Taxonomy and zoogeography of Lemmus spp. (Rodentia:
Arvicolinae), with notes on laboratory-reared lemmings

By R. L. RauscH and V. R. RauscH
Receipt of Ms. 15. 2. 1974
Introduction

Lemmings of the genus Lemmus Link, 1795, have long attracted interest because of
the high numerical densities attained at intervals by their populations. In earlier
times, in northern Europe, such events seemed so remarkable as to be explained by
some as a consequence of the animals’ having fallen from the sky (HocsTrROM 1749).
During the last 25 years, lemmings have been the object of intensive ecological
investigation in Eurasia and North America, although there has been no consensus
concerning their taxonomic relationships.

In 1959, a colony of brown lemmings from arctic Alaska was established in our
laboratory, primarily to provide experimental animals for the study of zoonoses
indigenous to arctic and subarctic North America. A colony of lemmings from
Fennoscandia was similarly established in 1964. The lemmings proved to have advan-
tages as laboratory animals, and at the same time the existence of the colonies per-
mitted observations to be made on their biological characteristics and comparisons
of chromosomes to be undertaken for the two forms and their hybrids. The results
of these observations and comparisons, with a review of the zoogeography of
Lemmus, are reported in the present paper.

Materials and methods

For convenience of reference, the nomenclature for North American lemmings is according
to Harr and Kerson (1959).

A colony of Lemmus trimucronatus alascensis Merriam from Point Barrow (arctic coast
of Alaska) was first established in 1954 but was lost in 1958. After re-establishment in
October 1959, with 8 individuals from the same locality, it has been maintained to the
present time. A subcolony of individuals of L. t. subarcticus Bee and Hall, from north-
castern Alaska (Beaufort Lagoon), and L. t. alascensis has been maintained since 1970. The
colony of L. lemmus (Linnaeus) was established in 1964 with 11 animals from Norway,
and cross-breeding between L. lemmus and L. trimucronatus was carried on during 2 years.
Three males of L. nigripes (True) from St. George Island (Pribilof Islands) were crossed
with females of L. trimucronatus and L. lemmus. Additional subcolonies of L. trimucronatus
consisted of melanistic animals and hairless mutants. Complete data for the 30—35 genera-
tions of L. trimucronatus produced during the 14.5 years of the colony’s existence (2 gene-
rations per year were most common, but 3 were occasional) are not summarized here; the
information given is intended to provide a basic definition of characteristics of laboratory-
reared animals. Biological data were recorded for many individuals from birth to death.

Tissues for microscopic examination were fixed in 109 formalin, embedded by the
paraffin method, sectioned at 0.005—0.010 mm, and stained routinely in hematoxylin-cosin.
Special stains were applied as necessary.

For cytogenetic studies, animals trapped or taken from the colonies were: L. trimucronatus
alascensis, 10 & 3,5 QQ; L. t. alascensis x L. t. subarcticus, 2 & 3, 3 Qs L. t. subarcticus,
1 Qs L. t. yukonensis Merriam, 1 &5 L. nigripes, 2 & 35 and L. lemmus, 5 3 &, 3 Q9.
The series of L. t. alascensis included individuals with normal (brown) pelage and melanistic
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pelage, as well as hairless mutants. Preparations were made also from crosses: L. trimu-
cronatus x L. lemmus; L. t. alascensis x L. nigripes; and from progeny obtained by crossing
F1 hybrids back to parental forms.

The animals were given 0.4 ml of 0.05 9%/ colcemid intraperitoneally, after which tissues
were collected and treated with 1% sodium citrate, stained in 2 %/0 acetic orcein, frozen on
solid CO2, and mounted permanently on slides (CoNGer and FaircuiLp 1953; NapLer and
Brock 1962). From L. nigripes, only testicular preparations in lactic-acetic-orcein were
studied (WELsHONS et al. 1962). Preparations to demonstrate G-bands were made following
the method of SeasriGuT (1972), but with the use of marrow and flame-dried as recom-
mended by Dr. C. F. NabpLEr (personal communication). Chromosomes were counted in
10 to 50 cells from each animal. Experimental karyotypes were assembled from photographs
of 36 cells in mitotic metaphase, and total lengths of acrocentric chromosomes and arm-
ratios of metacentric-subtelocentric chromosomes were recorded for 5 4 &, 5 @9, Point
Barrow-Beaufort Lagoon origins; 1 &, Seward Peninsula; and 1 &, St. George Island. Such
ratios were obtained for subtelocentric chromosomes in specimens of hybrids and badk-crosses.
Measurements of sex-chromosomes in meiotic preparations were recorded for 5 & & (L. ¢
alascensis). For comparison, karyotypes were assembled for 2 & & and 2 Q@9 of L. lemmus.
The karyotypes, each from a single cell from marrow, spleen, or testis were arranged by
pairing chromosomes by length and conformation. Examination of meiotic preparations was
helpful in selecting the sex-chromosomes. The identity of pairs was also established by corre-
lation of G-bands in 5 L. t. alascensis, 2 L. t. alascensis x L. t. subarcticus, and 3 L. lemmus.

Characteristics of laboratory-reared lemmings

When the colony was well established, with reproduction occurring regularly, the
breeding stock of L. trimucronatus was selected for large, relatively docile animals,
eliminating the smaller, hyperactive individuals that were usually more aggressive.
Inbreeding was avoided to the extent possible within the constraints of a colony
numbering usually 100—120 animals, of which about 20 pairs were breeding. How-
ever, brother-sister matings were made occasionally, and this practice was routine in
attempts to perpetuate a mutation (see below). Numbers of L. lemmus were kept at
the minimum required to maintain the colony, i. e., not more than 50 individuals, of
which 4—6 pairs were reproducing.

Housing

The rodents were kept in stainless-steel cages, 46 X 33 X 16.5 cm in size, with slip-
over lids covered by 5 mm stainless-steel mesh. Shavings of wood were used as litter,
with cotton for nesting; nest-boxes were not provided. After losses due to disease
had occurred on several occasions, a regime was established under which cages were
cleaned twice weekly, thoroughly washed as required, and autoclaved whenever
signs of disease were noted. Eventually, too, all animals were kept under constant
illumination at temperatures from 13 to 18° C. Until the colony was moved from
Anchorage to Fairbanks in 1967, relative humidity could not be controlled; since
1967, it has ranged from 30 to 40 %/ in the animal rcom.

Diet

Two similar diets proved to be suitable for L. trimucronatus as well as for most
arvicoline rodents of other species that were maintained. These consisted of: 1) let-
tuce and carrot ad libitum, supplemented with alfalfa pellets and commercial mouse-
diet (crude protein, 24 9/o; crude fat, 490); and 2) mouse-diet, alfalfa pellets,
carrot, and water ad libitum. Water-intake by brown lemmings averaged 30 ml per
animal over a 24-hour period. Approximately equal numbers of L. trimucronatus
were maintained on each diet. The colony of L. lemmus received only the second
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diet, supplemented with small quantities of lettuce. The use of mosses as food for
L. lemmus was economically not feasible, although such vegetation has been con-
sidered important for the maintenance of this species in captivity (Frank 1962;
DE Kock 1966; MARCSTROM 1966).

Growth and development

For L. trimucronatus, weights were recorded for individuals in litters born throughout
the year to pairs maintained on the first diet, beginning on the day of birth and
continuing until death. The mean birth-weight of 46 animals (24 & &, 22 99) was
3.97 gm, with a range of 3.0-5.2 gm. At the time the young were removed from the
breeding-cages, individual weights ranged from 13.5 to 30.1 gm (avg. of 41: 20.6
gm). After the animals were a month old, mean bi-weekly gains in weight (not
including pregnant females) ranged from 1.2 to 4.0 gm until an age of about 5 months
(140 days), after which the rate of growth decreased or stabilized. Mean weight at an
age of 140 days was 59.5 gm. The maximum weights recorded were: males, 131.4 gm;
nonpregnant females, 95.4 gm; and pregnant females, 114.2 gm.

A light dorsal pelage was apparent 2—3 days after birth; the pinnae became well
defined in 3—6 days; a dorsal stripe was evident in 4—6 days; and the pelage was
becoming brownish at 6 days. The eyes opened 6—8 days after birth; the lower inci-
sors were visible after 3 days; the upper incisors were visible after 6 days, as were
the nails and the ventral pelage. The young were active in the cage 8—9 days after
birth, and began to eat solid food at an age of 12—14 days. The sex of young animals
could be determined macroscopically within 7—10 days after birth.

Total lengths of brown lemmings less than 14—18 days old were not recorded
routinely; at an age of 2 days, the animals ranged in length from 44.5 to 50 mm.
At 2634 days of age, mean total lengths were 104.8 mm for 35 males and 110.1
mm for 35 females, combining animals on both diets. When fully grown, at an age
of 5 months or more, total lengths ranged from about 140 to 160 mm. The maximum
life-span of the laboratory-reared animals was about 2 years, although few were
kept so long.

Reproduction

Lemmings of both species were usually paired for breeding at an age of about
2 months. The pairs remained permanently together for up to a year, after which,
to sustain productivity in the colony, they were replaced with young animals. Litters
were produced regularly throughout the year, and the sex-ratio of the progeny was
approximately 1:1. The young animals were removed from the breeding-cages when
14—18 days old.

Copulation usually took place immediately after pairing, and postpartum copu-
lation was characteristic thereafter. The gestation period (minimum interval between
litters) of L. trimucronatus, not calculated to the hour, was 20—21 days. One pair
established when the female was 48 days old had 5 litters at intervals of 20, 21,
20, 21, and 21 days, beginning with the first copulation. The length of intervals
between litters tended to increase after about the sixth. One pair produced 8 litters
21, 20, 23, 19, 23, 21, and 40 days apart, after which the male died; another male
was introduced, and the next litter was born 21 days after pairing, followed by
others at intervals of 42, 23, 58, and 22 days, when the pair was replaced with
young stock. For a series of 101 litters, the intervals ranged from 17 to 197 days,
with a mode of 21. Recorded intervals of less than 20 days were: 17 days, 1; 18 days,
2; and 19 days, 8.
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The mean size of litters of L. trimucronatus was between 4 and 5. In 56 litters
produced by animals on the first diet, numbers ranged from 1 to 10 (avg. 4.4;
mode 4), for a total of 248 progeny. In 88 litters produced by animals on the second
diet, the range was the same, with a mean of 4.2 and a mode of 3, for a total of
371 progeny. A mean litter-size of near 7 has been reported for wild L. trimucrona-
tus based on embryo-counts (Kress 1964; MULLEN 1968).

The females attained sexual maturity at an early age; the vagina was perforate
in many animals at an age of 14 days. During 1962—63, an unusual number of young
females was found to have been inseminated by the male parent before the young
had been removed from the breeding-cages. For some, pregnancy was confirmed
when the animals were killed for examination at an age of 20 to 31 days, and
maximum ages at which insemination could have occurred (i. e., ages at time of
removal from the breeding-cages) were 14 days, 1; 15 days, 2; 16 days, 1; 17 days, 4;
18 days, 2; and 19 days, 2. In addition, 4 young females produced litters at ages
of 35, 36 (2), and 39 days. The earliest age at which spermatozoa were found in
the epididymis of a male was 22 days; the testes of this animal measured 7X 6 mm.
Wild females have been estimated to attain sexual maturity at an age of 3 to 4 weeks
(KreBs 1964; MULLEN 1968); KrEBs considered that males become sexually mature
at an age of 4 to 5 weeks.

During 1962—63, the early attainment of sexual maturity in young females was
correlated with increased productivity in the colony. For the period January—April
1961, as a comparison, 17 pairs produced 169 progeny, for an average of 9.9 per
pair, whereas during the same period in 1963, 33 pairs produced 409 progeny, for
an average of 12.4 per pair. That extrinsic factors were responsible for this variation
was not apparent.

The gestation period of L. lemmus was also 20—21 days, as reported by KALELA
(1961) and Frank (1962). For 26 litters produced by 4 pairs, the range in number
was 1 to 7 (avg. 4.8; mode 4), for a total of 125 progeny. For wild lemmings,
based on small numbers of embryo-counts, WiLDHAGEN (1953) reported a mean of
5.9; for captive animals, means were 4.1 (Frank 1962), 5.1 (Karera 1961), and
5.3 (MarcsTROM 1966). The intervals between litters were usually less uniform than
in L. trimucronatus, in our colonies, although the upper extremes were not so great.
Nine litters produced by one pair were separated by intervals of 27, 17, 30, 23, 39,
23, 29, and 20 Days. Insemination of young females by the male parent in the
breeding-cages occurred occasionally. FRank (1962) observed that the vagina may be
perforate in 12-day-old females, and the production of litters by females 35 and
39 days old was reported by Karera (1961) and FraNk, respectively.

Diseases and abnormalities

During two vears after the colony of L. trimucronatus was re-established in 1959,
a significant mortality was associated with fatty metamorphosis of the liver, the cause
of which was not specifically determined. In early stages of the disorder, the liver
was pale yellow and somewhat enlarged. It was found in sections that hepatic cells
around the central veins were usually first affected, and the changes progressed to
extensive cirrhosis. After it became possible to maintain uniform low temperatures
in the animal room, this condition was no longer a problem. In laboratory rats, it
has been found that lower temperatures have a lipotropic effect, preventing fatty
metamorphosis in the liver of animals receiving a diet low in choline (cf. Masoro
1966), and we presume that a similar mechanism was involved in the case of the
lemmings. Macroscopic signs of this condition were not observed in other arvicoline
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rodents receiving the same diets, although evidence of slight hepatic lipidosis was
sometimes found microscopically in varying lemmings, Dicrostonyx spp., and red-
backed voles, Clethrionomys rutilus (Pallas).

Dental disorders, a serious problem, usually involved excessive growth of the
incisors. Overgrowth of the molars ventrad or dorsad within the alveoli, often
associated with periodontal disease, abscess-formation, and pressure-effects (e. g., on
the optic nerve), has rarely been observed in Lemmus, although it was not unusual
in certain other species (e. g., Dicrostonyx spp.; Microtus abbreviatus Miller) in the
laboratory. This condition we attributed to insufficient abrasion of the molar sur-
faces.

Bacterial infections, both acute and chronic, occurred occasionally in lemmings as
well as in rodents of other species. In Lemmus, enteritis and pneumonitis were the
disorders most frequently observed. The pathogen commonly associated with pul-
monary disease and occasionally with infections of the middle ear was identified as
Klebsiella pnewmoniae. Other organisms isolated from diseased lemmings were
Proteus sp., Alcaligenes metalcaligenes, Escherichia coli, Pseudomonas fluorescens,
Aerobacter cloacae, Streptococcus pyogenes, and S. uberis. Losses from such infec-
tions were much reduced under conditions of controlled low temperatures and
increased humidity.

Neoplasia were found rarely in Lemmus, as compared with some of the other
arvicoline rodents in the colonies. Gastric papillomatosis, occurring frequently in
M. abbreviatus (cf. RauscH and RauscH 1968), was recorded once in L. trimucrona-
tus. Single cases were observed also of the following: adenocarcinoma of the pan-
creas, with possible metastasis to the ovary; adenocarcinoma of mammary origin;
subcutaneous lipoma; and mesothelioma, extensively involving the serosal surfaces
of the abdominal cavity. A subcutaneous mass identified macroscopically as a tumor
in one animal was found to be a mycotic abscess, probably mucormycosis. This con-
dition has been reported in other species of rodents in our colonies (OnBayasH1 1971).

A mite, Laelaps lemmi Grube, has been perpetuated since the colony of L. trimu-
cronatus was established, and sometimes caused local irritation around the eyes of
the animals. No helminths were perpetuated under laboratory conditions.

A mutation, congenital hypotrichosis, occurred in the colony of L. trimucronatus
(Fig. 1); all mutants were descendants of a pair trapped at Point Barrow in 1959.
In contrast to the mutation “hairless” (hypotrichosis cystica) in the laboratory mouse,
Mus musculus Linnacus, and described in Microtus arvalis (Pallas) by FrRank (1962a),
carly growth of hair did not occur in the mutant brown lemmings. However, an
apparently similar mutation has been described in the golden hamster, Mesocricetus
auratus Waterhouse, by FesTinG and WrIGHT (1972). The first mutant brown lemming
was born on 24 June 1961, after which additional specimens were obtained by
inbreeding. The subcolony numbers about 40 animals at the present time.

The affected animals varied in degree of hypotrichosis, and completely hairless
individuals were rare. In most, the body was hairless, normal-appearing pelage
extended anteriad from the eyes, vibrissae were well developed, and the feet were
hair-covered. Sometimes sparse hair was present dorsally over the anterior portion
of the body, or the entire dorsum was covered by a thin pelage. Excessive growth
of nails seemed to be an associated condition, but no abnormalities were observed in
the teeth. Hairless pairs did not produce uniformly hairless progeny, but the size
of litters was small, suggesting the possibility that homozygosity is genetically lethal.
The findings suggest that the pattern of inheritance of this mutation is consistent with
that of an autosomal dominant gene expressing incomplete penetrance, as in hidrotic
ectodermal dysplasia in man (J. W. LiNDsAY, personal communication).
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Fig. 1. A hairless mutant lemming with normal littermates. The animals are F: progeny,
20 days old, from a normal x hairless cross, Lemmus trimucronatus alascensis

Hairless animals were recognizable at birth by their uniform pink color, contrast-
ing with the darker dorsum of normal or partially hairless individuals. The hairless
skin did not change macroscopically with age, and cyst-formation characteristic of
the mutation “hairless” was not observed. Under low magnification, numerous short,
colorless hairs were visible in ostensibly hairless areas, and isolated guard-hairs were
occasionally present. The surface of the skin was usually covered by sebum, with
discrete accumulations extending from each hair-canal. When formalin-fixed skin
was dehydrated and cleared in xylene, dissolving the sebum, hair-canals were found
to be abundant, but few contained hairs. The openings of the canals at the surface
were much distended, ranging in diameter from about 0.015 to 0.080 mm. There was
no indication that the characteristics of the skin of hairless animals were affected
by different ambient temperatures. The mutants tolerated higher temperatures than
did normal animals.

Microscopically, the skin of hairless areas was characterized by scarcity and hypo-
plasia of hair-follicles, defective structure of hairs, usually hyperplasia of sebaceous
glands, and distended hair-canals (Fig. 2). The stratum corneum was usually not
thickened. The dermis consisted mainly of a loose stroma in which a few hypoplastic
follicles of guard-hairs were scattered. Such hairs as developed usually lacked a
medulla. The more superficial follicles associated with the under-fur were relatively
numerous and contained defective, unpigmented hairs that rarely extended above the
stratum corneum. The sebaceous glands were characteristically hyperplastic, with
some variation in degree from area to area. Sebum accumulated in the hair-canals
distal to the openings of the sebaceous ducts, causing marked distension. In the
hairless females, the epidermis of all 8 teats was frequently hyperplastic, with deep
fissures and hyperkeratosis. Since this condition prevented sucking, litters from such
females usually died soon after birth. The mammary glands were usually normal
histologically. Frank (1962a) observed high mortality among litters of voles showing
the mutation “hairless”, because of dysfunction of the mammary glands.

The juxtauricular glands (ScHAFFER 1940, p. 235; MACPHERSON and GIBsoN 1965)
and the glandular area in the dorsal skin at the base of the tail (WaLLIN 1967) were
readily visible in the hairless animals. Microscopically, these glands appeared to be
identical in structure. They may produce identical pheromones.

In 1953, when lemmings were abundant at Point Barrow, the population included


































































