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Abstract: The Pacific sheath-tailed bat (Emb(lllonura .,emicalldata rotC11sis) and 
Nlariana swiftlet (AeTodramus hartscbt) are two rarc insectivorous taxa restrined 
to the southern Mariana Islands in western Micronesia. It is believed that popu­
lations of both have dwindled because of impacts (() their food resources. How­
ever, there is little information on the food habits of A. battsc!?i and none exists 
for E. s. rotemis. Tn an effort to better understand the feeding habits of both, we 
investigated their diets using guano analysis. Guano "vas collected from two 
roosts in caves during a 2-week period in June and July at the onset of the rainy 
scason. Important orders of insects consumed (perecn (age volume) by bats 
roosting" at one cave included hymenopterans (64%), coleopterans (10%), lepi­
dopterans (8%), isopterans (R%), and psocopterans (5 %), whereas those at a sec­
ond cave included Jepidopterans (45%), hymenopterans (41 %), coleopterans 
(10%), and isopterans (5 'Yo). Swiftlcts, which roosted in only one of the caves, fed 
mostly on hymenopterans (88%) and hemipterans (6%). Significant differences 
existed between the two taxa in several insect orders eatt:n, with E. s. roten.,is 
consuming more lepidopterans and co!eopterans and A. hart.l'cbi taking more hy­
menopterans and hemipterans. Within Hymenoptera, bats fed more on icbneu­
moideans, whereas swiftlets ate more formicid alates and chalicidoideans. This 
new infom1ation on the feeding habits of F. s. 1'otenJis and A. haTtghi provides 
insight on the complexity of their diets during June and July, and serves as base­
line information for future studies and management of their habitat. 

THE PACIfIC sheath-tailed bat (Emhflllon1lrrl Mariana Islands of Guam, Rota, Aguiguan,
 
setniwudata rotensis) and Mariana swiftlet Tinian, and Saipan in western Micronesia
 
(Ae1Wh-a7llus hm7..rcbi) are cave-roosting aerial (Lemke 1986, Hutson et ~tl. 2001, Cruz et a!.
 
insectivores endemic to the five southernmost 200R). Both taxa expel-ienced severe declines
 

in abundance during the t\ventietb century,
 
including population extirpations on two or
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categorized as endangered by the Interna­
tional Union for the Conservation of Nature 
and Natural Resources (IUCN 2009). Under 
the U.S. Endangered Species Act, A. bll71St:hi 
is listed as cndangercd and E. J. rotemis is a 
candidate for listing. 

Reasons for the population declines in 
both taxa are poorly unJerswod but are per­
haps related or compounded because of their 
similar foraging and cave-roosting habits. 
One or more of the following factors may 
have been involved in the declines: distur­
bance of caves, especially during 'VVorld Vlar 
II; loss or degradation of forests and other 
foraging habitat'> due to clearing for agricul­
ture and other forms of development; loss of 
hahitar due to introduction of ungulates and 
other invasive species; usc of insecticides; ty­
phoons; and predation by nonnative species 
such as rats (Rattus spp.), monitor lizards 
(Vamnur indiC'uJ), and on Guam, brown tree 
snakes (Boiga irreguLmir [U.S. Fish and lVild­
life Service I991, Hutson et al. 20(H, Cruz 
et al. 2008; G.j.W., T.].O., D.]. Worthing­
ton, ]. A. Esselstyn, and E.\VV., unpubl. 
da taJ). 

Dctailed knowledge of diet can benefit the 
conservation of rare species by providing crit­
ical information for evaluating life history, 
threats, and recovery actions. Kershner et al. 
(2007) conducted the only previous analysis of 
the food habits of A. bm-ts(hi, but no similar 
studies exist for E..remiwudato anywherc in its 
range. Our objectives were to determine and 
compare the diets of both species on Agui­
guan, d1e only location where they continuc 
to coexist. 

Study Autl 

Aguiguan (14° 51' N, 145° 33' E) is 7.2 km 1 in 
size and formed en tirely of raised limestone 
karst. Tcrrain is dominated by a large central 
plateau bordered by narrow terraces falling to 
the ocean, willi elevation reaching 166 m. 
Thc island's climate is tropical, with mean 
daily temperatures ranging from 24°C to 
32°e. Rainfall averages about 2,000 mm an­
nually and occurs mainly from June to No­
vember. Plant communities consist of: (1) na­
tive limestone forest, which covers about 49% 
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(G.].W., T.].O., D. J. Worthington,]. A. Es­
selstyn, and E.W.V., unpubl. data) of the is­
land and is primarily composed of Gumnirt 
manannae, Cynometm ramifloTa, Pisoniu gmn­
dis, O,'hrosia mariannenJis, Aj;Laia mari{mnellJl~r, 

Ficus prolixa, Cerbem dilatata, and Premna ob­
tmifo/ia; (2) former crop fields now largely 
revegetated by weedy thickets of introJuceJ 
plants such as Lantaml can'tOra, Chromolaena 
odO/-atll, A1ikania .'it:andem, Tl-idllx procumbens, 
and several grasses (23 %); (3) groves of sec­
ondary forest composed mainly of introduced 
trees A(flcia cOllfu.w, Leuwena lwcocephala, Tri­
phI/sill !'rijo!ia, and C'rtJua'rina equiretiji!lifl and 
some native trees, including O. mal-iannellsiJ, 
G. mrl1'umnae, and .MeumoLepis multiglanduLosa 
(20%); (4) grassy and shrubby coastal strand 
vegetation (4%); and (5) bare ground (5%). 
Decades ofoverbrowsing by feral goats (Capr'a 
hi-rcuJ) have altered the stnlcture and species 
composition of native forest and created an 
open understory wi th little ground cover. 
Ahrtliguan has heen uninhabited sincc the end 
of World \Var II and is administered by the 
U.S. Commonwealth of the Northern Mari­
ana Islands (CNNII). 

MATERT.'\LS AND METHODS 

Examination of stomach contents is a useful 
method of determining food habits of in­
sectivorous bats and birds (Rosen berg and 
Cooper 1990, VVhitaker et al. 2(09). This 
technique allows for the examination of un­
digested material and is especially benefici.ll 
for identifying- soft insect parts that can be 
destroyed by digestion (\~/hitaker et 31. 2009). 
IIowever, direct analyses of stomach contents 
entails killing individuals immediately after 
captu re, and there are often ethical and legal 
issues related to obtaining samples and an 
adequate number of samples needeu for 
comparisons (Rosenherg and Cooper 1990, 
Vv11itaker et a1. 2009). Therefore, given the 
respective rare and endangered status of F. .'i. 
l·OU17Si.'i and A. bafTJcbi, we used the nonim'a­
sivc rnethou of hrtlano analysis to determine 
diet composition of both taxa at two caves 
used as roost sites during June-July 2008. 
Analysis of guano provides an accurate 
method of identifying various hard-bodied 
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(e.g., beedes) and soft-bodied (e.g., Aies) in­
seC( prey items consumed and dig'ested by 
bats (e.g., Valdez and Bogan 2009) and birds 
(e.g., Ralph et a!. 1985), ".rith good agreement 
in results when compared with stOmach anal­
yses (vVhitaker et a!. 1981, vVaugh and Hails 
1983). As with any d-iet analysis technique, the 
accuracy of guano analys-is is dependent on 
expertise of the individual examining samples; 
available reference matcrial; and the age, 
composition, and condition of tbe guano be­
ing examined. 

Guano Cave was the larger of the two cavcs 
sampled and supponcd the largest and second 
largest known colonies of A. bat1.w:bi and E. J. 

rotensiJ, respectively, on Aglliguan, with ~250 

nesting swiftlets and 43-64 bats (including fe­
males with volant young) counted during our 
visit to the island (G.j.vv., T.].O., D. ]. 
VVorthington, ]. A. Esselsryn, and E.vV.V., 
unpub!. data). Within the cave, areas of roOSt 
placement for each species were segregated, 
with roosting bats positioned about 15-20 m 
above the cave Aoor in a distinctive domed 
ceiling' at the end of the deepest chamber of 
the cave, whereas most ~;wiftlets and their 
nests occurred closer to the main entrance on 
the walls of the same cham bel' 3-15 III above 
the cave floor. This greatly reduced any (;[OSS­
contamination of b'IJano sanlples for each spe-' 
cies coUected during the study. Upon our ini­
tial observation of the guano in the cave, we 
found that piles from E. J. rotellJL~ and A. btlrts­
chi had accumulated over many years and had 
largely disintegrated into a fine powder, mak­
ing it difficult to distinguish bat from ~"V>'iftlet 

g1Jano. Therefore, we chose to collect fresh 
samples from E. s. 1'otenJjs and A. bm'ucbi at the 
same time. On 25 June 2008, we placed a 
1 x 1 m plastic sheet on the cave Aoor directly 
beneath the roosting bat~ and a similar sheet 
beneath an area where swiftlets roosted. The 
sheets with accumnlated fresh guano were re­
trieved from the cave floor on 30 June and 
placed in plastic resealable bags. 

The second cave sampled, Crevice Cave, 
was located about 450 m from Guano Cave. It 
held a slllall gTOUp of E. _1'_ rotensis (twO to three 
adults, one pup) in a slll<lll side chute midway 
through the cave but showed no evidence of 
recent occupation by A. brn1J<'bi. On 27 June, 

we placed a 0.5 x 05 m plastic sheet 1 m be­
neath the bats hanging on the wall of the cave. 
Because of the few bats present, we left the 
plastic sheet in place fot 13 days to gather an 
adequate sample of guano. 

We made a small refcrence collection of 
arthropods (mostly insects) to aid in identifi­
cation of fragments observed during' micro­
scopic fecal analysis. Arthropods were col­
lected using a sweep net and a black light, and 
by beating of vegetation with a hand net. \Ne 
also collected a small sample of arthropods 
using sticky traps made of76 x 127 mm index 
cards coated wi th an inse(;t b'lrrier (Tree Tan­
g-lefoot Pest Barrier, The Tanglefoot Com­
pany, Grand Rapids, iVlichigan) and hung 
vc.:rtiC<llly from the forest canopy, but we 
abandoned this technique when seasonal rains 
caused disintegration of the cards. Collected 
arthropods were placed in vials of 95% etha­
nol and later identified in the laboratory. 
Guano and arthropod reference collections 
arc held at the Museum of Southwestern Biol­
ogy, Universlry of New lvlexico, Albuquer­
que, New Mexico. 

Upon examination, we found that fresh 
fecal material of bats and swi ftlets could be 
readily distinguished. The intact fecal pellets 
of g s. 1'otemis wen:: ell iptical and averaged 
4 mm long by 2 mm wide (n = 50), whereas 
those produced by A. bartschi were globular, 
as obsetved for otller small insectivorous 
birds, and ranged in length from 6 to 24 mm 
(i= 12 mm, n=50) and width from 3 to 14 
mm (:1:= 7 mm, n = 50). Guano frOIll A. batt.\'­
chi was also differentiated from g J. rotensiJ 
gl..lano by the presence of uric acid crystals 
combined with digested insect material. lvIi­
croscopic inspection affirmed these gross dif­
ferences; insect matter consumed by E. s. ro­
tensiJ was always chewed into much smaller 
fragments than'those found in A. bm1JChi fecal 
matter, and head capsules of insects were 
more prevalent in guano belonging to A. 
bm1scbi. Using these cri teria, \ve sorted 
formed guano pellets of E. J. roteruir and A. 
ba17.schi from powdered /:,'lJano that was created 
when the plasrie sheeting' was removed from 
the cave and transported to the laboratory_ 
Samples were then grouped according to their 
respective roost or nest site. Pellets were 
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subsampled and analyzed following the tech­
niques ofvVhitaker et a1. (2009). Fecal pellets 
were placed in watch glasses with 95% etha­
nol and teased aparr under a stereo-zoom mi­
croscopc. Insect prey wcre idenritled ro the 
lowest taxonomic level possible, usually to 
family: using valiolls guides for identification 
(Borror and \Vhite 1970, Chujo 1970, \\ihite 
1983, Arnett 2000, Arnett and Thomas 200 I, 
Arnett et a1. 2002, Triplehorn and Johnson 
2005, Clouse 2007, vVhitaker e:t a1. 2(09). 

One hundred intact fecal pellets of E. .1. 

nJtensis were analyzed from each roost, with 
each pellet representing one sample. Because 
fecal samples from A. barl.rfhi disinregrated 
easily compared with bat guano, we were able 
to retrieve only 50 intact fecal samples for 
analyses. Perce:nrage volume and frequcm.:y of 
occurrence were calculated for each prey item 
(\Nhi taker et a1. 2009). In addi tion, we used 
digital calipers (Mitutoyo, Mitutoyo Corp., 
Japan) to measure length and width (to the 
nearest n.OI mm) of single rcprcscnrativ<:;s 
from our reference collection of arthropods 
that were similar in appearance to matched 
prey items found in the diet of E. .1. roten.l'i.\· 
and A. bartSf!Ji. L,engths were measured from 
the tip of the head or mandible. whichever 
extended farthest, to the end uf thc body. 
\Vidths were measured at the widest point of 
the head or body of the insect, excluding the 
legs and wings. Because we failed to collect 
voucher specimens of ichneumonoideans, we 
used the size of ichneumonoidean wings 
found in h'Uano to estimate total size of the 
prey item and then measured a fomlicid of 
similar size to provide an approximate length 
and width. Vie did not collect any hy­
menopteran that could be used to estimate 
the size of Chalicidoidea. 

We performed analyses of variance com­
parisons on food habits of E. 5. roten5is and A. 
bfJrfkhi at Guano Cave using SAS 9.1" Results 
from Crevice Cave were used to assess gen­
eral dierarv differences berween bat colonies 
but were "excluded from statistical analyses 
because this colony's small size would likely 
have caused pseudoreplication among sam­
ples. Given the sizes of the E. s. roten.\·i\· and A. 
bllrtschi colonies at Guano Cave and on Agui­
guan overall, we believe our sample sizes were 
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large enough to provide a diluted repl'esenta­
tion of diet for each species without produc­
ing' bias to any single individual in the sam­
pled colonies. Also, we believe that statistical 
comparisons wcrc bcst for samples collected 
under the same conditions and time frame, 
thus further excluding samples from batS in 
Crevice Cave. 

RESULTS 

\Vc identified seven orders of insects in the 
diet of E. s. l'otensis on Aguiguan. At Guano 
Cave, hymenopterans composed the gTeatest 
volume and frequency of occurrence in fecal 
pellets (Table I). Among identified hy­
menopterans, ichneumonoideans (parasitic 
wasps) and thc alates of Formicidae (ants) 
were most important as prey. Among fonni­
cids, members of the subfamilies Formicinae 
and Ponerinae were recorded and probably 
included the ponerine /1l1ochetu5 gme/re7'i 
(trap-jaw ant). Ncarly hal fof the hymenopter­
ans hy volume were unidentified. Other com­
mon prey included co!eopterans (beetles), 
microlepidopterans (moths), isopterans (ter­
mites), and psocopterans (barkl ice) (Tahle I). 
Nlembers of the coleopteran families Cun;u­
lionidae (snout beetles), Cryptophagidae 
(silken fungns beetles), and Mordellidae (tum­
bling flower beetles) represented minor prey. 
Other identified prey items each composed 
<I % of volume and did nor occur frequently. 

Fecal samples of E. s. 1'otensis from Crevice 
Cave contained mostly microlepidopterans 
and hymenopterans (Table I). vVithin Hymc­
noptera, ichneumonoideans were consumed 
in the greatest amount, whereas alates of for­
mjcines and unidentified hymnopterans were 
eaten less often. Coleopterans and isopterans 
wcre also notewoIThy prey. Among colcopter­
ans, members of Cryptophagidae were the 
most important prey identified. Other identi­
fied prey items each composed < I% of vol­
ume and did not occur frequently. 

We identilled six orders of insects in the 
diet o( A. bartsd7i roosting at Guano Cave 
(Table I). Hymenopteram were the main 
prey consumed, with alates of formicids, in­
cluding Formic:inae and Ponerinae, contrib­
uting most to the diet. Chalicidoideans (para­
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TABLE 1 

Percentagc Volumc ;md Frequency of Occurrence ot Prey Items Jrl Guano Samples (n) [mill Paciiic Sheach-Tailed
 
Bats (E"'vallrJ1lum mmmudfilfl ,'olmJis) ,1nd Manana SWifdets (Ael'odTI17IWS brwtschl) on AgUlguan, j'vbriana Islands,
 

June-July 2008
 

E. J. roraws A. bl1rtschi 

Crevice Cave Gnano Cave Guano Cavc 
(n =100) (n= 100) (n =50) 

Tax-a %voJ % [rcq % vol % freq %vol % freq 

Lepidoptef:;l 45 86 S" 38 - , 

(Mlcrolepidoptera) 45 86 8' 38 
HYTTlelloprera 41 82 64' 95 tlW 100 

khneulnoide,\ 31 46 25 45 
, ~Forrnicidac: FOrlmcm·.1c 26 I 12 4\ 82 

FOnmCldJe: I'onerin~e 12 10 
C:hJllt"1doj(!e~l 15 64 
Unknown !-Iyruenopcera 3 18 31 63 30 90 

CoJcopter~ [0 68 10' 73 2~ 78 
Cryprophagidae 3 18 <1 4 
ScolyrinHe I 9 42 
Mordellidae <I 6 <1 3 
CurcuJionidae <I 2 <l 2 
Chr-v-smnelidae I I 
Unkno,,'TI Coleoprem 6 53 8 60 l 54 

Isoprera 6 8 10 1 32 
Diptaa <l <[ 1 <J 2 
Hellllplera <1 4 <I" II 6' 32 

Aradjd~e (Hereroprera) 6 42 
Cicadellidae (Auchenorrhyncba) <I 2 <I 4 
Cnknown Hemiprcra <I 2 <I / <l 4 

Psoeoprel~l <I 2 5 26 J 32 
Pseudocaecillidae <1 5 26 1 32 

Unknown insecl <1 20 I 10 I 12 
Feather 3 25 2 4 

N"". V,lues of e~ch order represellt the over-dll percentage ...-olume (% vol) and frequency (% f,'eq). Asterisks denote significll\t 
differences, a( 95% cr, in percentage ...-olumes of InSCet orders consumed by b.(s dnd s""fde" from Guano Cave only. 

sitoid wasps) were the second most abundant 
and frequently encountered prey irem. Un­
identi lied hymenopterans, hemipterans, and 
coleoptcrans were <llso prominent in the diet. 
Among' rhe two latter orders, prey items be­
longing to Aradidae (fbt bugs) and Scolytinae 
(bark beetles) were recorded. Other insect or­
ders each represented:::;1 % of the volume and 
occurred in 2%-32% offecal samples. 

Significant differences existed in the per­
centage volumes of four insect orders con­
sumed by E. s. 1"otensis and A, ba17,fChi at Guano 
Cave (Table 1). EmballonuTa s. rotensi.r con­
sumed larger amounts of lepidopterans (F = 
19.89; df= 1, 148; p< ,01) and coleopter;\Ils 
(F= 6.79; df= 1, 148; P= .01), whereas/I. barts­

chi consumed larger amounrs of hymenopter­
ans (F == 9.68; df 0= I, 148; P < .01) and hemip­
terans (F= 29.50; df= I, 148; P < .01). 

Collected arthropods matching those con­
s--uI11ed by E. s, rotensis were small in size, rang­
ing from a scolytinc at 1.72 mm long x D.85 
mm wide to a ponerine at 7.6 mm long x 1.63 
mm wide (Table 2). Isopterans were the sec­
ond largest prey item at 6.13 mm long x 1.55 
mm wide and would have been the longest at 
11.87 mm if wings were included in the 
measurements. Arthropods consumed by A. 
bartJ'chi were similar in size to those taken by 
E..'. rotel1sis, including scolytines, forrnicines, 
ponerines, and isopterans (Table 2). However, 
we suspect that largcr-si7.ed prey items may 
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TABLE 2
 

Length Jnd \Nidth .'\:Jeasurcmcnrs (to the Nearest
 
0.01 mm) 01':1 Single Represenranve from Some of (he
 
Prey Items Consumed by P'acific Sheath-Tailed Ba,s
 

(t;,nu,t!!o?1um -"",,umudf"': t'IitWJls) on Aguiguan, Mnri:lnd
 
Isl~nds,Julle-July 2008
 

Insee, Leng,h Vildth 

rchneumonoidea 338 (+.15) 0.73 
Formicjn~e' 5.10 (6.07) 1.20 
Poncrinac' 7.60 (-) 1.63 
Curcu 1ion idae 2.37 1.20 
Scolytinae (large)' 2.57 0.95 
Scolytinae (small) 1.72 0.85 
Crypwphagnbe 1.28 1.50 
Mordelli(he 3.32 1.26 
Chrvsomelidae 6.07 3.9 ! 
Mic~olcpldoplera 2.69 (3.14) 0.94 
Isopter'a' 6.13 (l U7) 1.55 
PsendocaecjJJ idae' 2.75 (U6) 0.98 
Cicadtilldae 2.89 (3.70) 1..16 

---- ­-_._-----~ 

lV()l~' ASlerIsks clenou: prey lreDl represent3tJVc;S al:;o con­
sumed by ;Vf:l1+m:l 5wifr!ers (.Acrodrn.·mw· hIlTt..;[h/). "\.[un1bers m 
p3femhe,e, repr.s.m the length uf ill. head to lbe posterior tip 
of the wings. Me:lSUrCnlCI1(S for IchneumOlloidea arc es(ilnatC'-d, 
b;lSt;d on m~:\surcmc.:n[~ of a fonnicid with similar WLUg si/.l: 

be consumed based on the observed head 
lengths of aradids and ocher fragmen ts of prey 
items found in this study. 

DiSCUSSION 

Our sUldy provides the first dietary daca for 
E..t. rotew·i.l, as well as new information on tbe 
food habits of A. bat·whi. Hymenopterans, 
lepidopterans, and coleoptcrans were thc 
main insect orders consumed by E. 5. rotensiJ 
on Aguiguan, whereas A. hartschi primarily 
selected hymenopterans. To our knowledge, 
this study is also the first co compare the diets 
of sympatric populations of aerial insectivo­
rous bats and swiftlets, which are sometimes 
considered ecological counterparts that ex­
ploit different per'iods of the day. Significant 
differences existed between the percentag'c 
volumes of four insect orders eaten by the two 
taxa at Guano Cave, with E. s. rotr:n.lis con­
suming more lepidopterans aud coleopterans 
and A. bartschi taking more hymenopterans 
and hemipterans. Althoug'h Hymenoptera 
was the main inseCt order eaten by both taxa, 
f:. .1'. rotr:n.li.l targeted ichneumonoide:ms more 
than other identified families in the order, 
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whereas A. !J'1'/15Chi fed more on fonnicids and 
chahcidoideans. Differences in prey selection 
between the two taxa Iikelv result from differ­
ences in foraging behavio; and the greater di­
urnal or nocturnal availability of some prey 
groups. Sampling for this study was conducted 
bet\veen late June and early July during the 
onset of the rainy season, which coincides 
with the birthing and pup rearing periods for 
E. .f. rotensi5 (Gj.\V, T.].O., D. J Worthing­
ton, J A. Essc!styn, and E.W.V.) unpuh!. 
data) and the main breeding season for A. 
btt1,ts£'hi (Rice 1993; G.] .W., unpub!. data). 

We detected localized djfferences in the 
diet of E. J. roten.rir, with bats at Guano Cave 
consuming rdatively morc hymenopterans 
and fewer lcpidopterans than those at Crevice 
Cave. At least two factors may have caused 
this. First, differences in the c~verage of n;j­

tive and nonnative forest near each cave may 
have resulted in differences in insect abun­
dance or availability for each colony. Sccond, 
result.~ from Crevice Cave, wherc only two to 
three bats resided, may have bcen more 
strongly influenced by individual preferences 
in prey selection. 

J\.1embers of the genus Etnballonum are 
highly maneuvcrable fliers that commonly 
forage inside the cluttered understory of for­
ests (Bonaccorso 1998). Gorresen et a1. (2009) 
noted that the echolocatjon calls of E. 5. 7'0­

terJJJ~r were cypical of those of other species 
tbat forage close to and among the sonic 
"clutter" created hy reflected cchos from 
complex dense vegetation. Observations on 
Aguigllan indicate that E. 5. l'otensis does in­
deed concentrate much of its foraging activity 
in the understory but also feeds at treetop 
level and low above the forest canopy, and 
possiuly in nonforested areas (Esselstyn et al. 
2004, Gorresen et a1. 2009). I3ecause of the 
relatively short stature (7-L5 m tall) of the is­
land's native forest, most understory foraging 
by E. .r. rotensis occurs witbin 5-6 m of the 
ground. By comparison, /1. bar't.\'chi mostly 
forages low over native forest (including 
around the crowns of emergent trees) and 
along forest edges bordering fields and other 
openings on Aguiguan, and rarely if ever feeds 
in forest interiors (G,J \.\1., pel'S. obs.). Large 
open areas on Aguiguan are ;n frequently used. 
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The only other detailed dietary informa­
tion for another species of EmballrJ1luni exists 
for E. nigreJcens, which has been found to prey 
commonly on ants (Vestjens and Hall J977). 
Coleura se,ychellensis, anorhcr cmballonurid 
with a body size similar to that of E. s. rotcnsis 
that is also restricted to oceanic islands, feeds 
primarily on lepidopterans, coleopterans, and 
to a lesset extent on hymenopterans while 
showing greater plasticity in diet and habitat 
use than E. s. Totemi.. (Gcrbch and Taylor 
20(6). 

Our dietary findings for A. barb'chi are par­
tially consistent with those of Kershner et al. 
(2007), who reported that hymenopterans 
composed 60% -65 % of the total insect pans 
examined in guano from Saipan during the 
wet and dry seasons, with winged fonnicids 
being the most common identified prey group 
in that order. However, two other important 
prey groups on Saipan (coleopterans, 20%­
23% of diet in both seasons; homopterans 
[= Auchcnorrhyncha], 10%, wet season) werc 
onlv eaten in small amounts or not recorded 
on ~\glliguan. Cursor;'l examination of guano 
from A. bm'tschi on Guam indicates that flying 
ants are the primary dietary component on 
that island as well, with unidentified weevils 
and other coleopterans present in far smaller 
amounts (R. Muniarpan, rers. comm.). Hy­
menopterans are well documented as a major 
food of some other species of swifdets (Lang­
ham 1980, Hails and Amirrudin [981, Tar­
burton 1986, 1993, Lourie and Tompkins 
20(0), with winged formicids being particu­
larly important at some loc~tions (Harrissol1 
1974, Lim and Earl of Cranbrook 2002, 
Nguyen Quang et al. 2002). A number of 
other insect orders are often prominent in the 
diet of swifdets, including dipterans, coleop­
terans, and hcmipterans (Langham 1980, 
Hails and Amirrudin 19t1l, Lourie and Tomp­
kins 2000). 

In some fecal pe!lers of E. 5. rotensi5, we 
found fragments of coleopterans degraded 
into a pastel ike texture. This .~uggests the 
presence of chitinase, a digestive enzyme pro­
duced by bacteria in the gastrui ntestinal tracts 
of some species of bats th~t aids the hreak­
down of chitinous insect parts and possibly 
helps in the separation of these parts from 
softer connective tissues (vVhitaker et al. 

2004). Although not yet confirmed in tropical 
bats, chitinase 'would be potentially benefici~1 

during periods when food resources are low 
or preferred items are unavailable. \Ve found 
no evidence of chitinasc or related types of 
digestion in the guano of A. bar1schi. One 
of the more intereSting irems found within 
some pellets of E. J. rotemis was the presence 
of small, nearly microscopic Cragments of 
feathers. These fragments were digested, em­
bedded within the fecal pellet, amI found only 
after pellets were teased apart. Fragments in­
cluded parts of barbs of small feathers, likely 
belonging to A. bart.fehi. We believe small 
feathers or feather fragments in the air were 
most likely confused for small insect prey and 
consumed mistakenIv hv E. .f. rotemi.i' while in 
the roost cave as bat~ a~d birds exited and re­
turned from their foraging sanies. Another 
hypothesis is that feather fr~gments :md other 
small airborne particulates landed on the b~lS' 

fur and were consumed inadvertently during 
grooming. 

Detection of Cryptorhat,ri dae and Pseudo­
caecillidae in our study supports the jindings 
of Esselsrvn et al. (2004) and Gorresen et al. 
(2009) that E. s. rotensis is strongly reliant on 
forested habitats for foraging on Aguiguan. 
Cryptophagids feed on fungi and decaying 
plant matter, and live in decaying plant~, 

whereas pseudocaecillids live in bark or foli­
age of trees and shrubs, beneath bark, and in 
dead leaves (Triplehorn and johnson 20(5), 
all of whicb are associated with forest habitat 
on At,'Uiguan. 

In a dietJl)' study of four sympatric swift­
lets in Malaysia, Lourie and Tompkins (2000) 
found that ants and fig wasps composed most 
of the diet for those birds. They reported that 
flying ants composed 85 % of the diet for 
black-nest swiftlets (A. maximuJ) from for­
ested locations. They further reported that 
the food habits of the glossy swiftlet (Colloeatitt 
esculen.ta) varied greatly in a comparison of 
forest, rural, and urban habitats, with dietS 
from fnrest hahitat havi ng greater abundance 
of hymenopteran!>. These examples suggest 
that hymenopterans in the diet of some swift­
lets, as well as the presence of other insects 
(e,g., Aradidae and Scolytinae, this study), are 
more abundant or are more <lssociated with 
forested habital~. Therefore like E..l. rotenriJ, 
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A. bm·t~·(hi on Aguiguan may be reliant on na­
tive forests for foragi ng. 

Because our sampling was restricted to a 
2-week period, we undoubtedly did not re­
cord thc full diversity of anhropods eaten 
year-round and at other locations (e.g., non­
forested habitat) on Aguiguan and thus may 
have missed other seasonally important or 
habitat-specific prey types. Greater variation 
in dietary choice would be expected, especially 
in response to differing phenologies of prey 
throughout the year. A lack of information on 
the seasonalilT of most of the prey groups 
identified in this study makes it difficult to 
predict important foods during other parts of 
[he year in the Marianas (1. Schreiner, pel's. 
comm.). Vile recommend more extensive di­
etary studies on E. s. rnten..-is and A. bal'tschi 
during other periods of the year, and recom­
mend that these studies coincide with investi­
gations on the phenologies and habitat use of 
insect prey throughout Aguiguan. 
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