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ABSTRACT: Forty (93%) of 43 northern pocket gophers (Thomomys talpoides) from the Jemez
Mountains, Sandoval County, New Mexico (USA), had coccidian oocysts in their feces when
examined. We describe this parasite, Eimeria jemezi, n. sp. Sporulated oocysts were subspheroidal,
13.3 by 12.2 (10 to 17 by 9 to 15) �m, with sporocysts ellipsoidal, 7.1 by 4.4 (5 to 9 by 4 to 5)

jim; micropyle and oocyst residuum were absent, but polar bodies, Stieda bodies and sporocyst
residua were present. All gophers were collected from two sites of similar habitat 7 km apart. One

site (R+) had a high soil radon content (�50 to 70 picocuries (pCi) per liter of air) whereas the

other site (R-) had soils that were near average natural levels (1.2 to 1.6 pCi/g uranium nucleotides
per gram of soil; <1.9 pCi/g thorium nucleotides). Twenty-one (88%) of 24 gophers from the R+
site had coccidian oocysts in their intestines when examined, but none of these oocysts ever

sporulated, whereas all 19 (100%) gophers from the R- site had coccidian oocysts in their intestines
and 16 (84%) of these samples sporulated normally under laboratory conditions. The elevated
radon content of the soil may have had an adverse effect on the sporulation of this coccidian while

it still was intracellular within its host.
Key words: Coccidia, Eimeria jemezi, Thomomys talpoides, radon.

INTRODUCTION

The northern pocket gopher (Thomo-

mys talpoides) has the widest distribution

of any pocket gopher, ranging from Al-

berta to New Mexico and Arizona (USA)

(Chase et a!., 1984). In New Mexico it is

restricted to higher elevations in the north-

ern half of the state. It occurs from about

the ponderosa pine (Pinus ponderosa) zone

upward to the highest elevations where

soils are sufficiently friable for burrowing

activity (Findley, 1987). As pant of a larger

study to determine the effects of radon-

rich (R+) soils on T. talpoides, we com-

pared coccidian infections in gophers

trapped in a R + site to those trapped in a

nearby radon-poor (R-) site in the Jemez

Mountains of New Mexico. We also de-

scribe a new species of Eimeria.

MATERIALS AND METHODS

Twenty-four gophers were collected with kill-
traps from July 4 to 5 from one R+ site located
at El Cajete crater, 8.0 km north, 11.3 km east

of Jemez Springs, Sandoval County, New Mex-

ico (USA) (35#{176}50’N, 106#{176}34’W). The R+ site is

on El Cajete pumice (El Cajete member of the
Valles rhyolite), with concentrations of radon-

producing thorium and uranium 4 to 5 times

that of average soils (Self et al., 1988). The high-
ly permeable nature of this pumice provided

pathways for migration and accumulation of
radon gas, and radon concentrations of �50 to
70 picocuries (pCi) per liter of air have been
recorded from the living space of buildings con-

structed on this pumice using charcoal radon

test canisters (Manchengo et al., 1991). The
Environmental Protection Agency has recom-

mended 4 pCi/l as a guideline for annual av-
erage exposure to radon for humans (Ronca-
Battista et al., 1987). Radon concentrations
inside the plugged burrows of gophers would

be at least as high, and probably much higher,
than levels measured inside the relatively well-
ventilated living spaces of buildings.

Nineteen gophers were trapped on 6 July 1991

at a R- site, 7 km from the R+ site, 4.8 km
north, 17.7 km east of Jemez Springs, Sandoval
County, New Mexico (USA) (35#{176}49’N, 106#{176}30’W)
from 4 to 6 July 1991. The R- site is on andesite
of the Paliza Canyon formation. Radionucleo-

tide levels at the R- site were determined from
gamma spectrometric measurements of five 2-kg
soil samples collected from mounds pushed up

by gopher burrowing activity. Soil assays were
conducted at the Department of Physics at the
New Mexico Institute of Mining and Technol-
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ogy, Socorro, New Mexico using a gamma spec-
trometry system, with EG&G ORTEC GMX
series gamma X-ray high purity germanium

(EG&G ORTECH, Oak Ridge, Tennessee, USA),

and analyzed with VAX/VMS Spectroscopy Ap-
plication software (Canberra Nuclear Products

Group, Nuclear Data Systems, Schaumburg, Il-
linois, USA). Uranium series radionuclide con-
centrations were assessed using 210Pb, 21�Pb, and
214Bi gamma energies, assuming equilibrium
conditions; thorium series radionuclide concen-
trations were assessed using 2#{176}8Tl,212Pb, and �Ac
gamma energies, assuming equilibrium condi-
tions. Based on five samples each, values for
uranium series concentrations (1 = 1.5 pCi/g;
range = 1.4 to 1.7 pCi/g) and thorium series

concentrations (1 = 1.7 pCi/g; range = 1.6 to
1.9 pCi/g) were close to the upper range for

typical soils (1.4 pCi/g) (M. Wasiolek, pens.
comm.). Further, the higher density of soil at
the R- site would normally result in lower ra-

don gas migration and accumulation (Man-

chengo et al., 1991). Thus, radon gas concen-
trations in gopher burrows at the R+ site would
be at least 4 to 5 times higher than those at the
R- site, which are closer to average soil con-

centrations.

Fresh fecal samples were collected from the
lower bowel of each gopher during necropsy

and stored in 2% aqueous (w/v) K2Cr2O7. All
methods for preparing, sporulating, and storing
fecal samples, and for concentrating, measur-

ing, and photographing oocysts were as de-
scribed by Duszynski et al. (1982) and Stout and
Duszynski (1983), and were identical for both
sites. Measurements are in jim with size ranges
in parentheses following the means. Oocysts were
measured when they were 188 days old. Sig-
nificance of sporulation rate between the R+

and R- sites was computed using the Fisher
Exact Test (Zar, 1984). We have deposited a
phototype (Bandoni and Duszynski, 1988) of a
sporulated oocyst in the U.S. National Museum,

Beltsville, Maryland, Parasite Collection
(USNMPC 82825). A symbiotype (see Frey et
al., 1992) (host skin + skeleton) has been de-
posited at the New Mexico Museum of Natural

History (NMMNH 1645).

RESULTS

At the R + site, 21(88%) of 24 gophers

had oocysts of a single morphotype, but

none of the oocysts recovered from the

intestinal contents of these hosts sporulat-

ed. At the H- site, all 19 gophers had

coccidian oocysts in their intestinal tracts,

and oocysts from 16 (84%) of the 19 spor-

ulated normally. Differences in the fre-

quency of oocyst sporulation between the

H + and H - sites were significant (P <

0.001).

All coccidian oocysts recovered from

hosts taken from the R- site, that later

sponulated, appeared to represent a new

species.

Elmerla jemezi n. sp.

Oocyst spheroidal to subspheroidal (Figs.

1 to 5), wall about 1.0, composed of two

layers: outer smooth, yellow, about three-

quarters of total thickness (Fig. 1); inner

smooth, light yellow; micropyle and oocyst

residuum absent; 0 to 3 (usually 1) polar

bodies (1 to 3 by 1 to 2) present, highly

ref nactile (transmitted light) (Fig. 2); spon-

ulated oocysts (n = 50) 13.3 by 12.2 (10 to

17 by 9 to 15) with length to width (L-

W) ratio 1.1 (1.0 to 1.3); sporocysts ellip-

soidal, 7.1 by 4.4 (5 to 9 by 4 to 5) with

L/W ratio 1.6 (1.3 to 2.2); Stieda body
present (Figs. 3 and 4), but sub- and pana-

stieda bodies absent; sporocyst residuum a

rosette on several scattered granules (Figs.

3 and 4); sporozoites each with a large

posterior refractile body and these orient

at the top and bottom of the sponocyst

(Figs. 3 to 5).

The oocysts were found in the northern

pocket gopher (Thomomys talpoides) in

Sandoval County, New Mexico, 4.8 km

north, 17.7 km east of Jemez Springs. The

site of infection within the host is unknown

because the oocysts were collected from

feces. The nomen triviale is derived from

the collection locality.

DISCUSSION

Sporulated oocysts of E. jemezi resem-

bled those of Eimeria thomomysis (Levine

et a!., 1957) from Thomomys bottae ful-

vus in Arizona; Eimeria geomydis (Skid-

more, 1929) from Geomys bursarius in

Nebraska, Illinois, and Missouri (USA) and

from Geomys breviceps and Geomys tex-

ensi in Texas (USA) (Upton et al., 1992);

and Eimeria orthogeomyos (Lainson, 1968)

from Orthogeomys grandis scalops in

British Honduras, Central America. They
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FIGURES 1 to 4. Photomicrographs of sporulated oocysts of Eimeria jemezi n. sp. collected from intestinal

contents of Thornornys talpoides. Fig. 1. Wall of an oocyst with a section of outer layer (arrows) that has

peeled off. Fig. 2. Superficial view of an oocyst with a polar body (arrow). Figs. 3, 4. Sporulated oocysts with

normal variation in size and shape (subspheroidal, 3 vs. spheroidal, 4), rosette-like sporocyst residuum (arrow,

3). and large ref ractile bodies of sporozoites (*) that lie at the ends of each sporocyst. Note small Stieda body
at pointed end of sporocysts. Bar = 10 �zm for all figures.

FIGURE 5. Line drawing of sporulated oocyst of

Pimeria jemezi. Bar = 10 jim.
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differed from E. thomomysis by being

smaller (13.2 by 12.2 vs. 14.2 by 13.9),

having a distinct polar body, and having

a sporocyst residuum that was either a ro-

sette or a group of large granules (versus

one of small scattered granules). They dif-

fered from E. geomydis by having a highly

nefractile polar body, and lacking a dis-

tinctive bump on the outer wall of the

oocyst. They differed from E. orthogeo-

myos by lacking an oocyst residuum and

having a highly refractile polar body and

a distinctive sporocyst residuum.

It was impossible to definitively identify

to species the unsporulated oocysts from

the R+ site, because eimerian identifica-

tion is based on morphology of the spor-

ulated oocysts, but they were similar in

size (13.6 by 12.3; 10.8 to 16.2 by 9.0 to

14.4 �tm, n = 25) to E. jemezi oocysts from

the R - site and the two sites are separated

by only 7 km. Thus, oocysts from both sites

probably were the same species.

While no oocysts from the R + area spor-

ulated, oocysts recovered from 16 (84%)

of 19 gophers caught on the H- site did

sporulate. We propose that non-sporula-

tion of oocysts from hosts taken on R +

soils may have been due to the effect of

radon either on the normal physiology of

the host or directly on oocyst development

while the parasite was still intracellular

within the host, or both. Radon has been

implicated in chnomosomal aberrations of

uranium miners (Brandom et al., 1972),

spa house personnel (Pohl-Ruling and Fi-

scher, 1979), rabbits (Leonard et al., 1981)
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and Sprague-Dawley rats (Poncy et a!.,

1980); radon in drinking water can cause

chromosomal aberration in human lym-

phocytes (Stenstran et al., 1979). Little is

known about genetic effects of radon ex-

posure in invertebrate systems but Spenlich

et al. (1967) found increased frequencies

of dominant lethal mutations in Drosoph-

ila melanogaster. Oocysts from the H +

site had normally developed walls indi-

cating apparently successful asexual and

sexual reproduction within gopher intes-

tinal epithelium. Failure to complete

development upon release into the envi-

ronment may indicate chromosomal aber-

ration within the sponoplasm that pre-

vented sporulation. Very little is known

about reproductive or developmental ef-

fects of radon in any animal model.

The R+ site is a 170,000 to 130,000-

year-old volcanic caldera (Self et a!., 1988)

containing friable pumice soils that are

both high in radon and conducive to radon

gas migration and accumulation. On the

caldera slope there are less friable, shal-

lower soils. Gophers are highly territorial,

fossonial, and prefer friable soil (Findley,

1987); thus, established gophers tend to

live in the deeper soils, while immigrants

are confined to the fringes (Patton and

Feder, 1981). On the H+ site, 21(88%) of

24 gophers were infected with coccidia,

but none of the oocysts sponulated. If no

viable oocysts are produced, coccidia in-

fections should soon become locally ex-

tinct. However, the high prevalence of in-

fection suggests that gophers living on the

crater floor may be regularly infected by

ingesting sponulated oocysts from juveniles

immigrating from H- areas where oocyst

development was not impaired. Addition-

ally, high prevalence also may indicate low

immunogenicity and repeated on persis-

tent infections in individuals as in at least

two squirrel (Spermophilus) systems (Se-

ville et a!., 1992; Wilber et a!., 1994). This

could result in long-term oocyst output

even on the H + site and a very low number

of the abnormal oocysts may sporulate

within the burrows. Gophers defecate in

dead-end feeding tunnels, and then wall

them up (Howard and Childs, 1959), pro-

ducing a moist sporulation chamber. Mil-

lions of oocysts commonly are produced

during a single coccidial infection and oo-

cysts apparently can remain viable in the

soil for extended periods of time (Donney,

1962). Since gophers dig with their teeth,

occasionally invade adjoining burrows, and

utilize abandoned burrows (D. J. Hafner,

unpubl.), ample opportunity for infection

with and dispersal of oocysts exists. Final-

ly, since dispersers moving into the radon

area were likely to be forced to build bur-

rows in the less friable soil on the caldena

slope, uphill of more established gopher

sites, some oocysts might have washed

downhill with precipitation runoff. It is

possible that the two sites harbored diff en-

ent coccidian parasites. However, the sites

were located only 7 km apart, so it was

likely that gopher dispersal has produced

similar parasite faunas in both groups. It

also is possible the two sites supported ge-

netically distinct gopher populations. Ge-

netic similarity between the two host pop-

ulations has not been established, but Nevo

et a!. (1974) reported identical kanyotypes

(non-preferentially stained) from two pop-

ulations of T. talpoides 11 km apart in the

Jemez mountains. The two sites were with-

in the theoretical dispersal distance of go-

phers (Daly and Patton, 1990) and, al-

though individuals from one site may not

move as far as the other site, a breeding

continuum probably existed between the

two groups. This would result, at least, in

the indirect transfer of genetic informa-

tion between populations. Tissue from these

gophers (heart, liver, kidney), preserved in

liquid nitrogen for protein electrophonesis,

as well as chromosomes collected from bone

marrow, are now being analyzed to de-

termine the genetic relatedness of these

two populations.
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