First Record of a Hermaphroditic Muskrat
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ABSTRACT. This paper documents the first reported record of a hermaphroditic muskrat, Ondatra
zibethicus L. A common semi-aquatic furbearer, muskrats are distributed across much of North America.
During routine dissection of muskrat carcasses (n = 114) harvested by trappers in southern Ohio during
2010, 2011, 2012, 2014, and 2021, a subadult/adult specimen was observed to have what appeared to
be fully developed ovaries and testes. A written description and photographic documentation of this

hermaphroditic muskrat is provided.
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INTRODUCTION

This paper documents the first reported record of
a hermaphroditic muskrat (Ondatra zibethicus L).
The muskrat is one of the most widely distributed
rodents in North America, and is present in all
88 Ohio counties (Harder and Cameron 2022).
This semi-aquatic species inhabits ponds, streams,
rivers, marshes, and swamps. It creates burrows
in riparian habitat or builds lodges in ponds and
marshes (Schwartz and Schwartz 2016). Primarily
herbivores, muskrats in Ohio may also consume
frogs, crayfish, clams, mussels, fish, and crustaceans
(Harder and Cameron 2022).

Among the class Mammalia, hermaphroditic
specimens have been reported for several orders
of mammals including Lagomorpha (Oryctolagus
cuniculus) (Sheppard 1943), Eulipotyphla (7alpa
occidentalis, 1. europaea, 1. romana, and T
stankovici) (Sdnchez et al. 1996), and Cetacea
(Delphinapterus leucas) (De Guise etal. 1994). More
frequent observations (n > 50) of a mixture of male
and female internal genitalia have been noted for
pigs (Sus scrofa, order Artiodactyla) (Crew 1924).
Among the order Rodentia, hermaphrodism has
been recorded for some individuals from laboratory
populations of mice (assumed Mus musculus) (see
Tarkowski 1964). Hooker and Strong (1944)
compiled a list of reported observations for
hermaphrodism in 9 rodent species but there was
no indication of wild or captive status. Overall,
the phenomenon of hermaphrodism appears to
be extremely rare for wild rodents.

The adaptive advantages of hermaphroditism
could include instances where it is difficult to
find a mate, when one sex benefits from being
either larger or smaller than the other, or instances
of small, genetically isolated populations (Ghiselin
1969). There have been less than 5 cases of true
hermaphroditism (i.e., distinct pairs of testes and
ovaries) (Asdell 1942) reported for mammals
(DeGuise et al. 1994) from wild populations.
The rarity of this phenomenon for mammals may
be explained by the energetic cost to maintain 2
reproductive systems (Heath 1977).

As part of lab dissection activities for courses
taught by the senior author at the University of
Rio Grande, students obtained various organ
morphometrics as well as determined sex and
reproductive status of skinned muskrat carcasses
that were supplied by local trappers. This hands-
on learning opportunity resulted in the creation
of baseline data to which future specimens from
the region could be compared. Semi-aquatic
mammals such as mink (Neovison vison), river
otters (Lontra canadensis), and muskrats have
served as bioindicators of aquatic ecosystem health
and/or contamination (Halbrook et al. 1993;
Harding et al. 1999; Ganoe et al. 2021). This
includes assessment of spleen and adrenal glands
as possible indicators of species-specific immune
response and stress levels, respectively.

Among the specimens processed during this
effort, one individual presented both ovaries and
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testes. This paper documents the first record of a
hermaphroditic muskratand compares some organ
metrics of that individual to the balance of the
specimens examined from southeast Ohio.

METHODS AND METHODS

Fresh or fresh-frozen skinned carcasses from
southern Ohio were supplied by trappers. In the
lab, carcass weight (nearest 0.1kg) and length
(nearest 1 mm) as well as weights (nearest 0.1g)
of heart, liver, kidney, spleen, and adrenal glands
were recorded. Zygomatic breadth was measured
(nearest 0.1 mm) using calipers to estimate age
as subadult/adult or juvenile (Alexander 1951;
Schofield 1955). Determination of sex focused
on observing presence of testes or ovaries/uterine
tissue—with uterine tracts extracted and inspected
for the presence of placental scars.

Spearman correlation coefficients and
scatterplots for all variables were generated using
Minitab® 19.2 (Minitab 2020). Spleen and adrenal
weight data were the primary focus, as status
of these organs has been identified as possible
indicators of immune response and stress levels,
respectively (Christian 1955; Pankakoski and
T4hki 1982; Clarketal. 2006; Corbin etal. 2008).

RESULTS AND DISCUSSION

All muskrats were trapped in the November
to December period. The 114 carcasses
examined were categorized by the year of
harvest (year of examination), approximate
locality, and count: 2010 (2011)-Athens
County, n=19; 2011 (2012)-Athens County,
n=21; 2012 (2013)-Pickaway County, n=19;
2014 (2015)-southern Ohio (specific counties
unknown), n=27; and 2021 (2022)-Gallia and
Jackson Counties, n=28.

One subadult/adult specimen (zygomatic
breadth =40.5 mm) harvested in 2012 from
Pickaway County, Ohio, was determined to possess
both male (testes) and female (ovaries and uterine
tract) organs (Fig. 1). There was the appearance
that each set of sexual organs were symmetrical
(i.e., equal development on both sides), a form of
true hermaphroditism (Asdell 1942). Examination
of the uterine horns revealed no placental scars.
Additional metrics for this specimen included a
total length of 290 mm, body weight of 0.86kg,
liver weight of 45.0 g, spleen weight of 1.29 g, heart
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weight of 3.98¢, paired kidney weight of 6.54 g,
paired adrenal weight of 0.19 g, and a total GI tract
length of 2,483 mm. The trapper who provided
the Pickaway County specimens indicated thatall
were harvested from one of the local creeks, and
not a pond or marsh.

Acrossall specimens, spleen (r,=0.58, p=0.009)
and paired adrenal weights (r,=0.55, »=0.000) had
the highest correlations with liver weights. Spleen
and paired adrenal weights were less correlated
(r,=0.40, p=0.000). Mean spleen weight (range)
for male specimens was 0.63g (0.16 to 1.35g)
and 0.62¢g (0.12 to 1.40g) for females. The 2012
Pickaway County hermaphroditic spleen weight
(1.29g) was well above average compared to
males and females, and was clearly an outlier from
that same 2012 sample of muskrats (Fig. 2). For
adrenals, mean weight (range) for maleswas 0.12 g
(0.02 to 0.27 g) and for females was 0.13 g (0.03
to 0.27¢g). The hermaphroditic specimen mean
adrenal weight was 0.19 g—well above the mean
weight but within the range (0.02 to 0.27 g) for
the male and female specimens.

The interpretation of these findings remains
unclear, as neither of these weight differences (i.e.,
greater spleen weight and greater paired adrenal
weight compared to the balance of the specimens
processed from the Pickaway County sample) for this
muskrat may have been related to its hermaphroditic
condition. A larger spleen size may be associated
with a heavier parasitic load, although for mammals
it can also result in a larger reservoir for red blood
cells (Corbin et al. 2008). Adrenal gland weights
have been observed to increase in female muskrats
during the spring, likely due to the onset of the
breeding season with maximum weights reached in
autumn (Pankakoski and Tdhki 1982). An increase
in hostile social interactions may also explain adrenal
enlargement in small mammals (Brenner et al.
1978; Bradley and Terman 1981). Such assessment
in general, however, is difficult as reproductive
state—as noted—can influence adrenal weight as
well (Pankakoski and Tihkid 1982). Nonetheless,
considering that this hermaphroditic specimen
lacked placental scars indicates it had not bred.
Therefore, the larger adrenal glands may indicate it
was subjected to more than usual social strife.

The novelty of finding this single specimen at a
single locality leaves much room to speculate how
often hermaphroditism may occur in wild muskrat
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FIGURE 1. Hermaphroditic muskrat showing both male and female

reproductive organs pre- (above) and post (below) extraction
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FIGURE 2. Scatterplots showing liver weight vs. spleen weight (top), liver weight vs. adrenal (paired) weights
(center), and spleen weight vs. adrenal (paired) weights (bottom) for muskrat specimens harvested in 2012 from
Pickaway County, Ohio. The square with the x represents the hermaphroditic specimen.
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populations—but most likely it is extremely rare.
Muskrats were intensely studied by state agencies
and universities during the mid-1900s because
of their importance as a furbearer, so it seems
likely any specimens exhibiting this condition
would have generated publication. More recently,
declines of muskrat populations across much ofits
native distribution have been reported (Ahlersand
Heske 2017). This has spurred renewed interest in
studying possible explanations for those declines,
mostly centering on habitat loss/degradation,
changes in hydrology, and possibly disease (Ahlers
and Heske 2017; Ganoe et al. 2021). Of these
possibilities, and beyond the likelihood this was
a total anomaly, habitat degradation might offer
a possible explanation. Exposure to chemicals
associated with pesticide and herbicide use or
release of pharmaceuticals into aquatic systems
may affect muskrat populations (Ahlers and
Heske 2017). Whether such chemical exposure
would be enough to affect sexual maturation
of a muskrat is unknown; however, considering
mammal development of gonads is under
hormonal control (Asdell 1942), it is reasonable
to project that such chemicals could explain the
resulting hermaphroditic condition observed
for the specimen reported herein. Endocrine-
disrupting chemicals in the environment have
been recognized to be associated with a variety of
deleterious health effects not only for mammalsbut
birds, fish, shellfish, and gastropods (Colborn etal.
1993). So far, however, the only evidence reported
that chemical exposure—specifically perchlorate
contamination—can produce androgenic effects
that can result in functional hermaphroditism
in a nonhermaphroditic vertebrate has been for
the threespine stickleback (Gasterosteus aculeatus)
(Bernhardt et al. 2006).

Due to the increased possibility of environmental
contaminationresultingfrom humanactivities (such
as manufacturing and agricultural production),
future research is needed to determine ifendocrine-
disrupting chemicals can result in hermaphroditic
conditions for mammals, especially semi-aquatic
rodents. This warrants greater consideration if
hermaphrodism resultsin no, or lower, reproductive
success for such individuals—especially in areas
where local populations are already at risk or at
the edge of their native range.

VOL. 123(2)

ACKNOWLEDGEMENTS

The authors wish to thank Ron Cass, Chris
Bartholomew, Suzanne Prange, Dustin Caudell,
and Brannon Belville for providing muskrat
carcasses. The authors are grateful to all the
students who contributed to the collection of
morphometrics including James Anderson,
Tyler Black, Brandon Conrad, J.P. Davis III,
Doug Ellars, Chris Fullerton, Jason Jones, Chery
Kilmer, Dale Mattox, Allen Patton, Justin Perks,
Callyn Ratcliff, Kevin Smith, and Kalman Tinka
IV who were, in part, responsible for detecting
the unique reproductive anatomy of the 2012
harvested hermaphroditic specimen. Wayne
Rossiter assisted with processing of 2021 specimens
and provided helpful comments on an earlier
draft of the manuscript. The comments of 3
anonymous reviewers also improved the quality
of this manuscript.

LITERATURE CITED

Alexander MM. 1951. Theaging of muskrats on the Montezuma
National Wildlife Refuge. ] Wildlife Manage. 15(2):175-
186.
https://doi.org/10.2307/3796606

Asdell SA. 1942. The accessory reproductive tractin mammalian
true hermaphrodites, an effect of position. Am Nat.
76(762):75-84.
https://doi.org/10.1086/281015

Ahlers AA, Heske EJ. 2017. Empirical evidence for declines
in muskrat populations across the United States. ] Wildlife
Manage. 81(8):1408-1416.
https://doi.org/10.1002/jwmg.21328

Bernhardt RR, von Hippel FA, Cresko WA. 2006. Perchlorate
induces hermaphroditism in threespine sticklebacks.
Environ Toxicol Chem. 25(8):2087-2096.
https://doi.org/10.1897/05-454r.1

Bradley EL, Terman CR. 1981. A comparison of the adrenal
histology, reproductive condition, and serum corticosterone
concentrations of prairie deermice (Peromyscus maniculatus
bairdii) in captivity. ] Mammal. 62(2):353-361.
https://doi.org/10.2307/1380711

Brenner FJ, Wirtz SKB, Campbell PS, Church C. 1978. Effect
of social rank on adrenal morphology in the male hamster
(Mesocricetus auratus). ] Mammal. 59(2):366-373.
https://doi.org/10.2307/1379921

Christian JJ. 1955. Effect of population size on the adrenal
glands and reproductive organs of male mice in populations
of fixed size. Am ] Physiol. 182(2):292-300.
https://doi.org/10.1152/ajplegacy.1955.182.2.292


https://doi.org/10.2307/3796606
https://doi.org/10.1086/281015
https://doi.org/10.1002/jwmg.21328
https://doi.org/10.1897/05-454r.1
https://doi.org/10.2307/1380711
https://doi.org/10.2307/1379921
https://doi.org/10.1152/ajplegacy.1955.182.2.292

OHIO JOURNAL OF SCIENCE

Clark LS, Cowan DE Pfeiffer DC. 2006. Morphological changes
in the Adantic bottlenose dolphin (Zursiops truncates)
adrenal gland associated with chronicstress. ] Comp Pathol.
135(4):208-216.
https://doi.org/10.1016/j.jcpa.2006.07.005

ColbornT, vom Saal FS, Soto AM. 1993. Developmental effects
of endocrine-disrupting chemicals in wildlife and humans.
Environ Health Persp. 101(5):378-384.
https://doi.org/10.1289/ehp.93101378

Corbin E, Vicente ], Martin-Hernando MP, Acevedo P,
Perez-Rodriguez L, Gortazar C. 2008. Spleen mass as a
measure of immune strength in mammals. Mammal Rev.
38(1):108-115.
heeps://doi.org/10.1111/j.1365-2907.2007.00112.x

Crew FAE. 1924. Hermaphroditism in the pig. Brit ] Obstet
Gynaec. 31(3):369-386.
heeps://doi.org/10.1111/j.1471-0528.1924.tb12320.x

De Guise S, Lagacé A, Béland P. 1994. True hermaphroditism
in a St. Lawrence beluga whale (Delphinapterus leucas).
J Wildlife Dis. 30(2):287-290. PMID: 8028121.
https://doi.org/10.7589/0090-3558-30.2.287

Ganoe LS, Brown JD, Lovallo M]J, Yabsley MJ, Garrett KB,
Thompson AT, Poppenga RH, Ruder MG, Walter WD.
2021. Surveillance for diseases, pathogens, and toxicants
of muskrat (Ondatra zibethicus) in Pennsylvania and
surrounding regions. PLoS One. 16(12):¢0260987.
heeps://doi.org/10.1371/journal.pone.0260987

Ghiselin MT. 1969. The evolution of hermaphroditism among
animals. Q Rev Biol. 44(2):189-208.
https://doi.org/10.1086/406066

Harder JD, Cameron GN. 2022. Mammals of Ohio.
Athens (OH): Ohio University Press. 437 p. ISBN13:
9780821424636.

Harding LE, Harris ML, Stephen CR, Elliott JE. 1999.
Reproductive and morphological condition of wild mink
(Mustela vison) and river otters (Lutra canadensis) in relation
to chlorinated hydrocarbon contamination. Environ Health
Persp. 107(2):141-147.
https://doi.org/10.1289/ehp.99107141

Halbrook RS, Kirkpatrick RL, Scanlon PE, Vaughan MR, Veit
HP 1993. Muskrat populationsin Virginia's Elizabeth River:
physiological condition and accumulation of environmental
contaminants. Arch Environ Con Tox. 25:438-445.
https://doi.org/10.1007/BF00214332

D.P. ALTHOFF AND R.E. MCCAULLA 37

Heath DJ. 1977. Simultaneous hermaphroditism; cost and
benefit. ] Theor Biol. 64(2):363-373.
https://doi.org/10.1016/0022-5193(77)90363-0

Hooker CW, Strong LC. 1944. Hermaphroditsm in rodents,
with a description of a case in the mouse. Yale ] Biol
Med. 16(4):341-352.2. PMID: 21434153; PMCID:
PMC2601478.
hteps://www.ncbi.nlm.nih.gov/pmc/articless PMC2601478

Minitab. 2020. Minitab Statistical Package Version 19.2. State
College (PA): Minitab LLC.
https://www.minitab.com/en-us/

Pankakoski E, Tahki KM. 1982. Relation of adrenal weight to
sex, maturity and season in five species of small mammals.
Ann Zool Fenn. 19(3):225-232.
hteps://www.jstor.org/stable/23734204

Schofield RD. 1955. Analysis of muskrat age determination
methods and their application in Michigan. ] Wildlife
Manage. 19(4):463—466.
hteps://doi.org/10.2307/3797456

Schwartz CW, Schwartz ER. 2016. The wild mammals of
Missouri. 3rd ed. Jackson VL, Fantz DK, editors. Columbia
(MO): University of Missouri Press. 396 p. ISBN13:
9780826220882.

Sdnchez A, Bullejos M, Burgos M, Hera C, Stamatopoulos
C, Diaz De la Guardia R, Jiménez R. 1996. Females of
four mole species of genus Zalpa (Insectivora, Mammalia)
are true hermaphrodites with ovotestes. Mol Reprod Dev.
44(3):289-294.
heeps://doi.org. 10.1002/(SICI) 1098-2795(199607)44:3<289:: AID-MRD253.0.CO;52-1

Sheppard EM. 1943. The reproductive system of a pregnant
hermaphrodite rabbit (Oryctolagus cuniculus). J Anat.
77(4):288-293. PMID: 17104934.

Tarkowski AK. 1964. True hermaphroditism in chimaeric mice.
J Embryol Exp Morph. 12(4):735-757.
hteps://doi.org/10.1242/dev.12.4.735


https://doi.org/10.1016/j.jcpa.2006.07.005
https://doi.org/10.1289/ehp.93101378
https://doi.org/10.1111/j.1365-2907.2007.00112.x
https://doi.org/10.1111/j.1471-0528.1924.tb12320.x
https://doi.org/10.7589/0090-3558-30.2.287
https://doi.org/10.1371/journal.pone.0260987
https://doi.org/10.1086/406066
https://doi.org/10.1289/ehp.99107141
https://doi.org/10.1007/BF00214332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2601478
https://www.minitab.com/en-us/
https://www.jstor.org/stable/23734204
https://doi.org/10.2307/3797456
https://doi.org/10.1242/dev.12.4.735
https://doi.org/10.1016/0022-5193(77)90363-0
https://doi.org.10.1002/(SICI)1098-2795(199607)44:3<289::AID-MRD2>3.0.CO;2-I

