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 On 13 September 2007, we observed 

mating of the eastern red bat (Lasiurus 

borealis) while conducting a mist-netting 

survey at a closed-canopy stream in the 

Cumberland District of the Daniel Boone 

National Forest, Bath County, Kentucky. The 

sky was clear, with fair weather and a 

temperature at sunset of 19 °C. We captured 

one male northern bat (Myotis septentrionalis) 

and four L. borealis. All L. borealis were 

males; two individuals possessed descended 

testes and two did not. After collecting data 

on sex and reproductive condition, we 

released the bats ca. 7 m from the netting 

area. 

 A pair of bats was observed ca. 2 h after 

sunset (2030 h EDT), flying in a looping 

pattern (ca. 2 m in diameter), with one 

individual following the other. These bats 

were making vocalizations detectable by both 

the human ear and an ultrasonic detector 

(Anabat II, Titley Electronics, Australia). 

Less than a minute later, the bats landed on 

the stream bank and began copulating within 

3 m of the authors. The bank consisted of 

gravel lightly littered with deciduous foliage, 

which may have provided a cryptic location 

for terrestrial activity. After the bats landed, 

we observed their behavior intermittently (ca. 

every 1 min) using the low-light setting of a 

headlamp. 

 Copulation consisted of a series of 2–3 

min bursts of activity followed by 3–5 min of 

rest. During bursts of mating activity, the 

mounted individual, presumably a female, 

appeared motionless. The top bat, presumably 

a male, clasped the female at the torso, and 

made readily discernable thrusts. During a 

period of inactivity, one of us approached to 1 

m of the mating bats. This allowed positive 

identification as an eastern red bat based on 

body size and coloration, which are unique to 

bats in this region (Barbour and Davis, 1969). 

When approached, the copulating bats 

remained motionless, but after photos were 

taken and the author retreated, mating activity 

recommenced. Despite the vocalizations 

heard while the bats were in flight, no audible 

or ultrasonic sounds were detected while the 

bats were on the ground. After ca. 15 min of 

copulation, activity ceased, but the mating 

pair remained joined and stationary for an 

additional 15 min. The two bats eventually 

took flight in separate directions. 

 In other regions, mating by L. borealis 

typically occurred in late summer and autumn 

(Cryan and Brown, 2007; Shump and Shump, 

1982), and the timing of our observation in 

eastern Kentucky was similar. However, most 

previous descriptions of mating in L. borealis 

noted that coupling occurred in flight (Cryan 

and Brown, 2007), whereas we witnessed 

apparent pre-copulatory behavior in the air 

and independent landing on the ground. While 

capturing L. borealis, Saugey et al. (1989) 

observed multiple males entering mist nets 

within a few centimeters of a female and 

suggested that males were pursuing females 

for breeding; our observations support their 

interpretation. In a later paper, Saugey et al. 

(1998) noted a male L. borealis entering a 

mist net and initiating copulation with a 

female that was already caught in the net, 

indicating as in our study, that coupling may 
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not always occur in flight. Thus, we suggest 

that observations of mating may not be the 

consequence of aerial accidents on the part of 

the copulating bats, as suggested by Glass 

(1966).  

 We thank M. J. Lacki and L. K. Rieske for 

helpful comments on earlier drafts of this 

manuscript. 
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Wildlife managers are intensely interested 

in quantifying reproductive rates of wild 

animals, to establish the health of a 

population and also to determine whether 

managerial manipulations (providing nest 

sites, added food, etc.) are effective. For 

living bats, the usual method of determining 

pregnancy in the field is palpation of the 

abdomen. This method is woefully 

inadequate, prone to error, and essentially an 

art practiced by experienced personnel. Most 

bats weigh only 5–20 g; consequently, 

embryos and fetuses are extremely small. It 

often is impossible to determine whether a 

female is pregnant by palpation during the 

first trimester, and in mid-pregnancy, 

presence of a fetus may be obscured by food 

in the digestive tract. Even if a fetus is 

palpated, it is impossible to estimate its size 

and, therefore, its approximate age. 

Use of ultrasound to determine pregnancy 

and to measure the size of an embryo/fetus is 

established practice in human and veterinary 

medicine. However, this technique never has 

been used with small mammals in the field, 

presumably because of the large size and 

electrical requirements of the equipment. 

Nevertheless, technological advances have 

resulted in field-portable instruments, and we 

wanted to know whether such equipment 

could be used with species such as the 

endangered Indiana bat (Myotis sodalis), a 

small (7–10 g) bat of the eastern United States 

for which there is essentially no data available 

on rates of pregnancy. As a surrogate, we 

evaluated use of the equipment with the 

similar-sized little brown bat (Myotis 

lucifugus). 

The instrument that we assessed was the 

Palm 2000 Ultrasound Scanner, which is 

made in China and marketed in the U.S.A. by 

Medisales, Inc., Los Alamitos, California. We 

chose this equipment because of its low mass 

(600 g), small size (15 by 12 by 4 cm), and 

ability to operate on rechargeable batteries. 

Although the cost ($5,000 US) was high for 

most biologists, the price was low relative to 

other, less portable machines. The Palm 2000 

comes with a standard probe that emits 

ultrasound of 3.5 MHz and an optional probe 

that operates at 5.0 MHz. We selected the 5.0-

MHz instrument because, as in echolocation, 

a higher frequency means a smaller 

wavelength and a better ability to detect small 

objects. 

Five pregnant bats were captured at a barn 

in Lenawee County, Michigan, at dawn; two 

were caught on 14 May and three were 

obtained on 27 May 2007. Each bat was 

palpated after capture and then examined 

ultrasonically. The three bats from late May 

also were transported to a veterinary clinic, 

where they were examined with a 7.5-MHz 

instrument (Sonovet 600, Medison America, 

Cypress, California). The focal depth of both 

scanners exceeded the thickness of the bat, so 

we followed common veterinary practice and 

used one or two 2.5-cm-thick gel pads, com-

monly termed “stand-off” pads (Aquaflex, 

Parker Laboratories, Fairfield, New Jersey), 

to increase the sonic thickness of the animal. 

A standard ultrasound transmission gel 

(Other-Sonic, Pharmaceutical Innovations, 

Newark, New Jersey) was used between the 

pads and the scanner. Afterwards, the bat was 

sacrificed by exposure to carbon dioxide, the 
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embryo removed, and its size (crown-to-rump 

length) measured with a ruler. 

We were able to palpate embryos in the 

range of 16–19 mm in three animals but not 

12–13 mm for the other two. The Palm 2000 

was able to detect the three larger embryos 

but not the smaller ones. We could not make 

reliable measurements of the size of the 

embryos using either ultrasound scanner 

because the weight of the stand-off pads, as 

well as our gentle restraint of the animal, 

appeared to distort the images. 

Hence, our brief investigation suggests 

that the Palm 2000 is no better than palpation 

as a tool for diagnosing pregnancy in bats as 

small as little brown and Indiana bats, and this 

machine is not appropriate for measuring the 

size of a fetus in such species. Instruments 

having a shorter focal depth and operating at 

20 MHz or greater likely would be better for 

determining pregnancy in very small bats 

without distortion, but such instruments are 

used primarily by dermatologists in clinical 

settings and are much more expensive (e.g., 

Episcan, see http://www.longportinc.com). 

Although the Palm 2000 is not practical for 

bats weighing 7–10 g, we suggest that its use 

be investigated in larger species, such as those 

that weigh more than 40 g. Presumably these 

more robust animals would require no stand-

off pad or at least a much smaller one. 

T. McCormick (Village Animal Clinic, 

Farmington, Michigan) provided helpful 

advice. C. Rockey and B. Schaetz assisted. 

This project was funded partly by a grant 

from the Graduate School, Eastern Michigan 

University. 
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