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ABSTRACT.

In this study observations were made pertaining to
the food habits of seventeen species of insectivorous bats
that are primarily inhabitants of the southwestern United
States-

The types of insects used as focd by these insec-
tivores were determined by identifying insect remains
'6btained in three different ways: from digestive tracts
(563 stomachs), from fecal pellets (of an undetermined
number), and from insect fragments found under night roostse.

An attempt was mede to correlate the prey selected
by each species of bat studied with the preyfé length, 1life
form, type, ability tQ fly, nocturnal or crepuscular habits,
and reiative abundénéé- Echolocation in various bats.is
discussed in relatibﬂ to hunting and food selection acti-
vitlies, ard the role of competition in regard to the food
habits of insectivores 1s ccnsidered.

It was found that most bats feed in a more or less
defined size range of prey bus many other factors are in-
volved in the final selections-.

Three methods for capturing of insects by these

bats are disbussed; the use of vision for detecting ground

vii
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and vegetation-dwelling prey, filter feeding on dense
- flights of crepuscular insects, and individual pursult of

a prey by echolocation.



INTRODUCTION

"It is common knowledge that bate eat insects, but -
there appears to have been little effort directed towards

determining what these Ilnsects are" (Hamilton, 1933).

' Bats, as a gro'ﬁ, have a wide diversity of dlets and
may be thought of as carnivores in the strict sense (that is,
feeding on other bats, rats, reptiles, and other aﬁimals),
sangulvores, piééivoreg, insectivores, nectarivores,
frugivores, and as omnivores. These designations represent
only their general food habits and some appear to fall 1nto
two or more categories: This dissertation, for the most
: part,_will conslder only insedtivorous bats.

| Itxié tremendously lmpresgsive to see 1arge numbers
of bats,.often:in millions, occupying one roosts Such a
situation 1s found in a large maternity colony neac Morenci
(Greenlee County; Arizona)- The colony has been estimated
by mammalogists to consist of between five and twenty

million individuals of Tadarida brasiliensis, and is

probably one of the largest colonies of these bats in North
America (Rdss, 1961la). At the same time one can not but be
impressed hy the abundance of insects, toos There is a.

tremendous number bf species of insects, at least BOQ,OOO-



The population density that can be attained by some of
these species is exemplified'by grasshoppers. Some grass-
hopper infestations are reported to have covered 15,000
acres and, in the infested areas, the grasshoppers were so
' humerous that they consumed ﬁhe crops of the vreslon in
seveh'or eight hours (Frost, 19595' |

- Presumably bats help reguiéte the ﬁumbers of some
specles of insects, but it is unlikely that bats are ever
reducing faétors, destroying the individuals of the popula-
~tion atfé:greaﬁer rate than they are being replaced. Nelson
.expressedAthis sucCincfly as follows: "Nearly all of the
bats of North America north of the Tropics consume vast
guantities of insects, but appérently do not exterminate
any."

One can usually obtain the following data from an
analyéis of food items within a predator'!'s digestive tract:
the relative size of.prey, whether flying or ground dwelling
prey, the number of insects eafen, and the species of prey.

. Armed with this type of information'oné may then learn more
about the feeding methods of the insechivore without direct
observatidns- From species determination and knowledge of

the habits of these insects, inferences may be drawn as to

the feeding behavior of batse.

Fragmentation of the food by the bat made the effprt
to ldentify prey species at generic, specific, or sub- A

specific levels unprofitable, if not impossible. Moreover,
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détermination at this level would usdaliy contribute little
to the genefal elucidation of the feeding habits of the bate
Most important, from the standpoint of prey selection,
eppear to be whether 1life f§rm, relative sije, capability
of flight, or other habit of thé prey species are the

determinin:g factors in food selection. The contents of the

digestive tracts of insectivores that have been collected

over manj rionths and cver most of their range strongly indi-
cates the insects that -are being selected. After determin-
ing the size range and type of =nrey taken, generalizations
may be made about the fcod habits of a particular species.

At the same time one can not help beins concerned as to why

the predator does not make use of the other available

insects in the same habitat and of similar size, life form,
and habits.  There are many causes for rejection of prev, -

such as wrong or offensive odor, too much water or fluid,

‘too thick an exoskeleton, foul taste, or possibly markings

that have a deterring psychological effect.

TR e



METHODS AND FPRESERVATICN

.Food habits of various types of animais may be
deﬁonstrated by four methods: (1) direct observation,'
(2) contents of digestive tracts, (3) inspéction of culled
food parts, and (L) fecal or waste material-._However, the
fcllowing discussion is restricted to the applicatioh of
these methods to nocturnal insectivorese.

(1) By direct observations. For most nocturnsal,

flying raptors (ones that prey upon other animals) this can

not at this time be attained.

(2) By examination of contents of digestive tracts.
Although.the prey may undergo considerable chewing by preda-
tors, requiring many long hours df restoration of the
fragménted prej by the student{'it is usuelly stilllidenti-
fiable; at least, to the ordinal level. This is due, in~~
great part, to the Indestructible nature of the chitinized
exoskeleton of the arthropods that.afe usually recoverede.
Chitin is an aminopolysaccharide that, as far és can be
determined, does not respond to the digestive enzymes of any

vertebrate. As. a matter of fact,.the only natural decompos-

ing agent reported for chitin i1s Bacillus chitinovorus
(Sncdgrass, 1935). It is true that the.shape-of_the awallow-
ed insect may be greatly altered (Koersueld, 1950){ yets

the taxonomically important structures, invariably of a

I
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chitinous nature, are~usua11y 8t1ll present and may be
utilized for determination,.even in their'badly distorted
condition, at least to.the ordinal levéle ‘

The greater bulk of the materlial analyzed in thié
study was in the form of digestive tracts with contents
intact. It is desirable to héve digestive tracts preservedl
intact in not less than 70 per cent alcohol, using a greater
volume of alcohol than fhat of the tract. One reason for
preserving them intact is that, in many instances, one may
determine the feeding times and periods by the relative
fullness of the stomachy, if the time of cépture of the
raptor has been noted. Also, keeping the digestive tract
intact prevents the loss of small insect parts and ser&es
to indicate the order of prey feeding, since the particles
of a fragmented insect tend to remain together. The practice
of drving the contents of digestive tracts is not recommend-~

ed, especially if they are tc be storede Cne of the dis-
‘advahtages of working with dried material (whether the diges-
tive tract i1s intact or not) 1s that dermestid larvae _
4(notorious museum.pests) will feed on the dried insect-prey,
reducing the hard parts to dust; With dried material there
is also increased difficulty of unfolding various paris,

such as wings of moths and flies. For best‘results.dried

material must be soaked for several weeks before one can

" work with 1t.



Of course, the predator should be killed immedilately
upon. cépture, preventing further elimination of undigested
food-items- |

To obtalin information on feeding habits it is best
to have a rough approximation'of the‘feeding peribds of .
the raptor so as to insure collecting them when-the diges-
tive tracts contaih prey. For example, digestive tracts of
- bats secured dﬁring the day have littie value for the
stomachs usually are empty-

(3) By examination of culled food parts. Pallid
and Leaf-nosed bats have the hablt of feeding on large
insects and eating chiefly only their abdomens. The remain;
ing parts are dropped to the ground under their night roost
(a rétreat thet 1s used primarily for nocturnal activities
such as feeding). This habit has been noted for the Pallid
bat especially by Dixon: (1925) Borell (l9u2) and Ross (1961b).
The parts beneath the roosts consist of head capsules,
thofacic segﬁenﬁg, legs and wings of the hard-bodled insects;
wings and legs of the soft-bodied 1nsécts;‘and, in many
cases, the wings only of large lepidopterous insebts- Be-
cause of this habit species level determinations of prey are
easily possible for such bats. However, some raptors cull
parts from their prey while they are in flights thus these
" parts are scattered over the countryside and loste
| (L) By the examination of fecal matter or waste

material (3-5-; owl pellets).  Examinations of-fecal matter



or waste materlals are the least deslrable type of food
habitianalyses,'mainly because of the possibility of the
contamination of the sample by wastes of other species of
animals-. This is particularly’true if some other predator
species forms pellets or scats of a similar structure or
shape. BRecause of this factor the study of fecal péllets
"was avolded whenever ﬁossible-

However, when utilized, the examination of bat
guano was greatly facilitated by the immersion of the fecal
pellets 1In a solution of Phcto-Flo and water to soften
them (Ross, 1961b).

The taxonomic level to which insect remains from
digeétive tracts and pellets of a bat can bhe determined
depends upon the type of insect taken, how thoroughly the
bat chews, and how much of the insect 1s actually ingestede.
There 1s actually little difference as to the leve1>ofv
determination of an insect-prey whether it is recovered from
digestive *%tract or a pellet. The degree of chewing ié the
main factor that influences the.extenttof prey identification.
Insectivorous bats, as a group, chew thel? prey into smaller
pleces than do most other insectivores. In contrast, in-
éectivorous reptiles usually swallow thelr prey intacte..
Birds, on the other hand, appear to be intermediate in thét
sometimes fhey may fragment the prey, but never to the degreé
bats do. Birds do tend to flatten (éﬁd thereby elongate)

soft prey (such as lepidopterous larvae) to the extent that
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one éan not accept the measurements as indicative of their
size in 1life.

The insectivorous bats utilized for this study were
either (1) obtained by shooting over feeding grounds or in
night roosts, or (2) captured by the use of mist nets
(fine Japsnese tird nets) over water. In the summer months
in arid parts of the southwest man-made relatively permanenf
pools (often less thah twenty feet across) ere utilized by
bats of the region as a source of water. Mist nets are
especially useful for cépturing‘larger mblossids_(g-g-,
Eumops) because of the lateness of theilr flight and pauclty
of' known roosts. One may obtain an estimate of raptof_
species of an area by noting what is collected in mist netse.
Onie of the better sites to observe the‘diverse types of
insectivorous animals such a8 bats, nighthawks, and owls
feeding in the same general area, but not necessarily at the
same niche, is at a watering places |

A concerted effort was made to obtain digestive
tfacts, pellets, and droppnings of insectivorcus bats from
different localities, different times during the night, and
different times of-tﬁe yeare. This was done because e&en a
lerge number of digestive tracts from the same locélity and
same time of night would offer 1little help in determining
the spectrum of an insectivore's food habit; it would be far
better to have only one stomach each for many different

nights and from many different localitles. This spaced



sampling allows for insect "turnover." That is, inéects
vary in‘number, species (adult forms), with season of year
and even time of night; therefore the samples will varys

When bats are captured for biologicalk or taxonomical
purposes, espeéially »f this 1s done during the bat's feed-
ing periods, it would be helpful to future 1nvestigators
1f thelr digestive tracts could be saved.

Contents of digestive treacts, guano, and insectv
Hfragmenﬁs féund beneath nigﬁt roosts, were analyzed using a
dissecting micfoscope- The particular microscope used had
graduations of magnifications from a low of 7 to d high of
90Xe The individual stomach was placed in a Syracuse watch
glass and covered with 75 per cent alcohol. Usually an
incision was made in the stomach wall and, by means of two
fine jeweler's forceps, the insect remains were teased outs

Obtaining a determination of the type of insect on
which a bat was feedling required a great deal of searching
and placing together of fragments. AThese remains were
mounted on one or more slides; they included such fragmented
parts as wings, tarsi, legs, head cgpsules, and antennaee
The medium used for mounting theée parts on slides was
"Pv.Aes" [polyvinyl alcohol] (Baker and Wharton, 1959, pe. 10).
Slides were made and kept until a composite picture of the
insect was made and a reliable determination was established.

Of course, many slides of unidentifiable fragments were made-.
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Determinations were made by means of faxonomic
keys, by "picture-matching," and'by matching the restored.
insect with knbwn, determined museum specimens. The
procedure used was dictated by the condition of_phe remainse.
| In this study, the following materials, pertaining
to 17 species of insectlivorous bats, were examined: |

Macrotus californicus, California leaf-nosed bat: Ll

digestive tracts, and insect remains dropped below night
roostse Collected in Arizona and Mexico.

Myotis velifer, Cave bat: 1l tractse Arizona and

Mexicoe

Pipistrellus hesperus, Western pipistrelle: 130 tracts.

Arizona.

Pipistrellus subflavus, Eastern pipistrelle: 1 tract.

Indiana.

Lasinrus borealis, Red bat: guano; 25 tracts.

California, Illinoils, Indiana and New Mexicos

Laslurus cinereus, Hoary bat: 139 tractse Arizona »

and New Mexlicoe.

-

Lasiurus ega, Yellow bat: 6.tracts- New Mexico and

Mexicoe

Nycticelus humeralls, Evening bat: 2_tracts- Indiana.

Euderma maculatum, Spotted bat: guano; 5 tracts. New

Mexlcoe

Plecotus townsendl, Townsend's big-eared bat, 38

tractse Arizona and New Mexicoe
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Plecotus phyllotis, Allen big-eared bat: guano; 25

tracts- New Mexico-

Antrozous pallidus, Pallid bat: guano; 22 tracts; and

insect remains dropped below night rocsts. Arizona.

Tadarida brasiliensils, Brazilian'free-tailed bat:

"ancient" guano; 91 tractse 'Arizona, New Mexico and Mexico.

Tadarida femorosacca, Pocketed free-tailed bat:'2

tracts- Arizonae

Tadarida molossa, Blg free-tailed hat: 1 tract.

Arizonae.

Eumops perotls, Greater mastiff .bat: guano; 13 tracts.
Arizona.

Eumops underwoodi, Underwood's mastiff bat: 6 tractse.

Arizonae.



FOOD HABITS OF INSECTIVOROUS BATS

"From this blanket of vegetation over the river
valley, rise countless millions of insects, which provide
food for the bats" (Stager, 1939).

"Campbéil (1913) states definitely that bats will
eat pleces out of nams and bacon left in smoke hoﬁses; I
'knpw of no other reference to such a habit, outside of

nursery rhymes" (Grinnell, 1918).

In noting the food-items taken by raptors many
writers try to connote their food values to the readers;
however, this 1is not easily, 1f at all attainable. One
could say "50 1eafﬁoppérs are equal tc a medium-size grass-
hopper." This is not true, especially if weight is taken
into consideration, for some forms have a heavler exoskeleton
than others aﬁd,there is no apparent food-value in chitin for
raptors. Certain large beetles (with a .heavy exoskeleton,
too) are almost living "hollow shells," with very little
;digestible soft material.

Then, how does one compare}}a‘lOO mm (length) by
Tl mm (diameterj stringy "walking stick" with a juicy, rotund
25 mm (length) by 12 mm (diameter) Jeruéalem cricket? Dicé

(1925) pointed out, "Even when the numbers of the several
kinds of food individuals eaten can be accurately estimated,

12
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1t will be misleading to compare food species ﬁhich differ
considerably in sirze." Eveﬁ more, I suspect that it is
mislea@ing to compare kinds of insects even when they do
not vary considerably in sizes In_fact, there are examples
of similarly si%ed organisms, such as a worker ant and a
winged reproductive ant (queeh), in which one, the'queen,‘
contains a.qreat amount of stored food that can not be
equated with that of the other. There is no practical way
in which the fcod value of the prey taken can be noted or
stated; bne may only male approxiﬁationé, for what they
are worthe. |

As 1 can not readily accept or contrive any method
to sihhow comparative fcod values, I have not utilized any
Vbulk or volume measuring device. I have simply listed the
number and kinds of insects encountered by (number of)
digestive tract(s), or listed them as percentages of ﬁhe
total food-items. This last metlod was used in the analeis
of insect parts dropped below the night roost (see Pallid
bat) .

In one bat (Western pipistrelle) the ﬁﬁmben of
individuals of a given type of insect was not determined
as they were tco numerous te count. In this case, the
relative frequenby of a given prey specles is eﬁpressed in
terms of a pefcentage of fhé total size of the "food-ball."
The greatly extended stomachs iIn this case would contain

about fifty insects.
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~ Although McAtee (1912) stated the following

principle for birds,'the general concept has wide application.

"The principal objection to the method of reckonihé
the coﬂtents of blrd stomachs solely by the number of
individual insects or seeds, is‘that the method takes no
account of.sizé of the objects, and hence ccnveys nc 1ldea
to those unacquainted wilth the groups concerned of the
relative importance of the food glements-"

I have tried in varying degrees, to interpret the
value of different types of prey but it will be up to the
Judgment of the reader to render the final interpretation.

In captivity bats have oftén been exposed to, and

sometimes have accepted unusual food ltems. Engler (1943)

fed two Western Skinks (Euumeces skiltonianus) a»d one

Sonoran Desert Gecks (Coleonyx variegatus) to captive Pallid

- hats. He suggested that Pélliﬁ bats In nature also feed on
lizards but there 1s no evidence to support this view.

- Stager (1939) fed beef heart and liver to the Cave bat.
Further, Stager noted "cannibalism" in these bats. ‘They
apparently fed on two Leaf-ncsed bats that were forced to
share the same cage with theme Bishop (1947) and Krutzsch
(1950) also report cannibalism in bats. Gates (1936) in
Kkeeping bats in captivity utilized a diet that did not
include any of natural insect'foods; but consisted~6f a
mixture of bread, hard—boiled-egé, creaﬁ cheese, and butter-

milk. For other unusual foods see Klugh (192L), Sherman



(1930), Mathias and Sequela (1940), Ramage (19L.7), and
Constatine (1952).

I have considered all of these food-items as
"factitious prey." Briefly, factitious prey comprise
organisms (or parts thereof) that are not selected or
available tq bats in nature; but that will be taken as
food in captivity. Such factitious prey include fly pupae,
small fiies, mosquitoes, ﬁealwofms, beef héafts, and various
lizerds. | |

In the féllowing discussion each specles of bat
will be taken up by phylogenetic ranking regardleés of
its food habitse.

Macrctus californicus, California leaf-nosed bat.

The Leaf-nosed bat is active in Arizona throughout
the greater part of the year.: Southern Arizonea appears to
be at the northern fringe of its activiﬁy during the colder
seasons of the year. During the very ccld months (December
to February), apparently, it feeds only during the evening
period (feeding time not extending much past midnight).

The examination of contents of the stomach of this
bat 1is not particularllv frultful as it is one that feeds
primerily on the abdomens of the 1arger night-flying
insects (size ranse, on the averaze, of 1.0 to 6C mm).
However, an inspection of the stomach conteﬁts did indicate

that these bats to a minor degree fed on lepldopterous
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larvae and small prey (about 20 mm in length) such as short->
horned grasshoppers (Acrididae) .and June beetles
(Scarabéeidae)o More startling is the fact that contents of
the stomachs indicate that these bats are plant feeders toos

Observations of the insect remains found Beneath
the night roosts show that these insectivores'captured and
fed on tremendous quantities of larger insects such as

short-horned desert grasshoppers (Acrididae, Trimerotropis

spe)s long-horned grasshoppers (Tettigoniidae, Microcentrum

californicus, Schistocerca Vagg and other species), long-

horned beetles (Cerambycidae, Derobrachus geminatus),

éphingid and owlet moths (Sphingidae, Celerio lineata,

Phalaenidae; Catocala Spe)e.

This bat has been reported as an insectivorous
species by J. Grinnell (1914), He W. Grinnell (1918),
..Howell (1920), Huey (1925), Stager (1943), and Vaughan
(1959); 2nd as a fruilt-eating form by Burt (1938). The
insect prey utilized tends generally to consist of large
night-flying insects, includihg moths, grasshoppers,
katydids, flies, beetles, cicadas, butterflies, dragonflies,
and flying ants. Grinnell (1918) noted the following :
specles of insects: June beetles (Sgarabaeidae), Li us

gibbosus end Polyphylla decemlineate; ground beetles

(Carabidae), Chlaenius sericeus. Huey (1925) reported

Schistocerca, Trimerotropis [short-horned grasshoppers},

Celerio lineata, Smerinthus cerisyl [sphingid moths],
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Peridroma margaritosa [owlet moth], cossid moth, Cicada

(harvest fly), and a genus of Meloidae [blister beetle].
Huey (1925) thought that the bats ook the fore-
going presumed diurnal insects (grasshoppers and harvest
fly) from their nocturnel resting places on willow trees
and, In many cases, carried the prey back to the roost-
" His reason for supposiﬁg that these insects were resting
on willow trees was obviously based only on finding some
willow leaves "in the bottom of" the roost. He ectually
states that the Insects were picked off thelr resting places
on the 1eaves‘(presumably along with the leaves). It has
never been shown that either these grasshoppers or- their
predators have any direct ecological association with willow
trees. Further, the grasshoppers listed are very.active at
night and must Be considered nocturnal forms; most eertainly
they can be captufed ih.fliwht during the night. However,
the Leaf-nosed bat does carry its 1arger prey, such as

sphingid moths (Celerio lineata), gray bird locusts

(Schistocerca vaga), and Palo Verde borer beetles

(Derobrachusigehinatus), back to a night rooste.
Vaughan (1959) also states, "Some insects regularly
eaten by Macrotge are almost certainly taken from the
grouna or from vegetatlion." In support of this statement
he offers four main points:
ﬁl) A food 1liste This 1list iIndicated that Macrotus

feed on orthopteran insects, noctuid [=owlet] moths,
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' caterpillars, ahd beétles (Scarabaeidae and Carabidae).
Theﬁ Vaughan'goes on to say thét the 1list of food items

of Macrotus confaiﬁs a préponderance of insects that either
Seldom fly, are‘flightless, or that fly in the daytime; and
that this constiltutes strong evidence supporting the view
that this bat takes mostly insecﬁs that are either on the
ground or on vegetatione.

Unfértunately, Vaughan'!s list does not give generic
'determinations but most of the names listed appear to be
similar to the more specific listings of Grinnell (1918) and
Huey (1925), with the notable exception of lepidopterous
lafvae (caterpillars). Further, most of those listed by
Huey are not diurnal, but are fiying nocturnal formse. Other
thaﬂ the larvsel forms reco&éred from bat stomachs by Vaughan{
the published listings of‘diurnal forms are based on reports
of finding frégments‘on the ground beneath night roosts:
"wings of several diurnal buttérfiieé" (Howell, 192C) and
"butterflies and dragonflies" (Vaughan, 1959)- Such findings
beneath night roosts, of course, offer no real associstion
of presumed pfey and batse. |

(2)'Huey's paper of 1925.

(3) Grinnell!'s isolated report (1918)that in 1908 C. Ho 
Richardson found a female Leal-nosed bat in a mouse-trape.

(L) Stager's (1934) report of a bat impaled on a desert
shrubes Stager suggests that the bat may have become impaled

while attempting to secure an insect on the shrube. If the
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bat did indeed become impaled while foraging, it could
just as well have been due to the animal's attempt to feed
directly on the plant, a type of feeding to be discussed
" below. Also, I have seen Free-tailed bats impaled on
spiﬁ}iplants, ocbviously not while in the act of seérching
-for food. | . |

I, toos recovered three well-chewed lepldopterous
larvae (unidentifiable).from one of lj1 stomachs examined.
Therefore, Huey and Vaughan are essentially correct in
their conclusions, although thelr strongly worded assertions
were, for the most wart, based on faulty observations. I
would suggest that Macrotus do occaéionally take flightless
insecté from vegetation, probably without actively searching
for them and, perhaps even while feeding directly on the.
plants. No truly ground dwelling forms of ingects were
found in any of the digestive ﬁracts'examined-

Vaughan (1959) stateé."Leaf-nosed bats seem to be
_fotally insectivorous, and their food clearly reflecﬁs the
bats'! foraging habits." This is based on an unspecified
numbér of stomachs that he collected in the summers of 1953
and 195 in the Riverside Mountains, California.

However, Burt had previously (1938) reported that
this 'species, besideé feeding on ihsects, is also a fruit-
eating forme Thils statement was based on examinations of
stomach contents of béts taken in Sonora, Mexico. Both

Grinnell (1918) and Allen (1939) reported this genus to be
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a.translitional feeding group. Allen quotes Osburn's

discussion that they [Otopterus (=Macrotus) in Jamaica]

feed on Orthoptera, certain berries of breadnut, roseapple,
and fustice 1In personal communications both Alfred L.

.Gardner and Gordon VR. Bradshaw, mentioned that this speciles

(M. californicus) feeds on varicus cactus fruits and Alfred

Gardner observed them as they fed on pltahaya [or organpipe

"cactus] fruit (Lemaireocereus thruberi) at Bahia San Carlos,
Sonora, Mexico- |
From the analysis of digestive tract I found support

for the contention that M californicus has an omnivorous

apﬁetite- I'haVe_noted‘Stomachs varying, in contents, from
purely insect to purely vegetable. In the winter months I
have even recovered what appear to be the green vegetative
parts of plants. There appeérs to be no cycle to this
variable diet, and certainly, 1t does not appear to depend
on the relative abuhdance of the food.items. One can find
in the same sample of stomachs (taken at the same time and
place).éome that Qre filled with insects, while.othérs are
filled with fruit. - o
Although,.i have previously stated that M.

californicus preys on large (4O to 60 mm) night-flying

insects, thls must be considered a broad'generalization-
They also feed on smaller forms of flying grasshoppefs,
- beetles and antlions, some as small as 20 mm, as well as

foods of plant origin. Therefore, this bat can not be
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readily claésified as to types of food or size of prey.
This condition may well be correlated with the omnivorous
food habits of Macrotus.

I reported in 1961(b) finding the head of an ant

(Camponotus).embedded in the ahgle:oﬂ.a Leaf-nosed bat's
moutﬂ- The area of émbeddihg suggests that the bat was
feeding on the flying ant when 1t waé bittene. 'Therefofe,

T suspéct that these bats afe also opportunistic in feeding,
at least on flying ants. That ant jaws can be found on

bats is explained by the‘féct that wounds were once stitcﬁed
by the use of various speéies cf ants. Apparently, if after
the ant takes hold, all but the head 1s excised the |
mandibles wiil not release their grip (Gudger, 1925)-. This
phenomenon probably accpunts for the findings of embedded

ant_ﬁeads on batse.

Myotis velifer, Cave bat.

The Arizoné populations of Cave bats are not usually
resldents in the state throughout the year. Before winter,
most apparently migrate southward into Mexico, apparenfly
to hibernate there.

'Oniy fourteen digestive tracts from these animals
_were examined. One bat, taken from a hibernal in January,
had a completely empty tract; sos for all prectical purposes,
‘'only thirteen tracts were examined. The contents of these

few stomachs indicated a trend of food preferences.



Although there appears to be 1itt1é uniformity in prey
selectioﬁ és to type or ;ize, most of the stomachs con-

~ tained microlepidoptérous insects of forms circa 10 mm in

- length. A

Insect prey were faken in the followlng amountsz:

MOTHS (microlepidoptera).— 11 bats (1, 3, u,.h, 55 5, 65 T,
105 12, 1L); BEETLES (Coleoptera) - leaf beetles
(Chrysomelidae, 5 mm), 2 bats (1, 2), comb-clawed béetle
(Alleculidae, 13 mm);-l bat (1), long-horned beetle
(Cerambyciqae, 8 mm), i bat (1), June beetles

(Scarabaeidae, Phyllophaga, 12 mm), l bats {1, 6, 10, 12),

weevils (Curculionidae, Colecercus, l mm), 5 bats'(é{ 12{
13, 13, 14); FLY (Diptera, 7 mm) - 1 bat (1); ANTLIONS
(Neuroptera, Myrmeleontidae, Hesperoleon, 25 mm) - 2 bats

(1, 1)

The presence of weeviis strongly indicates oppor-
tunistic feeding, as they were found only in the rive
animals taxen at different times of the same night and ‘
location. All other samples were collected at more widely
spaced intervals and 1ocalities; o

In Sp;te 6f‘the.largé'number of coleopterous insects
in the stomachs in these analyses, I consider the Cave bats
to be primarily feeders on 1epidbpterous insectses All of
the weevils were of the same specles and probably were
swarming at the period when taken. These weevils maintain

a high density in the air only for a very short period.
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Further, five of the stomachs primarlly contained moths,

and only two were filled with June beetles.

R

" Pipistrellus hesperus, Western piﬁistrelle-'

The Western plpistrelle is the smallest bat in:the
continental United Stafes-'.;t does not normally occur in
colonies or caves; rather it_roésts solit;rily in rocky
afeas, usually in canyonse Pipistrelles ave sometimes
called Evening bats, for they are often seen flying over-
head at twilight. The pipistrelle-is one of the few
Insectivorous bats adapted to hunting in this still somewhat
déylight period. 1In Arizona, at least, thisbspécies'is
active the greater part of the.year- | |

| In order to observe seasonal veriation in prey
selection, 91 digestlve tracts of Pipistrelles taken in the
vicinity of Tucson were examined and tabulated on a monthly
basis (Table 1). However, although these bats were taken
from the same locality, this does not necessarily mean that
- all were utilizing the same feeding ground.

As seen in Table 1, three groups of insects furnish
the majority of the prey; leafhoppers, fiying ants, and
microlepidcptera (I to 10 mm)-. Beetles are taken, but never
to the extent noted for the other forms.

In Téble 1 the leafhoppers ére mainly of the genus

Draeculacephala (! mm), while the flying ants (Formicidae),

are of the genera Acromyrmex (8 mm), Nelvamyrmex (10 mm),
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Camponotus (8 mm), and Formica (6 mm). The pea weevils

(Mylabridae) are of the genus Callosobruchuse The leaf

beetles (Chrysomelidae) included the genus Disonycha. The
anteiike flower beetles (Anthicidae) were primarily of the
-genus Anthicus. Sepsid scavenger flies ﬁere of the geﬁus
Pandora.

Only Bailey (1905, 1936) and Davis'(l960)'a11ude to
the food habits'of the Western plpistrelles and they note
only that these bats were almost invariably sﬁﬁffed’with g
well masticated mass of small insects. |

E. L+ Cockrum in personal communication reported

that he observed Myotis cslifornicus, Myotis subulatus,

Myotis volans ‘and Pipistrellus hesperus feeding togethef-

These bats were capturing flies that were emerging from. .
4‘manure around a stable at the Southwest Researdh Statibn
(Poftal, Arizona) in November, 1958. |

As a broad generalization, microlepidoptera (moths)
are the main staple food in winter and 1eéfh6ppers durigg
the springe During and shortly after the summer rains,
flying ants are utilized in gféat numbers. In its ability
to seek out and feed on the swarming ants this .bat 1s, truly .
the mosf amazing of all raptors that I have observed-
Probably this bat, of all bats in the region, is most
adapted to feeding wholly, night after night, on opportunis-
tic preys, such as flying ants. After the season for swarming

ants has passed, however, it returns to feeding on leafhoppers.



Table 1« Types and percentages of insects taken
throughout the year by Western plplstrelle
in the vicinity of Tucson, Arizona-

The numbers at the top of the table under theiv

feépective months indicate the totals of bats examined in

that month. In the cclumn under each month are the
percentages of insects found in a digestive tract. The
number preceding the percentage represents the number of
tracts contaiming this type of prey (number of tracts -

-per cent). . The percentages used in this study indicate.

the relative proportion of that insect in-a bat's stomach
and not a definite number. For example, an entry of 50

‘per cent Homoptera and 50 per cent Coleoptera, would

indicate that each of these two forms contributed half of

" the food ball; By actual count, however, there might have

been only five beetles snd as ‘many as 50 true bugs for in
many cases the actual count per stomach was too time
consuming to makee. '
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TYPES OF INSECTS

months Jan. ¥Febs Mar. Apr. May June July Auge Sep. Octe Nove Dece
# bats 3 10 9 2 7 10 9 8 13 10 8 2
Hemiptersa i- 1 1- 1 unidentifiable
Miridae 3- 3 1- 2 1-1 2-2
Neidideae - 1- 1
Homoptera 1-17 2- 3 1-7 1- 3 1-2 unidentifiable
Cicadellidae 2- 7 5-34 2-33 6-62 7-24 2- 5 3-13 8-y 9-72 B8-59 2-25
Coleoptera 2-33 h-10 1-12 2- 3 3-11 2-2 2- Iy unidentifiable
Staphylinidae 1- 3 1-1
Cleridae 1- 3
Nitidulidae 1- 5 1- 2
Anthicidae -7 1- 2 1- 3 3-13
Scarabaeidae 1- 1 L-11 2-10 2- 5 :
Chrysomelidae 1- 2 1-8 L4-9 5-10 2- 7, 5-20 2- 5 l-20
Mylabridae ' 1- L ,
Apionidae 1- 1
Curculionidae 1- 3
Trichoptera 1-1
Lepidoptera 2-50  9-55 6-35 2-32 L4-T7 L4=5 2-°7 3-8 6-13 3-16 L-16 2-75
Diptera ly-1ly * 1-10 1-3 1-1 1-1 2-5 unidentifiable
Psychodidae ' ' - 1-3
Chironomidae 2-11 1- 3
Mycetophilidae ' i- 1
Sepsidae - 1l- 1 ' 1-1
Drosophilidae 2- 6 1-10 1-1 1-2 1- 3
Agromyzidae 2- 9
Hymenoptera 1-1 1- 2 unidentifiable
Braconidae 2- 6 1- 2 1- 1 :
Chalcidoides - 1- 1
Formicidae 3-19 8-73 3-31 6-26 1- 2
TOTAL  100%  100% 10C% "100% 100% 100% 100% 100% 100% 1007 100% 100%
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Although not listed in Table 1, a few years ago I
examined the contents of the stomach cf a’Pipistrelle
shot during Febfuary'while foraging over a:creek- Thils
stomach ccntained numerous small crepuscular nematocerous
'aipterans- Among these flies were approximately 13
mosqultoes (Culicidae, égggg)- The pipistrelle; e small
bat, might perhaps be able to maintain itself on mosguitoes.
Howéver, mosquitoes have not been encountered in later
studies of the contents of digzestive tracts 6f this or of
any other species.

A few timés when specimens were collected by choot-
ing they were found to have head capsules and other insect
remains still clinging near the mouth (Stephen Cross,
personal communicatlion). TIFrom stomach analyses it appears
that, for some of the insects ingested, the head capsules
and w ings were not taken inF The condition appeared to be
more prevalent in the morning feedinzs that involve individ-
ual pursuilt of insects. For example, in no tract did I ever
eﬁéounter the entire wings of a mothe This factor, alone,
made impossible the identification of the microlepidopterans
below thé-ordinal level. | | |

In general, the sample sizes shown in Table 2 are
small, but there are observable trends for the month of
August. Very noticeable In two stomachs‘are the high
percentages of dipteroﬁs insects (probably snipe flies,

Rhagionidae; also drosphilids). Some of the bats were
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collected near a reservoir in the osk zone of the Galiuro
Mountains (Graham County, Arizona). It seems that these
bats sometimes select bodlies of water overw«hiéh'ﬁhey'
forage. Redington Road is northeast of Tucson, and the
particular qollecfing locallity is iﬂ the ﬁpper_Sonoran  "

" Life-zone. The Tucsén and Twin Windmills (u-é miles
southeast of Kingman, Mohave County, Arizona) localitiésJ
are guite similar ecologically, both essentially Lower -
Sonoran. Thils appears to be reflected in the prey selection
shown 1In Table 2.

The remaining 15 stomachs, of the original 131, were
either empty or did not yieid adcditional determinations.

Since the insect prey is chewed quite thoroughly,
" the condition of the bat's teeth becomes important in an
analysis of this nature. That is, if the teeth are greatly
worn, the bat can not break up the insect as finely.
Therefore, in stomachs from individuals with zreatly wdfn
teeth a more exact level of identificatioﬁ usually can be
made. However, the insect remains are usually quite small
fragments, thgt, looked at individually without ény attempt
‘to reconstruch the inséct, are of 1little value. When a
given bat feeds on an insect that is outside 1ts normal prey
size range, whether larger or smaller, the insect 1s poorly
chewed- Apparently when the insect is "more than a mouthful"
or undersized (and hence swallowed whole), normal mastication

does not occure



.Table 2. Types of insects taken by Western pipiStrelles.‘
at four different Arizona locallties in the
~.month of August. . . ' '

'Localitiesf North CTwin Redington Galiuro

Tucson Windmills -~ .Road ‘ Mts.
Number of bats 8 15 : 5 N
'INSECT PREY .
Homoptera ' : ' 1- 6%
Cicadellidae _ 3-13 2- U . ‘
Coleoptera L ) ly-16s  3-31n
Staphylinidae - 2= 2 ’
Anthicidae ’ 3-13 - 1l- 1 - o o
Scarabaeldae ' 2-10 6-12 .. 1l-5
Chrysomelidae 5-20 10-24 A
Lepidoptera 3- 8 7-15*' ‘ -‘ 1- 1%
Diptera | C2- S% o 2- 2w, ¥ 2-38:%
Drosophilidae o, R - 1-19
Hymenbptéra-. _ - o
Formicidae . 3231 o =21 5-100.
TOTAL 100% 100%  100% ©  100%

% = unidentifiable
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In the early evening the.'pipistrelle utilizes the
dense crepusculér flight activit& énd swarming of many
types of insects in order to readily obtain a stomach full-
During the morniﬁg feeding, when the flights of insects are
not as dense, it seems to select prey types_more by
individual pursuits.

Whéﬁ pipistrelles encounter large dense qrepuscular
flights of insects (éuch as leafhoppers) they apéqar to
"filter feed". Filter_feeding is a type of capture of in-
sects that does not inyolve the pursuit of each individual.
In this feeding the bat (with its mouth open) flies through
a dense flight of small insects engulfing its victims by
chance. Probably the bats echolocate in order to detect
such.flights, but 1t wouid seem hardly worthwhile té
echolocate in pursuit of individual prey. Their stomach
contents do not indicate random pursuit of individuel prey,
as the food ball contains pure "veins" of various types of
insectse That is, if the food ball contains moths and
leafhoppers, these are packed separately,unot mixed as one
might expect with random pursuite The insect reﬁgins in
the stomachs show that they have begn captured from all‘
angles (from the froﬁt, the sides, 'and the rear) as indicated
by the teeth marks found on the bodies. One would expect
more of a pattern (that is, consistently taken from the rear)
to the capture of these insects if the bats were engaging

in solitary pursuitse.



These bats will feed on flyihg insects ranging
in size from less than 1 mm up to 15 mm (the latter size
estimated from insect fragments found in a few stomachs).
However, the majority of the feedinz occurs on insects in
the size range of from L to 10 mm.

In general, the Western pipistrelles feed.on
'7crepuécu1ar flying insects (e«g-, 1éafh0ppér) and small
“nocturnal moths,’but'also indulgeAin.ogportunistic'feed;ng

on swarming insects suchias flying ants. They usually féed
, Within a size range of l to 10 mm, and with an'averége

of 5 mme

Pipistrellus subflavus, Eastern pipistrelle.

nAlthough the Eastern plplstrelle is represented in‘
this study only by a single stomach, the contents-are
interesting enough to be includéd- This stoﬁach was sent:
to me by Re E« Mumford (Purdue University, Indiéna)'
| I found the stomach content of this bat to be 80
per cén£ lesfhoppers (Homoptera, Cilcadellidae) and 20 pef
cent flying ants (Hymenoptera, Formicidae). This food
selection 1s remarkably simlilar, both in types and'Sizes{-
to that of the Western pipistrelles |

Hamilton has noted (1930) that the Eastern
pipistrelle can fill itself, in nature, within 15 to 20
minvutes with small dipterous and coleopterous insectse.

Sherman recorded (1940) that it fed on Diptera,
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Anthomyiidae (flieé), and Hymenoptera (Formiéinée: winged

reproductive ants).

Lasiurus-bdrealis, Red bat.
| Bats of this ﬁigratory Sspecies utilize trees for
their day rcostse.

The stomach contgns of 21 of these bats were sent -
to me in individual vﬁals by”R;vE- Mumford. They had been
collected in.i958 (July to August) from variousvlocalities,
primarily in Indiana.

The following insects were involved TRUL BUGS
(Homoptera) - l bat (1), loafhoppers (Cicadellidae), 2 bats

(4, 6), spittlebugs (Cercopidae, primérily Philaenus pumaria,

6 mm), 15 bats (6, 10, 20, 30, 30, Lo, 50, 50, 52, 53, 5L,
54, 55, 56, 60); BEETLES (Coleoptera) - L bats (1, 2,' 35 3),
ant-like flower beetles (Anthicidae), 1 bat (1), June beetles
(Scarabaeidae), 2 bats (1, 1), leaf bee?les (Chrysomelidae),
1 bat (2); MOTHS (Lepidoptera) - 2 bats (3, L); FLIES ‘
(Diptera) - 2 bats (3, l)s, near Pomace flies (Drosophilidae),
1 bat (@); FLYING ANTS (Hymenoptera, Formicidae) - 5 bats
(1, 1, 6, 6{ 21) .

Lewis (19L0) obsefved that, in Virginia, these bats
feed on Angoumols érain-moths occurring over cribs contaln-
ing old corn. Gould (1955) reports that Red bats actively'

feed on moths (among them the adult army worms, Pseudaletia

unipuncta), beetles and other insects attracted to lights.



.32
These feedingirecords are apparently based on sight
observationse. -
Red bats apnear to have food hablts similar to
those of the Fipistrelles in that they, too, actively search
out-and devour numerous crepuscglar flying true bugse. At
least in Indiana, spittlebugs‘appéar tq be the mainstay of
their diet. These Spitplebugs appear %o be'widespread and
are considered an sgriculbural pest. Little is known of
their habits but appérently like the Red bat, they are also.
fﬁigratory- R
In ah e;rlier paper (1961b) I réportéd on an
analysis of guano from Red bats collected in California ana
gave: Orthoptera 30 per cent, Coleoptera 1 per cent, and
Lepidoptera 60 per cent. Further, I noted "This bat appears
Eo feed on small moths (mostly 10 to 16 mm in length), but
takes other insects occasionally (some as large as 30 mm in
length) " This determination was based on 10 pellets. More
recently I examined four full digestive traqﬁs'sent to me
. by Clydé Jones which again coﬂtained only moths, among them
members of the family Geometridae. ‘However, due to the
incompatibility between the Indiana and California-New
Mexico analyses, .not only to prey'selection (which could be
expected), but also as to size ranze (which 1is not‘expected),
it seeﬁs that the food habits of the Red bat need further‘
study. It has been noted that prey-selection varies greatly

in widely distributed raptors, but not the general size



| - 33
rangé of prey selection. In regard to a predator that will
accept many differeﬁt kinds of prey-foods, one could expect
-the prey-species selectiqn to vary nightly, but maintaining

the same size range, per se.

Lasiurus cinereus, Hoary bats

The Hoary bat, like otherAmémbefs'of the genus,
hangs in a solitary fashioﬁ in a tree by day-. It tpo is
migratory. waevef, there is no siﬁilaritf as to insect-
prey selection.

Cl&de Jones presented me with 131 digestive tracts
of these bats (nearly a2ll of them extended with food),
collected in various parts of New Meiico during the summer
‘ﬁqnths (May, June and July) of 1960-62. Included also
were a few collected the nights of 29‘April (3), 29 August
(1), and the 12th of October (1) The remainingz eight
Hoary bats examined by me were from southern Arizona. -

The following insect-prey were encountered:
GRASSHOPPER (Orthoptera) - 1 bat (1); TERMITES (Isoptera)
- 3 vats (2, 2, 3); LACEWING (Neuroptera, Chrysopidae) - 1
bat (1); BEETﬁES_(Coleoptera) - L bats (1, 25, 3, 3)» June'
beetles (Scarabaeidae), 3 bats (1, 1, 2), leaf beetles
(Chrysomelldae), 1.bat.(2), 1ong-hofned beetle
(Cerambycidae), 1 bat (1); MOTHS (Lepidopteré), primarily
owlet moths (Phalaenidae), geometers (Geomgtridae), and

gelechiids (Gelechiidae) - 136 bats (up to 25 specimens in
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a full stomach); FLYING ANTS (Hymenoptera, Formicldae) -

9 bats (1, 2, 3, )s 4» 6, 15, 19, 2l).

Poole's report (1932) on the stomach contents of
this réptor (determined by F. M. Uhlef), mentioned as prey
a'large'stink—bug, Nezara probably hilaris,.and a mosqulto,
poséibly Culex. The only other "food" reported thus far is
" in the form~of:a "canniballistic" act by one of these
animals (Biéhop, LG4LT7) . |

As can be-seen from my above determination, these
“bats are rather strict feeders onvmicrolépidoptera- These’
mcths ranged frem 6 to 30 mm in size. However, the food
was chewed too finely to allow me to estimate 2n everage
prey size, outside of statihg that'mOSt of the insects taken
were in the upper 1limit, ca. 20 mm in length-' When Hoary
bats feed on mucths they eihibit excellent masticabticn;
however, when chewing on relatively thick-bcdied ants and-
beetles (apparently in the same overall size range) they
ingest wings; heads, and various othér 1afge fragments. I
have not yet encountered én,entire wing or head of %.moth-
“The hunting bat appears to approach the flying moth.(of the
proper ;ength) from the rear, eﬁgulfing the abdomen and
thorax in 1Lts mouth, then biting down and shearing off the
. head and wings,.leaving these‘pgrts’to fall to the grounde.
The cohstaﬁt direction of approach.by these bété in thése
solitary pursﬁits indicates that théy echolbqate for each

prey-
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The termite remains are the first that I have
encountered in examinations of the tracts of various bvats.
It is known that ﬁhe wings of termites can be shed quite |
readily; -in fact, preésure applied to the thorax will
cause tne wings to "pop"-off- .However, even withou% the
winzs, 1if the bats are preying onAflying termites, one
should recover elther thoracic, tarsal, or sbdominal
fragments none of which were seen-"oﬁ the other baﬁ@; the
‘presence of.téfmites in these stomachs was determined by
findihg their Tragmented, but‘gharacteriétic, wiﬁgs-

- The swérﬁing behaviorhof termites (similar to that
of flying ants) should provide them as natural prey for
opportunistic feeding by insectivores; yet most bats do -.
not appear to utilize them.

Although the food-prey list for the ﬁoary bat is
not very extensive nor at a fine taxonomic level of determi-
nation, it is yet asrcomplete as the much longer listing
 of prey selecfed by the Western pipistreiles, for a similar
number of stomachs aﬁalyéed- Therefore, one may chafééterize
the Hoary bat as a rather restricted feeder, primarily
'Selectiﬁg individually'purgued'moths-. of coufse, this
atrictness is of a relative nature, for there are numeroué .
types cf moths, each'with ﬁumerdus individuals, that will

fit the size range of prey for this bat. .



Lasiurus ega, Yellow bat.

The stomach contents of 'six of these bats are
indicated here only for bomparison with the other two
members of this genus. Three of these étomachs were
secured by R. Be Muqurd_in his”yisit to New Mexicoe
| These six animals had fed on coleopterous'insects
(sep beetles, Nitidulidae, 5 mm, and 1éaf,beet1es,
AChrysoﬁéiidae, 7 mm),.true bﬁgs (Lygaeidge bdgs, Lygaeidaé;
.6 mr1), moths (Lepidoptera); and bne of thém'oh flying ants
(Hymenoptera, Fdrmicidae, 12 mm).

One of the stomachs contained the remains of thfée'
(or péssibly four) lizards, two of them}embrydé- In view
of the apparent insectivorous hablts of this species I

would suggest that this was & case of a tree-climbing

lizard (a gravid Sceloporus (?)) versus a tree-roosting bat.
Tﬁis bat was shot out of a tree during the daye In the
icontents of the stomach pf the bat, besides Eemains of the
lizards, were numerous head capsules of (non-fiying) worker
ants. Because of the lack of indication of chewing I
strongly suspect that these insects had originally 5een
ingested by the adult lizard.

Nycticeius humeralls, Evening bat.

Two stomachs of this species were provlded by R. E.
Mumford. One of them was almost empty, the bat having fed

only on one flying ant (Hymenoptera, Formicidae) and one
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spittlebug (Hombptera, Cercopidae)+« The other had a full
stomach, having fed to a great extent on coleopterous
insects, among them June beetles (Scarabaeidae), and to a
lesser extent oﬁ flies (Diptera),‘among them pomace flies
(Drosophilidae) . - ‘ |

Too_liﬁtle,in the way of pertinent material is

available to warrent any type of summation fcr this specles.

-

Euderma maculatum, Spotted bate.

In my earlier analysis (1961b) only 10 pellets of
this rare ba# were examined and, because of the condition
of the insect remalns, determinations could be made to
ordinal level onlys. The remains of 21 adult motns,
approximately 8 to 12 rm in length, were found in these'
pelletss | |

In 2n anelyses of five full digestive tracts of
'these'baté, provided by Clyde Jones, 1 again only recovered
moths in a size raﬂgeﬁapproximaﬁely~5 to 11 mme The food
waé too+finely chewéd for further approximationse.

Durrant (1935) records that a Spotted bat was kept
alive for a short period of time by a schdolteacher inv
Utah. He states, "At first it would take no food, so she
fed it flles by force, with the aid of tweezers. Following
a few forced feedings 1t tooﬁ to flles readily."  Apparent1y,-

according to Durrant, the bat was kept alive for twenty days
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(Octe 20 to Nove 19) on this diet. On Novs 19 this bat
died, and Durrant -attributed its death to cold exposure.

Dre. Vorhies in Arizona in the same year (1935)
feported on the death of another Spotted bat, noting that
1t "had been fed with flics and fresh meat, but it Aid
not eat." | _.

Hall (1939) reports that a Spotted bat-died in
Califorhia after a week of captiVity in which 1t did not
feed.

Plecotusvtownsendi, Townsend!s big-eared'bat.

This specles, also called the Lump-nosed bat,
hibernates in the winter months. |

Clyde Jones presented to me most of the digestive
tracﬁs utilized in this study. |

Unfortunately, about 20 of the 38 stomachs were
relatively empty; only six were actually full of foodo_u
.Although most of these stomachs were empty,-there were
always some pellets in the lower intestines, from which
some information could be gleaned.

The following 1ist of insect-prey was obtained from
fragments found either in the formed pellets of the lower
ihﬁestines or in the stomachs proper: LACEWING (Neuropters,
Chrysopidae, Chrysopa) - 1 bat (1); JUNE BEETLES |
(Coleoptera, Scarabaeidae, Aphodius, L mm) - 2 bats (2, 10) ;
MOTHS (Lepidoptera) - 35 bats; NEMATOCERAN FLY (Diptera) -
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1 bat (1); SAWFLY (Hymenoptera, Diprionidae) - 1 bat (1).

Towns end (1887) observed that the "Great-eared"

bat'(Corynorhinﬁs = Plecotus) fed on the "dermestes" which
abouna in the fur establishments of the Hudson's Bay
.=Company in northern Californlae. Howell (1920) notesAthat
Plecotus 1s known often to pick iﬁsects from léaveS and
other resting places. Héwéver; be.offers no corroborétion
for this statement. Allen (1939) states, "Curiously, no

remalns of moths were discovered [in reference to

ﬁamiltonfs:analysis of the food habit of Eptesicus fuscus
(1933) 1], élthbugh their characteristic wing-scales were

found in the droppings cf the Lump-nosed bat (Corynorhinus)."

Since these bats are highly successful 1In avoiding-
mist nets over watering nholes or the like, and since they
-f1ly too late in the evening to be readily seen and shot, a
collector is unable to obtain samples during or éhortly
after their feeding perliods. Also they appear to utilize
night roosts different from their day roost. For these
reasons, a satisfactory analyéls of their‘fbod is.difficult
or next to impossible-

For the grgater part of its diet Townsend's bat
appears to be restricted, to preylng on the:smaller: |
microlepidopterans; It appears to feed in a range of
3 to 10 mm, with an average of perhaps 6 mmo. Again, as in

the Hoary bat, the fine mastication and the pre-ingestion
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discarding of wings and head capsules of the moths 1imit

determination to an ordinal level.

Plecotus phyllotis,'Allen'é hig-eared bates

This Big-eared bat, with habits like those of
Townsend'!s is successfully avoiding capture, at least during
feeding periods, and is uncommon in collections. However,
Clyde Jones gave me tweﬁty digestivevtracts of this species
collected in various-.sites in New Mexico (yéars 196652)-
Five specimens were taken in Arizona (7500 ft., Sierra
Ancha, Gila Co.) by Bruce Hayward.

" The following insects were recovered from these bats:
.ROACH'(Orthoptera, Blattidae, 7 mm) - 1 bat (1); BEETLES
" (Coleoptera) - unknowh beetle, 1 bat (1), soldier beetle
(Cantharidae, 8 mm), 1 bat (1), June beetles (Scgrabaeidae,
6 mm), 1 bat (3), leaf beetles (Chrysomelidae, 7 mm), 1 bat
(2); MOTHS (Lepidoptera, 6-12 mm) = 25 bats (2 to 15);

FLEAS (Siphonaptera, Myodopsyllidae, Myodepsylla collinsi,
3 mm) - 1 bat (2) [See the Discussion about this occurrence-];
FLYING ANTS (Hymenoptera, Formlicidae, Eccton subgenus Labidus,
16 mm, other unknown, 6 mm) - L bats (4, 5, 7, 10).

From this limited sample, with apparent opportunistic
feeding having occurred (i.e., ants), it still appears that

microlepldopterans are the Staple i1tem of the dlet.
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Antrozous pallldus, Pallid bat.

The'Pallid bat ig active in the summer months, and
apﬁears to hiberﬁate in wintere

In this study insect parts dropped below night
roosts, guano and stomach contents were examined from four
different plant-life zones to determiné if there is any
evidence of régionél food seléction- | |

The.following insects are noted for Locality 1
(Mine, 20+8 road miles south of Oracle, on Control Road,
Pima Coe, Arizona, !l September 1959, nizght rcost; collector,
G. VR. Bradshaw. This mine is in the Upper Sonoran zone-):
GRASSHOPPERS (Orthoptera): - long-horned grasshoppers

(Tettigoniidae), Stenopelmatus sp-%, L%, Microcentrum

californicus, L%; BEETLES (Coleoptera) - ground beetles

(Carabidae), Pasimachus californicust, 4%, darkling beetles

(Tenebrionidae), Euschides convexust, u%, June beetles

(Scarabaeidae), Orizabus clunalis, 20%, Plusidtis~glqriosa,

20%, long-horned beetles (Cerambycidae), Prionus .

californicus, h%, Archodontes aridus, 4%, Prionus spe»

' 15%, Derobrachus sp., U%; MOTHS (Lepidoptera). - hawk moths

(Sphinéidae), Chlaenogramma jasminearum, 4%, Celerio

lineata, L%, lappet moths (Lasiocampidae), Dicogaster

coronado, 9%.
The following insects are noted for Locality 2
(Mine tunnel, 1 mile novrth of Paradise, Cochise Co.,

Arizona, summer accumulation of insect parts, at night
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‘roost, 1958; collector, E. L. Cockrume The determination ;.
of tﬁé insect fragments from this locality were made 6
December 1958 by F. G. Werner, Department of Entomology,
University of Arizona. This tunnel 1s in a canyon ﬁith a
ninyon-juniper association.): GRASSHOPPER (Orthoptera) -

short-horned grasshoppers (Acrididae), Trimerotropis sps,

1%, long-horned grasshoppers (Tettigonlidae), Stenopelmatus

spei, 1%, Capnobotes fuliginosus, L%; BEETLES (Coleoptera)

- -ground beetles (Carabidae), Calosoma spe, 1%, carrion

beetles (Silphidae), Nicrophorus spe, 1%, June beetles

(Scarabaeidae), Plusiotis sloriosa, 8%, Polyphylla sp-,

20%, long-horned beetles (Cerambycidae), Archodontes spe,

94, Prionus sp., 10%, Derobrachus sp., 10%, Nothopleurus,

9%; MOTHS (Lepidoptera) - hawk moths (Sphingidae), Celerio
lineata, 1%, giant silkworm moths (Saturnidae), Telea

polyphemus, 1%, owlet moths (Phalaenidae), Catocala spe.s 5%,

lappet moths (Lasiocampidae), Dicogaster sp., 1U4%,

Dicogaster coronado, 1%, {loveria arizonensis, 3%.

The following insects are noted for-Loéality 3.
(Second Mine, second stream crossing, 5.l miles east of
Oracle junction, 6+6 road miles south of Highway 77 (Burney
Mine Road), Pinal GCo., 11 chober 1959; collector, G. VRe.
Bradshaw. Mountainous grassland with oak, cottonwood,
sycamore.): GRASSHOPPERS (Orthoptera) - short;hofned

grasshoppers (Acrididae), Trimerotropls sp., 2%,

Schistocerca sp., 5%, long-horned grasshoppers
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(Tettigoniidae), Stenopelmatus sps, 2%, Microcentrum

californicum, 10%, Capnobotes fuliginosus, 2%; TRUE BUGS

(Hemiptera) - giant water bugs (Belostomatidee), Abedus spe,

4%, leaf-footed bugs (Coreidae), Thasus acutangularis, 2%,

Acanthocephala granulosa, 3%; TRUE BUGS (Homoptera) -

cicadas (Cicadidae), Diceroprocta apache, 2%; NERVE WINGED

INSECTS (Neuroptera) - antlions (Myrmeleontidae),

Hesperoleon sp., 1%; BEETIES (Coleoptera) - ground beetles

(Carabidae), Calosoma spe, 20%, Calosoma scrutator; 1%,

darkling beetles (Ténebrionidae), Euschides convexust, u?;-

Edrotes ventricosust, 1%, June beetles (Scarabaeidae),

Crizabus clunalis, 6%, Plusiotis glories=, 2%, Polyphylla

.Spp-, 8%, Trox sp+, 1%, long-horned beetles (Cerambycidae),

Prionus californicus, 8%, Archodontes sp., 5%, Nothopleurus'

spes U%; MOTHS (Lepidoptera) - hawk moths (Sphingidae),

Celerio lineata, 3%, Protoparce spe, 2%, glant silkworm

moths (Saturniidae), Telea sp-, 1%, tiger moths (Arctiidae),

Apantesis proxima, . 1%-

- The following insects are noted for locality L
(D- G- Hibbs Ranch, ca- 2L miles horth of the Mexican bordef:
edst base of Baboquivari Mountains, 3800 feet, Pima Coe, |
Arizona, 16 October 1959; collector, E. L. Cockrum. Mesquite
shrubs are the dominant plants iﬁ this area.): GRASSHOPPERS
(Orthoptera) - short—hornéd grasshoppers (Acrididae),

Arphia sp., 2%, Xanthippus spe, 1%, Schistocerca vaga, 23%,

Taeniopoda eques, 1%, long-horned grasshoppers
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(Tettigoniidae), Stenépelmatus Spes#s, 1%, Capnobotes

fuliginosus, 2%; TRUE BUGS (Hehiptera) - leaf-footed bugs

(Coreidae), Thasus acutangularls, 50%; TRUE BUGS (Homoptera)

- cicadas (Cicadidae), Diceroprocta apache - 1%; BEETLES
(Coleoptera) ~ darkling beetles (Tenebrionidae), Euschides
convexust, 9%, June beetles (Scarabaeldae), Cotinus sp., 1%,

long-horned beetles (Cerambycidae), Ohcidgfés rhodostiéta,

8%. [+ = wingless, t = flizhtless. ]

In addition to the insectAfragmehts; remains of one
scorpion (Hadrurus sp.) of the famlly Vejovid%e vere
identified from Locelity No. L. |

| This was the only scorpion encountered in this
study;'ana, as sCorpiops are falrly abundant in Arizqna, it
~ appears that théy are not a normal part of the diet of the
Pallid bat, eVeh'though there are published reports of such
a feediné.habit- Perhaps scorpions are captured while these
bats are.searching the ground for similar life-forms, such
as Jerusalem cricketses

It is interesting that Pallid bats at Locallty 3
weré fe;ding on predaceous water bugs (Abedus), but there
is a stream in this area. These bugs leave the water to
‘mate, at which time they fly or crawl over the zround
looking for mates. They are large.bugs,'approximately 30 mm
or more in length.

At Locality No. L. one would expect a high percentage

(50) of the very large (35 mm) bug (Thasus) in the prey, for
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it is one of the more abundant insect in this associlations
However, it is a very foul-smelling insect.

The stomachs and guano of Pallld bats from these
areas indicate that these bats do not feed on the smaller
1n§écts, since all of the insect fragments found were over
17 mmlin 1éngth-. Only the cerambycid Onclderes (Locality
No. 1) ﬁas in the 17 mm renge, while the other insects were
'muéh larger. My study of the Pallid bat's food habits also-
indicates that it does not feed én immature (larval or
flightless nymphal) forms which ere found on vegetation,
and its.preference for flightless forms 1is limiﬁed to the
large ones found on the ground (Boss, 1961b).

Other informative reports of food-items for this
bat are as folloWs: Grinnell (1918) reports for Califorﬁia
that most numerous among the "kitchen middens" weré heads
and legs of Jerusalem crickets and wings of Sphinx mothse.

Specifically listed are Prionus califcornicus [long-horned

‘beetle], Stenopelmatus [Jerusalem cricket], Deilephila

[=Celerio] lineata [sphingid moth], Microcentrum [long-

" horned grasshopper], Ligyrus gibbosus [June beetle], and
Gryllus [field cricket]. Hatt (1932) 1listed Schistocerca

[shértLhorned grasshopper], Stenopelmétus fuscus

[Jerusalem cricket], Polyphylla decimlineate [lined June

beetle], and Anuroctonus phaidodactylus [scorpicon]. Borell

(19L2) reported Melanoplus differentialis and Schistocerca

shoshone [both are short-horned grasshoppers], June beetle,
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and aAground beetlee Orr (1954) notes that thece bats fed

on Stenopelmatus probably fuscus [Jerusalem cricket],

Polyphylla probably decimlineate [lined June beetle],

Romaleum simplicicolle, Prionus californicus [both are long-

horned beetles], and Eleodeslacuticauda [darkling beetle]-

Apparently this bat feeds on all of the larger
night-flying insecﬁs (20 to 70 mm in body length, wingspans
up to 150 mm) and fiightléss insects (20 to 50 rm in length)
that afe available in these zones, with no indication of

food selection as to typese The fact that it feeds on

nocturnal flightless insects (e+ge+» Stenopelmatus,

Euschides) in such large numbers would indicate that the

bat alights cn the ground and actively searcnes for these
insects (Grinnell, 1918,.Néison, 1918, Howell, 1920,

Hatt, 1923, Burt, 193A,‘Engler, 193l, Huey, 1936, Orr, 195k,
Ross, 1961b). Orr (195l) also noted that.this spécies feeds

on Stenopelmatus in California and Arizona.

From several direct observations of the Pallid bat'é
abllity to search for flightless prey, it can be stated that
it appears to move at random over the.grea (at levels of six

inches to three feet), scouting until it locates a prey
(presumably by sight), then dropping abruptly to the.grouﬁd
to search for it, and then carrying it (usually a large
flightless arthropod such as a Jerusalem cricket, June
beetle, or a scorpion) off in 1ts mouth. This behavior has

been reported also by Nelson (1918) and Burt (193L).
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William Muégroove (personal communications)_reports of
similar observations for this bat in the Xingmen, Arizona

arecae

It is then interesting to speculate also-on the

abllity of a Pallid bat to echoélocate with a large Jerusalem

cricket in its mouth. DPerhaps it emits the pulses'through
its nostrils, as‘ériffin (1958) notes for'Plecofus'
However, Orr (1954) records that by using an ultrasonic
amplifier it was found that during flight theselbats eﬁit
a very narrow beam of sound from the open mouth.

Sherman's report (1935) on D. T. He. Hubbel's
determination of the prey of a Semlncle bat mentions that
this specieé tco ‘had preyed cn a flightles§ insect. The

prey was determined as a field cricket, Gryllus assimilis

(Fabie) variant pennsylvanicus Purmelstere This veariant

has reduced wings; however, this 1s not the ccndition for

other members of this species. Since this stands as the

only report of this type of preylng for this baf} it should’

be accepted with reservation.

Tadarida brasiliensis, Brazilian free-tailed bat.

Brazilian free-tailed bats are especlally noted for
the spectacular numbers which will inhabit an individual
cave-roost and for the tremendous accumulation of guané

below such roostse.



L8

In 1961(b) I reported on the examination of the
contents of seven stomachs of this speciles. I 1isted the
following insects: HomopteraQ bugs, 1 per cent, Diptera:
Dolichopodidae, i per-cent, Lepidoptera: moths, 95 per cent.
Apparently, most of the moths belong to fhe family
Gelechiidae. 1In conclusion 1t wgslstated,."Most of the
insects were approximately 5 td 9 mm in length. Apnarently,
these bats feed on moths and occasionally take other prey
captured without selectivity."

Since this original analysis I have examined 8l
digestirvve tracts of Lhese bats from Mexico, other areas of
Arizona, and New Mexico-.

The'follqwing ingects are noted in this second
ihvestigation: TRUE BUGS (Hemiptera, among theﬂ,-grass.bugs,

Corizidae) - 6.4%; LEAFHOPPERS (Ilcmoptera, neer Cicadellidae)

- 15%; ANTLICNS (Weuvuroptera, Myrmeleontidag, Hesperolebn Spey
| 25 mm) - 1l.6%; BEETLES (Coleoptera, among them, June beeties,
Scarabaeldae; and flea beétles, Chrysomeiidae, 2 mm) - 16.8%;
MOTHS (Leplildoptera, some leaf miners, Nenficulidae) - BMﬁ;-
FLYING ANTS (Hymenoptere, various specles, among them,

Camponotus gpe) - 2642%.

In 1961 I analyzed 29 samples of "ancient" guano of
Brazilian free-tailed bats for the Geochronology
Laboratories, Universiﬁy of Arizona; Tucson- These samples
were from Tramway Cave (Us S. Guano Corporation, Grand

Canyon of Colorado River,'Arizona) near a guano nound called
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"Greasy Hill." They were taken down to a depth of seven
feets Although ; do not have dates, this matefial doubt-
less involves several thousands of years. The only
noticeable difference between this ancient guano and fresh
guano was found in ssmples taken from the lower depths that
had been crushed by the weight'df fhe guano above. Bub
even in this fine1y granulated material the presence of
chitin could still be demonstrated by chemical analysls,
which showed that the bats were primarily selecting moths
and beetles at 2 rate similar to that observed for "modern
bats." J

Grinnell (1918) observed that these bats contained
the remains of iﬁseéts, such as flies and small beétles that -
were too finely triturated for identification, aﬁd that in
captivity they ignored ail food'offéred to . therm.

The first serious inVéstigation of the food habits
of this Species was'undertaken following the claims made by
Campbell (1925) in regard to this bat's natural control of

the malaria-carrying mosquitoes. His book, Bats, Mosquiltoes;

and Dollars (1925), is filled with imaginative remarks. It

seems to me that little in this book can be regarded as fact,
.and statements by the author must have been based on con-
jecture rather than personal experiehce-

This study was instigatéd by Storer (1926). Two
samples obtained from Campbell's bat roost were analyzed,

and the following insects were noted: Sample 1 - chiefly,
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remains of moths (90%), but also traces of ground beetles
(Carabidae), 2; leafchafer (Serica sp.?), 1; weevil, 1;

’

leaf beetle (Chrysomelidae), 1; and an unidentified beetle;

ant (Dolichoderus §p-), 1; water boatmen (Corixidae),

several; stink bug (Pentatomidae), 1; green blow:flj
(Muscidae), 1; and smail dragonfly, 1. Sample 2 - chiefly,
remains cof moths (90%); legfhbpper (Jassidae [=Cicadellidae]),
1l; water boétman (Corixidée), 1; Corizus spe, 1; bug
(Heteroptera), 1; leaf beetles (Chrysomelidae), 2; weevil,-

1; ground beetle4(Carabidae);'l; unidentified beetle, 1;

and ant, 1.

Storer blasts Campbeli's deliberate asseveratio

falsi by noting that no mosquito remains whatever were
found and indeed only a trace of a single insect belonginé—
to the whole order Diptera (the one Green Blow yly)-.
Storer, further states: "The conclusion seems
inevitable, therefore, that the bats in the San Antonio
roosts Qere not féeding upon mOSqaitoes.at.the time when

the above-mentioned samples were takene Nor is there ahy

evidence to show that this specles [Tadarida mexicana =

T. brasiliensis] of bat elsewhere feeds upon mosquitoes."

Nelson's discussion of Campbell's conjectures (1926)
includes this statement: "The assertions thaf bats will
eradicate or even noticeably reduce the numbers of
mosqultoes, and with them malarla, are shown bv studies

of their food and general hablts to be misleading and
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without foundation." Goldman (1926)‘disagrees also with
Campbeli's assertionse.

Bailey (1931) reported that a series of stomachs
of 'ree-tailed bats yielded 95 per cent moths, the other 5
per cent being carabid beetles, hymenopterous insects, and
a few crane flles. For the colony at Carlsbad Cave, New
Mexico he>noted only mothe and beetles in thelr diet.
However, he apparently succeeded in feéding them large zray
"candle moths" [?].

The stomach analyses seem to indicate that these
bats are group feeders, thet is, they hunt in foraging
groups. Two groups (10 and 13 reépectively), collected
consecutively at varying intervals in mist nets, showed
similar feeding on various forms such as true bugs
(Homoptera and Hemiptera) and flying ants (Hymenoptera) .
These stomachs were equally distended with prey forms of
-corresponding percentages, in similar layers in the food
ballé- |

Apparently, the insect-prey has to be concentrated
(swarming, or dense flights), as indicated by this stomach
analysis. The appearance of the food ball 1is qguite similar

to that noted for the filter feeding Pipistrellus hesperus.

No flies (Diptera) were encountered in this recent
analysis, and the other reports of finding flies (Grinnell,
1918, flies; Storer, 1926, one Green Blow Fly; Bailey, 1931,

few Crane Flies; Ross, 1961b; i per cent Long-legged Flies,
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Dolichopodidae) do not include mosquitoes. However, many
of theée larger two-winged flies are in the right size range
for prey selection by these bats; yet, dense flights of
these insecte are iimited to the earlier crepuscular

periods, and the Brazillan free-talled bat 1s a late emerger.

Tadarida femorosacca, Pocketed free-tailed bat.

Only two digestive tracts of these relatively un-

common Free-tails were examined. They are included here

only for comparison, as hoth specimens were taken on the

same nizht (in mist nets) and in the same locality as the

Eumops perotis and Tadarida molossa to be considered shortly.

One of the stomachs contained only macrolepidcpterans
(probably hawk moths, Sphingidae), while the other contained
microlepidoptera (35 per cent) and beetles (Coleoptera,

15 per cent). A .

Krutzsch (194l) reported that wings and_hard~partseAa
of inseets were in the fresh droppings of these batse. .

The enalyses of these stomachs furnishes little

enlightenment as to possible food habits.

Tadarida molossa, Big free-tailed bat.

Only one specimen of this species was taken along

with the preceding. An analysis of its stomach content

"indicated that 1t also had fed on macrolepidoptera

(apparently hawk moths;, Sphingidae).
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Eumops perotis, Greater mastiff bate.

The Mastiff bat is the largest of the bats found in
 the continental United States. It is a colonial species
that selects a larze crevice in a cliff for a roostingvsite-
In 1961(b) I revorted on the food habits, from an
examination -of the contenﬁs of four stomachs and 3 pellets
of these hatse The followinz insect frasments were noted
in that study:-‘Odonata: Aeshnoidea, 1'“. Orthoptera:
Acrididaé; 10%. Hemiptera: firidae, 10« Coleoptera:

Scarabacidae, Cremastocheilus sp., 1+, Tenebrionidae, 5%

Curculionidae, S%- Lepidoptera: moths, 107 Hymenoptera:
Halictidae, 36%, Formicidae, 124, Megachilidae, 5%,
‘Anthophoridae, 5.

I then nqted that the food habits of tnis bat
anparently are unusual in fhat 55 per cent of the dief
COnsists of hymenopterous insects. This Iarge'bat is also
unusual in that it feeds on rather small insects (most of
theﬁ a;prqximatély 8 mm in length). The habits of the
insects on which_tﬁis Bab'haa been feeding (1ow-flying,
weakfflying forms) indicate that Ee Eerotis normally feeds
from near ground lével (3 to Il feet above the surface) to
treetor levele.

Howell (192C) in discussing the lack of success he
nad invfeeding captive bats of this Speciés and thelr
apparent fear of large insects (such as Jerusalem crickets)

asked, "then for what is the huge mouth?"
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I, too, wondering why the'huge mouth if it only

feedé.on small insects (8 mm), uhdertook another study of
this species. Because digeétive tracts, taken during the
feéding periods, aré rather hard to secure, the contents
of only nine more'étémachs were analyzed.

| Primarily, these nine étomachs conta;ned only the
reméins of macrolepidoptera (large hewlk moths, Sphingidae
up to 60 mm in length?). In‘agréemenﬁ with the feeding

process noted for other bats, only the abdomens of these

‘moths were ingestéd, the heads, thoracic segments, and

wings are dropped to the zround. There is no evidence for
the conjecture that these tats may use a2 feeding roost, as
was noted for Leaf-nosed éna Pallid bats, which élso take
large preye Only one of these specimens contained enything
othér then sphingids: the lower 1ﬁtestipe yielded pellets
containing two true bugs (Homoptera, near Cicadellidée),
é.large cicada (Homoptera, Cicadidae), and a planthopper
(Homoptera, Fulgoridae).

This latest food listing appears to be more in line
with what one might expect from a functional standpoint
with regard to. the bat's large size and blg mouth. I have
re-examingd my earller report and the material that it was
based on, and can not contradict what I have published, but
I will be distrustful in the future of any report based in
whole or In part on guano analysis, at least when it in-

volves batse
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Krutzsch (1955) refers to this bat as apparently
a feeder on insects and his discussion of 1its food habit,
based on a superficial snalysis of droppings found below
roosting places{ reports chitinous insect pafts‘that were‘
so finely masticated .as to be unidentifiable.

Vaughean (1959) similarly notes that Eumops is an
insectivorous bat, whose droppings invariably consist of
émgll fragments of insects- He furthér implies that these
bats normelly foraze at 200 tc 2000 feet above the ground;
a conclusion based for the most part on his listening'for
thelbat'é "cheeps" end then by the loudness of the noise
estimating the distance of the bat ffom himself. It must
" be Strongly considered that insect density decreases very
‘ rapidly with gains in altitude; however, h; pie]e) Has noted
thise. Thérefore, he suggests that insects (mainly those
that are weak fliers} are swept up to these heights by
uplifting currents of air. Yet, sphingid moths must be
conéidered strong fliers that normally would not be
uplifted thus. They mainly {flitter'.around night-blooming'
flowers. In fact, these moths are often mistaken at first
glance for bats in the'dafkness of nighte Therefore, I
have noted nothing in these analyées that would deter one
from acceéting my fifst impression for the foraging heights

used by this bat (i.es, near ground to treetop level).
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Eumops underwoodi, Underwood's.mastiff-bat-

Although little is known of the biology of this
species, 1t is very similar'in size and shape to the
Greater mastiff bat.

Analysis of the contenﬁ of éix digestive'tracts of
these bats indicates the following insects: SHORT-HORNED

GRASSHOFPFERS (Orthoptera, Acrididae, some Trimerotropis

pellidipennis, 4O to 60 mm) - 31%; TRUE BUGS (Homoptera) -
'1eafh0ppers (Cicadellidae, 6 mm), 12%, planthopper |
(Fulgoridae, 20 mm), trace; BEETLES (Goleoptera, some
 Chrysomelidae; and 3carabaeidae, 6 to 10 mm) - L7%; MOTHS
(Lepidoptera) - 10%. From the foregoing. it may be seen

that these'ﬁats had fed on a diversity of insects, both in
;éize and kinds. However, all samples were téken in the same
evening at the same mist net. Because of ‘the divefsity of
food habit observed, it does not seem safe to offer

suggestions as to the specific feeding habit of this bat.
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"Moths and beetleé seem generally to form.the great
bulk of the food [for bats], but manhy other insects also )
are eaten, and in case of an unusual abundgnde of any
nocturnal specles, these mignt be expeéted'to figure in
the food. « . « In evaluation of thelr services as insect’

destroyers it is to be borne in mind that they feed almost

entirely on night-flying speciles" (Melson, 1926).

From what I have learned in this study I would
modify Nelson's statement (now a quarter century old) only
by including nocturnal ground-dwéliing insects as prey for
some bats and ranking grasshoppers on a par with the beetles.

Just how insectivorous bats evolved has been the
subject of much aiscussionf Allen (1939) wrote that go
doubt éll bats were originally insect eaters and inherilted
this trait directly from thelr hypothetical ancestors of
the Orderﬂinsectivora- ~ He further states that the molars
of insect-eating bats resemble those of moles and shreﬁs-

Allen notes that "These sharp cusps and ridges of
- the opposing feeth aét as scissbrs to cut up the insect food
into such minute.fragments that it is often difficult to

find in the stomach contents bits large enough to ldentify ..

57
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In insect-eating bats the long canines seize and pierce.
the prey, which is then reduced to minute fragments by thé
éharp-edged pfemolaré and by the bladelike crests that
connect the cusps of the molarse. These latter perform the
chiefwoork of cutting up the food and are placed farthest
back under the muscle masses of the jaw, where the greatest
~power can be applied." |

The above statemenfs seem to me an oversiﬁplifica-
tion fcr, whether the bat feeds ‘in the alr or takes the

prey back to a roost, the marmer of chewing depends on the
bat's.mouth zape as well as the size and hardness of the
insect. However, for insect-eating bats these statements
have a general validity- ; -

Bats; although primarily nccturnal in thelr foraging
habits, begin this activity at varying intervals after
sunset. The smallest bats} such as fhe Pipistrelles, emerge
early in the twilight period, while the largest bats, such
as the Mastiffs, tend to be the last to commence foraginge.
Apparently ﬁastiffs may delay leaving the rdost for several
hours after sunset.

Small species of bats, which are usually crepuscular,
appedr to £il1l their stomach more quickly than ao larger
species. Many times the smaller bats will have retired from
foraging before the larger bats even bégin- This appeafs
to he true even though'the sméll ones feed on smaller in-

3ects then do the larger ones. However, many of the dense
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flights of Ilnsects cccur during the twilight while the
nocturnal. insects do not show this tendendy.to congregate
in aensé flights. Although the size of the stomachs of
larger species of bats arc just as impressive when they
are filled, 1t takes the bats longer to achieve thils condil-
tion with pursuit of‘individual brey (alsc some of these
specles carry the insect to a convenient night roost).

Even in the larger species (ee+ge, Myotis, Macrotus) the

fully engorged female_will appear as if’she were 1in late
stages of pregnancy, while really she is non-gravide.

In many insectivorous batéland-owls there seems to
be a rhythm cf feeding dnring the night. Duriung periods of
feeding activity prey is accumulated and stored temporarilyﬂ
in the stomach (of a bat). If oﬁe cen collect these raptors
. during thevcorrect intervals he may ascertain, with high
confidence, the number and kinds of individuals eaten during
the last feeding period- However, shortly affer digestion,
‘remains of prej may still be isolated fér aﬁalysis from the
lower intestines. Although digestion does nct affect the

level of taxonomic determination in an analysis to any great
extent, it.will affect the knowledge of the relative numbers:
and kinds of orgenisns taken, if the food-items have elready
passed through the system.

Seeningly the majority of insectivorous raptors have
two4feeding periods which can be cﬁaracterized in the

following manner: the first begins with the onset of twilight,
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or éhortiy thereafter; anparently the more efficient
feeders in a glven Species are satiated by 10:00 PeM., while
the feeding beriod'appears to continue until around 12:00
P+ Me for others less efficlent. Then there is a period of
.relative inactivity until around 3:00 A- M. when feeding
begins again, with the hunters obtaining their fill by
h:BO As Me, and with some activity into the early daylight
hours for the stragglers. On the other hand, these early
morhing feeding periods, when utilized, do not seem to be
as productive for the hunters; many return with partially
filled stomachs and insects taken at rendome This
'réndomneas of‘p?ey selection seems to indicate that even
the usuélly dense-swarming insects are more 3cattered in
their flight. The feéding,periods indicated above are based
on‘éorreiéting the amounts of food found within the
digestive tracés.of various raptorS'with.the times of their
capture. |

In a paper on the activity of the Screech Owls,'
Allard (1937) sugsests that the feeding periods of these
birds are tiﬁed_to the activitles of certain moths and other
animals in their diet. It is reasonable to ad judge that
nocturnal predatbrs (such as owls and bats) have adapted
their activity to colncide with ghe periods of greater
abundance of preye.

Pyet's evaluation of echolocation for bats k1961) is

as follows: "It has now been established beyond all doubt
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that it is the means by'which bats navigate aﬁd find their
food«" I do not doubt that most bats echolocate to some
degree; howéver, from a conservative nolnt of view, Pve's
statement is too inclusive for data availablee. The brimary
investigator of.the echolocation phenoménon of vats is Dr#_
E. Re Griffine.

Griffin's studles mainlv involve only two species,

Myotis lucifugus and Eptesicus fuscus. In many of his

echolocating experiments he usés food-items such as
mosauitoes and fruit flies. Apparently these fcod-items
are of a size range much smaller than normally selected by
these bats. Plttman in hils study of the feeding habits of

Myotis lucifugus (192L) states: "They were offered flies

and various othel insects but preferred the noctuid
’[=phalaenid] moths which:ﬁere at the time very plentiful. . . -
Appareﬁtly eight to .ten moths cpnstithted_a meals + o
Although Fittman does not indicaté dny size range nor the
species ihVolved, noctuida in general are iérger and héavier
than the insects used.by Griffin. If it is taken into con—'v
sideration that 8 to 10 of these moths constitute a meal

for this bat then fhey must have been o rather large srecies

of noctuids. Gould (1955) reports that Myotis lucifugus

will habituately attack moths as large as Crymodes

devastator that have a body length of 30 mm.

It is even noted by Griffin et al. (1960) that even

at best only a small fraction [which could be as low as 1
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(?2)] of his experimentsal animals, Myotls lucifugus,

released into a room filled with flying mosquitoes under-

tookx serious hunting. TFurthermore, bilas must be seriously

vdonsidered when 90 per cent (or more) of the bats are

. discarded in his experiments because they falled to meet

the requirement of pursuing unnatural prej- It might be
earnestly considered thdt-the 10 pef cent (or less) of
these kept and used in his experiments were not represen-
fative forms. This consideration is based on the condition
that these bats could and would feed on moscuitces of a
size range smaller thah.the lower 1limit of ﬁormal prey de-
tectiOn by this species as indicated by Pittman (1924).

L Griffin (1959) writes- this about echolocating bats:
"When they are hupting insects thelir eafs receive a more
complicated mixture of sounds than merely their original
chirp plus a single echoxféturning from a single insebt and
having the same wave form at a lower energy level. What is
really impinging upon their eﬁrs is a whole series of echoes
from everything within several feet - the ground, other
iﬁsects, and every bush, twig, tree trunk, leaf, or blade
of grass." Then amcng the questions he aské of the above is,
"how do they hear the'Qifference between echoes that mean -
food to be caught and those that mean obstacles to be -dodged?"
Eis ansWér amounts to’this: although from our vantage point
these obstacles seem to be insurmountable, the bat indeed

does overcome them as evidenced by their full stomach.
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To me it appears that bats, when searching for
prey are in a relatively unencuvmbered medlum not surrcunded
by the myriad of obstscles envisioned by Griffin. It
appears that many specles feed about the trees, or.circling
the outslde area of the trees and, even when they hunt in
denser vegetation, there is usually free épace,of thfee to
‘four feet surrounding the foraging batse They may, there-.
fore, receive a solitary echo froﬁ an individual insects
Furthermore, when the bats are in their roost or engaged in
other non-insect-hunting activities, they may not even be
enholocating- If'they are, they only echolocate to determine
exit roqtes-. I have been in the roosts of insectivorous
bats (with a_multitude cf %kinds and numbers of bats) with
tremendous numbers of flying insects that were not being
molested in the slightest (Ross, 1960a). Nelson (19.26)
reported a similar observation. Then, tco, if one considers
that the bats are selecting in a given size range; they

should be abls to dismiss many other obstacles and organisms
that are to be found in the habitat.

As steted by Griffin (1958), in regard to trying to
attract bats to artificial prey, "1t becomes obvious after
se&eral evenings, that pebbles which were too large or too
small were less likely to be pursuede. .. If the bat reacted
at all, the result was a sharp turn or dive toward the |
pebble, and often it would be pursued with what appeared to

be just as much fervor as a real insect." He further reports
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‘that no pebbles were ever taken or swallowed by the batse.

Therefore, an olfactory function, as well as vision
in some forms, mav be an involvement that finally decides
the issue of the acceptability of the prey, regardless of
the prey's length falling within a given size range. Bats
“dc not prey on all insect species of correct size range and
life form that are available to thewm in a habitat. However,
the prey being of the correct size range prcbably takes
precedénce- As a generalization, decreasing silzes of bats
take smaller preye. However, the range of the prey size
selection mey be just as large as ﬂotea for the larger bats,
and the spectrum of insect species used.for‘food-items may
be greaver than that of the larger bats« An example of this
conéept would be the Pallid bats that are non-specific
feeders of flying insects that have body lengths of 20 to
70 mm, while the food preferencé of Piplstrelles are‘small
insects of L4 to 10 nm in length.

Podlson (1929), while feeding bats different types
of foods; observed that there was a quick resvonse in many
of the rejectiohs; even noting a case where a bat, after
receiving an agparently foul tasting mdth, reacted by
"coughing and spluttering in the most ludicrous manner."

There are three basic methods utilized by bats to
capture prey. (1) Vision. This 1s apparently used by

Macrotus californicus and Antrozous pallidus in securing

some c¢i theilr food-items. Superficially the eyes of these
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two species appear tc he better developed than the eyes of
the insectivornas bastse. The use of thelr eyes ﬁould readily
accouvns for their abllity to locate ground-inhabiting
(Pallid) and vegetation-dwelling prev (Leaf-ncsed).

(2) Filter fesding. Notablc examples of this type are seen

In Pipistrellus hesperus and Tadarida brasiliensis. This

cype of feeding, without individual pursuit of a zivean prey,
is indiéated hy7 the contents of the stomachs of these bats-'
The food balls contain pure veins of a 3iven}species of
insects indicating that the bats had been feeding on insects
that huve dense flightss These insectifores usually ingest
all of the smaller insecbts. Examinations of_the,bodies-of
these food-items clearly demonstrate thét they were csptured
from all angles of attecks by these bats, thereby indicating
a randomness of capture thet wculd be expected in a filter
feeding method. These bats mav echeolocate to find dense
flicshts of insects. (3) Individnal pursuit. Exaﬁples of

this tvpe of capture are afforded by Lasiurus cinereus and

Plecotus sppe The bat will approach the intended prey from
the rear engulfing the abdomen; These bats are specifically
ecnolocating for their intended victimse

Gould would not agree with the above statements as
to methods of feeding for he maintains (195%) that all '
inisectivorous bats use random oursult; although he does
admit that.small insects offer some difficulty in

echolocation-detection. Furthermore, he computed evaluation



66
of feeding habits on gram(s) per insect, instead of size
ranze of preye His studies emphasize the wéight,of one
milligram insects and the vresulting welzht of the bat'sv
food balle He then goes on to state that a bat could not
echieve the welight gain (cf the stomach coﬁtent) from‘filter
feedin; Lecause of the hi;h mercentaze ol misses, low
. density per Iiter of insects, @nd the bat needs hundreds of
these almost weizhtless insects-to show this gaine Tn-
fort:mately, most bats do not feed on such insects, nor can
one genefalize for all insectivores frcm the finding with

one (Myotis lucifugus). Gould'has,the customary comment

“about analyzing the food ball of a bat when he notes, "only
a very small fraction of the stomach contents escape reduc-
tion to an unidentifiable 'youp coort

In & later paper, however, Tould (1959) finds support
- for his visual observations of the feedinzr efficlency of
bats by noting a similar correlation "obtalned through a
stomach analysis, of 500 insects caught per hour." If the

particular bat to which he refers was Myotis lucifugus'it

must have been a very unusual individual. In all-of my
studies of digestive tracts, I have never observed one that
remotely approached such a rete of ingestion. The closest

to it was the Western pipistrelle, which is one that fills
guickly (within ca. 30 minutes) on small insects (usually ca-
5 mm in length), and even with the stomach in the most ex-

tended condition, in its greatest engorging, it will have
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accumulated only 80 insectse
Hamilton (1933) who analyzed the fgntastic total

cf 2,200 pellets of the Big Brown Bat (Eptesicus fuscus),

was one of the firsﬁ to zive a rather ceocmplete coverage of
the food habits of»a bat in percentages by orders of insectss

It is interesting that he states, "ten pelleté were .
passed-in~s¢quence before a fragment large enoush to waffant
even ;emoté identification was found « - . Jdét~ébdve, in
His paper; he notes the method of obtalning these pellets,
which lesdves oﬁe wond-ring how the sequence was determined:
"A half-pint jar was filled with what were thought to be
relatively fresh droonings; that i<, those that were freé
from any dust and were reasonably brizht and clean. It is
not likely that those collected were dropped before early
June."

I have found in analyéjs of the pellets already
formed in the lower intestines of bets, and élso iﬁ nellets
cf suvano, that there may be one or more remains of prey per
pellet, or each pellet may contain a mixture of frégments of
variéus insects; most likely, the type of pellet depends on
the amount cf chewing before swallowing. I have‘obServed
zuano from the smallést (Jestern pipistrelle) and medium-
sized (Brazilian free-tailed), to larger batsl(Pallid) and
£ind the above ccndition to be fairly consistentg '

Unfortunately, the contents of the few tracts of

the Big brown bats that 1 examined were full orly of flying
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ants (Camponotus spe). Roeder and Treat (1961) in a paper

on the detection and evasion of bats by moths unfold an
interesting story of unheard and unseen "aerial dogfights"
beins stazed in the darkness, particularly by the owlet
moths or Noctuldae [=Phalaernidae]. These moths anpear to
have developed protective éountermeasures that psrmit‘the
detection oi chirps of bats. These countermeasures consist .
of a pair of "ultrasonic ears" (tympanic membranes),
contaiﬁinj sound-detecting appératus, that when stimulated ,-
by the sound of a bat's echulocafion pulse trizsers an
erratic flight pattern. This'flight pattern, which often
allows the moth to escape, has been referred to as "survival
by evasion.”

In their conclusion Roeder and‘Treét state that:
"Several families of moths 19ck’ear§ and shoWw no response
to ultrasonic stimuli. Some of these, such as the éphinx )
or hawk moths and the larger saturniid moths, are probébly
teo much of a mouthful for the average bat, and mizht find
no survival advantage in a warning device. CGCthers are of
the same size and zeneral habits as the ﬁoétuids and mizght
he expected fo suffer attacks by bats. Inciuded,in this
group are socme common pests such as the tent ceterpillar.
It will be interesting to iearn!vhéther‘these formsvowe their
success in sur§ivél to some structural or behavioral counter-

measure that'compensates for the lack of a tympanic organ."
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A_.Two ma jor weaknesses mar Rocder and Treat's
conclusions: (1) Owlet moths are preyed upon not only by
insectivorous bats, but also by non-ecinclocating raptors
such as the insectivorous owls. For example these moths

 form one of the staple food ltems of the Flammulated Owl

(Otus flammeolus) (Ross, unpublished mﬁﬁuscript)- I owlet

moths evolved "

ultrasonic ears" to detect echolocating bats
and left themsslves open to attaclk by silent predators such
as owls, then the survival vaiue of evasiocn loses some of
its enchantnent.

'ROGaer and Treat assume that the 1afg¢r moths, which
do not have "ears" suitable for detectins the echolocation
cries c¢{ bats, are too large to serve as.food- That
srhingids are preyed upon by "larger“ bats, such as the
Pallid and Leaf-nosed, has been well documented (Grinnell,
1918; Huey, 1925; Orr, 195l; éould, 1955; Vaughan, 1959;
and Réss,~19élaj- Of conrse, Roeder and Treat qualify their
position 5y s2yingz the larser moths would not be preyed upon’

by the "avera:e bat." I assume that their "averaze bat"

includes Myotié'lucifugus and Eptesicus fuscus. I would
agree with them that sphingids would be tovo much of a
- mouthful for a bat with the small gape of M. lucifugus.

Eptesicus fuscus, however, 1is probabiy capsble of feeding

on such large moths. Further, I would bhe inclined to wonder
right alonz with Rceder and.Treat as to why other insects,

and not only other mothé, have not developed such warning
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devices. After all, many insects, other than ovlet moths,
do have t&mpanic organs .

of coﬁrse,‘one'of the most difficult problem is to
agssess the values‘of the multitude of environmental factors,
in most cases unknown, operating on anv species.

Again, I woulad emphasizé that raptofs are regulators,
not reduqers, and anparently many forms"ébmpensate via a
éountermeasure of havinag a high reproductive pbtenfiél-.

The last portion of the above étatement is often
severely criticirzed with the implication that it should be
considered as a "general textbook" concépt- . Yety the
majorlity of those that criticize it offer that the number of
young, is under "precise" genetic control, cr otherwise
strictly regulated, and therefore can nct change tu meet
heavy environmental pressurese. They proceed tc state various
clutch or litter sizes of vertebhrates, especially birds
(see Kloplfer, 1962), notings that the number of ezzs or
offspring i1s small and stable. As true as the abcve might
he for vertebrates it must be realized that invertebrates
such as insects are preyed on tcoe I am sure that most of
us are aware of the fantastic reproductive potential cof
insects.

Sprague (1938), coﬁmented on bats using their
ectoparasites as food: "I+t is possible, inasmuch as both
gpecles were heavily pevasitized with bat-fliles (Streblidae)

and mites, that the bats, beinz aroused by the warm weather,
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undertook to feed upon the parasites of one another and in
doing so, also consumed guantvities of hair. Insect remains
in the stomachs were confined bo a few antennae." -

In all of my studies and from the literature of
fand habits, i have not observed any further suggestion
pertaining to the habit of béts feeding on their own
ectoparasites (Ross, 196Cb, 1961b). In rezard to thellast
sentence »2 the guote, about the antennac, I am quite sure
that Srrague did notqinteﬁd.toviﬁply that those antennae
helonzed to the streblid flies; as these.structures can
only be observed (much less located) with the higzn magnifica-
tion <f a compound microscope-

On the other hand, I have on one occésion recovered
the inﬁact bodiés of two fleas from the stomech of é

‘Big-eared bat-(PlecotusAphyllotis)- These fleas were of

the specles Myodopsylla collinsi, which are common énough

ectoparasites of the Little brown bats (Myotis sp.) in
Arizona (Bradshaw and Rosce, 196i)- There is no record of
theilr occurrence on the Big-eared bat-. They appeared to
have been "snapped up," with little or no attempt to chew
them-_ It is concelvable thatithey7invaded the fur of thé'
Big-eared bhet, berhaps féom an association with the Little
brown, and that the former responded with their extermina-
. tion b~ ingestion.

Becauvse of the overwhelming number cf insects in a

Ziven areg, 1t 1s hard to consider competitior for food



T2 .
between species of bats, or between bats and birds, aé mére
than incidental. One may cften see’crepuscular'bats and
birds feeding at the same time on apparently'the‘same type
of insects, but they may bé selecting different size ranges
or different species of preyvs An example of prey-éiie
range 3election could be offered by description of the
feeding hebits of a hypothetical bat; thils raptor feeds.on
prey of from 1% to 45 mm ~-- with 30 rm being the optimal --
hut cean and will on occasicn tske an insect up to 100 rme
However, other species of nredators may overlap the above
range in part ol their nrey selection, but usually the
staple food-items are far removed taxonomicaily (élthough
these hunters may appear to occupy the same habitat)g Of
course, on opportunistic food items (eeg+, swarning ants)
all raptors will be teking these temporarily abundant
insects at the time, but feedings together oécur at irregular
intervals.

It has heen suggested that bats and certain birds
(such as swallows) may compete for food. Van Gelder‘and
Goodpaster (1952) report such competition between the

violet-green swallows (Tachycineta thalassina) a2nd the

Western pipistrelles. They even noted that both predators
attenpted on one occasion to secure the s ame object of food‘
”§£ the same time. What is hard to understand about their
report is that, although they shot six bats and one‘viclet-.

greéh swallow apparently while making the albove observations,:
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they‘sgém to have made no attempt to véfify these "sight"
“'feéding observations by comparing tﬁe cdhtents‘of the
vdigestive t}écts- |

4all (1946) mentions that he had seen Wesbern
pipistrelles and nighthawks flying together toward a good
feeding ground. - ..’

A simller observation was reported hy John Wright
(personal communication)»where he and Clydé Jones observed
several (four?) swallows pursuing aﬁd diving at a bYat

‘(présumubly en Eptesicus fuscus) that was flying in early

evening on 10 July 1960, elong Jemez Creek, Jemez Mountains,
Sandcval County, New Mexicos
Davis (1939) notes the common occurrences of

Pipistrelies and cli!'f swallows (Petrcchelidon albifrons)

in the came feedlng ereas, but he indicated there was no
overlapping in selection of preye

In an attempt to gain a better understanding of.the
possible competition between birds and bats, the author
analyzed contents of 183 stomachs of three specles of owls

(Ctus asio, 114; 0. flammeolus, 6; 0« trichopsis, 23).

These owls and tine Pallid bat were selected for this
cémparative study because all occcur in the same varied
habitats;“share the same general nocturnal feedinz periods,
and have wide distribﬁtional ranges.

..The Pailid bat perhaps echolocates in order to

thaih much of its prey, while the owls must'depend on

-



| T
vision, and possibly hea;ing, to iocate their prey. Yet,
it is reasonable to assume that they both must use vision
to locate ground-wandering preye.

However, in my study, except for the mutual selec-
tion cf Jerusalem crickefs (of the cowls, primarily prey for
>9- asio), these predaters have few food-items in comﬁon-
Allrthree s;ecieé Qf owls are efficient ﬁredators on
scorpions. The contents of the digestive tract of one owl

yielded 12 scorpions btesides a tremendous amount of other

prevy. The flightless darkling beetles (Euschides, &drotes,

Eleodes), that are fairly abundant in the diet of the

Pallid bat, are almost.completely lacking in the diets of
the owls as are most types of tenebrionidse. Jecrusalem
crickets, however, are widely utilized by both owls and
bats. The large screech owl, 0. asio, feeds on a wide
spectrum ol prey specles, in a size range approxiwmating that
of the prey of the Pallid bat; but most are large, ground-

dwelling arthropodse. Both O« trichcpsis and Q. flammeolus

take much more in the way of flying forms; but Iin many
1nstances_of a size range below or just within the ldwer
limit of that noted for the Pallid bate

To summarize the feeding habits of.the Pallid bat,
'if is. a very 5eneraliéed.feeder on the larger insects that
ocour in its haﬁitat;vand'apparently actively seeks out,
visually, ground-inhabiting flightless insects, especially

Jerusalem crickets.
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Not to be confusec with swarméng is the periodic,
or cyclic, eruption of most insects in which there is a
tremendous increase in the population densitv of a species,
over an extensive geographic area. Such outbreaks occur at
more or less regular irtervals from year tc yeaf-. These
high population densities of a ziven stage of ‘an insect are
usually of a lon, duratioﬁ (thaf ig, at least several days)..
Many insectivores with a wide feeding.fange take advantége
ofvthe sequence of these periodic increases of various forms
(eezes sphingid moths, long-horned teetles) during the
- summe r months. As many of the winged raptors naturelly take
winged 1irsects, the adult f{orms of prey, therelcre, are more
heavily victimized-. ther arthropods anparently maintain a
fairly uvniferm population density. Some of these (i.e.,
Jerusalem crickets, scorpions) are actively sought out as
prey regardless of their ebundance. Jerusalem crickets,
for example, apnear to be a food—iﬁem utilized in large
numbers by manyv predators including bats, screech owls, and
even skunks. Dixon's food tdble for Menhitis (192-) shows
that some stomachs contained only these cricketse.

The ability to prey'upon a wide spectrum af
arthropodous types and orders must be advantageous to animals
with large distributional rénges, such as the Pallid bat, in
that as various types . of insects become scarce (smaller
distributional renge, or any other factors causing a popula-

tion reduction) these predators are able to replace such
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prey with similar life-forms, ovr to utilize other available
insecta. Of course, even in a given aréa when the prey
level may be reduced, they have an obvious advantaze over
other more restricted predators. .

As has been noted by Dice (1952), "Each species
"of predator is especially adapted for capturing and devour-
ing its prey.which, in general, falls within a fairly
well-circumscribed size classe. In times ol lood shOrtége,g
however, prey ol a size smaller or larszer than ﬁsual nay
be utilized."

Moreover, 1t may be further stated, at least for
the insectivorous forms, whea unusual prev 1s utilized it
is usually larger than, or else falls within, the upper
limit of the prey selection range, with only exceptional
feeding occurring below the lower liwmit.

It is noted »y Powell and Stage (1962) that
robberflies (nredscious dipterans) will utilize larger prey
when their more desirable prey is scarée, and that "At a
lower 1limit visibilit—r probablv becomes a Ffactor in
consplilcuousness and at upper limits ease of capture undoubt- -
edly is of importance." Visibility is most likely an
important factor for many nccturnal predators, eSpeci;lly owlé-

Then there are examples of opvortunistic feedings
(on teﬁporarily abundant prey not normally sought),

: particularly when animals such as ants and termites are

swarminge OTten the majority of the raptors (and even
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omnivores) Will avail'themselves of this immediate, hut
temporary, food supply re@ardléss of the availability of
their usual preye.

. It seems that when raptors thet inzest their prey
feed outside of the upper 1limit of their prey size range,
they can not handle the food in the normal manner. Their
fragmentation of the insect is usually poor, resulting .in
large andigestible chunks, thus decreasing the efficiency

of digestlon. An isclated example of this is the case of a

Flammulated Owl {Otus flammeolus) that apparently choked to
death on a réther large lon:i-norned grasshbpper stuck in .
its throat (Kenyon, 1947)- |

Lack (1954), in an analysis of food as a limiting
factor in the nurber of birds, lists four arsuments in
support of this assumption. Althcuzh this study was
designed primarily for wirds, many of those consider=d are
insectivores. There are some Tar reachinc conclusions that
are worthy of consideratior {or raptors in general. His
first argument is purely negative, as he adnits, in which.
food is ranked over predation and disease as tne likeliest
cause of density-dependent losse. The second argument 1is
that birds are usually more numerous where theilr food is
more abundant. This needs no additional comment. A third
argument for thinking that birds are limited in numbers by
their food supply is that each species living in the same

rezion depends on primarily different foods. As he states,
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"If feood were not limiting numbers, it 1s hard to see why
such differentiation in feeding habits should have been
evolved, bﬁt:ﬁs‘evolution ls essential to survival if food
is 1limitins, since o+ o oM

| There is beins practiced by some modern authors an
undesirable tendeney to synonymize competition and evolution.
Hubbs, at the vertebrate speciation symposium (;E_Blair'
ﬁed-], 1961) stated, "the idea that the concept of eompeti-
“tiom can be extended to inciude all of netural selection or
all of evolution is nonsense, because in the first blace
there are many relationships of animals and evolution besides
tooth-and-death strugsle."

Avallebility of food, of course, is one of the
environmental factors operating on any biological organism;
however, many cther factors (eeg., climate, shelter) are
unlso exerting pressure. It 1s possible to conceive that
biolowical forms may be affected by ecolozical and genetic
factors that will tend to alter their feeding hatits regard-
less of the density of the focde. In rezard tc natural
seleetion withou* competition, Bireh (1957) notes, "the
frequency of a genotype in a sexual cross-fertilizing
population mey be altered by selection which does not involve
any shortasge of common resources."

- Mayr elabcrates on competition (1963) as follows:'
"There nas been a tendency in recent years to exaggerate

food as the controlling factor in competitive situationse.
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As 2 matter of fact, many othér contrblliﬁg factors musﬁ
be considered. In the tropics, for instance, food appears
to be less important than in the temperate zone, and in all
zones competition may occur even where food is superabundant.
+ » « No unanimity has yeﬁ been ackileved concerning the
precise.definition of ecompetition, yeﬁ it always means that
two species seek simultaneously an essential resource of
the environment (such as food, or a place to live, to hide,
or to breed) that is in linited supply."

However, I prefer Elton and Miller's definition of
competition (1954) in that they exclude active consideration

of the various resources of the environment: "Interspecific

competition, in the more limited and correct use of the

notion, refers to the situations in which one species affects

the population of another by a process of interference, i.e-.

by reducing the reproductive effilclency or increasing the
mortality of 1ts competitor."

I suspect that as far as insectivorous species cf
animals.are concernéd there isAno competition for food
bécause insects are rérely in limited supply. This would
relegate competition for focd, in insectivorous forms, to a
minor role. Perhaps, in‘times bf‘great stress (relative
- lack of insects), food competition might assume a greater
- role, but probably only to the more restricted insectivores.
The overcoming of reduced insect populations in the

winter months (at least in the Southwest) by bats has taken
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many forms: many lnsectivorous bats awparently migrate

awéy from the cuntinental United States (Myotis velifer,

Tadarida brasiliensis); others go into hibernation

(Antrozous pallidus, Eptesicus fuscus), and at least one

(Macrotus californicus) may be able to modify its diet to
Include a sreater proportion of plant materialse. |

Lack (1954), in support of his third argument,
ment;ons a situation where fgur similar birds (Great Tit,
Blue Vit, Coal Tit, and Mafsh Tit) will feed together during
.a.period when food, such as leaf-eating caterpillars; is

tempcrarily superabundant. From this end several other

examples, he suzzests that "In fhcse and other cases,
several specles feed together only when a particular food
is very abundant, thus confifming the view that normal
differentiation in feedinz stations has been evolved to
avold competition for food." 1 strongly'suspect that the
above situation does not indicate any long range competition
for food. It really onlf represents opportunistic feeding.
Furtherhore, tpe mere fact that similar animals come
together temporarily to feed is no proof that they fed
commdnly together in the past, and have since diverged
because of food-competition displacement.

Davis and Mumford, in their paper on the ecological‘

habits of the Eastern pipistrelle (Pipistrellus subflavus),

note (1962) many examples of comﬁon feedinzs with other bats

for this bate. They report that Pipistrelles commcnly feed



without conflicts with Red bats (Lasiurus borealis) and

Big brown bats (Eptesicus fuscus). Other species noted

occasionally to share common feeding grounds are Hoary

bats - (Lasiurus cinereus), Evening bats (Nycticeius

humeralis),“indiana bats (Myotis sodalls), and Silver-

"haired bats (Lasionycteris noctivagans). However, 1t

appeers that all of these reports of common feedings are
based on fileld observations and not on digestive trect

analyses.
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The general nrev selection, both 1n resard to types

ard size range, is similar for both Brazilian Iree-talils

and Pipistrelles. This 1s not surprising, fer I have often

" observed these two kinds of bats feeding tozgether in the

same-areas- Perhaps the ree-tailed bats are more tolerant

of prey species. Their stcmachs are often 1'illed by a
given prev (such a2s hemipterans), which, in the
Pipistrelles! stomachs, may iny amcunt to a few of these
forms. Perhaps this indicates that the Pipistrelles had
sampled this type of prey ana found-it wanting;

As noted abcre, some of the Brazilian bats start
their foraginz in the crepuscular perlods, along with the
Pipistrelles. These common feedinzs apparently involve
“selection of prey (e«ge, leafhoupers) that ave not cf an
~opportunistic situation. Yet, in these forms which

-appafgntly overlap'With regard to prey and size range-
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selection, I have still to observe any antagonistic
behavior on the feeding groundss

-~

With rezard tc the other important re:c.:irement,
shelter, ti:cse bats dc not compete. One is a colonial cave

bat, while the other is a solitary crevice dweller. For

these reasons, Tadarida brasiliensis and Pipistrellus do

not a pear tc be competitors, in the sensu stricto

definition of competition formulated by Elton and iiller
(195l)« It should be clearly understocd that these are the
only two insectivorous bats of different zenera that I
observed with similar feeding habits, and moreover, occurring
togetiier on the same feeding grounds. Although other species
may share certain food-itens (compare the California
leaf-nosed and the Fallid bats' food hablt listings), each
nave theilr own peculiar feeding stétionSo

Brazilian free-tailed bats feed on very small
insects, as small as two millimeters. The overall size
range of the prey is 2 to 10 mm (but they will take prey
up to 25 mm long), with about 5 mm as averaze lenzth. They
chew thelr food guite finely. They have a wide fan;e of
prev selection as to orders of insects, taliing any that
occur 28 small flying forms, the smaller moths, bheetles, and
true bugs. They. awpear tc he onportunistic with regard to
the selecticon of flying antse.

In times of reduced availability of prey (l.e.,

winter months), the Brazilian free-tailed hats migrate
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southward from the continental United States, while the
Pipistrelles remain, with creatly reduced foretins activitye.

However, this is not ipso facto a case of food-comuetition

diSjlacement, and, most likely, for the IPrec-taills is a
cold toclerance displacement, or really a genetically
based irmizration. |

Marshall, (1957) in cate=orizinz his concept of
""joint feedins" notes that "Some birds are versatile enousgh
in their forazinT benavior to take advantase of wmnusual
concentrations of food." He cites numerous examples of
joint feedin=zs; on one occasion he observed such obvicusly
different bilrds as Red-shafter Pliclkers, Acorn Woodpeclkers,
Cassin Kingbirds, and Western Wecd Pewees in continucus hizh
flicht catchning small hymenopterans, thus for the momeqt
adopting the feedinz metiiod of swallowse.

Surely the cormon feedinﬁé mentioned abcve, znd all
Qf the examples noted by Dr. Marshall, do not imnly that these
biras~evef fed at the same feeding station and hrve since,
in ‘time, diversed, returanins to a "former" similer feeding
sﬁatidn.only in times of superabundance ol food.

I therefore would likeito 1limit the concept of
competition in rezard to focd to the "everyday staples" of
their diet, and not include in this term the situations 'in
which fcod is temporari y superabundant in nature,'for it
seems that no form can wholly‘aaapt to food that 1is avail-
able to it only temporarily and is not essential to its

food habitse.
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Although most béts catch their prey.whilé both are
in flight, there are two nqtable exceptgéns- The Péilid
bat typically preys cn larze ground-dwelling insects énd‘
scorpions for a small porticn of its diet end the California
leéf-nosed bat occasiconally preys on larval insects that
occur on veizectatione The latter is more or less omnivorous
and feeds on plants, at least on fruit.

The Pallid bat takes avparently all large flying
~insects (20 to 70 mn) that occur in its habitat. One can
not help beinv impressed by the large amplitude of prey
specles utilized by this insectivore, allowing it tc occupy
manv habhitots. However, there anpears to be selectiveness
wben it preys on large zground-dwelling forms. This Species;
like ﬁhe California leaf-nosed bat, has the unusual behavior

of using a feeding rooét to which it brings large insects
and there feeds on the abdomens of these prey specieﬁ-

The Leaf-nosed bet, perhaps because of 1ts omnivorous
habits, apnears to not have a definite size réﬁge of species
on which it preys. '. |

For vsrious reason, but mainly lack of adequate
material, no size range of prey was indicated for the

N -
following bats: Cave, Red, Yellow, Evening, Allen's

-

8l
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big-eared, Pocketed freec-tailed, Big free—tailed, and

. Underwood!'s mqstiff-‘ Yet, as much as could be discerned
from analyses of their digzestive tracts was reported (such
~as the species, the size of the insects).

Of all bats §tudied, the crepuscular Western
piplstrelles and the more nocturnal Bragzilian free-tailed
bets appear to Le the only Specieé with simiiar feeding
habits. Both select prev species with body lengths of 2 to
10 mm (uvp to 25) with abcut 5 mm as the average iéngth (of
the same orders of ihsects)- According to tbe ¢definition
of competition offered by Elton and Miller (1954) in the
sense of "reducing the reproduction efficiency or increasing
the mortallity of its competitors", no competition between
these bats was obsérved-

The food preferences of the Eastern pipistrelle
appear to be very similar to thosé noted for the Western
plpistrelles.

The Hoarv bat appeared to he more restrictive, as
far as orders of Iusects selected. It actively selects
cnly moths in a size range of 6 to 30 mm, with an gverage
length of 20 mm suggested with hesitétion-

Another restricted insectivore is Townsend's big-
eared bat. It also féeds cn moths, selecting thése of a
size range of 3 to 10 mm, With an average of possibly 6 nme
The reason for these indefinlte averazes is the finely

masticated condition of the prey which preclude” finer

measurementse.
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Although the Spotted bat was noted to have féd
only on moths (8 to 12 mm), this analysis was based on the
contents of but 5 digéstive tracts and the earlier analysis
of guano.
I have now contributed two conflicting reports
hased on two separate {ood habit analyses of the Greater

nastlff bate The second analysis is probably the more

[
(=N
o}

reliable in that the diet included larpge flyingzg Torms such
as sphingid moths (ca. 60 mm). This is the larzest bat in
the continental United 3tates (with an'extremely large gape)
and cne would expect it to feed on the larger insectse

As a result of these studies I have reached the
followin: major conclusionse

Fach species of strictly insectivorous bats selects
types of prey species that are within a more or less wide
but definite size rancse of body lengths. There anpears to
be a given size for the majoritv of insects selected and
when the selections are outside this ~iven size, the length
of the prey species are usually in the uppef limit of the
size range.

Generally, 1ar§er species of bats take larger in-
sects. The only a:parent exception is the Greater mastiff

bat, Fumops perotis, a larze species. In the only two

detailed studies of this species I have detected two opposing
food prefefences- I sugmest that possibly my original study

{ad 1]

which involved, togzether with digestive tracts,. an analysis
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of guano, may have contained contaminative matefials; Iﬁ -
is strongly indicated that analyses of the contents of
digestive tracts are preferable to analyses of guanoc be-
cause of the more direct and rellable association of the
material and the bats.

There appear to be three hasic methods of obtaining
nrey species utilized by insectivorous Bats- Pallid and
Leaf-nosed bats apparéntly use vision for detectiny prey, .
especlially insects that are found on the ground énd
vegetaticne Other species (e.g+, Pipistrelles and
Brazilian free-tails) utilize the dense flights of crepus-
cular insects and appear to filter feed, without indiﬁidual
pursuit. Lastly, there are bats (g-g-, Hoary and Big-eared)
that echolocate in pursuit of individual preve.

Insectivorous bats are found to have tweo feeding

periods. The post meridiein period is the more productive

of the ftwo. In many instancés the more succeséful hunters
of a gilven speciles obtain their £ill rather quickly within
the early minutes of this period (e-ge, stomach filled in

approximately 30 minutes). The ante meridiem feeding

period, when utilized, offers less opportunity for successful
hunting. The evening feeding period begins at twilight or
shortly afterwards in ccmplete darkness (zero solar
radiation). Depending on the species of bat, thlis period
may last to 12 A. M. The second feeding period begins at

3 A. M., and may last into the twillight of the morning.



28

The orders of insects most frequently preyed upon
eare moths (Lepldoptera), beetles (Coleoptera), grasshoppers
(Orthoptera), true bugs (Hemiptera and Homoptera), and
flying ants (Hymenoptera). Mcths and bheetles, both very
large groups, have so many diverse tvpes of so mary sizes
(from one ﬁm up) that thevy may be available as universal
fond items fdr insectivores. At least the flyins
Orthopterans are, for the greceter part;'large forms .

(i-g-, 15 mm or over). True bugs have many smell {lying
'types, and c¢specially have dense Clights, particularly in
the twilizght period, when most predation upon them occurse

Flyinz ants are utillized by raptors as an
opportunistic food iteme They must be considered opportun-
istic food because of their irregular swarmin3e Being weak
fliers, {lying ants are easy to canture and are taken for
food rezardless of the typical feeding limits of the predator.
Yet even ants, when taken in opportunistic feeding, are
usually only utilized when they are in the upper limit of
siéé range of food itemse.

Many orders of insects are not used for food by
winged predators because their members are.mostly small and
flightless, or solitary fliers, or dirmwmal in habits. For
example, two-winzed flies (Diptera) are not taken in great
numbers, although many of them are in the right size range.
As a rule they do not make dense crepuscular or nocturnal

flights, although the nematoceran Diptera eare an exceptions
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These flie;, however, are usually sc small o1 such
agile fliers that they seem to escape preéation-

Unfortunately‘fdr the identifier of the insect
remains, bats that pursnve individual prey abpesr to approaoh
their intended. tarcget (presumably of the acceptable length)
from the rear and in a single snap engulf their victim.
The closing of the bat's mouth usually shears off the head
capsule and winzs, which are lost. These parfs for many
fdrms (ee7s, moths and flies) are the critical taxonomic
structurese. '

Competition for food between bats or with other
nccturnal insectivores was not observed in this study,

provably because insects are usually very abundante.
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