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We studied wing loading of adult male (n=6) and female (n=>5) of the Indian false vampieghdér ma lyra under semi-

natural conditions in an outdoor enclosure. Before releasing the bats into the enclosure, we measured their body mass,
forearm length, wing area and wingsp@hey were fed with frogs of four didfrent categories of body lengths suchAas

3.0-3.5, B =4.0-4.5, C=5.0-5.5 and D = 6.0-6.5 cm. Bats were able to captur& frGgand carry them to roosts, that

were at a height of 260 cm from the ground. However, when they captured frogs of the size D, most of the times they
dropped the latter either after reaching the roost or even while carryingithematively, the bats carried the frogs (size

D) but landed at a place (n = 30) closer to the ground and began consuming.thegeegral, greater the size of frogs,

higher the wing loading of bats.

Keywords: Bats; Megaderma lyra; Wing Loading; Frogs; Wing Morphology; Prey Size

Introduction theoretical flight speed is directly proportional to the
B ) s in thei .. square root of wing loading; the minimum theoretical
ats are unique among mammals in their capacity g jis of a banked turn is directly proportional to wing

for powered flight. Elight is a form of Iocomotiorj that loading; and when the aspect ratio and wingspan are
e”ab"?s bats foraging over large areas an_d IN areagynstant (for example in a fully grown individual), then
of difficult access, and also allows migration over

the minimum theoretical power requirement for flight
longer distances (Norlkger 1994).Wing loading is P q g

is proportional to body mass (Norberg, 1987). When
highly correlated with body mass and wing dimensions prop y ( g )

d dict f ina habi b 990.an animal carries a load, one aspect of flight
are used to predict foraging a its (Nor €rg, 1 ' performance that might be comprised is climbing flight,
Norbeg and Rayned 987). Batsiving can be divided

: diff hological h which may be defined as the process of increasing
Into di (_arent lm(_)rp 0 qglcad secltors suc asd the potential energy of center of mass while flying at
propatagium, plagiopatagium, dactylopatagium and,., , speeds. This type of flight is required to take-off

uropatagium gnd gach part has different roles ?n ﬂight.from the ground and to navigate in highly cluttered
Dactylopatagium is related to power generation andenvironments, such as dense foliage or inside the

propulsion of the bat in a@nd plagiopatagiumisrelated .. oc |1 this studyve observed the wing loading of
to the maintenance of this generated force. On the dult male and female Indian false vampire bats

other hand, propatagium and uropatagium are relate
to the adjustment of flight and in some insectivorous
bats, and uropatagium is also used for capturing insect
during flight (Altringham, 1996). Flight performance Materials and Methods

is critically dependent on body mass and on the ratio )

egadermalyra, when flying with and without frogs
éprey) in their mouths.
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and five female adult individuals of Megadermalyra Table 1: Mean values of frog body length, body weight and
were captured by using a nylon mosquito net, Whenwing Ioading of adult Male (n=6) and female (n=5) bats
they returned from foraging area to a cave situated in*"'® Gaming frogs
a hilly complex at the village known as Pannian, aboutgggy length ~ Body weight of ~ Wing loading of bats
10km away from the MKU campus towards offrog(cm)& frog (kg) with frog (NnT?)
northwest. The captured bats were released into theategorization Male Femal®
outdoor enclosure (7.5%x3.4x3.5 m) that consisted of
an artificial pond (4.2x2.3x0.6 m), and a dark roost
chamberBefore releasing the bats, their body weight
was measured by using Awvinet spring scale to the  5:0-5-5(C)  0.01120.0 (151) 1577202 15.1120.2
accuracy of 0.5g. The lengths of their forearm were 6.0-6.5(D) ~ 0.018+0.0 (49) 17.28+0.2 17.120.2
measured by using vernier calipers to the accuracywing loading of male bats without frogs: 12.4 + 0.62Rm
of 0.1mm.Afterwards, each bat was placed on a bwing loading of female bats without frogs: 11.7 + 0.82Rim
graph sheet with its wings fully stretched. The outer

margin/s of the wing membranes including the head (e s B
and tail regions were traced. Measurements were

made on wing area and wingspan. The wing loading
was calculated by using the formula body weight x g/
wing area (g-indicates gravitational acceleration
9.81m?) (Norbeg and Raynerl987).

3.0-35(A)  0.004:0.0 (109) 13.51#0.2 12.83#0.1
4.0-45(B)  0.0070.0 (305) 14.3820.1 13.74#0.1

Frogs Rana tigerina) were captured in the Site 1
natural ponds and released into the pond at the outdoor
enclosure after measuring their body weight and body peon
length (snout to vent). The frogs were divided into St
four categoriesh, B, C and D having body lengths of
3.0-3.5,4.0-4.5,5.0-5.5 and 6.0-6.5 cm, respectively
Observations were made daily four times a day -
18.45h, 21.00h, 24.00h and 02.00h. During each
observation, a frog was placed on the sandy floor
covered with a beaker and allowed to settle. TheFig. 1: Diagrammatic view of the feeding area of bats at the
beaker was gently removed soon after the frog settled ~ °utdoor enclosure (vertical section)
on the floor If a frog did not jump within a period of
10 min, the observation was terminated. During eachentire frog were noted. Bats were able to capture
observation, frogs were chosen randomly among theand carry the froga-C to the roostWhereas, when
four categoriesAt the end of each experiment, the they captured whilst carrying the frogs D, most of

k4
Floor

bats were released at the site of capture. the times the bats dropped frogs before reaching the
roost. Numbers of male and female bats that dropped
Results when carrying frogs (D) were 13 and 9, respectively

The body length and body weight of the four categories|_|0\"’ever in a.fe_w occasions (n = 30), the bats settled
of frogs and the wing loading of bats without and on a place within 15 cm from the floor and began to

with carrying the frogs are provided Table 1.As consume frog D. The duration of consumption of entire
soon as a frog jumped the bats flew down, pouncedfro_gs incrga_sed with increase i_n body length of frogs
on the frog, captured the scrape of the neck with the(F'g' 2). Similarly the number of jumps made by frogs

mouth and’flew awafter reaching a roost ‘Sbr decreased with the increase in their body lengths,

‘S2’ (Fig. 1), the bats began to consume the frog bybefore captured by the bats (Fig. 3).

CheWing. The bats never Captured frOgS that didn’t Among the male bats’ Comparisons of W|ng

jump. The number of jumps made by each frog before|gading with and without carrying frods(t = —1.36,
captures and the time taken by a bat to consume the = 0.20, df = 10) and B (t = —2.25, P = 0.05, df = 10)
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Discussion

Wing loading is one of the important parameters that
explain the flight characteristics of flying animals like
bats (Iriarte-Diaz et a) 2012; Riskiret al., 2010). In
the present study the wing loading of bats increases
with increase in the body weight of frogdthough,
the prey size is lger, the bats have to carry them to
a roost for consumption. In this context, the optimal
prey size is essential for the bat to carry it to reach
the roost. Usuallythe lager prey items are not always
optimal for a predatotbecause they require more
handling time than the smaller prey (Krebs, 1978).
Fig. 2: Body length of frog and duration of consumption by The intermediate sized prey may give optimal reward

adult bats (n = 633; n = 5@@ M. lyra). Frog categories: as they provide better balance of capture/handling

A =30-3.5cm; B =4.0-45cm; C =5055cm D =60 time for gaining engy (Davies, 1977)Ving loading

= 6.5 cm). Data are given as mean * SE of female Antozous pallidus was higher than a male
that is due to sexual dimorphism and pre-hibernatory
deposition of fat (Davis, 1969 nother study on free
ranging bats (Kalcounis and Brigham, 1995) indicated
the effect of change in mass of flight by adding weight
to simulate natural fluctuations in body mass. Thus,
increase in body mass decreases fligitieficy. The
dropping of the largest frogs (D) by M. lyra while
carrying them clearly demonstrates that heavier prey
apply constrain on the flight. Because the female has
relatively lower wing loading, they have the capacity
to exhibit increased lift. Moreoveduring breeding
season, the pregnant and lactating females have to
carry such prey along with the weight of the fetus
and infants. Hence, lower wing loading is an advantage
for females. The optimal prey size for M. lyrain our

Fig. 3: Number of jumps made by frogs before captured by study appears to be body lengths of 4.0-4.5 cm,

bats. Frog categoriesA = 3.0-3.5 cm; B = 4.0-4.5¢cm; C  hecause it required an optimal time of 30 min to

=5.0-5.5 cm; D = 6.0 = 6.5 cm). Data are given as mean . .

+SE consume the entire frogs. It is clear though, that the
number of jumps needed was relatively less to capture
the larger frogs. This may be due to the movement of
larger frogs on dry sandy floor create relatively more

were not showing significant difference. Whereas, ;nengjve rustiing sound when compared to the smaller
significant differences were found on such frogs(Marimuthu et al, 2002).

comparisons with frogs C (t =-3.72, P = 0.004, df =
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