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THE COCCIDIA OF QUAIL IN THE UNITED STATES

DONALD W. DUSZYNSKI, Department of Biology, The University of New Mexico, Albuquerque, New Mexico

87131, USA.

RALPH J. GUTI�’RREZ, Department of Wildlife Management, Humboldt State University, Arcata, California

95521, USA.

Abstract: Intestinal contents from 12 scaled quail (Callipepla squamata), 10 bobwhite
quail (Colinus virginianus), 20 harlequin quail (Cyrtonyx montezumae), 35 California
quail (Lophortyx californicus), 15 Gambel’s quail (Lophortyx gambelii), and 29

mountain quail (Oreortyx pictus) were examined for coccidian oocysts. Only 18
(14.9%) of 121 birds had coccidian oocysts in their feces at the time of collection; these

included 9 L. californicus and 90. pictus. Four eimerians and an isosporan were found
in the 18 infected birds. Eimeria lophortygis and E. okanaganensis had been
previously described from L. californicus, but were also seen in 0. pictus. Eimeria

crusti sp. n. and Eimeria oreortygis sp. n. are described from 0. pictus; E. oreortygis

was also found in L. californicus. Broadly ellipsoid oocysts of E. crusti had a rough
outer wall, were 26.0 X 21.2(24-28 X 20-23) pm, and contained ovoid sporocysts 15.7 X

7.5 (14-18 X 7-8) pm. Micropyle and oocyst residuum were absent but a polar granule,

sporocyst residuum, Stieda and substieda bodies were present. Slightly ovoid oocysts
of E. oreortygis had a smooth outer wall, were 24.4 X 18.7 (21-28 X 17-23) pm, and
contained ovoid sporocysts 14.1 X 7.2 (13-16 X 6-9) pm. Micropyle and polar granules
were absent but a small oocyst residuum, large sporocyst residuum, Stieda and

substieda bodies were present. Oocysts of an isosporan were found and compared to
oocysts of Isospora lacazei isolated from sparrows in a previous study.

INTRODUCTION

Quail are important game birds in the
United States, particularly in the South
and Southwest. For example, more
bobwhite are killed in the South than all

other upland game birds in the U.S.A.
Although it has been known that coc-
cidians infect quail since Tyzzer
described Eimeria dispersa from the
bobwhite and turkey, concerted efforts to
determine the species that infect our
endemic quail species are rare. This is
surprising since all six host species (in
five genera) endemic in the United States
are found in the Southwest (including

Southern California) and several of them
are sympatric. Information from sym-
patric species should prove useful since
eimerians from most birds are thought to

be highly host specific with hosts belong-
ing only to closely related genera suscep-
tible to each other’s coccidia.

Between 1974 and 1976, over 175 quail
including bobwhite quail (Colinus

virginianus), California quail
(Lophortyx californicus), Gambel’s quail
(L. gambelii), harlequin quail (Cyrtonyx

montezumae), mountain quail (Oreortyx
pictus) and scaled quail (Callipepla

squamata) were observed, collected and
examined to study the comparative
ecology and systematic relationships of
the various species. ‘� Intestinal con-
tents from 121 of these birds were
preserved and later examined for the
presence of coccidian oocysts. The results
of this part of the overall study are
described herein.

MATERiALS AND METHODS

All birds sampled were from wild pop-
ulations, and were classified as either
adult males and females or as juveniles
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(non-breeding subadult 5 mo old). The
birds were shot and fecal samples were

taken from the lower 8cm of the digestive
tract of each bird. Most samples were
collected within a few hours of death, but
in a few instances, some dead birds were

kept at 5 C for 24 h until they could be
dissected and the feces collected. In all
cases the feces were placed in a vial in 3%
aqueous (w/v) KCr2O7 and stored at 4-5

C until they could be shipped via air
freight to Albuquerque. Upon arrival in
Albuquerque the samples were again
refrigerated (5 C) until they could be
filtered (20-, 40- and 60-mesh brass

screens) and examined for oocysts by

coverslip flotation in concentrated
sucrose solution (sp. gr. 1.15). Oocysts
were measured with an ocular
micrometer and photographed with
Kodak Pan-X (ASA 32) and Ilford Pan-F

(ASA 50) film in a Zeiss universal
photomicroscope equipped with a 100X
neofiuar objective. All measurements are

in micrometers (pm) with the range in

parenthesis following the mean.

RESULTS

Coccidians

Four eimerians and one isosporan were
found in the quail examined. Of these,
Eimeria lophortygis and E.
okanaganensis have been described
previously from Lophortyx californicus
by Liburd and Mahrt.’� The other two
eimerians are described below as new
species. The specific status of the
isosporan is discussed.

Eimeria crusti sp. n. (Figs. 1-3)

Description. Oocyst broadly ellipsoid
to subspherical; wall 1.6 consisting of 2
layers: outer 3/4 of total wall thickness,
irregularly sculptured, yellow-brown,

always seen with adherent debris (Fig.
3); inner layer smooth, thin, yellowish;
micropyle absent although wall
sometimes seemed thinner at 1 end (Fig.
1); oocyst residuum absent; polar granule

present 1 X 3 (Figs. 1, 2); sporulated

oocysts (N- 44) 26.0 X 21.2 (24-28 X 20-23)
with L:W ratio 1.23(1.10-1.32); sporocysts

ovoid, 15.7 X 7.5 (14-18 X 7-8) with L:W
ratio 2.10 (1.78-2.45); Stieda and sub-
stieda bodies present (Fig. 2); sporocyst
residuum of small granules as compact
mass �3 X 6 or scattered throughout
sporocyst; sporozoites with 1 large refrac-
tile body. The oocysts were 1475 days old
when measured.

Type Host. Oreortyx pictus (Douglas,
1829): mountain quail.

Type Locality. Monterey County,

California.

Location in Host. Unknown; oocysts

recovered from feces.

Etymology. The specific name is

derived from the Latin root, crust, a
tough, hard surface; it refers to the thick,
rough outer wall of the oocyst.

Remarks. Eimeria crusti resembles E.
colini described from the bobwhite quail,
Colinus virginianus by Fisher and
Kelley2 but differs by the presence of a
polar granule, and the size and shape of

the sporocyst and sporocyst residuum.
From another study on genic variation
using allozyme electrophoresis, we
know that 0. pictus more closely
resembles C. virginianus than any other
quail species.

Eimeria lophortygis (Figs. 4, 5)

Remarks. We measured 50 oocysts
and sporocysts from 2 infected L.
californicus and our measurements are
nearly identical to those reported in the

original description by Liburd and
Mahrt.’2 However, we noticed a few
minor differences between our oocysts

and theirs: (1) we never saw a polar
granule; (2) the oocyst wall was thinner
at one end; and (3) the oocyst wall was
composed of 2 layers. The first difference
can be explained by oocyst age. The
oocysts we saw were measured when
1593 days old; Liburd and Mahrt’ noted
that polar granules “were seldom seen in
older oocysts.” The other two obser-

vations add new structural information
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to the species description. We also
provide photomicrographs of E.

lophortygis not present in the original
description (Figs. 4, 5).

Eimeria okanaganensis (Fig. 6)

Remarks. We only measured a few of
these oocysts from L. californicus and
they conformed to the size range provid-
ed in the original description.’2 We also
provide a photomicrograph of E.
okanaganensis not present in the
original paper. It clearly shows the

unique curved anterior end of the
sporocysts of this species (Fig. 6).

Eimeria oreortygis sp. n. (Figs. 7-9)

Description. Oocyst ellipsoid to
slightly ovoid; wall -‘-1.5 consisting of 2
layers: outer ‘-2/3 of total wall thickness,
smooth, pale blue; inner layer smooth,
thin, yellowish; micropyle absent
although wall is slightly thinner at 1 end
(Figs. 7, 9); oocyst residuum present as a
few refractile granules (Fig. 8); polar

granule absent; sporulated oocysts
(N50) 24.4 X 18.7 (21-28 X 17-23) with
L:W ratio 1.30 (1.16-1.50); sporocysts
ovoid 14.1 X 7.2 (13-16 X 6-9) with L:W
ratio 1.96 (1.70-2.23); Stieda and sub-
stieda bodies present (Figs. 7-9);
sporocyst residuum as compact mass ‘-3
X 4 or as granules that obscure
sporozoites when scattered throughout
sporocyst; sporozoites with 1 or 2 refrac-
tile bodies. The oocysts were 1505 days
old when measured.

Type Host. Oreortyx pictus (Douglas,

1829): mountain quail.

Type Locality. Monterey County,

California.

Location in Host. Unknown; oocysts
recovered from feces.

Etymology The specific name is

derived from the generic name of the
host.

Remarks. This species closely
resembles both E. lophortygis and E.
okanaganensis in size and shape of the
oocyst and sporocysts, but differs from

both by the presence of a substieda body

in the sporocysts, a distinctly two-
layered oocyst wall, and the presence of a

small oocyst residuum.

Isospora sp. (Fig. 10)

Description. Oocyst spherical or
nearly so; wall 1.6 composed of 2 layers:
outer -- 2/3 of total wall thickness,
smooth, yellow; inner layer smooth, thin,
green; micropyle and oocyst residuum
absent; 2 polar bodies present each -- 1 X

4; sporulated oocysts (N�25) 27.8 X 25.0
(24-31 X 23-29) with L:W ratio 1.11 (1.0-
1.20); sporocysts ovoid 16.9 X 11.3 (14-20

X 10-13) with L:W ratio 1.50 (1.33-1.78);

Stieda and substieda bodies present (Fig.
10); sporocyst residuum as granules of
various sizes often obscuring sporo-
zoites; sporozoites each with 2 refractile
bodies. The oocysts were 1430 days old
when measured.

Type Host. Oreortyx pictus (Douglas,
1829): mountain quail.

Type Locality. Monterey County,

California.

Location in Host. Unknown; oocysts
recovered from feces.

Remarks. There have been a number
of isosporans (I. bellericae, I. gallinae, I.
gallinarum, I. heissini, I. lyruri, I.

mayuri, I. sp.) described from galliform
birds, but most authorities argue the
validity of many of these species, which
closely resemble I. lacazei structurally,
mast be confirmed by cross-transmission
experiments. Isospora lacazei has been

described from over 50 species of
passeriform birds and has also been
given other names when its oocysts are
found in transit through the gut of other

birds and mammals. For example,
Levine and Mohan’ found it in the feces
of six animals from three herds of beef
cattle in central Illinois. They were about
to describe it as a new bovine coccidium
when they noticed the unmistakable

similarity to I. lacazei. In a previous
paper one of us studied the ultrastructure
of the oocyst wall of I. lacazei)’ Since we
still had our stock solution of oocysts

originally isolated from sparrows, we
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FIGURES 1-9. Sporulated oocysts of Eimeria crustisp. n. (1-3), Eimeria lophortygis (4,
5), Eimeria okanaganensis (6), and Eimeria oreortygis sp. n. (7-9). X 1300. FIG. 1.
Sporocyst residuum and polar body are clearly seen. FIG. 2. Note substieda body
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(arrow). FIG. 3. Outer wall is rough and irregularly sculptured. FIGS. 4, 5. Note
apparent thinness of one end of oocyst; crenation in 5 due to length of time in sugar

solution. FIG. 6. Note unique curved end of sporocyst in this species. FIGS. 7-9. Note
sporocyst residuum (7), oocyst residuum (8), substieda body (7-8), and slight thinning
of oocyst wall (arrows 7,9).

FIGURES 10, 11. Sporulated oocysts of Isospora sp. recovered from feces of 2 0.pictus
in this study (10) and of Isospora lacazei (11) from feces of sparrows from a previous
study.’8 Note similarities of size and structure.

measured and photographed oocysts of I.

lacazei and found they differed very little

in size (oocysts 26.6 X 24.9; sporocysts
17.2 X 11.0) or structure from those

recovered from 0. pictus (cf Figs. 10, 11).
Because of these similarities we are reluc-
tant to give specific status to the
isosporan we found in 0. pictus. Rather,
we agree with previous authors 10,16,20

that isosporans which resemble I.
lacazei, regardless of the host they were
isolated from, should be regarded as
provisional until firm experimental
evidence can establish their specific
status.

Hosts

Only 18 of 121 (14.9%) quail collected
from their natural environments and
examined for coccidia had patent infec-
tions when collected. The hosts exam-

ined and their active coccidian infections
were as follows:

�allipepla squamata (Vigors, 1830):
scaled quail

None of 12 birds examined had patent
infections when they were collected. Five

birds (1 female, 4 immatures) were shot in
Luna County, two immatures in Ber-
nalillo County and five immatures in
Roosevelt County, New Mexico in
December, 1975.

Colinus virginianus (Linnaeus, 1758):
bobwhite quail

None of 10 birds (1 male, 4 females, 5
immatures) examined had patent infec-
tions when they were collected. All birds
were shot in Roosevelt County, New

Mexico in December, 1975.

t3yrtonyx montezumae (Vigors, 1830):

harlequin quail

None of 20 birds (1 female, 3 males, 16
immatures) examined had patent infec-
tions when they were collected. All birds
were shot in Santa Cruz County, Arizona

in January, 1976.
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Lophortyx californicus (Shaw, 1798):

California quail

Nine of 35 birds (25.7%) collected
between February and August 1976 had
patent coccidian infections. These in-

cluded 5 of 6 shot in February (3 males, 3
immatures), 2 of 9 shot in April(1 female,
2 males, 6 immatures), 2 of 8 shot in May
(3 males, 3 females, 2 immatures), 0 of 3
shot in June (1 female, 2 immatures), 0 of
3 shot in July (1 male, 2 immatures), and
O of 6 shot in August (1 female, 5 males).

Five of the infected birds (1 male, 1
female, 3 immatures) had only E.

lophortygis, 2 (males) had only E.

oreortygis and 2(1 male, 1 immature) had
both coccidians. All birds were shot in
Monterey County, California.

Lophortyx gambelii Gambel, 1843:

Gambel’s quail

Fifteen birds (3 males, 5 females, 7
immatures) were shot in Luna County,
New Mexico during December, 1975. All

were counted as negative for coccidia

although samples from three birds had a
very few, mostly unsporulated, oocysts
that resembled E. lophortygis.

Oreortyx pictus (Douglas, 1829): moun-

tain quail

These birds were sympatric with L.

californicus1 and 9 of 29 (31.0%) shot
between February and August 1976 had
patent coccidian infections. These in-

cluded 1 of 2 shot in February (1 male, 1
immature), 0 of 5 shot in April(1 female, 2
males, 2 immatures), 1 of 6 shot in May (3
males, 3 females), 2 of 3 shot in June (1
female, 2 males), 3 of 7 shot in July (1

female, 5 males, 1 immature), and 2 of 6
shot in August (2 males, 4 females). Two
of the infected birds (1 male, 1 female)
had only E. oreortygis, 1 (male) had only

E. okanaganensis, 1 (female) had only E.

crusti, 2 (1 male, 1 female) had only
Isospora sp.,2(l female, 1 immature) had
E. crusti and E. oreortygis and 1 (im-
mature) had E. okanaganensis, E.
oreortygis and E. lophortygis. All birds
were shot in Monterey County,

California.

DISCUSSION

Eimeria dispersa was the first cocci-
dian to be described from a quail when

Tyzzer21 reported it from the bobwhite, C.
virginianus. Since then 10 other
eimerians have been described from
quail including E. colini and E. sp. from

the bobwhite,2”7’25 E. bateri, E.
taldykurganica, E. tsunodai and E.

uzura from the Japanese quail, C.
coturnix,” 3,19,21,22 E. lophortygis and E.
okanaganensis from the California

quail, L. californicus’2 and E. crusti and
E. oreortygis from mountain quail, 0.
pictus (this study). Earlier, Henry5

claimed to have found E. acervulina, E.

mitis and E. tenella in California and
mountain quail and Venard24 stated that
E. acervulina and E. tenella occurred in
the bobwhite. In view of cross-
transmission studies done by
others6”5’2’ and of our current ideas
about host specificity among bird
eimerians we agree with Levine9 and
others 16,20 that it is unlikely for chicken
coccidians to infect quails which are only

rather distantly related to them.
However, it is not unusual for eimerians
to infect different species of closely

related genera and in our study we found
three of the four eimerians previously
described from California and mountain
quail were shared between these sym-

patric hosts. Since the ranges of the two
hosts overlap, the possibility always ex-
ists that the apparent cross-transmission
of eimerians between host genera might
be spurious. Unfortunately, this cannot
be ruled out because of our collection

methods.

The true prevalence of coccidian infec-

tions in wild populations of quail in the
U.S. is still unclear, as is the importance
of environmental and host factors that
contribute to the variations seen in these
infections. Surveys have recorded an
incidence of coccidians in different quail
populations that varies from zero to
97%,5,6,8,14 but most authors omit much
of the following information: (1) the
specific identity of the coccidians; (2) the
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number of birds examined; (3) the dates
the samples were collected; (4) the age

and sex of the birds examined; (5) the
methods used to make diagnosis; (6) the
prevalence of infection in the sample

population; and (7) an estimate of the
severity of the infection. Only Herman

and Chattin7 and Liburd,” surveying L.
californicus in California and south-
central British Columbia, respectively,
provided information on prevalence,
host age and sex, and severity of
infection.

With the exception of O’Roke,’4 other

studies have found a much higher overall
incidence of coccidian infections in quail

(usually > 60%) than the 15% in our
study.5’7” From our data and that of

others,5’7” it is clear the prevalence of
coccidial infections in quail varies within
a single area at different periods,
between areas during the same time
period and between host species in the

same area and time period. For example,
Herman and Chattin7 and Herman et al.’
found the highest prevalence of eimerian
infection in L. californicus from Califor-
nia to occur from October through May
whereas Liburd” found the highest

prevalence of infection in L. californicus

from British Columbia to occur in August

and September. In both instances the
highest prevalence of infection occurred

when adults were raising broods: April
and May in California and August and

September in British Columbia. Liburd”
also suggested the higher overall
prevalence of infection in California
birds reflected the moist weather of
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