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Abstract A new species of Acroeimeria Paperna &
Landsberg, 1989 is described from the spotted house
gecko, Gekko monarchus (Schlegel) from Peninsular
Malaysia. O6cysts of Acroeimeria grismeri n. sp. are
spheroidal to subspheroidal with a smooth bi-layered
wall, measure on average 18.4 x 17.3 um, and have a
length/width (L/W) ratio of 1.1; a micropyle and an
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oocyst residuum are absent but variable polar gran-
ule(s) are present, commonly in Brownian movement.
Sporocysts are ellipsoidal and measure on average 8.6
x 6.7 um, L/W 1.3; Stieda, sub-Stieda and para-Stieda
bodies are absent. The sporocyst residuum is com-
posed of numerous spheroidal granules in the center of
the sporocyst. This is the initial species of coccidian
reported from G. monarchus and one of the few
reported from any reptile from Peninsular Malaysia.

Introduction

The spotted house gecko, Gekko monarchus (Sch-
legel) is a medium-sized saurian that occurs in
disturbed habitats and human habitations of southern
Thailand, Peninsular Malaysia, Taiwan, the Philip-
pines, Singapore, the Kei Islands, Indonesia, and
Papua New Guinea (Grismer & Quah, 2019); it has
also been accidentally imported into Africa (Bauer,
2004). This gecko is insectivorous, feeding on various
types of arthropods (spiders, crickets, flies, roaches,
termites, and wasps).

A great deal of information is available on eimeriid
coccidians from lizards of the family Gekkonidae
(Gray) (see most recent summation by El-Toukhy
et al., 2013); however, none have been reported from
G. monarchus and only three species have been
reported from lizards from Malaysia (Else & Colley,
1975; Maupin et al., 1998). Here, we provide a
description of a new species of Acroeimeria Paperna
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& Landsberg, 1989, from G. monarchus from Penin-
sular Malaysia.

Materials and methods

During August 2019, 3 (2 male, 1 female) adult (60-95
mm snout-vent length, SVL) G. monarchus were
collected by hand on buildings at and around an
abandoned country club at Frasers Hill, Peninsular
Malaysia. Fresh faecal specimens were preserved in
individual vials containing 2.5% (w/v) aqueous potas-
sium dichromate (K,Cr,07). Samples were examined
for coccidia using an Olympus BX43 microscope with
Nomarski DIC after flotation in Sheather’s sugar
solution (specific gravity = 1.30). Measurements were
taken on 20 sporulated odcysts using a calibrated
ocular micrometer and Lumenera Infinity Analyze
software and reported in micrometres (um) with the
ranges followed by the means in parentheses; pho-
tographs were taken using brightfield optics. Odcysts
were c¢.120 days-old when measured and pho-
tographed. Descriptions of odcysts and sporocysts
follow the standard guidelines of Wilber et al. (1998)
including: odcyst length (L) and width (W), their
ranges and ratios (L/W), micropyle (M), odcyst
residuum (OR), polar granule(s) (PG), sporocyst
length (L) and width (W), their ranges and ratio (L/
W), sporocyst (SP), Stieda body (SB), sub-Stieda body
(SSB), para-Stieda body (PSB), sporocyst residuum
(SR), sporozoites (SZ), anterior (ARB) and posterior
(PRB) refractile bodies, and nucleus (N). Voucher
specimens of hosts are deposited in the La Sierra
University Herpetology Collection (LSUHC), River-
side, California, USA. Photosyntypes of sporulated
odcysts were accessioned into the Harold W. Manter
Laboratory of Parasitology (HWML), Lincoln,
Nebraska, USA.

Results
A single G. monarchus was found to be passing an

unknown species of Acroeimeria Paperna & Lands-
berg, 1989, that we describe herein as new.

@ Springer

Family Eimeriidae Minchin, 1903
Genus Acroeimeria Paperna & Landsberg, 1989

Acroeimeria grismeri n. sp.

Type-host: Gekko monarchus (Schlegel, 1836) (Rep-
tilia: Sauria: Gekkonidae), adult male (93 mm SVL),
LSUHC 14514, collected August, 2019.
Type-locality: Fraser’s Hill (Bukit Fraser in Malay)
(3.7237871°N, 101.714207°W), state of Pahang,
Peninsular Malaysia.

Type-material: Photosyntypes of sporulated odcysts
are deposited as HWML 216259.

Prevalence: In 1 of 3 (33%).

Sporulation time: Unknown; o0cysts were collected in
the field and when examined 120 days later, they were
completely sporulated.

Site of infection: Unknown.

Endogenous stages: Unknown.

ZooBank Registration: To comply with the regulations
set out in article 8.5 of the amended 2012 version of
the International Code of Zoological Nomenclature
(ICZN, 2012), details of the new species have been
submitted to ZooBank. The Life Science Identifier
(LSID) for Acroeimeria grismeri n. sp. is urn:lsid:-
zoobank.org:act:SEA19D2A-ACE3-45A8-B95D-B5C
AB6190EF3.

Etymology: The specific epithet is given in honor of
Larry Lee Grismer, Professor of Biology, La Sierra
University, Riverside, California, for his many con-
tributions to the study of gekkonid lizards in Southeast
Asia. He has also educated students for many years
with field studies in Peninsular Malaysia.

Description

Sporulated oocyst

[Based on 20 odcysts; Figs. 1, 2A-D.] Odcyst
spheroidal to subspheroidal; 15-20 x 13-19 (18.4 x
17.3), length/width (L/W) ratio 1.0-1.2 (1.1). Wall
smooth, thick, bi-layered, ¢.1.0-1.5 (1.2), outer layer
2/3 total thickness and light yellow, inner layer darker.
Micropyle and oocyst residuum absent but polar
granule (PG) present and variable; most, 15 of 20
(75%) fragmented into many (15+) fine granules in
Brownian movement; 1 of 20 (5%) fragmented into
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Fig. 1 Composite line drawing of Acroeimeria grismeri n. sp.
Scale-bar: 5 pm

loose mass of fine granules plus scattered fine
granules; 2 of 20 (10%) of 1 to 2 PG in compact mass
of granules; 2 of 20 (10%) PG (1 or 2) compact mass of
granules plus few (5 to 6) scattered fine granules.

Sporocyst and sporozoite

[Based on 20 sporocysts.] Sporocysts 4, ellipsoidal;
7-10 x 5-8 (8.6 x 6.7), L/W ratio 1.3—1.5 (1.3). Wall
smooth, thin and uni-layered, light brown, c.0.5 thick.
Stieda, sub-Stieda and para-Stieda bodies absent;
sporocyst residuum typically various sized granules
scattered between and across sporozoites; sometimes
compact sphere of granules or dense irregular mass
located between and across sporozoites. Sporozoites
(2), elongate (not measured), posterior end rounded

with spheroidal posterior refractile body, anterior end
tapered with small spheroidal anterior refractile body.

Remarks

The genus Acroeimeria was erected by Paperna &
Landsberg (1989a) to contain coccidians with spher-
oidal to ellipsoidal odcysts, which initially develop
immediately beneath the brush-border of intestinal
columnar intestinal epithelium and are passed
unsporulated. When sporulated, they are morpholog-
ically similar to those of Eimeria species to which they
are closely related. They possess endogenous devel-
opment within a parasitophorous vacuole that starts to
bulge above the surface of the intestinal mucosal cells
as meronts and gamonts continue to grow; then, the
host cell cytoplasm expands as the parasite matures,
giving rise to a short, stalk-like structure forming a
layer on the surface of the gut mucosa; this endoge-
nous development occurs above the host cell nucleus
and below the brush border in the enterocytes of the
ileum. Although we did not obtain tissues for histo-
logical sections showing endogenous stages from this
host, we still feel confident in placing the new species
in the genus Acroeimeria Paperna & Landsberg, 1989.

Odcysts of the new species are most similar in size
and shape to Eimeria tokayae Ball & Daszak, 1995
collected from captive Tokay geckos, Gekko gecko
Linnaeus from a pet dealer in the UK, but hosts were
reported to originate from South China (Ball &
Daszak, 1995). However, in E. fokayae, their odcysts
lack a polar granule (vs quite evident and variable in A.
grismeri n. sp.) and their sporocyst shape index (L/W)
is considerably larger (1.6 vs 1.3 in the new species).
In addition, another similar species, Eimeria

Fig. 2 A-D, Nomarski-interference contrast photomicrographs of odcysts of Acroeimeria grismeri n. sp. ex Gekko monarchus. Scale-
bars: 10 um. Abbreviations: ARB, anterior refractile body; OW, outer wall; PG, polar granule; PRB, posterior refractile body; SP,

sporocyst; SR, sporocyst residuum; SZ, sporozoite
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Table 1 Comparison of the sporulated odcysts of spheroidial/subspheroidal to ovoidal eimerians from Gekko spp.

Acroeimeria/ Type-host (type-locality) Oocyst shape, Sporocyst shape, Reference
Eimeria spp. size, features™®  size, features™”
E. bongaonensis Gekko gecko (Linnaeus) (West Bengal, India) Spheroidal; Ellipsoidal; Sinha & Sinha (1978)
Sinha & Sinha, 13.8: 8.8 x 5.2:
1978 | ’
L/W 1.0; L/W 1.7;
13-15; SR: +;
M, OR, PG: all — SB, SSB, PSB: all —
E. gekkonis Gekko japonicus (Schlegel) (Japan) Ovoidal; No data Tanabe (1928a, b)
Tanabe, 1928 185 x 14:
L/W 1.3;
17-20 x 13-15;
M: + (7)
OR, PG: both —
Acroeimeria Gekko monarchus (Schlegel) (Malaysia) Spheroidal to Ellipsoidal This study
grismeri n. sp. subspheroidal; 8.6 % 6.7
18.4 x 17.3; L/W 1.3
LW LL; 7-10 x 5-8;
15-20 x 13-19; SR: +:
M, OR: both — SB, SSB, PSB: all -
PG: +
E. michikoa G. japonicus (Japan) Subspheroidal; Ellipsoidal; Bovee (1971)
BOVGC, 1971 26 x 24: 11 x 9:
L/W 1.1; L/W 1.2;
20-29 x 19-26; 10-12 x 7-9;
M, OR, PG: all — SR: +;
SB, SSB, PSB: all —
E. simonkingi Gekko smithii Gray® (Indonesia); Gekko vittatus Spheroidal to Ellipsoidal; Ball & Daszak (1995)
Ball & Daszak, Huttuyn® (Solomon Islands); Phelsuma lineata Gray® subspheroidal; 9.9 x 5.5
1995 Madagascar . ’
(Madagascar) 20.5 x 19.4; LW 17:
LW L1, 9-10.5 x 5.5-7;
19.5-22 x SR: +
17.5-21; .
SB, SSB, PSB: all —
M, OR, PG: all —
E. tokayae Ball & G. gecko® (South China; Illinois®; pet trade®) Spheroidal to Ellipsoidal; Ball & Daszak (1995);
Daszak, 1995 subspheroidal; 92 x 5.9 Reese et al. (2004);
’ Megia-Palma et al.
18.3 x 18.2; . 8
_ L/W 16; (2015)
L/W 1.0; 8-115 x 5.5-7;

17-21 x 13-20.5; SR: +:
M, OR, PG:all - sp_ ssB, PSB: all -

“Measurements in pm

bDescriptions of odcysts and sporocysts follow guidelines of Wilber et al. (1998) as follows: odcyst length (L) and width (W), their
ranges and ratios (L/W), micropyle (M), odcyst residuum (OR), polar granule(s) (PG), sporocyst (SP) length (L) and width (W), their
ratio (L/W), Stieda body (SB), sub-Stieda body (SSB), para-Stieda body (PSB), and sporocyst residuum (SR)

“Hosts were purchased from pet dealers after importation from their original collecting site into the UK (see Ball & Daszak, 1995)
dSpecimens were captives collected from the Reptile House at the Brookfield Zoo, Chicago, Illinois
°Specimen from pet trade

Key: +, present; —, absent
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simonkingi Ball & Daszak, 1995 from Smith’s green-
eyed gecko, Gekko smithii Gray, also from a pet dealer
in the UK (originally from Indonesia), has slightly
larger odcysts (20.5 x 194 vs 184 x 17.3 pm)
without polar granules (vs those of the new species
containing polar granules) and a greater sporocyst
L/W ratio than the new species (1.7 vs 1.3) (Ball &
Daszak, 1995).

Discussion

The lizard family Gekkonidae includes about 1,331
species, including those within 58 genera (Uetz et al.,
2020). The genus Gekko Laurenti contains only 5%
(72) of the species in the family (Uetz et al., 2020) and
many have never been examined and/or reported to
harbor coccidians. The only species reported to harbor
Eimeria spp. (see Table 1) include: G. gecko, Sch-
legels Japanese Gecko, Gekko japonicus (Schlegel)
from Japan, G. smithii, and lined gecko, Gekko vittatus
Houttuyn from the Solomon Islands (Tanabe, 1928a,
b; Bovee, 1971; Ball & Daszak, 1995; El-Toukhy
et al., 2013). There are three additional Eimeria spp.
reported from Gekko spp., including Eimeria koidzu-
mii Matsubayasi, 1941 from G. japonicus from Japan
(Matsubayasi, 1941), Eimeria japonicus Bovee, 1971
from G. japonicus from Japan (Bovee, 1971) and
Eimeria vittati Ball & Daszak, 1995 from G. vittatus
from a pet dealer in the UK (Ball & Daszak, 1995);
however, all possess elongate to cylindroidal odcysts
possessing L/W ratios of > 2.0, devoid of a Stieda
body, and with probable endogenous development in
the distal part of the biliary epithelial cells and gall-
bladder epithelium. We suggest these be proposed to
represent species within the genus Choleoeimeria
Paperna & Landsberg, 1989 (see Paperna & Lands-
berg, 1989a, b; Megia-Palma et al., 2015). Many
gekkonid species remain to be surveyed and the
prospect of finding new host species and geographical
records for coccidians are likely, including the
discovery of novel species.
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