigment  granules yellow~bxown. @iscre

randomly - distributed; host cell hypertrophied. in

length and . area, and ‘atrophied in. width; host cell

niicleus - atrophied in 'both length  and:area, with no
d i :

change’ in width.
3

(Fig.. 4;  Table. 2, pg. 18): Cytoplagm-

staining pale blue,  finely granular; parasite

slightly larger than -~ macrogametocyte; parasite

nuclelis usually without .
gell hiypertrophied in

1angth nnd\-ax_gu, and 'Atrophied in wsd\:hx host cell

specific boundaries, often .

nucleus. ‘ntrophlsd Tn s lenqth. width and area;
remaining ‘cl stics as, for the v jame .
H-APANMYPB‘“ MATERIAL:  IRCAH -blodd £ilm '11755 f:oﬁ\ 5

(3. R. Forster): depasited in

Hmsigetes Ehiliggin‘us
tha collsction of ‘thé International Eefexence Centre’
for' -Avian Haamntc_zon; collected by Dr. Hu Elllot
_MeClure. on 18 August 1964 at camp Lookout, valencia,.

Negros Oriental, Repuhuc‘ of the Philippines.

Y
|
|
|
i
!
i
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e g Figure 3. :

i Haemoproteus philippini sp. n. -~ "

. = T g : macreqaxr;eéocyte. . gl
L . |

. / | : :
35 Figure P )

o v - .- paemoproteus ghiliggin {\sp. X T R

g y 3 : microgametocyte TR

| / :

{ Note: Unparasitized. erythrucyta g

| & / approximately 12 yn

i P /

|

5 ' "
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. e . . A .
E < PARAHAPANTOTYPE MATERIAL: <ALl material collected by ° {
| McClure. IRCAH blood £ilm ,Jgfﬂmfrum Hypsipetes
amaurotis (Temminck), collected October 1966,

S P: Pure, Japan; blood £ilm

P & N ~ "
42102 from Hypsipetes amaurotis (Temminck), collected
H N 1 May 1969, Lanyu (Orchid Island),’Taiwan; blood £ilm

8794 from Hypsipetes flavala (Blyth), collected 21
P . March 1962, Mount Brinchang, Pahang, Federation of "

Malaysia; ~blood -film' 42126 from Hypsipetes |

madagascariensis (P. L.'S. Mullex"_), collected 11
E : © April 1971, Maharashtra, India; blood £ilm 9891 from
' Pycnonotus nelanitterus - (Gmelin), ~ collected 14

|

January ' 1965, ‘ Phunamtok, Saraburi, Thailand; all

. e parahapantotype material deposited in the’ collection’

of the. International : Reference Centre for Avian S o !
| 3 Haematozoa. e ” i ‘
ADDITIONAL HOST RECORDS: see Appendix D. ? ' ‘

DISTRIBUTION: Uganda; India, Bhutan, Thailand, Malaysia,

the Philippines, Taiwan, and Japan. ) |

COMMENTS: ' Haemoproteus ppilippini sp. n. falls' into the i
i K E |
group of . small dumbbell-shaped haemoproteids which o ‘[

~= occupy less than \50\ of the host cell - parasite
; complex. This group includes. H. fringillae Labbe
1894, H. porzanae (Galli-vValerio 1907), ‘H. killangoi

Bennett and Peirce 1981 and H. - bilobata Bennett and !

! i |

. Napdi 1981. As seen in Table 3, H. philippini sp. n.. ; i
most clo*'ely ‘approximates H. gorianae‘h\\ size, number’ H

| N , !

»e
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Table 3. s
of selected 5 of small
resenbling B. philippind £p. n.

Parameter H. bilocbata killangoi H. philippini
: e p..n. -
Shape dunbbell dunbbell Gurbbell
Ends ‘entire  amoeboid _entire
Macrogametocyte ' 27 ¥
Length 134 12.8 1.6
- width 0.8 14 1.4
Area 3.8 310 26.6
\ area of X : z i :
erythrocyte/
# R " 3.0 35.9 48.2
T oase
- 15
M6
No. of pigment,
Srimiles 16.9 (5] 7.6 5.9
A hypertiophy/ ¥ .
atrophy of
* erythrocyte nucleus »
" Length -39
width : 0.0
Area -3
Nuclear displacement’
ratio (NDR) ok 4 0.3
Host family
: N
¢
» X
s Lot . '




‘of.fpigmem‘:“ g‘ranules and . degree ‘. of nuclear
dxsplacement, but it is distingu.tshable from H.: ’
porzanae i thit_ the ends’ of ithe parasice ———

i '\ ; amoeboid and ‘that Yt-catées Bousid derable erythrocite ;

! " length “and _ area hypert:aphyRE 1685 ery\:hxocyte '

“} : - nuclear. aistortion. * It is distinguishable £rom B ]

{ ) killangol ~which Hag+ amoebom ends ‘and causes. B

“huclear’ displacem&nt.- It is more distinctly bilobed

than H.' fx‘xhgillae and has. :mlv balf the number 6

Il bignent granules. ‘It has lgss ‘than half the nunm?ﬁ

' e of pigri\ant granules -of. :H. bilobaea causés more

1ateral nuclear displac -and R ion of ‘the®

ythzocyte vnu!:].eus, g and g\uses more .erythrécyte

hypertrophy(‘but less ddstortion’of, the sry:hméy te

) nucleus.v In short, H. ghiliggini sp. ny isa small, )

extremély . bilobed paengopr_otelq, which . slightly

s displaces theé erythrocyte 'hucleus -laterally, and .for,
5 5 . its - small. size causes ‘extensive:  efythrocyte

s . . bypértrophy. It ‘occurs 'im. an -y avian family T R

. phyloqene:ically ‘temote from tht\se in which similar,

i A . . haemopruteids oceur, e .
: Haemog:oteus ehiligginx sp. n. ‘was 'némexi after

4 e the' host and teqien £n- vihdeh ~ 1k most frequently ' . - %

7] L i nppeaked,‘ mgigetes ghui.gginus -from . ‘the e (
d . . Philippines. w :




sang\_gi.nis kravarty and Kar 1945 )
TYPE HoST: B Pycnonotus jocbsus (umaeus) ey o
TYPE LOCALITY: catcutta, ‘Hest Benqal Tnagar s ity
- IMMATURE * GAMETOCYTE: Younqest stages seen. intkfate L

develnpment Ldn a’_ polu pcsitidn in, mature

erythrocy;es, the young gametocytes extending ulcng

the 1enqth of" the hast ce nucleus as they maturb.,

£ cnaxsely granulax, ".va ;.\olate, s‘t‘aining B e'blue;"

staining pink, pigme'

End area, ¥

é&oid. :

discre:

hyp&rt!‘ophied in length

and areu Wi

mcnocmmocwz ‘(Fig. fable:;2; - Pg. lB)v' Cytoplasm,

‘ colorless;. . parasite sl).qhtly Iazqef-v thans .

B macroi;amataéyte) ;-n‘ucleus uns:aining pxecludinq

n\easuxem,ent; hcut cell hypen:rnyhled in 1ength, width

and areas. hos: cell nucleus atrnphiad in langr.h,

width and area; remalninq chan

erd.sticu as: Eor the

v man:rogametocyte . ‘ ' . .

fmn yenono:us Jur.go].us (Les!on) e

TRCAH blood .




et Haemd; roteiis sanguinis. . i+
macrogametocyte
(upper, rightj

‘microgametocyte
llower left) "

Note: . Unparasitiz
dpproximately 12







1970 st Botne Calimere, Tl Nadu, India.

pmmmnmss . IRCAH ,_ blood- £iim: 128389 from
1 S no'nocui.bl‘xbams (Desfum:ainé), caue'l:ted by Qk;n,‘
- J.nuxy-lsn Lunyo, Ug¥hda;. blood fum 9829 from

Jan\ury 1965 Nnnthab\lxi muand; blood film-- 42249

:om gxcnonotus gmavi.ﬂ (scopol.i) opu.ected by ;
Hccluxe, za :(ovunber 1965, Camduqay, Sintou, Negtos

oriem:n upumc ot the Philippinesy blood £11m
-10751 from’ chnenotug sinensi‘s ( Gmalvin). collected by

? Mcclqre, E December 1556 Mcng T'uhq Perlinsula, 'chq

. Kong

w4
.\bDITIONAl: HOST" nzcoans see: Appendix

* camora - ‘slands, m:m, Bhutan; Thailand, Malaysia,
Indoneun, the .Philippirés, and Hong Knng.

comsmwts Baemngrctem sanquinis is .mm\ to the-group

of medium-sized luemoprcteids, rclunbunq H. columbae

Kruse, which eéccupy abpxoxiutely 50% of the host

¥ cﬁll - parasite * uamplex and onl plrtinlly dup].uce

the holt cell nucleus. R .

Since its . description, H.  Banquinis has been

moro  Islands (Peirce and  Cheke 1977p), in
,n tua barbatus’ f£rom Kenya léuzca et ul.J 1977.)
and ‘Glana (Wink and Bennett  1976); and in gzcnonotul
vl.:enl !:cm Ghnna (winx and Bennett 1976). 8

‘mmnoc blgnfo;di Jerdun, couected l:y McClure, 6 :

g ImIBUTION : Ghana, z.iu. .q’gln'dp, .Kenya, Tanzania,

R 2 5
identified only in Hypsipetes cnnimserls from the.




- little nuclear dlsplacemem:. Tha defaxnncza between

. pannee- qu-uuuvely, but t.hoy are distinguishabie -

; drnwlngl 'of H. sinquinis’ pubuamd by Chak:nvaﬂ.y and

-

Peirte (1984c) |synonymized H. sanguinis with H.
otocompsae - on the basis of the _ published
dascriptions. . .These two. hiemoprofeids ‘bovever, are
nleaxlf distihquisl'fahlg’ both qualitatively and
_‘quantitlélvely. Hnemg:oteus'atocmgg‘ ae is a large,
‘beoad ., KaeHoprptela; _occupying  approximately
_:nzee-qsa;zéai- of the .host céll - parasite complex,

and characteristically displacing the host ~cell

nuc. usto the 'y of the ery Y (NDR =

xelntively slender parnite, occupying anl}f
ona -hal} the drea of th& hast cell, and causing

these ’.two hlenopxoteidn ‘were ' shown to be .

"This is in contrast to H. sanquinis which:is

statxstica.lly significant on ‘all parameters tested - -

(Table 4).

. The u-énpuons" of - H. otocompsae and H.

sanguinis . pzovidad by | de mllo. (1935) and by
chakravnty and Kar ().945) provided few or no

* ne'hluraunu uﬂ do- not cleardy separate these

on t'(le, balh of “the klluatnﬂonl The H. otocompsae

Eound !.n thil\ttlld' were readily reternble to the'

uluutrntionn of this' panute provided by de Mello

(1936), lnd to thole \of Peirce (1984c). Of the 'six

Kan'_ (1945), only . oné€ appnn to- be a _mature
. Vol b ks g
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Table {./

: Results of mlyilis of vuianf:e :on selected morphological
parameters pf H. otdcomps:

ae, H. philippini sp. n.
and H. sanquinis. 5

Parameter

Probability

F Ratio
MACROGAMETOCYTE '~ :
* Length F2,162 = 66.50 0.0000
width . F2,162 = 138.26 0.0000
Area i 0.0000

Ha‘czoglmer.ncyte Nucleus
Length

width
Area

NDR

No. pigment granules
: i

MICROGAMETOCYTE
*  Length
width -
Area
NDR- 5
No. pigment granules

NDR = Nuclear Displaceiment Ratio

" *F2,162 = 55.06

F2,162 = 179.24

3
F2,119 = - 37.90

2,125 = 32.90

F2,162 =-77.21
F2,162 = 149.48
F2,162 = 255.37
-
'F2,130 = 28.61
ane

57000) -

" F2,162 = '53.02 % 0.0000
- 0.0000

0.0000
020000
0.0000

0.0000 -

0.0000 ~

————d
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gametocyte but this was - sufficient to identify H.
i ) sanguinis in this study.
Peirce (1984c) based his conclusions on a small

. sample of material/ from Africa, while the”

of the pycnonotids, with- the haemoproteids under
discussion described  from their * original " type
.Lccaﬁty (India).  Whilé more  i¥ mot necessarily
better, in this case  thé. larger sample provided

haenoproteids entifiable as H. sanguinis. It is

uinderstand pased on only H. otocompsae: miterial
and Chakravarty and -~ Kar's (1945) description of H.

sanguinis, why  Peirce’ (1984c) . synonymized H

sanguinis with- H. otocompsae. However,  these

. this study and it is Tecommended that H. sanguinis
stand as 4 valid species until such tine as
. 'expe::mex-(:ﬁ studies on . the life cycles and cross

" transmission of these parasites proves otherwise.
i . ;
To - summarize, H. ' otocompsae, sanguinis l‘nd.“ﬂ»

mo_zphoiogicail]{ * H.otocompsae’ forms large’ halterjfial
gametocytes' - that markedly diaplngs the host.cell nuclgus,
H. sahquinis s ‘4 mediun-siied halteridial parasite
causing - little nuclear d;s?laceménc, while H. philippini

identifications and descriptions in this study are -

based on -a large sample taken from across ‘the range

vk haenoproteids were ~shown to be clearly separable in|

]
-philippini. sp. n,' are: quite distinct speciés
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sp. n. is distinguishable due ‘to its small size and
extreme central constriction. . Oneway analysis of vari:ance '
showed both the macro- and microgametocytes of the three
species’ to be clearly statistically separate on all
paraneters measured (Table 4, pg.32).

Key to the haemoproteids

Mature gametocytes small (occupying only about 36% of
“the host cell - parasite .complex), with a pronounced
central constriction; NDR = 0. 8; pigment gzanules =8

Citeeeethiesensssesaesiaanessssiaes He philippini sp. n.

Mature gametocytes larger, without central constriction .

2. Mature gametocytes 1arge (occupying 72% of the  host
cell - parasite complex), noticeably displacing host’
cell nucleus, NDR = 0. 5; pigment granules =-10

++. H. otocompsae

Mature gametocytes meds.um-si:ed, (occupying 54% of the

g =" host cell - parasite complex); only slightly dlsylacinq

host cell ‘nucleus, NDR = 0.8; pigment granules =

-Discussion

Bennett et al. (1972, = 1975a,b) ' summarized . the

available experimental data Goncerning host specificity in

the avian haemoproteids. Cited were : . Fallis and Wood

"(1957) (H. nettionis. in Anatidae), ‘Fallis and Bennett

. . -
(1960)\(5. mansoni in Tetraonidae), Khan and Fallis (1971)

(H. velans in Picidae), Baker ~(1966a,b) (H, palumbls in
Columbidae), and less specifically, work ‘'on H. columbae in

Columbidae by many authors; addi;l.onal data was presented-
by Forrester et al. 1974 (H. meleagridis in’ Meleagridae).
The authors Cited presented experimental - evidence which~

led -‘Bennett and. his. coworkers - to: conaluds, “that
: -~
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¥ haemoproteids are host specific uéunllx at the avian

family. level. This conclusion served as the basis ' for
i utilizing the avian host family as the major taxondmic
|

characteristic. for diagnosing the ‘avian haemoproteids.

Di ices in | t -moxphelog(, supported: by
qu'antitativé measurements, ;hen became the :primary "l
- diagnostic characteristic for identifying haemoproteid -
species from the same host family (Greiner et al. 1977).

£ Bennett and Peirce (1985) summarized the known vectors of

the .haemoproteids. ; 5 - '

It has been shown that H. otocompsae, H. san@iﬁis
and H. philippini sp.  n. are euéily di‘stlnguishable/.ffr;m
. . ot 3 d

each other, both ¢ cally. - ‘amd cally.

. . Assuming familial specificity, they are also separate from

similar d species occurring in other. avian'

pe ' familles, . although it

~{s recognized '~ that future -

experimentation may result in’their eventual synonymy.
' .. . Leucocytozoon !

ucocytozoon was first ‘reported from the bulbuls by

pathis and Leger (1910), who described Leudocytozoon. -

brimonti from a Pycnonotus - sinensis from Hanoi, North

vietnam® and .in 1§11, provided . illustrations of the hew
. x

o parasite: - A second species of Leucocytozoon ‘was recorded

from .the Pychonotidae by de 'Mello (1936) who illustrated |

1

]

| 4 /- and. briefly desoribed lLeuccoytozoon .molpastis from a°
| . ’ |
|
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Pycnonotus cafer 'shot at Ponda, India. De Mello's
description of L. molpastis constitutes the only recoxd of
: e

this parasite in the 1i Leucocytozoon

: : 4

however, has been £rom.

(Bennett  and Herman 1976, Zaire; Peirce.et al. 1977a,

Kefiya; Wink ~ and - Bennett 1976, Ghana), Bycnondtus

importunus (Bennett and Herman 1976, Tanzania; Peirce et

al.” 1977a, Kenya), Pycnonotus xanthopygos (Bennett.and

Herman 1976, Africa) and Pycnonotus virens (Bennett et al.

1977, Uganda).

In addition tg L. brimonti and L. molpastis, three

other Leucocytozoon species. have been recorded from the
pycnono;id::f Dsucocxtozo‘on fringillinarum wu‘rebotted by
Peirce et al. (1977¢c) in ‘gxcnonntua joco_sus -from
Mauritius, and L. dubreuili and L. majoris were recorded
by Nandi t:nd Mandal (1978) in Pycnonotus leucogenys from

India. Remaining in the 1i to

ds are " but

Le Y in the
identify the parasite only to the generic level
(Appendix E), ‘

Results ] ot

Comparison ' of the. nkiqlnal‘ descriptions  and

illustrations of L. brimonti and L. molpastis show these..
parasites to be indistinguiskiable on 'a -morphological

gasis, and since both species are reported from the; same’

host "family, it is proposed that L. 'molpastis be




.‘Pycnonotus melanoleucos but was not identifiable ‘to

the Philippines and Hong Kong, has now been extended to
"“include the ‘entire distributional’ range of the' host

synonymized with L. brimonti which predates it.
The present study identified - L. brimonti (Fig. 6),

et

L. dubrew™i (Fig., 7) and L. majoris (Fig. 8) from the
bulbul species examined, establishing 21 new host reca/f:ds

for L. brimonti, 9 new host records for L. dubreuili, |and

. ) . K | .
17 new host records for L. majoris (Appéndix El. | In ‘
addition, Leucocytozoon was: found for- the first time|in

species. Double infections of L. brimonti and L. majcri\é\ G
were found in Criniger pallidus  and. Px;:nonol%s A S
melanicterus from Thailand, and 4h ' Pycnonotus xanthopygos™-,
from Tanzania. A double infection of L. brimontdi and L.
majoris was‘énu'nd ¥ ln'a Criniger pallidus from Thailand. \
Double -infections .of L. majoris and L. dubreuili were. B O
found  in fypsipetes meclellandii and  Pycnonotus
melanicterus from Thailand. o

The distributional range of L. brimonti, known |
previously only from North. Vietnam and Africa, with the

addition of new records from India, Thailand, Malaysia,

family.
. s

Discussion |

Leucocytozoon  species  have  generally been
distinguished on the: morphology of their gapetocytes in.’ !
the ' peripheral ‘circudation of the host, and to some o




Figure 6.

Leucocytozoon brimonti

*
F iguze‘ 7.

Leuco_cx\ tozoon dubreuili
"Figure 8. -

Leucocytozoon majoris

Unparasitized erythrdcyte
approximately 12 ym







w 391 = v,
i 5 ‘

extent, especially by earlier authors, on the species of

" al. 1965). Fallis. et -al. (1974)

host ‘(Bemnett et
identified .the major morpiologital criteria for ‘species.
identification in the Leucocytozoidae. 'These included the
size, shape and staining characteristics ‘of .the parasite,

the nature ‘and extent of host .cell distortion, and 'the’

size, 'shape and position ‘of the altered host °=¥‘5 nu;:‘l_gi.\s. .

Bemnett and . Canpbell (1975) exanined the variability of

these morphological  parameters within the . Leucocytozoidae .

anf™ound' that species could not be separated on’ the basis

of: measurements alone. They concluled that the most

,]_:eliable forphological character for species definition is

I3

_'a qualicu‘tivve one - the appearance of the'deformed . host .

cell nucleus. N ) .

) With re‘and‘ td, host specificity, Bﬁett et a__\
(1975¢) statedvthat the taxonomy of the genus. is largely
predicatéd on the-concept of spécificity at the familial
level . The ll'mited experimentai evidence available on
Ls\j\cqcxtoznon’ specificity supports thi‘s prenise, with the
exception of L. fringllinarum  which has been
experimentally. tzansmt:t:éd tc.’several families Pwithin;the
Passeriformes (Fallis and Bennett 1962; Khan 1969, 1970).
E‘xaminac‘lo‘n of mixed’ V'anfectians involving L.

fringillinarum, L. dubreuili and"L. majoris led Benmett

and  Cameron (1975) to invalidate the assumption that

" Leucocytozoon species'are host. fanily specific.

‘. Fron the foregoing, t:appears, that, at present, the

iy

!




?;;.oz Ex‘ltena. for distinguishing species within the genus'

eucocuozoon, i.e. parasite mrpholoqy ln# nsumed host
‘tanuly_spec.\hcxty, are hot always reliab}e .Usdh:aton of
species. - This leaves hast order spechu:Sty,!Vsince 5o
I:euc v .czoon lpecx;n has yet. been‘ e:gperiméntally
r.ransu:ted between host ‘orders, and the sconﬁgurauun of
the  host cell nuclear dlstnrtmn (Benrlett and Ca-pbell
197@1,_ as' the p;i:ne‘ chuactex%sties fo Vspecies

differentiation within. the Leucocytozoidae. | on - these -

bases, as well as on the evidence :i:rgéented by Bé{mett and
Ccameron * 1 (1975), L.y ‘dubreiiili sand Q\ majoris ‘were
C TR e . X B

identified in this. study. These samé criteria ‘also

justifled .the synonymy, of L. molpastis witt\ L bxmdn

«The status of L L. bxs.mom:i itself howavpz is doubtful._ *

Berson (1964) questioned the valkidity of g. brimonti bul:
did not mention L. molpastis of which he &\:as ippaxently

unaware.  Hsu e__t‘g. (1973) listed both’ L. briimonti and L.-

molgastis as.valid species on the basis of their différent
hosts.  Fallis et al. [1974) - expressed doubt about the
status of both species but iftluded L. brimenti in their
checklist as a valid species and L. molpastis kl B apecses

’an\urenda. Peirce| al. (1977c) conlxdend L{ -brimonti a

synonym of L. £rin 11unnrum and Peirce (1954.{ reiterated
this position in his znmbian survey. .
Although , sinilar, L. - can be disti

fromLi fringillinarum on- theé basis’ of the cjnfiqqxation

of the host nuclear distortion. While botH species ’ar‘e




N

characceriz'ed by a nuclear ‘cap that—extends 'a}"ound
lpproximately one-third of | the circumference of the

parasite; that of L. fringillinarumds wsually thinner at

the .?&re{mms thans in the- midile,; while that of L.

)

the evéntual‘ ‘syncnymy-

brim

4 is uniformly thick ‘for| its entire length and’

often appears almost rectagular./ a‘owevex, it 'should be

noted that  the shape of the nuclear cap is a variab]
’character which may. - be sormqwhat distorted by t.he hluod
“£ilm preparation techniwe itse.lf and can be affected by

the densi.ty ni cells “on the sme“., '.l'he difference 1n l\ost

nuclear pefoxmxty bets een the tio, speaies is riot as .mé:ked{ ¥

as that, sez exaunple, between L. dubre\uli and L. majoris,

.and it ls recc_gnined that future research may :esult in,

brlmnti with 1'...
fr;\.ngill;;{arum. Hewevex, bassd on, the specimens examlned

in this study, it is recomnen’aed that

mg/be

considered g-valid species unul such time as exper:unental

“bush Jor lﬁarkli_ké cbunt_ty; 2 2)

evidence proves otherwise. N i .
S : i

Di rvihln-'l on of by" host genera ¥ -

Act:dnung to Delacour (1943), the- bulbul family can
be: »subdxvided, on thé basis of their anatomy; hablts and M

behaviuuz:, lntc four p;rincipnl g:oups of qenera as

follows: 1) Bycnonotus, alntocichla.’sguixos aeoggm
nm:lv Ixcnotuu,.uhich are arborgal, with most frequém:ing

Setornis, all * of which -are .forest canopy birds; 3)

" ciiniger, Hypsipetes and” -




_Haer_ngroteus, yiz. -Chlorocxchla, Ixonctus, Nicator,

mfe&ion vas identified in Phyllastrephus. “The remaining
.

_dxstxibution of the haemoproteid Species. ” R

" otoctmpsae, H. philippini sp. n. and H. sanguinis, and for

‘statistical difference between Criniger and Hypsipetes in

~o

=42 %

T
Phxllastreghus, Bled: and*ll
with  some "living near the qmund in :hicke‘ts and lower’

Nicator, which are forest birds,

vegetation; and 4) d:luxoclchla and Theu!locxchln which

Tia

h.ve mainly in forest t_mckets. c 3% *
Nine  btilbul genera, representinq all fuut groups, . /
were examlned for blood parasites in this study (Tahle 5).

Most were sampled “in slhll numbers lnd were ‘negative for
Setornis ind  spizixos, while “only -one H. sanouinis

three genera, crlnigaz. msigtes and Pycnonotus, were
| ;
sampled in su(ficient quantities to warrant further

discussion and will be 'examined with regard to the °,

Criniger, Hzgsx,Etns and” gxcnunotux were examined for .

differences among them n_m infection' -rates for ‘H.

tdtal haemoprotaid infections. ~ Pycnonotus and Criniger
demonstrated similar’ rates of infe'eéxon with Haemoproffeus ‘
(Table 6), while. m showed a signlﬂcantly lower

overall prevalence for  Haemoprotéus. There was ‘no

the prévalence '|o£ H. otocompsae.~ Both genera had
signlfi’cuntly lower ‘prevalences of H. otocompsae than did
pEnngétu}. g Al three .genera demonstrated significant
differences in fzrevnlences between . them for both H.

ghillm;ni spi n. (guugate: > Cnniger > l_’!cnunutusl and
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¥ote :

fytiee add up to the total

Haen. phil.
Ha mcuul

e of double infections, the nle-urpxnuld spacies do not
bul gent

Baemoproteus

)
| « 3
i > s : S
1. . s
| e - Table 5. L 3 q
| : .
! of ‘bulbul by host genera.
| . & 2 x i
L . Host Genus = Total Total  Total birds infected with
¥ birds - <! -
-
# : \
it Chicrecichla 15
N sger 3
SR ¢ 1 of Total birds . k4
i A Of Total Haem. <@ il
mm 121 ‘
v of Total birds
of Total Haem.
yie ¥ Ixonotus- o s 2w i
R
*- Nicator : . ‘ o 4 N 4 < ‘
" ' Phyllastrephus &7 PU # - 1
Bycnonotus 1067 383 93 141 461 .
% of Total birds 1.2.°. 7759 .5
of Tota: < 83 713 - 2
an N 2.0 - - -
spdzixos 70 0 o= R R -
s % R
' Unidedtifiqd bulbuls 24 - § T ES o =5 4
> /fomaL . 19834 1545 4By 101 485 510 .
- © % of total birds 1 15.7 5.0 1.0, 49 5.2 5
A of totsl Haem. : ;650 nla
J fes. = maenoproveus, . faee . b faess 5., oy = =
. ste;

n~u-_n_m=_u_u

found in a bu.
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Table 6.

5
hunepxo(ddl within Host g

‘of T-tests on arcsine tnnﬂmniuni of the proportions of
-96).

aemoproteu; proteus : 5
h{1ippind sp-n! .
= ! 3

Test . Total Haemoproteus
- . Haemoproteus oteem a0
. . Calc. T
" pyenonotus v,
n""r"'l—icxngx . 0.38 2 7.59-.
Pycnonotus. ve. . .. 2w, .
Bypsipetes 1329 0 Tt o119
niger vs. 3 d
b A Cimaae 0
W 2
Calc. T.1 calculated'T value. .

.+ significant at e = 0.05

24,55 » 12,26 ¥
L a4 40 - 0 ZBV.J‘ .

nos- "o
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H. sangglnls (Pycnonotus > Criniger > Hypsipetes).

when the genera. are examined individuallv (Table 5,,

/bg. 43), in the genus Criniger, H. philippini sp. n. was
the dominant haemoproteid accounting for 58.8% of the

\
total Haemoproteus infections; followed by H. sanquinis,

with 20.6%, and H. otecumgsae with 2 1%, leaving 18.5% of
the haem_op:oteid infections in Criniger ‘unidentified to
'pecj.es. In .the genus Hypsipetes, H. ‘philippini sp. n.

was. again the dominant

for 75.7_1. of the  total haemopnoteid infections, with H.

sanguinis  comprising only 7.6% -and H. -otocompsae only

. unidentified to- species. In the genus.

- 1.6% with K\
' pycnonotus, H anguinis was the dominant haemoproteid

‘comprising—43.2% of ‘the ‘total Haemoproteus infections,
followed by H: philippini sp. n. with 13.9% &nd H.

otocomg'sae with 8.7%, .ledving 34.2% of the haemoproteid

1n£ecticns unidentified to species.

Exam;nation of the 35 individual species infecced
with species of Haemoproteus within’ thes¢ genera (Table
7), simwed F:hat the same . pa:terns of - haemoproteid
1nfect¢en ‘that exist at the host ‘genus level exist also at
the host species level, with only three = exceptions.
Hypsipetes = propinquus showed a higher rate of ‘infection
with ,H. ' sanguinis -than with H. g‘hil ppini sp. n., and
Pycnonotus  barbatus and gxcnonur. olus both
‘demonstrated a higher ptevalence fox H. 'otocompsae than
‘fr-:r‘ H. ang\_xinis. i

species ' ng’




Hypsipetes crassirostris

Nipedpetes phtizeinus

§ ~
-
it B
-4 -
8
| . Table 7.
i 5 of bulbul h
3 g by host species.
Host species Total Total Haem,
= birds N ote:
E = . T,
i criniger pres m 27 1 ]
| 5.3 0.8 e85
37 - 333
. Criniger flaveolus i 3 - <2
S 15.8 10.5
L ! 66.7
e . . .
| ochraceus / s
L LS oens g 219 67 1
H 24.0 0.
it ) : 1
. Hypsipetes amaurotis 28 4
. 7 14.3
b ‘" mvpsipetes charlottas 1 S

2
3 2.0
50,0
a 6 -
14.0
i w B
uz 14 1
T 12.5 P
3
Jog- . 64 -
20.7
a0 -
45.9
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Table 7 (Contifued).

; of bulbul
by host species. . ‘
v Totad Total Haen.
i ' M
ATH

Phyllastrephus fischeri

“ 26

i

.12 ss
6.4

L 1
16.7
15 3 o
20.0

189

3.2

6 7
1.5

m i
2.2

1001 . 526
8.2

81

298 23
1.7
(£}

.
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i - Table 7 (Continued).

°

of bulbul
by host lpel(:ln.

Host species Total Total Eaem, Haem. phil. Haem. |
birds fiaem. S. P p. - gang.
- - ATB ATB \: \TD =
ATH AT T
y : Pycnonotus eutilotus 55 1-: " -
¥ - g ¢ L 1.8 i
5 @ 0. o
Pycnonotus finlaysond 200 [} o g l2 |
I - s 1.0 1.0 ?
| - . . 22 (222
cnonotus flavescens 186 ) 1 3
} . 2.7 0:5 0.5
! F 200 ‘200
i Pycnonotus goiavier 2714 am -
| K r 5.
( 3 ) |
! Eycnonotus jocosus - - 258 u, - i
i g ' 3
. Pycnonotus Jeucogenys B 6 2 - -3
e 74 .25 3.7
T 5 .4 ) 50.0
‘Pycnonotus Juteolus [ 40 20 - iz
s - €0.6 30.3 T1s.2
50.0 30.0
- " - pycnonotus melanictervs = 217 4 € s 65
g % 66.4 2.8 207 .30.0
j z e Q2 oauls s k H
Pvcnonotus plumosus - 1339 2. P - - H
: 83 |
X . 4
Pycnonotis simplex " 100 9 1 2 3
- . 9.0, 1.0 2.0 3.0 |
. ¥ na 222 3303
Byenonotus sinentis 12 £ T 2
g . - 80.0 H
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= Table 7.(Concluded). .
of bulbul haer 1 2 - !
by host species. . . |
’ Host spacies Total Total
5 bixy
'TD
Pycnonotus striatus 0 . 198 - - - .
N 10.0 L
Bycnonotus virens S LS S - '
% * & & e . 3.1/ 0.4 4
- N 14.3 Wl
Pycnenotus xanthopygos s 3’ - - “a
9.4 Fon
» B ‘. a 1 \ 333
Unidentified M{lb\lll 24 . T .
3 . s
‘Remaining species 584 -0 - - -
o TOTAL ‘A “e™" 9834 1545 101 10
5 ATb 15.7 1.0 5.2 .
im ~7 6.5 33.0 .
= Hgmgrugul ) i
sp. n. = Haemoproteus ywm irpinus 3p: o 3
= Haemoproteus sangu:nii !
- VorToat bual i
= A of Total Haem. " i
*  Field separation of r gchiaceus and C: Z.pm- X 5 -
uas unreiiable 89 betl e o R tner e Thiatner 1
(McClure gt al. :
f . ;
*” Numpxcum- not identified to species llvtl
Note 1 The . haemoproteid tpaciad dornon-aluerm, aad up. <o ihe u-:n'
{-1 ul in bulbul because of doul
: d because ot all are m-nnn-a to ‘the -ucau 1evu -
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Haemoproteus otocompsae
. when the prevalence of H. otocompsae is examined at
the host species level (Table 7, pg. 46), four bulbul
species emerge as the most: commen hosts of this parasite.
This haemoproteid was most pravalent in. Pycnonotus
lut.eolus, in !_dhich 30.-3%_\0{ the total 1ndividugls examiped

were found to harbour H. otocompsae, followed by 7.9% of

Hypsipetes .propinquus, 6.8% oOf Pycnonotus barbatus and

3.9% of Pycnonotus blanfordi, with the remaining bulbul
species infected with this parasite showing prevalences of
less - than 3.0%. Pycnomotus' luteolus and :R¥ cnonotus
blanfordi are both ~ birds of‘ forest undergrowth, scrub ang

cultivated areas, with the former found in India and the

latter in Asia. is a'bulbul.

of cultiva:ed and open coum:xy and is largely confined to

Africa. Hypsipetes  propinquus is'a  common forest bulbul

'in southeast Asia.

Haenoproteus philippint 'sp. n.

‘The highest prevalence of & philippini e “was
seen in Hypsipetes siquijordnsis in which 5. of of-tne
total birds examined harboured this parasite, folloved by

Hnsigetes philippinus with 42218, Pycnonotus s nelanicterus’
: . with 20. 7\,‘ rinig er ochzaceus/gnllidus with 14. 7\, and

Hypsipetes mcl:lel.landu with'. 10.7% (’Table .7, pg. 46).

Remaining .bulbul species demonstrated 1ntecg§nn rates of




e

less than 10.0%, with the exception of Hypsipetes

charlottae (21.1%) which had an inadequate sample sizg

T (19). Each of these species is found© in the forest

canopy. Hypsipetes siquijorensis is confined to several

. small islands in the Philippines, miﬁutqs ghil}pginus

is endemic to the Philippines where it is.very common, and

Pycnonotus melanicterus, Criniger ochraceus/pallidus, and

- Hypsipetes mcclellandii are Vaikiound ih southeast Asia,

with Pycnonotus melanicterus found as.

 § v

west ag ‘India.

_The highest ' prevalence of H. sanguinis in an
individual .hon:‘ species: ‘w;s seen »!nr gmnonctu‘s
melanicterus with an . infection rate of 30.0%, followed by’
Hypsipetes propinquus with 21.1%, Pycnonotus luteolus with
18.2% * and Pycnonotus blanfordi with 16.3% (Table 7, pg.

46). All are forest bulBuls with Pycnonotus luteolus.

confined mainly to India, Pycnonotus melanicterus found in
India and southeast ~Asia, and Pycnonotus blanfordi and

' Hypsipetes found in Asia.. Remaining

bulbul- species demonstrated prevalences of less than 1%:)\
for H. sanguinis or were sampled in inadequat® numbers.’

Haemoproteus sanguinis, the most widely distributed

haemoproteid with regard ' to number ‘of host species .

‘J.nfected, was found 'in’ 30 \bulbull species of the §9

examined, H. philippini 'sp. n. occurred in’'23 species and. ;

. ~—




H. otocompsae was found in only 18 species, (Table 7, pg.
46) . This cuuld be in:{erpreted to indicate that H.
sanguinis is the oldest species of the three and H.
otocompsae the younqest based on %he premise that the
older the -species the more time it has had in which to
disperse (Noble & Nob.l.e 1971).

Although it was expected that all. three’ haemoproteid

species would occur equally in each’ of the three major
N

bulbul genera,. fmm‘cne foregoing, it seen- that . -

definite trends are evident - in the distribution'of the °

bulbul haemoproteids with regard to host (Fig. -9)., While

each of the three haémoproteid species identified occurred

in each of the.three major pycnonotid genera ekamined, H.
otocompsae and g.isang\_l' inis were most common’ in PyenBnotus
species, while H. philippini sp.’ n. ocourred more
frequently in Hypsipbtes and Criniger species. This split
in prevalence- for host genera coincides with the division
in relationships  of the hulbul genera as descnbed by -
Delacour (1943) who placed  Pycnenotus in‘'a group separate
from “that of 'Hypsipetes and Criniger, a grouplng aion
reflects the ecr;lpgical Sreteventen S these bulbuls.

Cameron. (1964) stated- that’ the phylogeny . and

classifieatinn of a p'arasite can nnly be interpreted in,
terms of the' phyloqeny and classxﬂcauon of the host. It |

- is obvious thlt l.n qanarnl, rfelated hosts tend to have

xelnted parasites ligm: “of this, the fact cnat

. Hypsipetes and frinlgez whiqh ue moxs closely rehted to'
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i Comparison of prevalences of bilbul A 5
H “"haemoproteids by host genera. . 5
J : ® 5 Abbreviations : ¢ i
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i H. oto.. = Haemoproteus otocompsae ' v .

B. phil. sp. 'n. < Hasmoproteus: EmnE sp. n. =,

~H. sang. Haemoproteus
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" babif, wit§ Criniger’; and ‘Hypsipetes Juften travelling 1n
" are unknown al‘ld bh!t each Of the hulbul QEI’leti is infected

“ habit; | it must be assu.med that some’ varidble faget of
IR

: bulb\;l .behaviour either enhnncea or

. - 54 -

\each other than to Pycnonotus, demonstrated a pattern of
haemoproteid infection different from that of Pycrionotus

is not surprising.

0

. In comparing Pycnorotus, Hypsipetes and Crinigef,

McClure et al. (1978) described Pycnonotus as a - lowland,
o 5 GRS el
lower canopy or shrub level, fown, farm.or forest'bixd;

Criniger' 3s a lower canopy .forest -bird’ ~whieh, séeks

llghtl‘{ higher altitudes tfan gxcnonotus, and Hmslgetes

as. a canopy. lavel mcuntain forest genus whic ’ovezlaps

with the ntber two.. All three genera are similar id

‘_with

while! feeding. " Given the £aet that i

he vectots anolv

.by all “three bulpul haemoproteids (thzre.by precluding a’

physiologxcax barner), in’ spite ot the slmi.larlty ot‘

Sices the patential

,host/vector mtaracti.on and trahsmlsslon Jof the

diftetent haemﬂproteld specxes resultmg in * the patterns

nf infection described. -

2oogeography

Pyencnotids weze ' sampled from two major continental :

ateas; ‘Africa and Asia (Table' 8). The-African sample was :
sma).l, only. 710 hulbuls from 17 areas) in'contrast to-” tha "
{larqe Asian collection mm\bering 9124 birds frqm 16 areas.
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Table 8.

Total

nd Leucoc on in the Pycnongtidae . - l
cogsaphic sreas 7 k
i

Total birds infected with

Area Total Tota!
. birds Haem. - Jou \
Hi \ i
2 t
AFRICA" i ; ‘
Aldabra A\uil - . N
omoro-Islands” 29 1 ]
, £x . . )
canexcon B 6 o
+ ange /3 50 e
Ethiopia 104 L ¢ 21
Ghana i 9 2. -1 - “ 1 5= 158
Kenya 5 1 B RS -8
Mauritius / : % .. §
Reunion ] - - - " 10
Morocco # 2 [ -0 - - i 185 0
Rhodesia | i 0 : .\ S, o
37 o - ¥ - 0
s»enev-l L -
South Africa 2 o - & & 1§
Tanzania 39 T2 1 - 30 -
- Tchad / 5 [} - - - -7 -
- uganda o Rt 7. - 1 s 4
United Arab. .
Republie 0 - = kS -
zatre 8 1 B - 1 ‘s i
Zanbia 38 16 1 s - - L6 i
Total & Mo ’ n 28 PEEN ¥ w | ose
A infected t - 0.0 5.4 21 0.1 2.4 3.8 :
£ i N\

e ke N
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L‘ " Table 8 (Concluded). )3‘) N
e . o .
- l ... -area Total Total  Total birds infected with Total
1 . birds Haem. ue.
| . aém. Haem.
vt . hil.  gang.
H [ - 5p, -
‘ . ASIAY -~ - o
I Bhutan | . B 2 - - i ! ;
| . Borneo 152 5 “ 4 1 - . 4 4
fo - S East Pakistan & e s R - [} :
[T o |- AT e o ‘ g
. .. Hong Kong 8 ‘4 - td 4 2 i |
i 8 . ¢ ‘
- India e 18 22 1 28 29 H o
s8. -4 - S o op :
* 2 3 1 2 . e 2 | - !
: 1 ] - - L 0, Mgt i
18, Pl - 1 - 0y ; V
il o, IS i
27 EL Rt ) 5 n a0 75 | R
jnu:wmn 1436 o s3t q 4 151 n | .
South Korea > . .6 o - - . [} ¥
s Tatvin’ 1158 Bt b3 R N s
: L 33se as ' .25 206 " ]
Turkey ! 6 ° - - - - ° i
5o / B pon - ~ - L i
 unknown | €8 LR e - 9% o : i
E ‘Total 1m0 1474 ds1 86 a4 T 493 34 i
S % dnfected 1 -+ 162 49, 0 s csa s\ |
5 s> Grand total 1 9834 1345 489 101 s a0 as2 \
2 . 4 Vinfected 1 - FRETH R ) 4.9 5.2 IR}
s 7 Hien. spsencproteus, Haem. xp. oto.=Haemoproteus
‘ / mgﬁf”’—“—“‘.... uﬁmn_é_ﬁ:%._—b.’n Héemoprotevs ®p. n., Haem. gang.=
{ - o
’
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" of the -Himalayan ranges; central Thailand, the ce\ntral
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. The nte‘ of Lnfé:tlop by Haem‘ugroc‘}u was_ low in Africa at
only 10.0% with- lvhlqhe; rate of intection\ni 16.2% in
Asia, while Lel_mmezocn siwwed a prevalencé of 13.8% in
Africa and only 3.9% in Asia. ’

"ot the 33 areas in which bulbuls 'were e;amined, f;x
on~1y three, Thailand, Malaysia and the Philippines, were
they, smplﬁ in sufficient numbers to allow examination of

" the distributional patterns of the blood parasites under® * -

discussien; and these will be further discussed.

Thailand . - C
Thailand was divided into  three major areas for
discussion by McClure et al. (1978) - + northern Thailand

which is a forested, mnuntnnbus inland area formind part

plain which is mainly a rice pi'oducing area; and southern .

Thailand on the Malayan peninsula, which is mol_t‘ly jungle.

As g\‘een in ‘Fig. 10, Haemoproteus was most prevalent

"in ‘central Thailand (30.7%), less common in northern

Thailand (22.9%) and least common in the scuth’(lz.l\) ol ,-
with H. sanquinis, H. philippini’ sp. n., and u./’_ 3
otocompsae ;n‘ch following this same puttarn of pre;zalence.
Leucocytozoon was most common in ths north (10.4%), lqwap

in tha south (5.5%), and lowest in \:he central area (4 ll)

where Haemoproteus was most common. -

«These patterns of px_evnlence( ;pr Haemoproteus and

i -
Leucocytozoon in Thailand are not |unexpected given that

s
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Prevalence’of Haemoproteus and Leucocytozoon in Thailand.

e 10.

Abbreviations :

e “‘i‘?ﬁfmﬂ‘
ghili!! sp. n.
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the -simuliid vectors . of Leucocytozoon require rapid

running water, a condition.more 1_1):e1y to be encountered
in the mountainous north, while the higher prevalence of
Haemoproteus in the central area is possibly explained by‘
7 a more favorable environment for-its assumed ceratopogonid
vectors. !
Patterns of infection ux:h:{eqara to host genus_were
s,\milu in all three regions of Thailand = and are
-consistent with those discussed previously. Approximately
the same. number -of host specia:A«rexa uan\;_.;led in each
area : 18 spseies in nor?ern Tl and, -19 in southern
Thllland and 16 'species in central @hailand. Haemoproteus
philippini sp. n. infections yeze concentrated in crinig’ex
“ and Hmhiigteu species -while ﬂ otocompsae and H.
sanquinis were found in greater numbers in Pycnonotus
_‘specieg. Haemoproteus 'gh;yggim sp.. n. was foufid in
fewer ‘host species ll]{_) than H. llhgginu (18) while H.
'utoémsu-n- harbored by only six bulbul species. In

relation to each other, in €ach of these threé are‘as. B

s ‘was  the ’\) followed in

prevalence by H. philippini sp. n. and H. gtocompsae.-
bhly three h'ost species were conmn' to all three:

v
“areas . : ,Crlniger ochraceus and. C. pallidus, which are
lower canopy forest birds, and Hypsipetes

Criniger pallidus (McClure g al. 1978). In each area, “the
former was most frequently infected with H. philippini sp.

|
|
i
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n., but ‘was also infected by -H. sanguinis, while the

latter, which was represented by a“smaller sample size,

was infected by all three Haemoproteus species but showed

a greater rcy towards infection by H. § s.

Malaysia
Malaysia was  split into two main areas for

. .
comparison : highland Malaya, more specifically, Mount

Biinchang . (Pahang), ' at 2000 meters, one of the highest
peaks in the midrange of Malaya, ‘where collections were

made in disturbed éricaceous cloud fopest; and Iowland

Malaya, where there were two principal collection sites :

Rantau Panj‘anq, a coconut grove /- nipah pa].m.- manérwe

habitat at sea level on the west const of selanqor' and'

subang, a secondary . dipmzocarp forest at an alt;tude of
\

50 meters near Kuala Lw\pur. selanqor (Laird and McClure

1966).  * ’ 3

As seen in Fig. 1I, Haemoproteus was rare in both

) highland '(3'0\) and ' lowland * (1.0%) Malaya, while

Leuccu:ygczoon showed a ralativaxy hiuh prevalence (10.4%)
in highland Malaya and was rare 1n 1w1and Malaya (1.8%).

. ' The higher prevalence of . Leucocytozoon .on Mount

Brinchang was presumably due to. a-greater abundance of

" lotic bréeding habitats fD’l" *the simuliid-vectors in this

montafie: environment than in the lowland areas, while the
rafity of Haemoproteus, particularly in the lowlands is
more difficult to exp[ain. McClure et al. 1978 recorded
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Figure 11. .
Prevalence of Haemoproteus and l.eucmg:oen in mlaysin.

Abbreviations :-

3 TH. = Total Hamgroteus -
. B = H. sanquinis
Hp” = He philippini sp. n.
Ho = H. o tnc sae
Hsp = H. 8
TL = TOf tll Leucucﬁozmn
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more than 90 npecies of potential arthropod vectors for

haemosporozoans in° the Rantau = Panjang uea,' which

conside:lnw tha l,uu txq_te of inhction £ox m:ote\u,'

points to the need for closer examination of vector

species. in order ! to determine which vectors might be

involved in transmission. If suitable vectors aré found

 to. Be avallable, some behavioural or physiological

characteristic must either segregate the bulbuls in‘this

area fraom close vector contact or make them less

susceptible #o infection. ) /

Haemt rnr.eu ) ghiliggini lp, n. was ' the qnly

haemoproteid e untered in hithnhd Muayn, in cunt‘.rast‘

. to the.lowland areas where all/tl(ua bulbul vhae‘mopzot{eidu

were found, all demonstrating very low prevalence rates of

less than 1.0%_ each. 5

Even though the number-of haemoproteid 1n£e<’:tion/s in
Halny_sia was. very -low, a trend was observed in the
distribution of the haemoproteid ‘species with regard to

host species. Haemoproteus g‘ hilippini sp. n. was 'most

. often found in Hypbipetes and Crinjger species, while H.

anguini. prefuzed gxcnor;ntus speclél. Too h‘ H.
eucg_ngl&a were identified to mnke a statement on  host
patterns.’ s
Only - two pycn'onotiq specin were <‘:om\’on 'to.both

highland  and lowland Malaya, viz. Hypsipewes charlottae

» 2
and Hypsipetes flavala, but were taken in'such small
numbers in both are:

that a comparison could not be made.

>
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The Philippines =
Bulbuls were collected on six - islands . in the
Philippines, from.largest to émallest, -Luzon, Mindanao‘,

Negros, Palawan, Mindoro and Siquijor. Theé. Philippines

lie entirely within the tropical zone, with the monsoons

‘bringing heavy rainfalls, and the’ larger islands traversed
by mountain ranges. 4

As seen in Fig. 12, not courting .Mindoro which had-an
inddequate saméle size, Haemoproteus was. highest in
_prevalence in the Philippines: on Siguijor, followed by

Negros, Mindanao, Palawan, and Luzon.:, Leucocytozoon -had

its highest ' rate of Anfection on +'Negros with lower rates

on Mindanaé:and . Palawan- and‘wasvahgénE from Luzon, Mindoro
“and siquijor. . . .= - Ty . 5

‘ (Haemogrnte:\ Ehiliggini sp. n. vas the most commonly
.occurring haemoproteid fu;lawed by. H. sanguinis and H.
o\;.ocamgsae. The only "occurrence. of H. utacomg‘ﬁue in the
_Philippines was ' one :

infection found- ‘on = Negros.
. g 5

Haemoproteus philippini sp.. n.- was. n\ost prevalent on -

Siquijor (76.4%) where it vas -the only hagmoproteid

species found, then drupped sharply in prevalence on

Negros l23',5\) and Mspdanac (23.3%), -exPerienced another.’

marked decling on Mindoro (9.1%) and Palawan (9.0%), and
recorded  its lowest -prevalence = on = Lugon (2.4%).
Haemoproteus p_m.uggfn sp. n.'showed . a clear difference
~in pteva:l.ancs‘ pet,wee_n the more southerly _islands_,
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‘ s, Figure 12.- 5 - i
Prevalence of Haemogrcteus “and Leucucxtozgo 5
in the Phil ppines . $ S
Ahhrevia:inns '

| R
= Toul Haemopoteus -
.= H. sanquinis 3 s E

sp = H. 5D i ot
T = Totu). Leucncﬂuz‘aon i i i

H. ghilxggini 8Py, n, * G
1. Stoconpeae TR o
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— ~infect{®ns were ' found in-Criniger bre
. Pyéronotus ‘goiavier and Hypsipetes philippinus ‘were the) ® .
. yly species coimon t:f‘.t'he \islahds examinéd, in thig study, i

R 2 Palawan. Hindoro, which- had a small sample size, had a-

| but fairly equal Fates of fnfection on Mindanao (3.3%), "
- Palaian (3 2%) and Luzén (2.6%), and  was absent frbm

-_g 1ippini ‘sp. i - 3 : B

exr:eptian of paxawan, H E}uliminl sp.. m., themest . . - |
> harboured by | nsigetes Ehi;igginus (69. 3%) . a Eorest edge

usually “associated - with | Pycnonotus - gsiaVter’ (3 u)", i, X

o Fooee T F s . .[
Mindanao, Negros and Sigdijor, and the northern iélands;
Lugon, * Paldwan -and :Mindoro. = Haemoproteus sangglnis
‘appeared most . often on - Mindoro (36.4%), and, zecn;dea a

fairly high prevalence rate on Negros (20.9%) with low

Siquijor. Haemoproteus philippini sp. n. séowed. a Sughely ¢

hzgher rate of infection than sanguinis " on Tuzon and e

Nei;ros, and a signiiicantly hl.gher rate on Mindanao and

mucn higher rate, of: infectinn with g sangginis thg;q with -

H

It ‘was generally obseryed that, wu:h the excepcion of 1 » i
Palavan, . as l:he sizs “of;the island decreasad :he “rate of .\ 8
;.nfecuon w:.th Haemogra:eus increased._ Also with ‘the v oo

e | HaeobEoteta . b the Philippines, vas genaxaluy

bulhul endemic ‘to" the’ Pm.l.:.pplnes while angginxs v[ias

: common Vgatdenv .and 'fal'inya'rgi) ‘bul_b,ui. on siquijor, u tiny K

iSland | Off  Negros, Bypsipetes siquijorensis = replaced. - . L

nsi&tes ghillgginu as the ma:ox host for .H. Ehiligp%i !
$p. n. on Palnwan. mnst of " the ghiligglni =p. n.

forest buibul.




e With ~regard  to . th

wich the exceptlon of sxquijor on which only Hy_gaigtes
siguijorensi was sampled. g o

com'garisa’n of &imilarareas

It ‘was expected, in highland “Mulaya and northern
Thalland where the bulbuls - were sampled in mauntainous
archs; that the prevalence of blood parasites would be
smu'a:».v The .pame was expected of. India and central
Thailand’where the sampling sxtes were situated mainly in
low lying areasd/h many paddy ﬂelds. : -

compgrison of hig‘}‘xla‘;\g Malaya and northern Thailand
» Highland Maiaya and northern Thailand, ag’,gipe‘cted
.."siﬁce they are both ‘.munts'ihuus .areas, demonstrated
identical prevalénce .rates for Leucocytozoon of 10.4%
'eaqh_. However, these two areas differed si&qificantly‘ in o
the prevalence of Haemoproteus, which was found in.only
3.0% of the' bulbuls exTined in hithund Malaya, in
<;ontust to an infecticn rnte of 22.9% in northern
]h‘al_Iand (Fig. 13). This marked diffexence in prevalence
of Haembgroteug Vbetwee‘n these tw? ,areas could pe;hnps‘be
. telated to a'difgé!enc'e in vector »potentini between the

two areas. = - & S 9
' 2.

haemoproteid species, H.

atoz\:om‘pn'e' was-rare in northern Thailand (0,9%), and was
not encounterad 1h highldnd Malaya; H.. philippini sp. n.

wag fuund }n 6.3% of “the bulhuls\examinad in’ northern




Figure 13..

: ccmparisnn of pxevn.lences of linaﬁogxctnun ‘and
"L eugecﬂa:ocn in highland Malayd und northern Thaillnd.

L . % /-‘
g Abbreviationt : a

oul Hluogrotous

ML sp. n’
otocompsae 5 ¥
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Thailand but in only 2. 4! in hithand Malaya; and H.

sanquinis shawed a prevalence of 6.7 n northern Thailand

and was not found in highland Malaya. 5

The ﬁference in  infection rates’for H. philippini
sp. n. and H. sanguinis between these gwg regions could be
explained by a difference Zn the host species composition
of buljul populations in the two areas, since it has been
Shown that haemoproteid distribution is influenced by the

phylogenetic relationships between * the bulbuls, as

reflected in their ecological relaéicnshlps. However, it~

-
“was found that “a strong affinity existed between the

bulbul populations of highland Malaya and  horthern’

Thailand, as evidenced by the fact that five of the six

pycnonotid species pxamined in highland Malaya were common:

to northern Thailand. Of these species, only one,

. Hypsipetes mcclellandii, was sampled in sufficiént numbers

to be compared between the two areas. Of 156 Hypsipetes
meclellandii examinéd in' northern Thailand, 60 (38.5%)

were found to harbour H. philippini sp. n. and one was

infected with H. sanguinis, in contrast to only 2 (1.4%)
H. philippini sp. n. infections found in 147 birds of this

species collected in’ highland Malaya. This data suggests °

thst there may be a more efficient vecto: system attacking -

gmslpete! mcclellundii in northern Thlillnli than in'

highland’Malaya.
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Comparison of central Thailand and India

" Haemoproteids were more prevalent in central Thailand .

with 30.7% of the total bulbuls examined harbouring these
parasites compared to 22.2% in India. “The rate of
infection by Leutocytozoon in India (8.3%) was double that
Jf central Thailand (4.1%) (Fig. 14). ’
Haemoproteus otu;:o-ngsae- was more common in.India
(6.3%) than central Thail@d (2.2%), while H. philippini
Spa n.. demonstrated - a higher. prevalence in central

Thaunnd (7.0%) than India (3. 3\), and H. ungginls showed,
T

"a -similar rate of infectioh in  both I-nd11 (8.1%) and™

central Thailand (10.7%) (Fig. 14). RS
1 .

Distribution of haemoproteid species by country T
Qf the three Species .of Haemoproteus found, H.
otocompsae was the rarest, identified in 101 birds (6.5%)

of 3 genera and 16 species;.H. philippini sp.,n. was much
more common, found in 485 birds (31.4%) of 3 genera and" 2-2
species; i and H. §Angu_inis‘was most common, recorded from
510 birds (33.0%) .of 4 genera and 29 species. Double
inféctions of H. otocompsae and H. ghiltg'gini Sp. n. were
found ‘' in ‘7 birds of -2 genera and 4 upecie;h of H.
hilippini sp. n. and H. anguini! in 30 biw of 3 genera

nguinis im 3
birds of. l-qenun and 2.species. Unidentified hueﬁbprateid'

cies; and of H. otocompsae and H.

specien were found in 489 birds (31.7%). (Parcantages were

calculated based on the total number e! Haemoproteus
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HQemogrcceus otocompsae .
" Haemoproteus otocompsae was identified from bulbuls
in only six countries of.the 32 examined (Table 8, pg.’
55). It was x"are‘ in the Philippines (0.1%) -and Malaysia
lo.z\); showe‘d only a slightly higher p:evale’nce in
Thailand’ (1.6%), agd'_.reached/ its highest prevalence in
India (6.3%) and Iran (6.9%). Its occurrence in Africa
was limited td Zambia (42.9%) and Kenya (100.0%) where its M
'un\fs\;ally high infection rates.are probably a't:nbuta'me
to small sample sizes, a trier picture represented by an 4
infection r;te of 2.1% for H. otocompsae for Africi_ as a
whole. ' " | e . ’
Haemoproteus philippini sp. n. )
- Haemoproteus philippini sp: n. showed its highest
rate of ocl‘:‘urrencg in the Philippines (17.0%), with much
lo;ieF infection Trates in Japan (5.6%), Taiwan (0.9%),
-Malaysia (0.3%), Thailand (6.4%), India (3.2%) and Bhutan
(12.5%). Of these, Japan and Bhutan represen?ed small
collections  of ' less  thin ‘“twenty bulbuls ' 'sach.,
Haemogrote‘us philippini sp. n. was rhre in Africa where it
Jwas ﬁo\lnd only in Uganda (0.3%). (Table 8, pg. 55):

Haemoproteus sanguinis bos ke
Haemoproteus Vsunguinis' was  the most uniformly ’
distributed ' of the bulbul huemop}otaids in Asia. It'was ‘¢

. found in Hong, Kong (5.9%), the; Philippines (10.5%),




" aistribution of the bulbuls and showing relatively stable
= - ] \

g 5 =92 =

Indcnesia’ (4.1%), Malaysia (0.3‘\), Tﬁa’ilaﬁd%&.s%), Bhutan
-(12]5%) and India Y8.0%). It was thé common haemoprotdid
(of bulbuls in Afriéa with . infe‘ctions\ found in Ghana R
(11.1%), 2aire (iz v5\). Uganda (2.4%), Kenya (19.0%),
Tanzania (2.6%), a &mabra and the Comoro Islands (3.4%). i
(It should be nqted that sample sizes were small in Ghana, {
Zaire and Kenyh :es;xlting ir,1 prcbableﬂinfl‘ati?n of the ’

prevalence vatés.) (Table 8, pg. 55).

ic distribution of the hd d b

Trends in

Examination of prevalences showed definite , trends in
the geographic dist-ributlonvoi the bulbul haemoproteids
“(Fig. 15), oply the major sampling areas in which ally . |

three haemoproteids were identified ; are  shown.)

1 in prevalence from ‘®ast

0 west with a focus of infection in India and a decrease’ 1
further west in Africa. within Asia, it was the more i ] .2
‘"\(esterly" parasite. Haemoproteus' \ghiligglni sp. n. ' was
céntred in the phinppmes and, generally presented lower™
“infection rates the grgater the ' distance from the
Phi{ipplnes. It 'was the more ‘“easterly" parasite.
‘Haemoproteus sanguinis was the - most uniformly distributed

haemoproteid. occurring more or less' across the

prevalences through In‘g;‘a and mid-southeast Asia.

\ ; . S—
The east-west trend in the distribution of the bulbul 2




Figure 15“

. : - .
=~ Trends in the geographic distribution of

Haemoproteus Leucocytozoon in the
onptidae b .!
‘v ) . Y A,
Abbreviations : . o
‘Hi oto., = otocomgi_gi_ 3y
H. phil. ghuxfg ni sp. n.
. H. sang. H. sanquinis
“! Leue. =. Leucocytozoon
Afz = Africa ¢ S
Ind i3 a
Thai = Thailand >
Mal . = Malaysia
Phil = The Philippines
f“
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haemoproteids is made more obvious if the countries in
which only a single ‘haemoproteid species was found are
traced aczpss uia, - a definite cline appears with H.
philippini sp. n. identified as the only haemoproteid in
Jaﬁém and Taiwan, while H. sanguinis appears further west
in Hong Kong and‘TIndonesia, with H. otocomp psae appearing
even £urthex:west'jin‘rrm—.- . )

In the east, H. otocompsae and H. sanguinis were
found only ‘as far east as " the Philippines, while H.
‘philipbini 'lsp_. hie resshed Japan. In the west, H.
gﬁil;ggini sp.-n. was distributed as far as Uganda, while
H. otocompsae reached. zambia and H. sanguinis was found
furthest west, in Ghana. * )

No haemoproteid infscti;nl were ncg:dad from - South

. Korea, Fiji, East Pakistan, Iraq and Turkey, ibst probably :

due to the very small mngt\ox,_bnlbuls collected  in each
of these countries’ (N = 6 or less) rather than to an
actual lack of hﬂsnoprogelds. T

Of the three haemoproteid species, H. nang was
the domimnt. parasite in Africa, India, Thailand and

Indonesia. Haemoproteus philippini sp. n. replaced H.

un‘ﬂinis as the dominant haemoproteid in Malaysia and the -
Phillppineé and as the only haemoproteid species in Taiwan *

and Japan. ‘With the exception of ‘Africa, India and Iran,

if H. sanguinis was dominant, H. philippini’ sp. n. was

second = in prevalence and ‘vics versa. Haemoproteus

where ‘it .appeared, was always third ' in
¥ o




‘_,dnn\inant haemoproteid ~in bul.buls in southeast Asia, H.

S e S

 “prevalence, except. in _Africa and. India wh‘ere it :;:eplaced'

ghiligginl sp. ,as second in prevalence ‘to H.

sanguinis and in Iran where it was' the unly hlemoproteid

" _species recorded.  -In- short, H. ghlliggini sp. n. was the

sangginis was r.lomi.nant in southwést Asia and A{tica, and

H.' otocompsae was -second in p:evalence in Africa and

. India. " - : . %

Leuce‘cztnzuon ke g .
Of the. thred species. of Leucocytozoon - found : L.
brimonti occurred in 155 birds (34.,515) of 3 qenura and 25

species, L. duhreuili in 29 birds (6.4%) of 3 genera and 9

species, and L. majoris in 80 birds (17. 7\) of 3 qenerla’
.and 19 species. .Double infectluns of L. brimuntx and L.

dubreuili were found in 2 birds of 2 species; of L.
brimonti and L. majoris in 6 birds of 1 genus and 3

species; and- of ‘L. dubreuili ' and L. majoris in 2 hirks of

2 species. Unidentified Leucocytozoon species were fo'und. -

in 181 birds (40.0%)." (Percentages were calculated based
a;-: the total number 'of Leucocxtozooﬁ infections.) it

The prevalence of Leucocytozoon was hiqhest in Africa
at 13.8% .and siqni‘f_icantly lower in Asia at 3.9%. -In
Africa it gas found in Uganda (1.1%), Mauritius (18.2%),
Zaire . (75.0%), Tanzinia (76.9%), “Ghana (11.1%); Kenya
(38.1%), South Africa (50.0%), Eth}opin\ (20.2%), zﬁqbn

o

iy
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us ), and the cengo 33 u). In Ash, uu&u wns Bl 1
- found “in‘the" Philippines (2: ), Hohg Kong (2.9%)k; - e
; Indehesia (4:13), n’haysia (2:28), ThaMland (6.1%), India _
(8.23), Bhutan and Trap. (8781, TE .

outh Ko;ea. Tuhlm Ing and 5

N:xuy('rnhh'a,pq's_sn.' i L
- _The. overall pe’\tt‘ern of dutrkbuqicn fox the "

1eu¢:ocytnzoxdl of the. bulbuls- was. an, upwn:d trend “in-

LS _ prevalence ‘from east to wést (Fig. 15, fq}la_winq Pg. 73)/




Tparasites, 23.0% vere infected with haématozoa.
'g 2. Haemogroteus was the n\cst commanly accurring i
bm!a paxasue genus,, found in 15.7% of \the' tntal bulbuls =

exanuned followed in occunence by Leucocytuzcon\in 4.6%,
i % ! . * microftiaria “dn 3.1%, Plasmodium in 1.1%, and- Txmanesema J
) : ’«mon. ’ L L

37 Five ' species of Plasmodium (.. circumflexum

lare, P. relictum, P. rouxi and P. vaughani), - and_three
.

A . gpecies of Tiypgnosoma (T: avium; . cilmettei and T.

microfilaria were not 1dent1£1ed to species.

R ) & 4., Haemoproteus otocohgsne, HY angum.s, fnd H
2 ghiligginx Sp. n. were recorded from the pycnonauds.

sanﬂlnxs was 4. *from with H.

. otocomgsne,: ‘and_  both ‘s‘peciesv were Aredgscuhed- ?_f

ghilip_gini sp. n. was desc:ihed ‘for the first time.

s, sucocytozoon . brimonti, E. dubreuili and L.
- ¥

‘" majoris were:identified in this study. It was recommended

that L. br.uncnt; \be considered ‘a’ vaﬁ\d species until

proveén otherwise experimencally, ahd, it was proposed that

\n\olgastis be- synonymized with L. brimonti.

6. Haemoproteus otocombsae, H. philippini sp: n. and

. . H. - snguinis were all found in each Of the three major

. bulbil ‘genera examined, ~Crinider, Hm"slgeices’ and
Pycnonotus., g o __Q o

1., Of the 'total-bulbul's "(9834) exangned £6F blood . :

/.

i " paddae); were identified from the bulbuls. The' -
i - .
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Haemoproteus - otScomPsae’ and . H. sanyuinis were
often i}x_ Pycnonoms.' species; while g.u

was more. frequently encountered in

Hypsigetes and ’Cnn\iger\ species:.

 These differences qn
- K g
occurrence were found to be statistically significant;

8. This split on . host gex{us by gf:e haemoproteid

v speciés _coincides . with Delagour's' (1943) - phylogenetic

- division of the bulbul genera, a division which reflects
Feglects,

- N
~_the ecoloén:ai preferences of the bulbuls.. - ! ~
- Haemoproteus sangum:ts, the most  widely

dlstnbutea hdemoproteid with ; regard . to.number of host
species, was found in 30 ‘bulbll species. H. philiggin Sp. .
n. int23 and H. otoccmgsae in 18. . Lo

10. - Pycnonots were . sampled . across the rnnge vcaiv"1

‘their distributipn frem~ -western Africa to ss{he:stern
Asia and north to Jaban. - ¥
11, ‘The. Hajor ~sénpling areas Thaxxland Malaysia and -

the Philippines, were exanuned in detail thh regard =

the distrlbution of the a teid: and L x i

and azeas of similar topography, | (hlghland Malaysla}d

. northern' Thauand' central Thailanq, and India), were

,cormpared. In - addition, the preva’lence v of the
haemoproteids ‘was ‘examined for each cuuntry sampled. N

12. Haemoproteus otocompsae, ' which was the least
common of the -bulbul. ha mopro:eids, inc'reased’ in

prevalence from_east to yes! with a focus of infection in

India. ‘

.-

-
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ﬂaemargr oteus philippini sp. n
;’n he . pmnppxnes

and  generally presented’ : lower

infe¢tion ?t}s\ the Iqreater the' distance fron _the
Philippines. ' . i e

K

T1a.. Ha.emogzg;eg sanguinis, ' the most common’of the

nulh{xl _haemoproteids, was also . the most unifomly

o distributed, - occurring 'mcﬂx.e ‘or  less . across’ _the
distzibutien of the! bulbuls and Showing relatively stable
rutes of infection thrnugh India and mid southeast Asial

15. ccmpariscn cf the prevalenees of the bulbul

. haemnproteids by country smued H. ghiligpini sp. n. to be

the do;ninant haemoproteid in bulbuls in S'Outheast Asia,

flA H. sanguinis to be dominant in sauthwest Asia\and §
Africa. Haemoproteus dtncomgsae, while never dominant, did’

i o, s 5 v
become the second most prevalent haémoproteid in India.
" 16. The prevalence of Leucocytozoon was examined by

country and it was found that this f.saras;te showed an

—_upward trend in prevdlence from'east to west. . ©

/ e
- wqb most -prevalent-
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Appéndix E (Continued).
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Appendix E (Concluded).
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