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Abstract:  Myotis yumanensis (Allen, 1864) is a vespertilionid bat commonly called the Yuma myotis. The species exhibits consid-
erable geographic variation in coloration and size. It is 1 of about 100 species of Myotis worldwide and 1 of 17 species of Myotis in 
the United States. Although common throughout western North America generally at low elevations in desert or semidesert habitats, 
it is absent from the Great Basin. It is not of special conservation status, but protection of habitat especially along stream corridors is 
a concern.
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Myotis yumanensis (Allen, 1864)
Yuma Myotis

Vespertilio yumanensis H. Allen, 1864:58. Type locality “Fort 
Yuma,” Imperial County, California. Restricted to “Old 
Fort Yuma” by Miller (1897:66) and modified to “Old 
Fort Yuma, Imperial County, California, on right bank of 
Colorado River, opposite present town of Yuma, Arizona” 
by Miller (1924:69).

Vespertilio nitidus H. Allen, 1864:60. Part, not V. oregonen-
sis. Specimens listed given on pages 61 and 62 contain 
several species, including yumanensis, that now are 
recognized.

V[espertilio]. obscurus H. Allen, 1866:281. Type locality 
“Lower California” [Baja California], Mexico. Part, not V. 
oregonensis Allen 1864:61.

V[espertilio]. macropus H. Allen, 1866:288. Type locality “near 
Fort Majaor, Colorado River, New Mexico;” corrected to 
“near Fort Major, Colorado River, New Mexico” by H. 
Allen (1893:100) and corrected to “Colorado River, near 
Fort Mojave, [Mojave County], Arizona” by Lyon and 
Osgood (1909:271). Preoccupied by Vespertilio macropus 
Gould, 1854:pl. 47.

Vespertilio lucifugus Dobson, 1878:328. Part, not Leconte, in 
McMurtrie 1831:431.

Vespertilio nitidus (pedomorphic variety) H. Allen, 1893:72, 73. 
Not H. Allen, 1862:247.

Vespertilio gryphus lucifugus Var. (a) H. Allen, 1893:78. Part. 
Specimens listed given on pages 79 and 80 contain several 
species, including yumanensis, that now are recognized.

Vespertilio gryphus Var. (b) H. Allen, 1893:80. Part. Specimens 
listed given on page 86 contain several species, including 
yumanensis, that now are recognized.

Vespertilio albescens H. Allen, 1893:72, 87. Part, not Geoffroy 
Saint-Hilaire, 1806:204. Specimens listed given on page 88 
contain several species, including yumanensis, that now 
are recognized. But see also Vespertilio nitidus macropus 
H. Allen, 1893:100.
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Fig. 1.—An adult Myotis yumanensis in flight. Copyright by J. Scott 
Altenbach.
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2 MAMMALIAN SPeCIeS 47(918)—Myotis yumanensis

Vespertilio nitidus Var. (a) Vespertilio nitidus macropus: H. Allen, 
1893:100. Name combination; considered a pedomorphic 
variety of V. nitidus.

Myotis yumanensis: Miller, 1897:66. First use of current name 
combination.

Myotis yumanensis saturatus Miller, 1897:68. Type locality 
“Hamilton,” Skagit County, Washington. Not Myotis lana-
ceus saturatus Kuzyakin, 1934 (not seen cited in Horáček 
et al. 2000; see “Nomenclatural Notes”).

Myotis californicus Miller, 1897:69. Part, not Audubon and 
Bachman, 1842:285.

Myotis californicus durangae J. A. Allen, 1903:612. Type local-
ity “Rio Sestin, northwestern Durango,” Mexico.

Myotis californicus durangoae Trouessart, 1904:93. Incorrect 
subsequent spelling of Myotis californicus durangae J. A. 
Allen, 1903.

Myotis californicus durangoe elliot, 1905:478. Incorrect sub-
sequent spelling of Myotis californicus durangae J. A. 
Allen, 1903.

Myotis yumanensis yumanensis: Miller, 1912:56. Name 
combination.

Myotis yumanensis sociabilis H. W. Grinnell, 1914:318. Type 
locality “Old Fort Tejon, 3200 feet altitude, Kern County, 
California;” modified to “Old Fort Tejon, Tehachapi 
Mountains, Kern County, California” by Dalquest (1947:227).

Myotis yumanensis sociabilis G. M. Allen, 1919:1. Not Myotis 
yumanensis sociabilis H. W. Grinnell, 1914.

Myotis yumaensis yumaensis Strecker, 1926:9. Incorrect 
subsequent spelling of Myotis yumanensis yumanensis 
Miller, 1912.

Myotis lucifugus phasma Miller and G. M. Allen, 1928:53. Type 
locality “Snake River, south of Sunny Peak, Routt County, 
Colorado.”

Myotis yumanensis lutosus Miller and G. M. Allen, 1928:72. 
Type locality “Patzcuaro, Michoacan, Mexico.”

Myotis yumanensis lambi Benson, 1947:45. Type locality “San 
Ignacio, lat. 27°17’,” Baja California Sur, Mexico.”

Myotis yumanensis oxalis Dalquest, 1947:228. Type locality 
“Oxalis, San Joaquin Valley, Fresno County, California.”

Myotis yumanensis phasma: Harris and Findley, 1962:192. 
Name combination.

Context and Content. Order Chiroptera, family 
Vespertilionidae, subfamily Myotinae, genus Myotis 
(Simmons 2005). Six subspecies are recognized (Simmons 
2005):

M. y. lambi Benson, 1947:45. See above.
M. y. lutosus Miller and G. M. Allen, 1928:72. See above.
M. y. oxalis Dalquest, 1947:228. See above.
M. y. saturatus Miller, 1897:68. See above.
M. y. sociabilis H. W. Grinnell, 1914:318. See above.
M. y. yumanensis H. Allen, 1864:58; see above; durangae J. A. 

Allen, macropus H. Allen, obscurus H. Allen, phasma 
Miller and G. M. Allen are synonyms.

Nomenclatural Notes. Some authors have suggested that 
an older name for this species may be subulatus Say in James 
(1823). Glass and Baker (1965) recommended that subulatus be 
suppressed, but Koopman (1994) suggested that subulatus is an 
older name for this species. Hall (1981) used subulatus for the 
species currently recognized as Myotis leibii.

No holotype was designated in the original description 
by Allen (1864); specimen catalog numbers 5367 (a lot of 36 
individuals, although the catalog of the United States National 
Museum of Natural History [USNM] records only 8—Lyon 
and Osgood 1909:291), 6019, 6020, and 6021 (all alcoholic 
preparations) are listed as syntypes by Allen (1864:59). Allen 
(1866:285) later records that it, “is unfortunate that the original 
specimens of this bat, recorded in the Memoir [H. Allen 1864], 
are unavailable for comparison. They were mislaid during the 
fire at the Smithsonian Institution in January, 1865, and have 
not since been found.” To date, no neotype has been selected to 
replace the syntypes, which were destroyed or lost. Specimen 
catalog number USNM 5537 listed by Allen (1866:284) was 
not located in the USNM database as of 2 April 2009; earlier, 
Allen (1864:60) had listed this specimen as Vespertilio nitidus 
and later Miller (1897:38) indicated that this specimen was M. 
californicus based on the “very small hind foot.”

Descriptions of the type specimens in the USNM are given 
by Lyon and Osgood (1909) and Poole and Schantz (1942). Type 
specimens for all names given above are present in the collections 
at the American Museum of Natural History (durangae AMNH 
21459), Museum of Vertebrate Zoology (lambi MVZ 38194; 
oxalis MVZ 102011; sociabilis MVZ 5158), or USNM (luto-
sus USNM 50783; macropus USNM 84549; obscurus USNM 
8223; phasma USNM 148159; saturatus USNM 17399).

The original tag for the type specimen of Myotis californicus 
durangae has the locality as “Mex. Dur. San Gabriel” and date as 
“16 June 1903” not “Rio Sestin” and “15 April 1903” as given in 
the type description (Allen 1903:612; research.amnh.org/mam-
malogy/types/detail.php).

Myotis lanaceus saturatus was described by Kuzyakin (1934) 
and replaced with kuzyakini by Rossolimo and Pavlinov (1979; 
not seen cited in Simmons 2005). These names currently are syn-
onyms of Myotis emarginatus emarginatus (Simmons 2005).

DIAGNOSIS

Myotis yumanensis (Fig. 1) is distinguished from other spe-
cies of North American Myotis (M. californicus—Californian 
myotis, M. ciliolabrum—western small-footed myotis, M. mela-
norhinus—dark-nosed small-footed myotis, and M. volans—
long-legged myotis) by the absence of a keeled calcar. Compared 
with M. vivesi (fish-eating myotis), M. yumanensis has a smaller 
forearm (< 38 versus > 56 mm) and compared with M. fortidens 
(cinnamon myotis), M. yumanensis has premolars 3/3 versus 
2/2. M. yumanensis has a length of ear < 16 mm and ears extend-
ing < 2 mm beyond the nose when laid forward, whereas M. evo-
tis (long-eared myotis) and M. auriculus (southwestern myotis) 
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have ear lengths > 16 mm and extending > 2 mm beyond the nose 
when laid forward. M. yumanensis is distinguished from M. pen-
insularis (peninsular myotis) and M. thysanodes (fringed myo-
tis) by the absence of a sagittal crest and fringed uropatagium, 
respectively. Compared with M. velifer (cave myotis), M. yuma-
nensis lacks a sagittal crest, has a greatest length of skull < 
15 mm, and a length of forearm < 38 mm.

Myotis yumanensis is most similar to M. lucifugus, little 
brown myotis (Miller and Allen 1928; Villa Ramírez 1967; 
Barbour and Davis 1969; Harris 1974; Parkinson 1979; Hall 
1981; Herd and Fenton 1983; Adams 2004). However, compared 
with M. lucifugus, M. yumanensis has dorsal hairs that are shorter 
with paler tips, the pelage is duller and not glossy, the ears are 
paler, the tragus is larger and has a semicircular border, and the 
tail is relatively longer. M. yumanensis generally is smaller in size 
(length of forearm 32–38 versus 33–41 mm; greatest length of 
skull < 14 versus > 14 mm), the braincase rises at an abrupt angle 
from the rostrum, and the mastoid breadth is smaller. M. yuma-
nensis and M. lucifugus also differ in wing morphology and flight 
performance (Aldridge 1986). Mean wingspan (0.24 versus 0.25 
m), aspect ratio (6.69 versus 6.80), and length of forearm (35 ver-
sus 38 mm) differ significantly between the 2 species.

Myotis yumanensis and M. lucifugus are more similar in 
size and appearance west of the Continental Divide in Colorado 
(Davis and Barbour 1970; Parkinson 1979). In a study of field 
identification of M. yumanensis and M. lucifugus, Rodhouse 
et al. (2008) and Weller et al. (2007) found that use of a combi-
nation of characters identified individuals with a higher degree 
of confidence. Weller et al. (2007) found that mean values for 
length of forearm were smaller and that characteristic frequency 
of echolocation and minimum frequency of echolocation calls 
were higher for M. yumanensis compared with M. lucifugus. 
Because of the considerable overlap in these traits, use of both 
length of forearm and characteristic frequency of echolocation 
identified individuals with a higher degree of confidence (Weller 
et al. 2007). Rodhouse et al. (2008), using post hoc genetic 
analysis, found that only 18% of M. yumanensis were correctly 
identified using length of forearm only, whereas when length of 
forearm was combined with pelage sheen, ear color, or slope of 
the forehead, the percentage of individuals correctly identified 
was 95%, 78%, and 88%, respectively.

GENERAL CHARACTERS

Myotis yumanensis is a small species of Myotis. Fur is short 
(about 5–6 mm) and dull (not glossy) in color. General color of 
the dorsum is usually gray or brown to pale tan. Hairs of the dor-
sum are bicolored, with dark bases and slightly paler tips. Venter 
is paler, whitish to buffy. Membranes usually pale brown to gray. 
Dorsal fur of the uropatagium is sparse and nearly reaching the 
knees; sparse hairs are visible (with magnification) on the poste-
rior edge of the uropatagium but do not constitute a fringe. The 
minute terminal vertebra of the tail is free from the dorsal surface 
of the uropatagium. Plagiopatagium attaches at the metatarsus, 

just proximal to the bases of the toes. Calcar is straight, long, and 
unkeeled. The calcar extends about 60% of the length between 
the hind foot and the tail and terminates in a minute lobule. 
Hind feet are large and broad; the ratio of hind foot length to 
length of the tibia ranges from 50% to 54%. ears are usually 
pale brown to gray, of moderate length, and extend beyond the 
nares when laid forward. Tragus is slim, straight, with a bluntly 
rounded tip; the basal lobe is large and somewhat semicircular 
in shape. Skull is medium sized for a Myotis (Fig. 2). Braincase 

Fig. 2.—Dorsal, ventral, and lateral views of skull and lateral view of 
mandible of an adult female Myotis yumanensis (OMNH [Sam Noble 
Museum] 15766) from 2.5 miles N, 1 mile e Kenton, Cimarron Co., 
Oklahoma, United States. Greatest length of skull is 13.95 mm. Used 
with permission of the photographer M. A. Mares.
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is globose. Sagittal crest is absent and forehead rises abruptly 
when viewed in lateral profile. Rostrum is broad; palate is short 
and broad. Molars dilambdodont; crowns longer in proportion to 
width. The middle upper premolars are aligned on the toothrow 
(Miller 1897; Miller and Allen 1928; Dalquest 1947; Álvarez 
et al. 1994; Koopman 1994).

Ranges of external measurements (mm, n = 116, sexes com-
bined) of M. yumanensis (Miller and Allen 1928) were: length 
of head and body, 37.8–49.0; length of tail, 27.0–39.8; length 
of hind foot, 6.2–9.4; length of ear, 11.0–14.6; length of fore-
arm, 32.0–38.0; length of 3rd metacarpal, 28.6–36.0. Mean wing 
measurements for M. yumanensis were: span, 238 and 240 mm 
(n = 42—Herd and Fenton 1983; n = 13—Aldridge 1986); area, 
9,100 mm2; wing loading (N/m2), 6.69; aspect ratio, 6.45; wing-
tip area ratio, 0.76; wing-tip length ratio, 1.17; wing-tip shape 
index, 2.17 (n = 13—Aldridge 1986).

Ranges of cranial measurements (mm, sexes combined) 
of M. yumanensis were: greatest length of skull, 13.4–14.1 
(n = 60—Miller and Allen 1928), 12.95–14.45 (n = 42—Herd and 
Fenton 1983); condylobasal length, 12.0–13.2 (n = 62—Miller 
and Allen 1928); condylocanine length, 11.60–12.60 
(n = 42—Herd and Fenton 1983); zygomatic breadth, 7.8–8.8 
(n = 46—Miller and Allen 1928); least interorbital breadth, 3.4–
4.8 (n = 63—Miller and Allen 1928), 3.50–3.90 (n = 42—Herd 
and Fenton 1983); braincase breadth, 6.6–7.4 (n = 63—Miller 
and Allen 1928), 6.75–7.25 (n = 42—Herd and Fenton 1983); 
mastoid breadth, 6.90–7.45 (n = 42—Herd and Fenton 1983); 
occipital depth, 4.6–5.4 (n = 62—Miller and Allen 1928), 
4.65–5.25 (n = 42—Herd and Fenton 1983); greatest maxillary 
breadth, 5.05–5.55 (n = 42—Herd and Fenton 1983); rostral 
width, 3.20–3.55 (n = 42—Herd and Fenton 1983); length of 
maxillary toothrow, 4.6–5.2 (n = 63—Miller and Allen 1928), 
4.75–5.20 (n = 42—Herd and Fenton 1983); length of P4M3 
series, 3.40–3.75 (n = 42—Herd and Fenton 1983); braincase 
depth, 5.90–6.65 (n = 42—Herd and Fenton 1983).

Males were significantly smaller than females in some exter-
nal and cranial measurements (e.g., 5th metacarpal, braincase 
breadth, and condylocanine length—Herd and Fenton 1983). 
Sexual dimorphism in length of the forearm was found to be 
not significant by Myers (1978), but in other studies males were 
found to have a significantly lower body-to-forearm ratio than 
females, length of head and body and length of forearm were 
significantly larger in females, and males had less average mass 
than females (Dalquest 1947; Williams and Findley 1979). Mass, 
however, varied depending on reproductive stage of females and 
stomach contents in both genders, 5.5–6.3 g for males and non-
pregnant females.

Myotis yumanensis exhibits considerable geographic varia-
tion in color (Miller and Allen 1928; Dalquest 1947). Coloration 
is a dull brown in the central portion of the distribution, dark 
brown in the northwest, pale in the southwest, and dark brown 
in specimens in the Mexican highlands (Miller and Allen 1928). 
This species is widespread in California and the 4 subspecies in 
the state may be distinguished based on color (Dalquest 1947; 

Harris 1974). Size varies clinally from small in the southwest-
ern part of the range (Sonora and southern Baja Peninsula) to 
large in northeastern Utah–northwestern Colorado (Harris 1974; 
Bogan 1999).

DISTRIBUTION

Myotis yumanensis occurs in North America as far north as 
British Columbia, Canada southward through the western United 
States (Washington, Oregon, Idaho, Utah, Colorado, Nevada, 
California, New Mexico, and Arizona) and eastward to Montana, 
Oklahoma, and Texas, reaching as far south as Hidalgo, Morelos, 
and Michoacán, México (Fig. 3; Miller and Allen 1928; Dalquest 
1947; Glass and Ward 1959; Davis and Barbour 1970; Harris 
1974; Mollhagen and Bogan 1997; Adams 2004). The species 
may also occur in southwestern Wyoming, although no confirmed 
records have been reported; a specimen from Sheridan County 
that was identified as M. yumanensis (Clark and Stromberg 
1987) is likely a M. lucifugus (Bogan and Cyan 2000). Although 
M. y. lambi could represent a geographically isolated subspecies, 
Bogan (1999) suggests that it may be found throughout most of 
the southern part of the Baja Peninsula.

Myotis yumanensis occurs primarily at low and intermediate 
elevations, although an individual was captured at 3,353 m on 
Mt. Whitney, California (Allen 1939) and some higher elevation 
records are known from localities in the Southwest and Mexico 
(Bogan 1999). The range of the species was restricted greatly 
during the Late Pleistocene (Harris 1974). Throughout much 
of its distribution, M. yumanensis is sympatric with M. lucifu-
gus (Dalquest 1947; Harris 1974; Adams 2004). No fossils are 
known.

FORM AND FUNCTION

Form.—Dental formula of Myotis yumanensis is i 2/3, c 
1/1, p 3/3, m 3/3, total 38. P2 and P3 are smaller than P4 and 
the middle upper premolar is aligned in the toothrow (Miller 
and Allen 1928; Koopman 1994). P2 and P3 are about equal in 
size, but when viewed from the side, the P2 is less than one-
half the height of P3; the anterior of P2 is slightly overlapped 
by the cingulum of the canine and the posterior of P3 is par-
tially covered by the cingulum of P4 (Miller and Allen 1928). 
Upper molars have a well-developed protoconule and acces-
sory or secondary ridges; the hypocone on the anterior and 
middle upper molars is absent or poorly developed (Miller and 
Allen 1928; Koopman 1994).

The sternum is slender; the length is more than twice the 
breadth of the presternum. A small median lobe is present on 
the presternum. Ribs number 6 or 7. The coracoid process of the 
scapula is curved outward. The 7th cervical vertebra is not con-
nected to the 1st thoracic vertebra (Koopman 1994).

The kidney is unilobular, with an undivided, single papilla, 
and inner and outer medullary zones (Geluso 1978, 1980). Renal 
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indices are: PMT (percent medullary thickness), 82.8; PMA 
(percent medullary area), 54.2; RMA (relative medullary area), 
1.19; IM/C (ratio of inner medullary zone:cortex), 3.4; and M/C 
(ratio of medulla:cortex), 5.0.

Morphological parameters of the wing for female M. yuma-
nensis were given by Aldridge (1986); mean wingspan, 0.24 
m; mean wing area, 0.0091 m2; mean wing loading, 6.69 N/m2; 
mean aspect ratio, 6.45; mean wing-tip area ratio, 0.76; mean 

wing-tip length ratio, 1.17; and mean wing-tip shape index, 2.17. 
M. yumanensis has a relatively short wingspan, rather high wing 
loading, and low aspect ratio, and wing tips are average in length 
and very rounded (Norberg and Rayner 1987).

Function.—The metabolic rate of Myotis yumanensis is 
1.91 cm3 O2/g per h (ewing et al. 1970). The metabolic state 
(metabolic rate to ambient temperature) in early autumn 
(September) in New Mexico was variable (O’Farrell and 
Studier 1970). Most individuals exhibited a non–homeother-
mic-like metabolism, but some were partially homeothermic 
(thermoneutral zone of 32.5–36.5°C); during this time period, 
the fat index increased significantly (ewing et al. 1970).

When confronted with high ambient temperatures in their 
diurnal roosts, M. yumanensis performs simple movements 
away from the center of heat stress, dispersing from tight clus-
ters, and selecting a more appropriate microhabitat to avoid 
the full impact of thermal stress (Licht and Leitner 1967a). At 
ambient temperatures of 23–25°C, M. yumanensis was gener-
ally torpid; individuals that remained homeothermic or aroused 
from torpidity had body temperatures ranging from 30 to 35.5°C 
(Licht and Leitner 1967a). They present physiological stress at 
ambient temperature near 41°C (Licht and Leitner 1967a), died 
at a body temperature above 42°C if they were restricted from 
fanning their wings (Reeder and Cowles 1951) or within 40 min 
of exposure to an ambient temperature of 44.5°C (O’Farrell 
and Studier 1970), and a temperature between 45 and 50°C 
represented a potential lethal threat (Licht and Leitner 1967a). 
Individuals in distress had wet muzzles and venters, and a damp 
dorsum (O’Farrell and Studier 1970). M. yumanensis is able to 
maintain high body temperature when inactive at low ambient 
temperatures and enter torpor voluntarily (Betts 1997).

Thermoregulation in M. yumanensis was studied by Reeder 
and Cowles (1951). M. yumanensis elevated its body tempera-
ture from 11.5 to 31°C in about 15 min by assimilating ambient 
heat and shivering. At a body temperature of 33°C, M. yuma-
nensis was able to launch flight and fly normally; however, at 
temperatures < 31°C, bats were unable to fly or flew with dif-
ficulty. When in flight for 4 min, individuals raised their body 
temperature from 33 to 40°C or 1.7°C/min; at 30 min of flight, 
body temperature was 40.8°C, suggesting that heat was dissi-
pated at about the same rate that it was produced. Superficial 
observations on the degree of vascular change in the network of 
blood vessels in the flight membranes clearly revealed marked 
changes in the amount of blood passing through these tissues 
correlated with body temperatures (Cowles 1947; Reeder and 
Cowles 1951). At resting body temperatures of 40–41°C, heat 
was dispersed rapidly by the vasodilation of the vascular plexus 
in the wings and capillary plexi of naked membranes (uropata-
gium and ears) and was observed visually; vasodilation was not 
observed at body temperatures between 10 and 39°C. Reversal 
of the vasodilation, possibly by vasomotion, was gradual, tak-
ing up to 15 min (Reeder and Cowles 1951). When confined, 
M. yumanensis fanned with half-opened wings at a body tem-
perature 33°C; at 34°C, fanning with half-opened wings (30 s) 

45°N
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Fig. 3.—Geographic distribution of Myotis yumanensis. Subspecies 
are: 1, M. y. lambi; 2, M. y. lutosus; 3, M. y. oxalis; 4, M. y. saturatus; 
5, M. y. sociabilis; 6, M. y. yumanensis. Map redrawn from Hall (1981) 
with modifications.
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6 MAMMALIAN SPeCIeS 47(918)—Myotis yumanensis

alternated with open wings (5 s); and at 38°C, only open wing 
fanning was observed; fanning, however, was found to have min-
imal cooling effectiveness. The thermoregulation and heat dis-
persing mechanisms of M. yumanensis may maintain the body 
temperature below the level where male germinal tissues would 
be affected negatively; during spermatogenesis, which occurs 
during the hottest part of the year (July, August, September), the 
testes of breeding males descend into the uropatagium (Cowles 
1947; Reeder and Cowles 1951).

Natural heat resistance, avoidance of the warmest areas in 
the shelter, salivation and licking for heat dissipation, combined 
with panting, are effective tools for M. yumanensis in extending 
survival at high ambient temperatures (Licht and Leitner 1967a, 
1967b; O’Farrell and Studier 1970). Open-mouth panting and 
a wet muzzle were recorded to appear at body temperature of 
41.5–42°C (Licht and Leitner 1967a).

Fat deposition was examined in female, male, and young 
M. yumanensis in late summer (mid-August to mid-Septem-
ber) before departure from a maternity roost in New Mexico 
(ewing et al. 1970). During this time period, the fat index (g 
fat/g lean dry weight) in adult females increased significantly 
from 0.30 to 0.87 and the water index (g water/g lean dry 
weight) decreased significantly from 2.19 to 1.74. In fat-free 
adults, nonfat organic material and percent water increased 
significantly. Nine fatty acids and lipid phosphorous were pres-
ent; the most common unsaturated fatty acids (as mean % total 
body fat) were: oleic (18:1), 45.0; palmitic (16:0), 18.3; and 
palmitoleic (16:1), 14.5. A prehibernation increase in unsatu-
rated fatty acids may be correlated with a decrease in ambient 
temperatures. Fat deposition was greater in adults and females 
compared with young and males, respectively. The maxi-
mum days in hibernation assuming total inactivity is 192 days 
(ewing et al. 1970).

Diurnal mass loss due to food and water deprivation in post-
lactating M. yumanensis in a maternity colony in New Mexico 
was examined by Studier et al. (1970). At a mean ambient tem-
perature of 26.1°C and mean relative humidity of 32%, mean 
percent mass loss was 15.5% and ranged from 12.6% to 20.3%, 
and cumulative mass loss over a 14-h observation was 21.9%. 
M. yumanensis was found to have a low total mass loss toler-
ance; individuals died of water and food deprivation during the 
2nd day of testing suggesting that M. yumanensis is unable to 
survive 2 successive days without rehydration.

The role of essential fatty acids (eFAs) in the diet of M. 
yumanensis was studied by Schalk and Brigham (1995). 
Differences among dietary fat scores for males, females, lac-
tating females, and pregnant females were insignificant, but 
the scores for males and lactating females were significantly 
higher than fat scores for trapped insects. Although on some 
nights bats foraged on insects low in eFAs, a threshold level 
of dietary eFAs was maintained. Maintenance of a certain 
eFAs level in the diet of males and nonreproductive females 
may be important in torpor, while a diet high in eFAs may be 
important for lactating and pregnant females that have energy 
requirements.

Urine osmolality determined by water-deprivation experi-
ments ranged from 2,000 to 3,350 mOsmol/kg with a mean of 
2,640 mOsmol/kg (Geluso 1978). During experiments in which 
water was not available for 12 h, M. yumanensis exhibited the 
“plateau” urine concentration cycle; the maximum level of urine 
concentration was reached within 30 min of feeding and per-
sisted at least until the 12 h before decreasing. M. yumanensis 
has relatively poor urine concentrating abilities and renal struc-
tures are similar to bat species that inhabit mesic environments. 
M. yumanensis occurs in dry environments but is more common 
in other habitats; in the desert, the species is found only near 
permanent sources of water (Barbour and Davis 1969; Findley 
et al. 1975; Geluso 1978, 1980; Hoffmeister 1986).

ONTOGENY AND REPRODUCTION

At birth, newborns are about 20% of their mother’s mass; 
mass of 2 newborns and their mothers were: 1.4, 7.1 g; and 1.3, 
6.8 g (Milligan 1993). Milligan and Brigham (1993) suggested 
that the age of the mother has effects on the sex of the young and 
the timing of birth. The older mother’s young were more male-
biased and were born earlier compared to a younger mother.

Newborns 1 day old or less had attached umbilical cords 
(Milligan and Brigham 1993). Between day 1 and day 4, young 
were pink and naked, and eyes were closed. At day 5, young 
were fully pigmented, covered dorsally and ventrally with 
sparse, soft, gray hairs, and eyes were open. By day 9, young 
were completely covered with light gray pelage. By day 13, hairs 
were blackish. In British Colombia, juveniles born in June and 
July could fly by early August (Milligan and Brigham 1993). 
A young Myotis yumanensis was described as dark blackish-
gray in color by Dalquest (1947).

Females probably copulate in the autumn and the sperm 
remains dormant until spring (Dalquest 1947). Nonparous and 
postpartum females were captured in June and July in British 
Columbia (Aldridge 1986). Adults captured in August were par-
ous (Herd and Fenton 1983). The lack of nonparous females 
late in the parturition season suggests that female M. yumanen-
sis bears young in the summer following their birth (Herd and 
Fenton 1983). Males captured in June, July, and August showed 
signs of spermatogenesis (Herd and Fenton 1983).

Peak of pregnancies varies with geographical regions. The 
peak of pregnancies in British Columbia occurred in June and 
July (Milligan and Brigham 1993). Pregnant females have 
been reported from April to June in California (Dalquest 1947; 
Pierson and Rainey 1998; Szewczak et al. 1998), in May and 
June in British Columbia (Herd and Fenton 1983), in New 
Mexico (Mumford 1957; Commissaris 1959), in Oklahoma 
(Dalquest 1947), and in Mexico (Jones et al. 1972; Bogan 1999; 
López-González and García-Mendoza 2006), between June and 
August in California (evelyn et al. 2004), and in July in Idaho 
(Betts 1997) and Colorado (Finley et al. 1983). Crown-rump 
lengths for embryos range from 2 to 23 mm (Dalquest 1947; 
Cockrum 1955; Mumford 1957; Commissaris 1959; Davis and 
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Barbour 1970). Pregnant lactating females have been reported in 
July in Colorado (Davis and Barbour 1970). Lactating females 
have been reported in May to August in California (Dalquest 
1947; Pierson and Rainey 1998; Szewczak et al. 1998), in June 
to August in British Columbia (Fenton et al. 1980; Herd and 
Fenton 1983; Grindal et al. 1992; Nagorsen and Brigham 1993; 
Betts 1997), and in August in Mexico (Watkins et al. 1972; 
Bogan 1999). Post-lactating adult females have been reported 
in July and early August (Herd and Fenton 1983; Grindal et al. 
1992; Milligan and Brigham 1993; Nagorsen and Brigham 1993; 
Betts 1997) in British Columbia and between June and August in 
California (Pierson and Rainey 1998; evelyn et al. 2004).

Myotis yumanensis has 1 young per year (Miller and Allen 
1928; Dalquest 1947; Davis and Barbour 1970; Fenton et al. 
1980; Milligan and Brigham 1993). Young are born in late May 
or early June, and females become reproductively active the sea-
son after they are born; nursery roosts are vacated in autumn 
(Barbour and Davis 1969). Young have been reported between 
early June and early July in British Columbia with most births 
occurring in late June (Milligan and Brigham 1993) and in July 
and August (Grindal et al. 1992; Nagorsen and Brigham 1993; 
Betts 1997), by the end of June and mid-July in New Mexico 
(Commissaris 1959), in July in Idaho (Betts 1997), and in July 
and August in California (Pierson and Rainey 1998; Szewczak 
et al. 1998). Females carrying infants were found in July in 
British Columbia (Milligan 1993).

Myotis yumanensis living in desert areas seems to have their 
young no earlier than those residing in more temperate areas. 
High levels of precipitation may delay reproduction in M. yuma-
nensis (Grindal et al. 1992). M. yumanensis may attain breeding 
condition at a younger age than M. lucifugus (Herd and Fenton 
1983).

ECOLOGY

Population characteristics.—Natal sex ratio for volant 
juveniles and nonvolant juveniles was equal in British 
Colombia; mortality for nonvolant juveniles was not sex 
biased (Milligan and Brigham 1993). For much of the year, the 
2 sexes remain separated (Dalquest 1947). During the sum-
mer, sex ratio varied from near equal, to a male bias, followed 
by a female bias. Older females (not larger females) gener-
ally gave birth earlier than younger females and produced a 
greater proportion of males (Milligan and Brigham 1993). Life 
span of Myotis yumanensis is about 5 years (Dalquest 1947), 
although a minimum age for longevity has been reported as 
8 years and 10 months (Cockrum 1973). Frick et al. (2007), 
however, in a study of the effects of environmental contami-
nation on demography and population growth, found reduced 
juvenile survival; adult female survival was higher than juve-
nile female survival suggesting stage-specific mortality risks. 
In northwestern California, M. yumanensis was the most abun-
dant species captured in nets (Pierson and Rainey 1998).

Space use.—Myotis yumanensis, no matter the habitat, 
occurs where open water is present. The odds of predicting the 
presence of M. yumanensis were 20% greater when distance to 
lakes and ponds decreased by 2,000 m. Highest predicted prob-
abilities of occurrence (50–70%) for M. yumanensis were in 
areas where distances to lakes and ponds were < 800 m. Mean 
differences at capture and noncapture sites were significant for 
distance to lake and ponds, elevation, path richness, and can-
opy closure (Duff and Morrell 2007).

Myotis yumanensis often occurs in areas that are treeless 
(Barbour and Davis 1969), inhabiting arid zones like deserts and 
thorn scrub (Ceballos and Oliva 2005). However, on Vancouver 
Island, British Columbia, M. yumanensis occurs in the Coastal 
Western Hemlock zone (< 900 m, forests dominated by west-
ern hemlock [Tsuga heterophylla], western red-cedar [Thuja 
plicata], and amabilis fir [Abies amabilis]) and the Mountain 
Hemlock zone (> 800 m, forests dominated by mountain hemlock 
[Tsuga mertensiana], yellow-cedar [Chamaecyparis nootkaten-
sis], and amabilis fir [Abies amabilis]—Kellner and Harestad 
2005). M. yumanensis is generally considered to be an inhabit-
ant of lower elevations and riparian situations, often in otherwise 
arid country, but often is associated with relatively large bodies 
of permanent water (Findley 1969; Whitaker et al. 1977; Geluso 
1978, 1980; Hoffmeister 1986; Brigham et al. 1992; Szewczak 
et al. 1998; Oliver 2000).

Myotis yumanensis takes shelter in caves and abandoned 
buildings and uses different roosting places each night. This spe-
cies is adapted to man-made structures and inhabits abandoned 
buildings, preferring crevices as shelter; there are very few 
records of the species being found in “natural” retreats. Daytime 
retreats seem to be of 2 types: favored and temporary. Their natu-
ral retreats probably include caves, hollow trees, loose pieces of 
bark, and cracks in dead trees. Daytime retreats of M. yumanen-
sis are within a short distance of water, near trees, and where the 
light is dim (Dalquest 1947).

Myotis yumanensis has been observed roosting on limestone 
and sandstone cliff crevices in Verde River, Arizona and it also 
used abandoned swallow mud nests to roost (Vaughan 1980). 
Bats are more likely choose mines on the basis of high relative 
humidity to establish maternity colonies where they form tight 
clusters (Betts 1997). Bridges also play an important role as day 
roosts and maternity colonies for these bats (Pierson and Rainey 
1998; Adam and Hayes 2000; Geluso and Mink 2009).

Diet.—Trawling is characteristic of myotids of the 
Leuconoe subgenus (Findley 1972) including Myotis yumanen-
sis in North America (Norberg and Rayner 1987). Based on 
morphometric analysis, M. yumanensis is considered an aerial 
feeder (Fenton and Bogdanowicz 2002). In Utah, M. yumanen-
sis was found foraging above emergent vegetation along a res-
ervoir’s shore in an area characterized by creosote (Larrea) and 
mesquite (Prosopis) bushes and from narrow recesses between 
the gables and roof supports of a chapel (Stock 1970).

Diet of M. yumanensis includes beetles and soft-bod-
ied insects such as flies, termites, moths, and mayflies (e.g., 
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Trichoptera, ephemeroptera, Diptera, Lepidoptera, Orthoptera, 
Isoptera, Hemiptera, Homoptera, Orthoptera, Hymenoptera, 
Neuroptera, and Coleoptera—Barbour and Davis 1969; easterla 
and Whitaker 1972; Whitaker et al. 1977; Herd and Fenton 1983; 
Brigham et al. 1992; Kellner and Harestad 2005). M. yumanen-
sis also feeds on ants (Pogonomyrex—Vaughan 1980) and arach-
nids (Kellner and Harestad 2005).

Preferences for prey vary by age-class of M. yumanen-
sis, with adults consuming a greater proportion of insects of 
Trichoptera and ephemeroptera and fewer Diptera, and sub-
adults consuming proportionally more Diptera (Herd and Fenton 
1983; Ober and Hayes 2008). Isoptera, Homoptera (Whitaker 
et al. 1981), and Coleoptera also were found in the diet (easterla 
and Whitaker 1972). Diet appears to vary with insect avail-
ability rather than actual differences in prey selection, suggest-
ing opportunistic feeding behavior (Fenton and Morris 1976; 
Vaughan 1980; Brigham et al. 1992).

Taxonomic composition of the diet varied among nights; after 
early July in British Columbia, trichopterans and dipterans (pri-
marily chironomids) comprised the diet (Brigham et al. 1992). 
Highest percentage of occurrence of prey groups in fecal samples 
of M. yumanensis captured between May and September in British 
Columbia was for Diptera, followed by Neuroptera, Lepidoptera, 
and Hymenoptera; Coleoptera, Arachnida, and Trichoptera had 
the lowest percentage occurrence of all groups (Kellner and 
Harestad 2005). In western Oregon, the primary diet (% vol-
ume, % frequency) was Diptera (Chironomidae; 37.7, 60.6), 
Isoptera (18.8, 32.0), unidentified Diptera (14.8, 36.0), unidenti-
fied Lepidoptera (14.8, 32.0), and internal organs of large insects 
(5.8, 12.0); Coleoptera, Hemiptera, and Homoptera comprised a 
minor part of the diet (Whitaker et al. 1977). In eastern Oregon, 
the primary diet (% volume, % frequency) based on stomach 
analysis was Lepidoptera (22.9, 57.1), Homoptera (13.6, 28.6), 
Coleoptera (13.6, 28.6), Trichoptera (13.6, 14.3), Isoptera (12.9, 
42.9), Diptera (10.0, 71.4), and unidentified insects (Whitaker 
et al. 1981). Although similar results were found in an analysis of 
scat, Isoptera and Trichoptera were found only in stomachs, and 
Hymenoptera and Neuroptera were found only in scat (Whitaker 
et al. 1981). In Big Bend National Park, Texas, 16 food items were 
recorded for M. yumanensis, but Lepidoptera comprised the great-
est percent volume (39.5) and percent frequency (78.6—easterla 
and Whitaker 1972). In general, stomachs contained large num-
bers (15–30) of small prey items; several stomachs contained 
mainly midges (23.9% volume; Diptera, Chironomidae). Ground 
beetles (Carabidae) were recorded in low percent volume (2.5%), 
but in high percent frequency (21.4). eFAs did not appear to be as 
important in the diet of M. yumanensis, suggesting that torpor may 
not be employed regularly (Schalk and Brigham 1995).

Diseases and parasites.—ectoparasites of Myotis yuma-
nensis include 15 species of mites: Alabidocarpus calcara-
tus (Astigmata: Listrophoridae—Whitaker and Wilson 1974) 
and A. longipilis (Pinichpongse 1963); Cryptonyssus desulto-
rius (Mesostigmata: Macronyssidae—Whitaker and easterla 
1975; Ritzi et al. 2001); Macronyssus crosbyi (Mesostigmata: 

Macronyssidae—Radovsky 1967; Whitaker and Wilson 1974; 
Whitaker et al. 1983); Steatonyssus antrozoi (Mesostigmata: 
Macronyssidae—Whitaker and easterla 1975) and S. emar-
ginatus (Radovsky 1967; Whitaker and Wilson 1974); an 
unidentified macronyssid (Mesostigmata: Macronyssidae—
Whitaker et al. 1983); Spinturnix americanus (Mesostigmata: 
Spinturnicidae—Whitaker and Wilson 1974; Whitaker and 
easterla 1975; Whitaker et al. 1983; Ritzi et al. 2001), Spinturnix 
bakeri (Herd and Fenton 1983), and Spinturnix (Holdenried 
et al. 1951; Krutzsch 1955); Notoedres myotis (Astigmata: 
Sarcoptidae—Whitaker and easterla 1975) and Notoedres 
(Bakeracarus—Whitaker et al. 1983); Nycteriglyphus 
(Astigmata: Rosensteiniidae—Whitaker and easterla 1975); 
Leptotrombidium myotis (Prostigmata: Trombiculidae—Walters 
et al. 2011) and an unknown trombiculid (Ritzi et al. 2001).

Krutzsch (1955) and Whitaker et al. (1983) reported bat mite 
infestations as high as 10 mites per bat. In Oregon, prevalence 
of a single mite species ranged from 2% to 30% and 46% of M. 
yumanensis had mites (Whitaker et al. 1983). In Texas, of 7 mite 
species observed, prevalence for 5 species was low (8.33%) but 
was 25% and 33%, respectively, for Cryptonyssus desultorius 
and Spinturnix americanus (Ritzi et al. 2001). Sarcoptid mites 
(Notoedres), which were found only on the lip just anterior to the 
upper incisors, inhabited tubular structures that contained 1 mite 
and often an egg mass (Whitaker and easterla 1975).

The ticks Ornithodoros kelleyi (Ixodides: Argasidae—Ritzi 
et al. 2001), O. yumatensis (Bradshaw and Ross 1961), and 
Ornithodoros (Holdenried et al. 1951) have been reported for 
M. yumanensis; the occurrence of Dermacentor andersoni 
(Ixodides: Ixodidae) may be accidental (Peterson 1960). Three 
species of flies, Basilia rondanii (Diptera: Nycteribiidae—
Whitaker and easterla 1975; Ritzi et al. 2001), B. forcipata 
(Diptera: Nycteribiidae—Peterson 1960, 1963; Herd and Fenton 
1983), and B. jellisoni (Theodor and Peterson 1964), have 
been found.

Species of fleas found on M. yumanensis include 
Myodopsylla collinsi (Siphonaptera: Ischnopsyllidae—Whitaker 
and easterla 1975; Haas et al. 1983; Ritzi et al. 2001), M. gentilis 
(Holdenried et al. 1951; Krutzsch 1955; Peterson 1960; Whitaker 
and easterla 1975; Haas et al. 1983; Chilton et al. 2000; Ritzi 
et al. 2001; Ford et al. 2004), M. palposa (Haas et al. 1983), and 
Myodopsylla (Krutzsch 1955). Fleas were found in the fur of 
the body and the level of infestation ranged from 1 to 3 fleas per 
bat (Krutzsch 1955). Haas et al. (1983) noted that M. palposa 
on this species was a stray from the pallid bat (Antrozous pal-
lidus) and that M. yumanensis was the most frequently reported 
host of M. gentilis in California. The parasitic bug Cimex pilo-
sellus (Hemiptera: Cimicidae) was reported from M. yumanensis 
in California (Holdenried et al. 1951), Arizona (Bradshaw and 
Ross 1961), and Canada (Chilton et al. 2000).

The trematodes, Acanthatrium (Plagiorchiida: 
Lecithodendriidae) and Lecithodendium, were present in organs 
of M. yumanensis in northern California and tested positive 
for Neorickettsia risticii, the agent of Potomoc horse fever 
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(Pusterla et al. 2003). The ascarid nematode, Seuratum cancel-
latum, is known from M. yumanensis in Texas (Specian and 
Ubelaker 1976). Other endoparasites include 3 species of para-
sitic protozoa, Trypanosoma vespertilionis (Trypanosomatida: 
Trypanosomatidae—Mitchell 1956), Eimeria pilarensis 
(eucoccidiorida: eimeriidae—Scott and Duszynski 1997; 
Duszynski et al. 1999; Duszynski 2002), and E. catronen-
sis (Scott and Duszynski 1997; Duszynski 2002). Species 
of cestodes (Cestoda) reported for M. yumanensis include 
Hymenolepis christensoni (Rausch 1975), H. lasionycteridis 
(Rausch 1975), and unidentified species of Hymenolepis (Voge 
1955). Of 77 individuals tested, 2 Trypanosoma infections were 
found (Mitchell 1956); however, individuals tested for T. cruzi 
from localities in the southwestern United States were nega-
tive for blood parasites (Wood 1941, 1949, 1962). Prevalence 
of coccidia of E. catronensis was 28% in New Mexico (Scott 
and Duszynski 1997; Duszynski 2002); prevalence of E. pila-
rensis was 7% (Scott and Duszynski 1997) and 3% (Scott and 
Duszynski 1997) in California, 6% (Duszynski 2002) and 13% 
(Duszynski et al. 1999) in New Mexico.

Of 77 individuals examined, 1 M. yumanensis in California 
was infected with an unidentified species of malaria (Mitchell 
1956). In Montana, the rabies virus has been reported in brain 
tissue but not in the salivary glands or other tissues of M. yuma-
nensis (Bell et al. 1962). Bell et al. (1974) noted that rabies was 
absent from brain tissue. Mortality of weanling mice after intra-
peritoneal injection of rabies virus isolates from M. yumanensis 
was 18% and 30% (Bell et al. 1962).

Interspecific interactions.—Myotis yumanensis is known 
to roost with other species of bats, including the pallid bat 
(Licht and Leitner 1967a, 1967b), Myotis thysanodes (ewing 
et al. 1970; O’Farrell and Studier 1970; Studier et al. 1970), 
Myotis lucifugus occultus (ewing et al. 1970; O’Farrell and 
Studier 1970; Studier et al. 1970), and Tadarida brasiliensis 
mexicana (Brazilian free-tailed bat—Licht and Leitner 1967a, 
1967b). In Colorado, M. yumanensis has been reported roost-
ing in an attic with M. lucifugus and M. volans; Eptesicus fus-
cus (big brown bat) also was present but occupied another part 
of the attic (Davis and Barbour 1970).

In New Mexico, M. yumanensis roosts sympatrically in 
maternity colonies with M. lucifugus and M. thysanodes (ewing 
et al. 1970; O’Farrell and Studier 1970; Studier et al. 1970). M. 
yumanensis roosted at the junction of 4 roof hips at the apex of 
an attic; M. lucifugus also was found in the attic but roosted in 
groups of 4–8 individuals at the junctions of the roof hips with 
the rafters and M. thysanodes roosted in a part that was physi-
cally separate (Studier et al. 1970).

In British Columbia, M. yumanensis was part of a bat fauna 
that included M. lucifugus, M. volans, M. evotis/keenii (Keen’s 
myotis), M. californicus, and Lasionycteris noctivagans (silver-
haired bat—Schalk and Brigham 1995; Kellner and Harestad 
2005). In central Arizona, M. yumanensis was 1 of 7 species of 
bats captured, including M. velifer, pallid bat, Pipistrellus hes-
perus (western pipistrelle), Brazilian free-tailed bat, M. leibii 

(eastern small-footed myotis), and Corynorhinus townsendii 
(Townsend’s big-eared bat—Fenton and Morris 1976).

Although M. yumanensis overlaps M. lucifugus in foraging 
habitats in British Columbia, there is no evidence of intraspe-
cific or interspecific aggression suggesting that food resources 
are either not limiting or not worth defending and that the partial 
segregation is a likely result of differences in flight performance 
(maneuverability and agility—Herd and Fenton 1983; Aldridge 
1986).

BEHAVIOR

Grouping behavior.—Colonies of Myotis yumanensis 
have been reported numbering as high as 10,000 individuals in 
crevices at Davis Dam on the Colorado River (Adams 2004). 
Colonies and maternity colonies are formed in attics, build-
ings, caves, mines, under bridges, and abandoned cliff swal-
low nests; males are generally solitary (Howell 1920; Dalquest 
1947; Commissaris 1959; Barbour and Davis 1969; ewing 
et al. 1970; O’Farrell and Studier 1970; Studier et al. 1970; 
Banfield 1974; Parkinson 1979; Vaughan 1980; Brigham et al. 
1992; Milligan and Brigham 1993; Geluso and Mink 2009). 
M. yumanensis tended to prefer roosting sites that were below 
40°C between May and September in California (Licht and 
Leitner 1967b).

The temperature of 3 mines with maternity colonies in Idaho 
and Oregon from mid-May to mid-August ranged from 25 to 
37°C (Betts 1997). When the mothers were away feeding, the 
temperature of the caves dropped 10–15°C. By June and July, 
the humidity of the caves rose to 90–100%. In a maternity colony 
in New Mexico (O’Farrell and Studier 1970; Studier et al. 1970), 
the population decreased rapidly in early September (O’Farrell 
and Studier 1970) and by late September all individuals had 
departed the roost (ewing et al. 1970).

Reproductive behavior.—Older Myotis yumanensis moth-
ers tend to produce offspring earlier than younger mothers 
(Milligan and Brigham 1993). This may be due to better body 
condition or access to warmer sections of hibernacula; young 
born at the beginning of the season to older mothers may be in 
better condition for hibernation than young born later in the 
season to younger mothers.

Females care equally for male and female young based 
on the absence of a significant difference in the length of the 
forearm in nonvolant juveniles (Milligan and Brigham 1993). 
Females carrying an infant appeared more agitated and more 
likely to bite the captor than females without young. Carrying of 
young appears to be related to protection (Milligan 1993).

Of 23 adult females banded at a maternity colony in British 
Colombia, 2 were captured in nets 0.5 km from the colony car-
rying a single young (4-day-old female, 5-day-old male). Young 
were attached to the teat and covered by the wing membranes of 
the mother. Young left at the roost huddled in groups in cracks 
in the highest and warmest part of the colony (Milligan 1993).
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Communication.—Myotis yumanensis uses moderate-length, 
steeply swept frequency-modulated calls to hunt insects almost 
exclusively over water. The starting frequency varies widely, 
between 59 and 72 kHz, and sweeps abruptly down to 45–50 kHz 
(Adams 2004). Calls of M. yumanensis rarely exceed 70 kHz and 
have a distinctive lazy “S” shape (O’Farrell et al. 1999). M. yuma-
nensis showed slight positive responses to playback of recorded 
foraging sounds of other bats (Fenton and Morris 1976).

The mean maximum and minimum frequency (kHz) and 
duration (ms) of calls of M. yumanensis varied with location. In 
Arizona, the echolocation measurements were: maximum fre-
quency, 64.2 (55.73–72.67; n = 184—O’Farrell et al. 1999); min-
imum frequency, 47.7 (43.48–51.92; n = 184—O’Farrell et al. 
1999); and duration, 3.2 (1.84–4.56; n = 184—O’Farrell et al. 
1999). In New Mexico, the echolocation measurements were: 
maximum frequency, 69.5 (60.17–78.83; n = 142—O’Farrell 
et al. 1999); minimum frequency, 46.5 (44.4–48.6; 
n = 142—O’Farrell et al. 1999); and duration, 3.2 (2.22–4.18; 
n = 142—O’Farrell et al. 1999). The average frequency with 
maximum energy of search-phase echolocation calls in British 
Columbia was 55.7 kHz, the lowest frequency 38.5 kHz, and 
highest frequency 87.6 kHz (Herd and Fenton 1983).

Miscellaneous behavior.—Myotis yumanensis is noctur-
nal and emerges from day roosts at darkness and forages in 
open areas over the surface of streams and ponds (Barbour and 
Davis 1969; Herd and Fenton 1983; Van Zyll de Jong 1985; 
Brigham et al. 1992) or over land in cluttered or uncluttered 
areas or close to trees (Brigham et al. 1992). Activity is associ-
ated strongly with the capture of small-sized insects (Ober and 
Hayes 2008). Bats in British Columbia were caught about 1 h 
after sunset at 2240 h and 0.5 m above ground near the water 
where they were observed foraging (Milligan 1993). In west-
ern Oregon, bats emerged 20–30 min prior to full darkness 
and often fed just a few inches above the surface of the water, 
repeatedly flying regular routes; they flew up and down rivers 
and streams in relatively straight patterns and in circular pat-
terns over ponds and small lakes (Whitaker et al. 1977).

In California, M. yumanensis is active near dusk and individ-
uals drank occasionally but did not drink extensively until late 
dusk. M. yumanensis retires to resting places at intervals during 
the night. M. yumanensis hunts at high speeds and apparently 
fills its stomach in a few minutes. Individuals with stomachs full 
of insects have been captured at resting places 15 min after dusk 
(Dalquest 1947).

Myotis yumanensis generally is not active during the win-
ter (Boyles et al. 2006). In a maternity roost in New Mexico 
in early autumn, M. yumanensis was in torpor in the morning 
and incapable of much movement for about 15 min after capture 
(O’Farrell and Studier 1970) but was active during the afternoon. 
During roosting, M. yumanensis is active and alert (Studier et al. 
1970). M. yumanensis is thought to be a part-time resident in 
some areas, presumably because it migrates to winter quarters 
elsewhere. The species was reported to be a summer resident 
in Arizona but was rare in winter (Hoffmeister 1970). Dalquest 

(1947), however, suggested that it is unlikely that this species 
migrates, although it probably experiences incomplete hiberna-
tion in some areas. The observation of individuals during winter 
months at known summer roosts in bridges in New Mexico sug-
gests that M. yumanensis may hibernate at nearby locations or 
does not migrate long distances (Geluso and Mink 2009).

Myotis yumanensis is a maneuverable flyer and is able to 
fly in clutter and avoid obstacles as indicated by a significant 
correlation with wing loading and wing area (Aldridge 1986). 
Mean flight speeds for 3 male M. yumanensis measured using 
a simulated mine tunnel were 7.5, 8.1, and 8.5 mph; minimum 
speed ranged from 6.6 to 7.6 mph and maximum speed ranged 
from 8.4 to 8.9 mph (Hayward and Davis 1964). Maximum 
speed of flight is directly correlated with mean length of fore-
arm in M. yumanensis. Based on an average fat mass storage 
of 1.6 g, caloric content of fat, metabolic rate, average mass of 
6.8 g, and flight speed, the calculated maximum flight distance 
for M. yumanensis is 168 miles (ewing et al. 1970). Increase in 
body mass decreases an individual’s maneuverability (Aldridge 
and Brigham 1988).

GENETICS

The diploid number (2n) is 44 chromosomes and the fun-
damental number (FN) is 50. Autosomal pairs consist of 3 large 
pairs and 1 small pair of metacentric chromosomes, and 17 
pairs of acrocentric chromosomes varying in size from minute 
to small to medium. The X chromosome is a medium submeta-
centric and the Y chromosome is a small submetacentric or acro-
centric (Baker and Patton 1967; Bickham 1979). The G-band 
pattern was described by Bickham (1979).

Myotis yumanensis and 4 other species of Myotis (M. auricu-
lus—southwestern myotis, M. evotis, M. milleri [now included in 
M. evotis], M. thysanodes) were monomorphic for the same allele 
in 12 of 20 loci examined: tetrazoluim oxidase-1 (TO-1); tetra-
zoluim oxidase-2 (TO-2); α-glycerophosphate dehydrogenase (α-
GPD); glutamic oxaloacetic transaminase-1 (GOT-1); glutamic 
oxaloacetic transaminase-2 (GOT-2); malate dehydrogenase-1 
(MDH-1); malate dehydrogenase-2 (MDH-2); isocitrate dehy-
drogenase-1 (IDH-1); isocitrate dehydrogenase-2 (IDH-2); lac-
tate dehydrogenase-1 (LDH-1); albumin (Ab); and malic enzyme 
(Me). eight loci were polymorphic: leucine aminopeptidase 
(LAP); sorbital dehydrogenase (SDH); alcohol dehydrogenase 
(ADH); phosphoglucomutase (PGM); lactate dehydrogenase-2 
(LDH-2); esterase-1 (eS-1); hemoglobin (Hb); and 6-phosphoglu-
conate dehydrogenase (6-PGD). M. yumanensis was monomor-
phic for all loci except PGM and expressed 2 unique alleles at this 
locus. Analysis of electrophoretic data found M. yumanensis was 
most similar to M. auriculus (Reduker et al. 1983).

Based on electrophoretic analyses, Herd and Fenton 
(1983) concluded that M. yumanensis is monomorphic at 17 
loci. No evidence of hybridization between M. yumanensis 
and M. lucifugus was found, and each one could be uniquely 
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characterized on the basis of the alleles present at the mono-
morphic loci. The absence of evidence for gene flow between 
samples of M. lucifugus and M. yumanensis indicates that 
these forms are reproductively isolated and distinct biological 
species.

Mitochondrial (cytochrome b, Cyt b; nicotinamide adenine 
dinucleotide dehydrogenase subunit 1, ND1; 12S ribosomal 
RNA, 12S rRNA; transfer RNA, tRNA; 16S ribosomal RNA, 
16S rRNA) genes indicated that M. yumanensis is a member of 
a clade of species distributed primarily in the New World. M. 
yumanensis was sister to M. velifer rather than to M. lucifugus or 
M. californicus, species with which it has been confused (Ruedi 
and Mayer 2001; Hoofer and Van Den Bussche 2003; Bickham 
et al. 2004; Stadelmann et al. 2007). The phylogenetic relation-
ship of M. yumanensis with other species of Myotis could not 
be resolved using a nuclear gene (recombination activating gene 
2, RAG2—Stadelmann et al. 2007). However, in an analysis of 
mitochondrial ribosomal (12S rRNA, tRNA, and 16S rRNA) 
and nuclear DNA (apolipoprotein b [APOB], dentin matrix 
acidic phosphoprotein 1 [DMP1], RAG2, protein kinase C iota 
[PRKC1], signal transducer and activator of transcription 5A 
[STAT5A], and thyrotropin [THY]), M. yumanensis was sis-
ter to M. velifer in the combined analysis but was basal to the 
Neotropical clade of Myotis in the analysis of nuclear data (Lack 
et al. 2010).

Stadelmann et al. (2007) proposed a phylobiogeographic 
hypothesis of a radiation of Myotis from the Nearctic to South 
America; based on the results of their nuclear analyses, Lack 
et al. (2010:983) suggested that “perhaps M. yumanensis rep-
resents the closest extant relative of the Nearctic ancestor that 
gave rise to all Neotropical Myotis.” Primers for portions of the 
16S rRNA gene were developed to identify M. yumanensis in the 
Pacific Northwest from wing punch biopsy, fecal samples, and 
guano (Zinck et al. 2004).

CONSERVATION

Myotis yumanensis is considered a species of “Least 
Concern” by the International Union for Conservation of Nature 
and Natural Resources (2011); habitat loss is listed as the major 
threat. evelyn et al. (2004:471) indicated “preservation of large 
diameter trees and protection of forested parkland, particularly 
along stream corridors, is vital to help provide potential roost 
sites and maintain bats and their insect-control activities in 
human-dominated areas.”
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