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SYNOPSIS

Available data on geographic dis-
tribution and incidence of blood
parasites in different host species of
columborid birds in the wild are
assembled from 174 reports.in ‘rhe
literature, analyzed, and mforma-
tion on life cycles and pathogenes1s
is given. The most common genus is
Haemoproteus, of which two species
ocecur in naturally affected . birds.
The more common species -1s. H.
columbae, the gametocytes of which
extend along one side of the host
erythroeyte and curve. around its
ends. It has been found in 14 host
spemes in 24 countries. - H. sacha-
rovt. has. gametocytes whmh ¢om-
pletely fill the host cell when mature.
It has been found in 3~host species
in the United @tates and Italy..

Tra/pafnosoma avium has been re-
ported from 7 !1ost species:in 6 coun-
tries. '

Three species of Plasmodium have
been reported. P. relictum is by. far
the most common ; it has been. found
in 3 host species in 5 countries.
P. clong Jatum has been found in 1
’host species (Zenmdura MACTOUra)

in the United States. P. hexamerium -

has also been found in Z. macroura
in the United States .and possibly
" also in Columbigalling talpacotz in
(‘olombla

Leucoczﬁoaoon marchouzi, Whl(,h
- has rounded gametocytes, has been
reported from 13 host species in 15
countries. A species of Leucocyto-

zoom with elongate gametocytes has
been seen once in Uganda. Leucocy-
tozoom has mnot been reported from
South -or Central America despite

the fact that a’ number of surveys
have been made there.

Tozoplasma gondii has been iden-
tified by mouse inoculation or dye
test .or both in-8% of 176 domestic
p1g‘eons in 4 surveys in different
parts of the United States. What
may have been Toxoplasma, Lanke-
sterella or poss1bly some other genus
has been found in 3 host spécies in
4 countries. The possible role of the
domestic. pigeon as a’ reservoir of
Tozoplasma gondit is mentioned.

The distribution of blood protozoa
in columborid birds is poorly known.
Haemoproteus has been reported
from only 20% of the known 61
genera and 8% of the known 320
species of ‘these birds, Plasmodium
has-been found in 11% of the genera
and 8% of the species, Léucocytozoon
in 10% of the genera and 4% of the
species, Trypanosoma in 8% of the
genera and 2% of the species, and
Toxoplasma or a similar form in 3%
of the genera and 1% of the species.
The parasite.speeies has been iden-
tified in only 58%. of 138 reports of
Haemoproteus, 62% of 26 reports of
Plasmodium, 35% of 26 reports of
Leucocytozoon, 60% of 10 reports of
Trypanosoma, and T7% of 13 re-
ports of Toxoplasma and similar
forms. In 48% of the total of 213
records. the species name of the para-
site was not given.. In only 41 (24%)
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of the 173 papers were 10 or more
birds of ‘a single species examined,
and in only 12 (7%) of them were
100. or more birds examined.

* INTrRODUCTION

Our present information on the

blood parasites of birds of the order
Columborida is, with a few exceep-
tions, both scattered and scanty. It
has been tabulated by Levine and
Kantor ( 1959), and the analyses in
the present. paper are based .pri-
marily -on the raw data in their

tables. Additional information from.

other papers has been included as
indieated. The only references given
at the end of this paper are to the
papers specifically discussed in the
text; all others and the sources of
all data can be found in Levine-and
Kantor (1959).
parasites from birds in zoos have
not been tabulated, since they do
not neeessarﬂy mirror the true situ-
ation in the wild. The surveys dis-
cussed in the text are for the most
part only. those in which 100 or more
birds were examined, The results of
surveys in which fewer birds. were
examined are given in the tables.

Trypanosoma. Trypanosomes
were first folind in columborid birds
by Novy and MacNeal (1905a, b) in
mourning doves (Zenaidura macrou-
ra) in Michigan; they thought that
they were probably Trypanosoma
avium. De: Mello and Bras de Sa
(1916) found a trypanosome which

they named Trypanosoina hannas i m'

domestic pigeons (Columba livia) in
Portuguese India,
(1941a, b) found a trypanosome
which he named 7. oenae in Oena
capensis in the Nigerian Sahara.

Records of blood -

and Sergent-

Wood and Herman (1943) and-Coat-
ney and West (1938) used the name
T. aviwm for the trypanosomes which
they found in Zenaida asiatica
mearnsi in Arizona and in Z enardurae
sp. in Nebraska, respectively.

. Trypanosoma avium Danilewsky,
1885 was first described from owls
(scientific name not given) and
roller-birds (Coracias gawulus) in
KEurope, and has since been reported
from. a wide variety of birds. Vari-
ous other names have been given to
trypanosomes in other birds, largely
on. the basis of their presence in a
dlfferent host from those previoustly
reported The. validity of most of
these names, including 7. hannai
and-T'. oenae, is highly questionable.
. Bennett (1961) studied the mor-
phology of trypanosomes from 25
species of birds belonging to 11 fam-
ilies (but not including any colum-
borid birds), and coticluded that
they were all the same species except
for a trypanosome which he found
once in a chipping sparrow (Spizella
passerma) he considered the chip-
ping sparrow form to be Trypano-
soma paddae Laveran and Mesnil,
1904 and all the others to” be T‘
avium.

Cross transmission studies on
avian trypanosomes have been car-
ried out by Baker (1956a, b) and
Bennett (1961) The former trans-
mitted 7. avium from the rook (Cor-
vus frugilegus) and. jackdaw (C.
monedula) to canarles, but failed to
transmit it to a single 3- -day-old

.ehlck Bennett (1961) transmitted

strains of T'. avium by means of
simuliids or Aedes eegypti from 9
species of birds belonging to 4 orders
into 15 species of birds belonging:
to 5 orders. Many of these trans-
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missions were from birds of one
order to those of another, Bennett
made no attempt to infeet every
receptor host species with a strain
from every donor host species, but
used enough combinations to show
that it would have been poss1b1e
Among them, he infected the plgeon
with strains from the blue ;]ay -and
saw-whet owl.

On the basis of the above morpho-
logic and cross-transmission studies,
it is safe to conclude that Trypano-
soma avium oceurs widely in: many
different orders of birds and that,
unless they are proven to be differ-

ent, all avian trypanosomes should

be referred to this species. ..
Blood-sucking arthropods\ such as
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blackflies, mosquitoes and hlppo—
boscid flies are the vectors of avian
trypanosomes. ' Baker (1956a, b)
worked out the life eycle of 7. avium
from rooks and jackdaws. He found
that in England the hippoboscid fiy,
Ornithomyia avicularia, acts as the
vector and that birds become in-
fected when they eat insects which
have become infected by sucking
blood. According to Baker, there
is no multiplication in the avian
host, the trypanosomes simply be-
coming larger; multiplication takes
place only in the arthropod host.
Bennett and Fallis (1960) com-
pared the incidence and level of
parasitemia of Trypanosoma with
the occurrence and feeding habits of

TABLE 1.—Known Geographm Distribution and Prevalence of Trypanosoma
in Columborid Birds. N .

. Prevalence (%)
- I*"Surveys in Surveys in
Present but |*which more | which 100 -
no reliable-:{ * than 10 or more
figures onr birds were
Country Bird Species - prevalence “|*% examined

EUROPE ] ) .

Germany........- Columba palumbus. . . ... 24 24
ASIA

Portuguese India. . |Columba hvia. .. ....... +
© West Java..... ... Streptopelia chinensis. .. . 8 8

ATRICA o

> Nigerian Sahara. . .|Oena Capensis. . ... ... -+

Gambia.......... Streptopelza vinacea ;. .. . +
NORTH AMERICA o . 1

Arizona.......... Zenaida asiqtica mearnsi: : 8

U.S.A.......... Zenatdura macroura R

. : carolinensis. . ... . P D 0.5 0.5
Michigan. ........ Zenaidura macroura :
: carolinensis. . ... .. S S
. Nebraska. .. .. ... :|Zenatdura maéroura .~ T
. carolinensis,. ... .. - ... B
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TABLE 2—Known Geographic Distribution and Prevalence of Plasmodium
in Columborid Birds.
Prevalence (%)
. Surveys in | Surveys in
Present but/which more| which 100
no reliable| than 10 or more
i Plasmodium | figures on | birds were | birds were
Country Bird Species Species prevalence | examined | examined
EUROPE
Germany......... Columba palumbusirelictum . . . . . 48 48
Czechoslovakia. . . .|Columba palumbuslsp.. ... . .. s +
ASTA
Japan............ Streptopelia . .
orientalis. . . ... 8P 13 13
AFRICA k
- Egypti.... .. " .. |Columba livia. . . . . relictum. . ..., +
French Congo. . . .|Columba livia. . . |relictum. . : .. +
Algeria...... P Streptopelia
. burtur . ..., .. 5] ¢ A -+
Belgian Congo. .. .{Treron calva . . . .. SDe e -+
NORTH AMERICA| .
SLALL L Columba livia . . . . |relictum . . . .. +
California,. .. ... .. Columba livia. . . .|relictum. . , .. 5
Towa...,......... Columba livia . . . . frelictum. . . . . 20
Arizona.......... Zenaida asiatica
SSMEArNSt . . . . .. . SP.. il 83
UBSA.......... Zendidura
C MACTOUTG. . . . . . elongatum. . .. 1 1
US.A.......... Zenaidura
- IMACTOUTA . . . . . . relictum. . ... +
U.8.A........... Zenaidura .
MaACroura. . . . . . SPee e 0.5 0.5
Ilinois........... Zenaidura ‘ v '
macroura. . . . . . hexamerium. . 1 I
Nebraska........ Zenaidura : :
MACroury., , . . . . relictum . . . . . 9
D. C. & vicinity.. . |[Zenaidura
: MACTOUTG . . . . . . ] o T -+
California. ....... Zenaidura
MACTOUrY. . . . . . . relictum. . .. . 1 1
Mexico.......... Leptotila
| wverreauxs. .. ... SPe i +
SOUTH AMERICA
Colombia. ., ...... Columba } R
Cayennensus. .. |sp........... 5
Uruguay......... Columba livia. . . |relictum. . .. . -+
Colombis. . ...... Columbigallina
: talpacoti. . . .. - - thezamerium. . +
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various ornithophilic flies in Algon-
quin Park, Canada, and eoneluded
that the vectors 'aré probaly simiu-
liids. Their study- did not include
any columborid birds. DBennett
(1961) found that several species
of simuliid- flies and ‘also, Aedes
aegypti could act as vectors.of 7.
avium. Leptomonad, erithidial -and
metacyche trypanosome forms-devel-
oped in the midgut and hindgut of
the. simuliids, and infeetion - took
place when trypanosomés which had
been passed in the feces entered the
host thru breaks in the skin pro-
dugced by the feeding flies. Bennett’s
experiments indicated that birds
could be infected by eating flies only
if the insects weré crushed emough
-to release flagellates from the hind-
gut into the birds’ mouths. -

Nothing is known of the. patho-
genicity of avian trypanosomes. They
are presumably non-pathogenie.

The known geographlc d1st11bu—
tion and prevalence of 7. avmm in
eolumborld birds are shown in Table

. Only three surveys have "been
reported in which 100 or more birds
were examined, and only four in
which more than 10 birds were -ex-
amlned Bomg (1925) found Try-
panosoma sp. in 24% of 128 Columba
palumbus in -Germany; Kraneveld

and Mansjoer (1954) reported it in ™

8% of 2100 Streptopelia chinensis
tigring in West Java; Huff (1939)
reported it in 0.5%, of 188 Zenaidura
muacrourq corolinensis in the United
States; .and Wood and Herman
(1943) reported Trypanosome avmm
in 8% of 12 Z enatda asiatica meaﬂ'nsz
in -Arizona.

printing error, the host speeiéé .Was
hsted by Levine and Kantor (1959)

as._ Zenaidura macmum, “actually, .

) dition,
Columba livie in Bgypt, the French

Wood and Herman found no:tiypa-
nosomes in the 27 Z. macrours Whlch
they éxamined.)

‘To these surveys should be added
several in which no trypanosomes
were found, such as that of Hanson
et al. (1957) in mourning doves in
Illinois; these can be identified by
comparison with the data on Haemo-
proteus (Table 3)

Pl_asmodmm Three species of

Plasmodium have been reported

from naturally infected columborid
birds in the wild. P. relictum is by
far the most common., Béing (1925)
found it in 48% of 128 Columba
palumbus in Gérmany; Herman et
al. (1954) found it in 5% of 43
Columba livia and 1% of 383 Zenai-
dura - macroure in Kern County,
California; Mathey (1955) found it
in 3 C. livie in the Sacramento area
of California ; Becker, Hollander and
Pattillo (1956) found it in 20% of
15 C: livie in Towa; and Coatney
(1938) found it in 9% of 11 Zenai-
dura macrours in Nebraska. In ad-
it has been reported from

Congo and Urugtay.

Plasmodium elongatum was found
in 1% -of 188 Zenatdura macrourae
carolinensts from the United States
by Huff (1939), and P. hexamerium
was found in 1% of 134 Z. macroura
carolinensis in Illinois by Huff
(1935). Renjifo-Salcedo, Sanmartin
and Zulueta (1952) found, a Plas-
modiwm which they thought might
be P. hexamerium in 17% of 6 Co-
lumbigallina talpecots in Colombia,

In addition-to the above 3 species,
mention should be made of the form
which Carini (1912) described under

_the name Plasmodium columbae from
.a pigeon which had died-of-toxoplas-

'




mosis following experimental infec-
tion with a canine strain of Tozo-
plasma gondii, " Tts gametocytes were
halter-shaped and resembled those of
Haemoproteus - columbae;- in- addi-
tion. to.these, Carini found many
round, oval or halter-shaped para-
sites with slender ‘cytoplasmic ex-
tensions or pseudopods. Carini was
not sure that he was actually deal-
ing with a Plasmodium, since he saw
no schlzonts

a Plasmodiwum. T consider the name
a nomen nudum.

In addition to the named species,
Plasmodium sp. has been found in
Columba polumbus in Czecho-

slovakia, in 13% of 111 Streptopelia.
in Japan by Ogawa

in. Streptopelio turtwr in’

Algeria, inT'reron calve in the Bel-. .

orientalis
(1912),

gian. Congo, in Zenaida asiatica

mearnst in ;Arizona, in, 0.5% -of 188

Zenaidura macroura cor olinensis in

the U. S. by Huff (1939), in Lepto~"

tla vereauwi in Mex1co, and in Co-
lumba cayennensis in Colombia.

Wolfson (1937, 1040) infected do-
mestic pigeons (Columba livia) ex-

perimentally with P. cathemerium,.
and Huff ¢t al. (1950) and Huff and -
Marchbank (1955) infected domestic.

pigeons experlmentally Wlth P. fal-
lax.

The known geographlc dlstrlbution‘

and prevalence of Plasmodium in
columborid. birds are shown in Table
2. The results of surveys in which
100 or more birds were examined
have been given above:. There have
beeti only 5; in Germany, Japan,
California, Tllinois and the U. S. in

In the absence of con--.
firmation in the ensuing- 49 years,
Plasmodium columbae cannot be ac-.
cepted as a; valid species or even as:
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general. To these should be added
several surveys in which no Plas-
modium was found, such as that of
Hanson et al. (1,95{) in mourning
doves in Illinois; these can be iden-
tified by comparison with the data
Haemoproteus (Table 3).

In sum, Plasmodiuim relictum has

been found.in the wild in Columba

~liwia,~C. -palumbuys and- Zenaidura

macroura. It has also been reported
ini zoos in Columba argentia; Ducula
coneinna, Leptotila = crumeniferys,
M.egaloprepm magnifica Scardafella
squammata, Tympawistria  bicolor,
and T. tympanistrig. Plasmodium

- elongatum has been reported only
' from the mourning dove, Zenaidura

MACTOUTE. Plasmodium hexamemum
has been reported with certainty
from Z. macroure and questionably
from Columbigallina talpacoti. Un-
identified species of Plasmodium
have been reported in Columba
palumbus, C. cayennensis, Leptotila
vérreauzty Streptopelia orientalis, S.
turtur, Zenaida asiatica mearnsi and
VA mmdum macroure in tlhie wild, and

in| Columba squamosa, ‘and Tympa-

mﬁma tympanistria in zoos. In all,
Plasmodium has been found in a
total of 10 identified species of co-
lumborid birds in the Wﬂd and i 9
othérs in zoos.

{Haemoproteus. This is by far the

- most common genus of blood. proto-

zoon in columborid birds. Two spe-
cigs oceur in naturally infected birds
in} the wild. The more common one
is|H. columbae, which has so-called
halter—shaped gametocytes which ex-

-tend along one side of the host cell

nicleus and curve around its ends.
This species was originally described
by Celli and Sanfelice (1891a, b)

from the domesti¢ pigeon and "has
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TaBLE 3.—Known Geographic Distribution and Prevalence of Haemoproleus™
in Columborid Birds.

Prevalence (%)

"Surveys in | Surveys in
| Present.but | which more | which 100
no reliable than 10 or more
. figures on birds were | birds were
Country Bird Species. prevalence | examined examined
EUROPE . SRR
Greece. . .... ... .|Columba livia.. . .. ...... 18
Italy............. Columba livia.. . . .. ..... 83
Spain............ Columba livia:-. ... .. ... 4
Ttaly............. Columba oenas. . . ... ... : +
Germany......... Columba. palumbus. . . . .. 20 20
England.......... Columba palumbus. . . .. +
Greece........... Streptopelia decaocio. .. . . : 23
Ttaly............. Streptopelia; turtur : . . . . . 3
Spain............ Streptopelia turtur. . . ... 73
Germany....... .. |Streptopelia turtur. . . . .. -+
ASIA
Lebanon.......... Columba livia. .. ....... : + -
“Plains,”” India.. . .|Columba livia. . .. ... ... 100
Delhi, India....... Columba livia..-. ... ......| 22 22
Portuguese India. . |Columba Uvia. . .. ... ... + :
Manila, Philippines!/Columba livia. . . ... . ... o 81
- Wellesley Province
India........... Columba sp.: 100
Palestine. ........ Columba sp.. R + -
Philippines. . AColumba sp............. +
Mukteswar, Tndia. . Sphenurus sphenurus. . -+
Formosa.......... Streptopelia chinensis. . -+
Tonkln, Vietnam. . |Streptopelia trzmquebarwa +
India............. Streptopeha turtur. . . . .. - <
AFRICA oo N
French Sudan. . . ; .|Columba guinea, . . ... .. B +
Algeria........... Columba livia. . ... ..... -+ .
Begypt............ Columba livia. ... ... ... -t
French Morocco. . .|{Columba livia.: . ... ... .. i 45
French Congo. .. .. Columba livia. .. . . ... e -+ oy
Belgian Congo. . . .|Columba livid.. . .. ... .. o+
Portuguesev(}uinea Columba livia. . ........ -+ B
Un, 8, Africa. .....|{Columba livia. . ........ -+
Ethiopia.......... Oena capensis.......... e
Un. 8. Africa...... Oena capensts. ......... B
Mozamblque. .. .. .|Plectopterus gambiensis. . -+
Un. 8. Africa. ... ..|Streptopelia capicola. . ... +
Ethiopia.......... .. |Streptopelia decipiéns. . +.
Belgian Congo. . . .|Streptopelia semztorquata +
Liberig........... Streptopelia semitorquata . e
French Sudan. . . . .|Streptopelia senegalensis . -+
"Gambia. . ........ Streptopelia senegalensis . 4+
Algerm ........... Streplopelia turtur.. . . ... -+




Blood Parasites of,'Co'lumbomd “Birds’

99
TaBLE 3.—Continued
Prevalence (%)
Surveys in | Surveys in
. Present but | which more | which 100
no reliable than 10 or more
i figures on birds were | birds were
Country Bird Species prevalence | examined examined
French Morocco. . . |Streptopelia turtur. . . . . . 40
French Sudan. . ... Streptopelia vinacea. . . . . +
Gambia. ... . ..., Streptopelia vinacea. . . . . -+
Belgian Convo N\Treron calva. . . ... ... .. +
Gambia.......... Treron calva.. . . ... ... e +
NORTH AMERICA e
Ariz. & Calif.. .. .. Columba fastata. . ... ... =+ .
Colorado. ........ Columba fasciata. . . . .. N 80
California. ........|Columba livia. . ....... Ao+
D.C., Md,, Va... . |Columba livia. . ... ... . -+
Florida. .. ... .. . .. Columba livia. . ........ -+
Hawaii........... Columba livia. . ........ -+ )
Towa............. Columba livia. . ... .. ... + ) )
Towa............. Columba livia. . . ... .... o 15%
Nebraska......... Columba livia. . ........ - 22%%
Pennyslvania. ... .. Columba livia.. . . .. ..... + )
Bouth Carolina. . . .|Columba livia. . . ... .. .. + )

SA L Columba livia. . . . ... e 100
USA............ Columba livia. . . ... . ... 4 ** .
Mexico........... Columba livia. . . .. ... .. + .

Arizona.......... Zenaida asiatica. . . . . . . -4 . 33
Mexico........... Zenaida astatica. .. .. ... + .
Ariz. & Calif.. . ... Zenaidura macroura. . . . . . 93
Ariz. & Calif.. . ... Zenaidura macroura. . . . . : 41* *
Northern Calif... . .| Zenaidura macroura. . . . . -+
Northern Calif.. .. .|Zenaidura macrowra. . . . . - E*
Southem Calif.. . . .|Zenaidura macroura. .. . . -+

D.C & vmlnlty .\ Zenaidura macroura. . . . . E*
Georgla .......... Zenaidura macroura. . . . . 25
Georgia,.......... Zenaidura macroura. . . . . + .
DNlinois. . ......... Zenaidura macroura. . . . .. -+
Minois. ......... | Zenaidura macroura. . . .. ! 25-43 25-43~
Nlinois. ........... Zenaidura macroura. . . . . - ** . .
Hlinois. .......... Zenaidura macroura. . .. . 43-58*#* 43-58% .
Massachusetts. . . . . Zenaidura macroura. . . . . THE . !
Massachusetts. .. .- Zenaidura macroura. . ., .| 8
Michigan......... Zenaidura macroura. . . . . +
Michigan......... Zenaidura macroura. . . . . +**
Nebrasgka......... Zenaidura macroura. . .. . -+
Nebraska......... Zenaidura macroura. . .. . 20
Nebraska......... Zenaidura macroura. . . . . N i ]
Nebraska:........ Zenaidura macroura. . . . 67+
Texas............ Zenaidura macroura. . . .. 56 56
Texas.......... % . |Zenaidura macroura. .. ; |- |27 27 ¥*
Texas..,......... Zenaidura macroura. . ....| L 74 74
U.S.A. (mostly el _ : -

Minois) ... .. .... |Zenaidura macroura. . .. . 47 47
U.S.A. (mostly ' N

Illinois): . ... ... Z enazdum macroura. . . . . 56%* 56%*
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TABlLE:?).;—-QQHQI}ldgd .

! Prevalence (%)
) Surveys in | Surveys in
Present but | which more | which. 100
. no reliable .| than 10 or more
o - : figures on birds were . | birds were
Country Bird Species prevalence | examined examined
SOUTH AND CEN TRAL AMERICA o
Colombia. ,....... Columba cayennensis . + .
Colombia......... Columba cayennenszs R 71
Brazil. .. .. Lo Columba livia-. : ... B R
C Brazil.......... .. Columba lwia,. ... ... .. e e e B8 . 58
Brazil............ Columba livia.. .. .. ... .. 15
French Guiana. . . . |Columba livia. + v
Uruguay........ . .|Columba livia. ot
Argentina .|{Columba. ;mcazuro . +
Brazil. ......... .. Columba zncazura o - 4+
Brazil. ... .., .. .. Columba rufina. . . . . o+ .
Brazil. . ... oo |Columba rifina. . 92
French Guiana. ... Columba mfma -+
Brazil............ Columba sp.. o+
Brazil. . ... RN Columbigallina mlpacotz.. 4
Colombia......... Columibigalling talpacots..| - . -+ :
Venezuela.: .. .. .. Columbigallina talpacotz.. -+ L :
Argentina. . .. .|Columbigallina picus . S -20 .. - 20
Brazil............. Columbigallina picus . e N
Brazil............ Leptoptila'sp... .. ... .- .- o+
Brazil. . .. ....... .. Scardafella squammata.. ' -+
El Salvador. . ... .. Zenaida asiatica. . . | . i +
Argentina......... Zenaidura auriculata. . . .| - +
Colombia. G Zenardura aumculata o +
AUSTRALIA ....... Ptzlmopus superbus. e -

* Il dolwmbae unless other\ rise mdxcated
** H. sacharovi. A

sinee. been found in many other co-
lumborid birds. = ' _

Separate . speclﬁc names have been :
given to morphologleally mdlstln{
guishable forms in some hosts: H. .
maocalluwm by Novy and MacNeal-
(1905a) to the* form in Zenmdma,

MACTOUTA, H melopelwe by Laveran -

and Petit (1909) to the form - in
Zenaida asiatica, H. turtur by Co-
valeda Ortega and G‘rallego Beren-
guer (1900) to the form in Strepto-A

pelia turtur, and H. wvilhenai by
Santos Dias (1953) to the form
in Plectopterus gambiensis. Huff
(1932) transmitted H. maccallumi
from the mourning dove. to the do-
mestic pigeon, but Coatney (1953)
was unable to transmit H. columbae
from  the pigeon to the mourning -
dove. . Both- used “the hlppobosmd
fly, Pseudolynchw, Canariensis, .as
the vector.
differences. between the different

" There may be strain- . -
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hosts, but. until .greater differences
than these - are brought- out, Jdt s
probably best to use the name. H
columbae for all species. with halter-
shaped gametocytes from oolumborld
birds.

Another name; H damlewskm
was . used by some earher authore
for H. columbae in columborid blrds
This. name was originally glven by
Kruse (1890) to.the species in the
crow, Corvus comm, and should not
be used for parasites of birds of other
- orders in the absence of proof that
they are.the same, - -

One reservation should be kept in’

mind regarding reports: of halter-
shaped Haemoproteus - from birds.
This is that in some cases these pro-
tozoa may not be Haemoproteus -at
all but a Plasmodium species with
halter-shaped or elongate gameto-
cytes, such as P. fallax or P. circum-
flexum, which does. not have schi-
zonts in the blood at the time of
exammatlon

Haemoproteus columbae was
found by Giovannoni (1946) in 58%
of 159 C. livia in southern Curitiba,
Brazil ; by Singh, Nair -and Dav1d
(1951) in 22% of 214 C. livig.in
Delhi, India; by Huff (1939) in
47% of 188 Z. macroura in the

United States (mostly in Illinois) ; -

by Couch (1952) in 56% of 213
Z. macroura in Texas; and by Han-
son et al. (1957) in 30% of 392 im-
mature Z. macroure and in 43% of
72 adult Z. macroura in Ilinois.
In addition to the above studies

in which at least 100 birds of each

speecies were examined, H. columbae
‘has been found by various workers
in . Columba fasciata in Arizona and
California, in Columba guineq in
the French Sudan, in Columba livia
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in various. parts -of the world, in
Columba oenas.in ltaly, in Columba
rufine in Brazil, in Columbigallma
talpacoti in Venezuela, in Plectop—
terus.gambiensis in Mozamb1que, in
Stweptopelm senegalensis and  S.
vinacea in the French. Sudan, in
8. twrtur in. French Moroceo, in
Zengida aswtwa in- Arizona and El
Salvador in Zenaidura MACT OUTra on
Cape Cod and in, Arlzona, Cahforma
and Nebraska, -and in Ptzlfmopus

wzonus and Turtur brekmem in.

7008.

The second spe(nes, Haemoproteus
sa,churom, was first desorlbed by
N ovy and MacNeal -(1904a, b) in the
mourmng dove, Zenaidura macrou-
ra, in- Michigan. Tts gametocytes
d]ffer from those. of most species of
Haemoprot(ms in that when mature
they completely fill the host erythro-
cyte, enlarging and distorting it, and
often pushing the host cell nucleus
to the edge of the cell.

H. sacharovi has been. found in
both . mourning doves and domestic
pigeons. It was found by Huft
(1939) in 56% of 188 Z. macroum
mostly from Illinois; Couoh
(1952)in 27% of 213 Z.' macroum
in Texas; and by Hanson et al.
(1957) in 58% of 392 immature and
43% of 72- mature Z. macroure in
Ilinois.

In addition to the above studles

in which at least 100 birds of each -
species were .examined, H. sacharovi -

has been found by various workers
in Columba livie in Towa and  Ne-
braska and in Zenatdura macroura

.on Cape Cod and in Arlzona, ‘Cah—

fornia and. Nebraska. -

What was .almost certainly the
same species was described by Fran-

chini (1924) in 8% of 36 Strepto-
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pelio turtur in Ttaly. He called his

form' Leucocytozoon sp., but his de-
seription and figures fit H. sacharovi
better than they do Leucocytozoon,

The above findings refer to studies
i’ which the species of Haemopro-
teus was named. In addition, Hae-
moproteus sp. has been reported
without further identification in Co-
lumba cayennensis in Colombia, C.
picazuro and Columbing picui in
Argentina and Brazil, Oena capensis
in South Africa and Ethiopia,
Ptilinopus superbus in Australia,
Scardafella squammate in Brazil,
Sphenurus sphéenurus in India,
Streptopelia capicole in South Afri-
ca, 8. chinensis in Formosa, 8. de-
caocto in Greece,” 8. decipiens in
Ethiopia, 8, semitorqiate in the Bel-
gian Congo and _Liberia, S. tren-
quebarica in Tonkin, Treron calva
in the Belgian Congo and Gambia,
Zenaidura ouwriculate in Argentina
and Colombia, and in Capoenas
ntcobarica, Columba argentina; Co-
lumbigallina  passering, Geophaps
smithit, Leptoptila crumeniferus,
Megaloprepia  magnifica, Ptilinopus
melanospila, P. periutus, P. wallacer,
Treron curvirostra, T. delalandr,
Turacoens manadensis and Tympa-
wistrig tympanistria in zoos.

The known geographic distribu-
tion and prevalence of Haemopro-
tews in columborid birds are shown
in Table 8. The results of surveys
in which 100 or more birds were ex-
amined have been given above. There
have been only 8—of Columba livia
in Hawali, Brazil and Delhi, India,

of C. palumbus in Germany, of Co-

lumbing picus in Argentina, and of

Zenaidura macrowre in Illinois, Tlli-

nois and other states, and Texas.
There have beem 32 §urveys in
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which 10 or more ‘birds were ex-
amined. They involved 11 species of
columborid birds in 11 countries,
including Columba cayennensis in
Colombia, C. fascieta in Colorado,
C. livig in the United States (Flori-
da, Hawaii, Iowa, Nebraska), Brazil,
Ttaly, Greece, India, French Moroeco
and the Philippines, C. oenas in
Italy, C. palumbus in Germany and
French Moroeeo, C. rufina in Brazil,
Columbing ~ picus in_Argentina,
Streptopelia decaocto in Greece, 8.
turtur-in Italy, Spain and French
Morocco, Zenaida = asiatica in Ari-
zona, and Zenaidura' macrowrs in
the United States (Arizona, Cali-
fornia, Georgia, Illinois, and other
states, Massachusetts, Nebraska,
Texas). ’ :

The only study of the relation of
age to prevalence of Haemoproteus
was that of Hanson et al. (1957) in
Zenasdura macroura. They found
H. columbae in 30% of 392 immature
and 43% of 72 adult birds in Illinois.
The irncidence of this species in the
immature birds-increased steadily
with age, froni 7o 8% in very young
birds to 70% in older ones. The lat-
ter rate was higher than that in the
adults. ‘

H. sacharovi was present in 58%
of the immature and 43% of the
adult birds. Tts incidence in the
immature birds did not increase
nearly so sharply with age as did
that of H. columbae. 1t was present
in 31% of the very young doves, and
its ineidence fluctuated between 52%
and 69% in older immature birds.

Hanson et al. '(1957) also studied
the incidence of Haemoproteus i
different years from 1948 thru 1954
and in different parts of Illinois. It
varied markedly in both categories.
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TABLE 4—Known Geographic Distribution and Prevalence of Leucocytozoon*
in Columborid Birds.

Prevalence (9,)

: ) Surveys in | Surveys in
Present but. | which more which 100
no reliable than 10 or more
: figures on” | birds were | birds were
Country - Bird Species prevalence examined examined
EUROPE < : o i
Germany......... Columba palumbus. . . . . A 30 30
England....... ... Columba palumbus. . .. . .| +
Corsica.:.......... Streptopelia turtur.. ... 3 :
Ttaly............. Streptopelia turtur . . . | .. 3
Spain............ Streptopelia turtur . . . . . - 100
ASTA : - : )
Mukteswar, India..|Sphenurus sphenurus. . . . + .
apan............ Streptopelia orientalis. . .. 5 5
Tonkin, Vietnam . .|Streptopelia tranquebarica +
AFRICA
Pretoria, Un. S.
Africa,. .. ... vo..|Columba livia.. .. ... . ... 82
French Morocco. . . |Columba palumbus. . . . . . +
Transvaal, Un. S.
Afriea.......... Oena capensis. . .. ... ... +
Pietermaritzburg, .
Un. 8. Africa.. . .|Streptopelia capicola. . ... +
Uganda.......... Streptopelia semitorquata. -k
Upper Senegal and’
Nigeria....... ! |Streptopelia senegalénsis. . +
French Morocco. . . [Streptopelia turtur . . . . . . 12 -
NORTH AMERICA| " : & .- '
Ariz. & Calif.. . ... Columba fasciata. . .. . ... -+
Colorado. ........ Columba fasciata. . ... . . . 18
California......... Streptopelia chinensts. . .. 4
Ariz, & Calif.. . .. .|Zenaidura macroura. . . .. 15
D. C. & vicinity. . .|Zenaidura macroura. . . . . -+
Georgia.......... Zenaidura macroura. . . . . -+
Hlinois. .......... Zenaidura macroura. . . . . 1, 2%%* 1.2%%*
Illinois. ......... . |Zenaidura macroura. . . .. 6 GHxk*
OTHER )
Mauritius......... Geopelia striate. . . ... ... +

¥ Leucocytozoon marchouxi unléss,otherwise indicated.
** Leucocytozoon sp. with elongate gametocytes.

sa% Adults.,
*¥%* Immature birds.
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.That of H. sacharovi inthe immature
birds varied from 45% in 1948 to
78% in 1954 ; in the adults it ranged
from 20% in 1958 t0.756% in 1951,
Jbut these latter figures-are based on
insufficiently large samjples' The in-
cidence of ‘H. columbae in the im-
mature birds ranged from 6% 1n
1950 and 1954 to 43% in. 1952;

" _the adults!it ranged from 30% in
1949 and 1950 to 75% in 1952, but

this last figure is based on too small

a sample. The incidence of H. sacha-

rovi in immature birds ranged from
in Hlinoisf .

419% in east central
(Champaign County) to 7 8%

west central Illinois (Hancock Coun-
ty in 1954) ; in the adults it ranged
from- 34% in northeast ~Illinois

_(Cook .County). to.56%. in. west. cen-

tral Illinois (Hancock County in
1952-53 ; no adults were studied from
this county in 1954).
of H. columbae in immature birds

ranged from 6% in west central TUli-

nois (Hancock County, in 1954) to
429%,, also.in west central Ilhnms
(Hancock County in .1952- 53),

the adults it ranged from 28% m‘
_ northeast Illinois (Cook County) to

78% in west central Illinois (Han-
cock County in 1952-53).

There is no consistent pattern here
in the relation of incidence either to,
year or to location within the state.

One can conclude, however, that the

results of any survey made at any.

-particular ‘time and place do- mot
neeessarlly hold true for the same
place in a different year or even for
.a .different time in the same.year,
nor do they necessarily hold true. for
a_different place not too far away
durmg the same time of the same
year,

The life cyele of Haemoprotcue

The mcldence

Transactions Illinois Academy . of Science

columbae-has been studied by Ara-

“gdo (1908), Adie (1915, 1924) and

Huff (1942) among others. The only
proven vector is the hippoboscid
fly, Pseudolynchia canariensis (syns.,
Lynchia wmaura, L. lividicolor, L.
capensis). In addition, Aragio
(1916) stated that Microlynchia

n  pusillais a vector in South America,

but gave-no experimental evidence.
Baker (1957) found that H. colum-

bae from the English.wood pigeon

(Columba palumbus) would undergo
sporogony in the hippoboseid, Orni-
thomyia -avicularia, but 6. attempts
to infect domestic pigeons by bite or
injection. of infected louse-flies
failed. .

Hiff (1932) found that Pseudo-

.lynchm CONariensts was a. vector. of

H. sacharovi and used it to transmit
this parasite from the mourning

-dove to the pigeon. -

It is highly unlikely, however,

-that hippoboscids are the only vec-

tors of  either H. columbae or H.
sacharovi. As Hanson et al. (1957)
pointed out, hlppobosclds are ex-

_ tremely rare. on mourning doves,

especially in the northern states,
yet both species of Haemoproteus
are common in. them. The discovery

by Fallis and Wood (1957) that bit-

ing midges (Culicoides). are vectors
of H. nettionis of ducks suggests that
they may also- transmit H. oolumbae
and H. sacharovi. .

Altho: the natural vectors Of H.
columbae and H. sacharovi in:Illi-
nois are unknown, the findings of
Hanson et al. (1957).of a-much high-
er incidence of H. sacharovi.in con-

~giderably younger mourning “doves

than H. columbae permits onéto
conclude either that the vectors of
the two species are different or that
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TABLE 5.—Known. Geographle ‘Distribution and Prevalence of Toxoplasma gondn

in Columborid Birds.

' Prevalence (%)
Surveys in | Surveys in
Present but | which more | - which 100
no reliable than 10 or more
figures on .| birds were | birds were
Country Bird Species prevalence examined examined
NORTH AMERICA| -
Dist. Columb...... Columba Uvia . . ... ... .. 12
“ Ohio............. Columba liviae. . . ..... .. 5
New York........ Columba livia. . . ... .. .. 1
Tennessee. .. ..... Columba livia. . . ;... .. 6

(Identifications Confirmed by Mouse Irﬁ)culation, Dye Test or Both)

TABLE 6 —Known Geographic Dlstrlbutlon and Prevalence of Towplasma
Lankesterelle or Similar Protozoa in Columborid Birds*.

Prevalence (%)
- Surveys.in | Sl‘ir\;éys in
Present but | which more | which 100°
1o reliable than 10 |-+ or more .
) figures on- | birds were | birds were
Country Bird Species prevalence exammed . exammed
ASTA .
Portuguese India. . Columba livia. ... ... .. +
AFRICA ) _
Belgian Congo. .. .|Columba livia. . ... ..... +
SOUTH AND CEN[TRAL AMERICA
‘Brazil. ... ... Columba livia. . ., ... ..0 ~ .+
Panama.......... Columba livia. . ....... -+ .
Brazil............ Columba rufina. . : 88
Brazil............ C’olumbzgallma talpacotz +

Co# (Identlflcatlons by Mlcroscoplc Exammatlon Only )

TR

H. sacharovi has a shorter prepatent
period than 'H. coluimbae. However,

the marked difference’in relative in--

cidence in immaturé -doves in -the
same" locality (Hancock County). in

different years (60% for H. sacha-

rom' and 42% for H. columbae “in

-1952-63 as compared with 78%  for
-H . sacharovt an

v 6% fTor H. colum-
bae in- 1954) .iriakes it possible to
speculate that .the. Veetors may be
different. - - .. .
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_Haemoproteus columbae is only
slightly pathogenic. Infected birds

‘usually show no signs of disease.

In relatively heavy infections, the
birds may appear restless and go off
feed, and anemia may result from
destruction of-erythrocytes, but this
is unusual. The, schizonts occur in
the endothelial eells of the blood ves-
_sels of the lungs, liver and. spleen.
The liver and spleen of affected birds

may be enlarged and dark with

pigment.

H. sacharovi appears to be only
slightly if at all pathogenic in the
mourning dove. Becker, Hollander
and Pattillo (1956) considered that
it caused the enlarged, purplish livers
which they encountered in dressing

domestic pigeon squabs from an in-.

feeted flock; there was apparently
no other ev1dence of disease.
Leucocytazoon A single valid spe-
cies of Leucocytozoon, L. marchouwi
Mathis and Leger, 1910 has been de-
seribed from columborid birds "(Le-
vine, 1954). This species has round-
ed gametocytes. In addition, Minchin
(19190) .described but did not name a

form with elongate gametocytes from

a collar-dove, Streptopelia semitor-
gquatae, in Uganda; it has not been
encountered. since,.

Leucocytozoon marchouzi was
found in 30% of 128 C. palumbus.
in Germany by Béing (1925); in

5% of 111 8. orientalis in Japan by
Ogawa_ (1912); and in 1.2% of 392
immature and 6.5%
Zenaidura wmacrourd, in Illln01s by
Hanson et al. (1957).

The known = geographic dlstrlbu-
tion and prevalence of Leucocyto-
-zoon.in columborid birds are shown
in Table 4. The results of surveys
in which 100 or more birds were éx-

of 72 adult
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amined have been given above. There
have béen only 3 such surveys—of
C. palumbus in Germany, of 8. ori-
entalis in Japan, and of Z. macroura
in Illinois. There has been a total
of only 10 surveys in- which 10 or
more birds were examined. They
involved 7 species of eolumborid
birds in 6 countries—Columba fasci-
ote in the United States, C. livia.in
South Afriea, C. palumbus in French
Moroceo and Germany, Streptopelia
chinensts in the United States, S. ori-

“entalis in Japan, S. furtur in French

Moroceo and Spain, and Zenaidura
macroure in Illinois, Arizona and
California.

In addition to these surveys, Leu-
cocytozoon has been found in Colum-
ba fasciata in Colorado and Arizona
or California, in C. livia in Pretoria,
South Afrieca (the only record of
this genus from the domestic pi-
geon), in C. palumbus in England
and French Morocco, in Geopelia
strigta on Mauritius, in Oena ca-
pensts in South Africa, in Sphenurus
sphenurus in India, in Streptopelia

capicola in South Africa, in S. chi-

nensis in California, in 8. senegal-
ensts in Upper Senegal and Nigeria,

in 8. tranguebarico in Vietnam, in §.

turtur on Corsica and in French
Morocco, Spain and Italy, in Zenai-
dura macrouwrs in Georgla,. the Dis-
triet of Columbia area; Arizona and
California, and in Columbe argen-
ting, C. vitiensis and Megaloprepio
magnifica in zoos. To these surveys

‘should be added quite a few others

in which Leucocytozoon was mnot
found; those can be identified by

.comparison with the data on Haemo-

proteus (Table 3).
*Altho Hanson et ol, (1957) found

L. marchouwxt in a higher proportion
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of adults than of immaturé mourn-
ing doves, they pomted out that their
figures are mlsleadmg Of the 10
infected birds in their survey, 5
were adults, 1 ‘was a juvenile 3 to
4 months old, and 4 were nestlings.
Sinee the great majority of immature
doves in their survey were juveniles,
the prevalence of patent infections
with L. marchougi. is probably con-
siderably less than 1% in juveniles,
while that in nestlings is probably
considerably more. The youngest
positive ‘dove was only 14 days old
(Levine, 1954).

 The vectors of L. marchouzi are
unknown. They are presumably spe-
cies of Stmulium like the vectors of
other species of Leucocytozoon How-
ever, the absence of Leucoaytozoon
in columborid .birds in South and
Jentral America .despite the rela-
tively large number of surveys which
have been carried out there suggests
that' suitable veetors may not exist
in this area.

Nothing is known about the patho-
genicity of L. marchouzs. There
were no signs of illness in the -in-
fected mourning doves seen by Le—
vine (1954) and Hanson et al.
(1957), even tho 4 of them. were
nestlings and 1 was only 14 days old.

Toxoplasma, Lankesterells, and
Similar Protozoa. There have been
a number of reports of Tozoplasma,
Lankesterells or morphologically
similar protozoa in columborid birds
(Tables 5, 6). Most have been in
the domestic pigeon. In the great
majority of cases, these organisms
have been ass1gned to the genus
’l’o:coplasma,, altho de Mello (1915))
called one form, which he found in
a domestlc _pigeon 1in Portuwuese
India, a hemogregarine and de Mello

et al. (1917) named another form
from the same host Leucocytogrega-
rina’ francee. - (This generic name
is no longer accepted; it is a syno-
nym of Hepatozoon.)” However, due
to the confusion which is only now
being resolved regarding the 1dent1ty
of these parasites, one eannot accept
any identification of To:copiasma in
birds unless it has been confirmed

by animal 1nocu1at10n or by serologie

means.

There have been four reports of
Toxoplasma gondm in domestic pi-
geons which fulfill thls requirement.
Feldman and Sabin (1949) found
T. gondit in 5% of 20 pigeons in
Cineinnati, Ohio, confirming their
identification by mouse inoculation.
Manwell and Drobeck (1951) ‘found
T. gondii in 1% of 60 pigeons in
Syracuse, New York, confirming
their identification by use of the dye
test. Jacobs, Melton and " Jones
(1952) found T. gond# in 12% of
80 “pigeons in Washington, D. C,
confirming their identification by the
dye test and mouse inoculation. Qib-
son and Eyles (1957 ) found- T.
gondii in 6% of 16 pigeons in Mem-
phis, Tennessee, eonﬁrmmg ‘their
identification by mousé moculatlon

In other reports, what ‘may have
been either “Toxoplasma or Lanke-
sterella or possibly some other genus
have been found in the domestic pi-
geon in Portuguese India, the Bel-
gian Congo, Brazil and Panama, in
Columba mﬁna and C’olumbigall@'na
talpacotz in Bragzil, and in Ducula
concinng in a z00.

B DISGUSSION,

A total of 174 papers is included
1n the present analysis. Of these, 22
are from Europe, 22 from ‘Asia, 32
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from Afriea, 64 from North America,
32 from South and Central America,
and 2 from Australia. This numbexj
of papers might lead one to believe
that the .blood. parasites of colum-
borid birds are rather well known.
This is. far -from. the case. In his
Check-list of birds of the world,
Peters (1937) listed 61 genera and
320 .species of birds in the order.
The most common parasite genus in
these birds is Haemoproteus. Levine
and Kantor (1959) pointed out. on
the. basis of their compilation. that
Haemoproteus had been reported
from 19 genera -and 45 species of
the order Columborida, -but that
these comprise only 31% of the
known host genera and 14% of the
known host species. Plasmodium had
been reported from 20% of the
genera and 7% of the species, Leu-
cocytozoon from 11% of -the genera
and 5%-of the species, T'rypanosoma
* from 8% of the genera and 2% of
the species, and T'ozoplasma or some-
thing similar from 5% of the genera
and 1% of the species. No parasites
at all_have been reported from two
genera; -Oreopelia. and Gallwolumba,
which ~contain 15 and 18 spegies,
respectively, and only two cases have
been reported from the genus Ducu-
la, which contains 37 species.

Levine and Kantor’s compilation
included birds in zoos. If these are
omitted, .then Haemoproteus has

been found in only 20% of the known'

host génera and 8% of the known
host-species; Plasmodium in 11% “of
the genera and 3% of the species,
Leucocytozoon in 10% of the genera
and 4% of the species, Trypanosoma
~in, 8% of the genera and 2% of the
'speeles and Toxoplasma or some-
_thmg similar in 8% of the genera
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and 1% of the species.

But this is not all. A great many
of these records were more or less
casual. The authors examined a
series of blood. smears from a mis-
cellany of birds and made no at-
tempt to identify the parasites be-
yond genus. Levine and Kantor
(1959) found on analysis of their .
compilation that the parasite species -
had been named in 51% of 180 re-
ports of Haemoproteus, 64% of 47
reports of Plasmodium, 32% -of 31
reports of Leucocytozoon, 60% of 10
reports of Trypanosoma and 75% of
16 reports of Tozoplasma and simi-
lar forms. If reports on birds in
zoos are omitted, these figures become
58% of 138 reports of Haemopro-
teus, 62% of 26 reports of Plas-
modium, 35% of 26. reports of
Leucocytozoon, 60% of 10 reports of
Trypanosoma, and T7% of 13 reports
of Toxoplasme and similar forms. In
439, of the total of 213 records, the
speeles name of the paras1te was not
given. Furthermore, in only 41
(24%) of the 174 papers in the pres-
ent analysis were 10 or more birds
of a single species examined and the
prevalenee of infection given, and
in only 12 (7%) of théem were 100
or more birds examined and the
prevalence of infection given.

~ Further light can be thrown en
the reliability of our present infor-
mation on geographie. distribution
and prevalence of these protozoa by
considering the number of examina-
tions on which it is based I have
done this for Haemoproteus, the -
genus on which .we have most infor-
mation. In.quite a few reports, the
number of birds. exammed Jwas ngt,

small The data assembled for the
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remainder are based on the examina-
tion of blood smears from 2515 birds
—296 from Europe, 356 from Asia;
53 from Africa;, 1891 from North
America, and 419 from South and
Central America. These examina-
tions, may I remind you, were made
between 1891 and 1957. A geogra-
phic distribution map might appear
to “be- fairly well filled in, ‘but. it
would be based on a pltlfully small
population sample .

A great deal thus remains to be
- done before we can claim to have
really good information on the blood
parasite situation in the great ma-
jority of columborid birds in -most
parts of the world. Casual observa-
tions are all very well, but extensive,
careful, thoro surveys would be much
more valuable, Furthermore, sur-
veys made at one time of year or on
one age group of host may not repre-
sent the situation at another time of
year or on another age group of the
same host. We lack information on
all this. k

Not only is our information on the
geographic distribution and inci-

dence of blood paras1tes of colum-

borid birds scattered and superficial,
but our information on their life
cycles, vectors and pathogenesis is
also poor. We do not know the role
of these parasites in the interplay
of favorable and unfavorable factors
on which their hosts’ survival in
nature depends. We- suspect that
Trypanosoma and Haemoproteus
may be. relatively non-pathogenic;
we think: th t Pl asmodmm and. Tomo-

genic—we know rthat\./they can-: be in
the laboratory, at-least; but we:do
know what to say about Leucocylo-
zoon and Lankesterella. Here, too,
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more information is needed.
Another problem which needs.fur-
ther study is the role of the domestic
pigeon as -a possible reservoir of
Toxoplasma. The surprisingly high
mean incidence of 89 in-a total of
176 birds examined by Feldman and

Babin' (1949), Manwell and Drobeck
(1951),
-(1952) and Glbson and HEyles (1957)

Jacobs, Melton and Jones
in différent surveys suggest that this
bird may Well be an nnportant reser-
VOH : :
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