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Forest bats of Madagascar: results of acoustic surveys
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Spectral and temporal features of echolocation calls produced by 15 insectivorous bat species in three families from Madagascar are
described. In addition we provide a library of bat vocalizations that can be used for acoustic inventories involving heterodyne and
time-expansion bat detectors. Time-expanded recordings of calls from 153 bats from 15 species were analyzed using five commonly
used temporal and frequency variables measured from spectrographs. Echolocation calls for six species (Scotophilus tandrefana,
S. marovaza, Emballonura tiavato, Neoromicia spp., N. malagasyensis and Triaenops auritus) are described for the first time.
A discriminant function analysis revealed that a function based on the five measured variables provided a correct overall
classification of 82.2%. Three groups of echolocation calls based upon the temporal and frequency characteristics of calls are
recognized. The Constant Frequency group consists of hipposiderids and Emballonura spp., the Frequency Modulated/Quasi-
Constant Frequency group is dominated by vespertilionids, and one species, Myotis goudoti, is in the Frequency Modulated group.
Further we describe the utility of using acoustic sampling in inventory and monitoring studies, and in investigations of habitat use.
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INTRODUCTION

Bats are major components of mammalian biodi-
versity in temperate and tropical regions (Mickle-
burgh et al., 1992; Hutson et al., 2001; Simmons,
2005). In Madagascar however, the chiropteran fau-
na is relatively species-poor compared to other sim-
ilar-sized islands but is distinctive for having a high-
er proportion of endemic species (Eger and
Mitchell, 2003; Racey et al., In press). Ongoing sur-
veys continue to provide new information on the
distribution and taxonomy of Malagasy Chiroptera
with ten new species described in the last five years
(Goodman and Cardiff, 2004; Goodman and Rani-
vo, 2004; Goodman et al., 2005a, 2006a, 20065,
2007; Bates et al., 2006). There are now 38 species
of insectivorous bats known from Madagascar. The
rapid rise in new information about the distribution
of Malagasy bats indicates a need for further survey
work. A key question now facing conservationists in

Madagascar is the extent to which insectivorous bats
are dependant on intact forest (Goodman et al.,
2005b) and the impact of habitat degradation on
their populations.

Although trapping and netting are widely used
techniques for assessing bat diversity and habitat
use, captures may not be representative in chiropter-
an communities dominated by vespertilionids and
hipposiderids because these bats may detect and
avoid traps and nets or forage in areas that are un-
suitable for trap placement. Acoustic methods,
which involve the analysis of echolocation calls, are
used in nationwide monitoring programs (e.g.,
Walsh et al., 2001; Rydell et al., 2002; Russo and
Jones, 2002; Roche et al., 2005) and in biodiversity
inventories (MacSwiney et al., 2008). However, be-
fore acoustic methods can be used in assessments of
habitat use, or to augment inventories, a library of
authenticated calls is required to describe the echo-
location characteristics of each species.
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The aim of this paper is to present a description
of the echolocation calls of some Malagasy bats
most of which are associated with forest habitats, to
provide a template for acoustic monitoring studies.
In the first attempt to document the echolocation of
Malagasy bats, Russ et al. (2003) presented sono-
grams of 15 microchiropteran species (including 7a-
phozous mauritianus and five molossids). We have
omitted the molossids and 7. mauritianus from our
analysis as they generally fly high and are difficult
to record in captive situations that approximate nat-
ural flying conditions. Furthermore, recordings were
unavailable for Nycteris madagascariensis, a spe-
cies known only from two specimens (Peterson et
al., 1995; Eger and Mitchell, 2003; Goodman ef al.,
2005a). We present here recordings from previously
unsurveyed localities for some common species and
descriptions of echolocation calls of six species not
previously described. Furthermore, we will relate

the acoustic results to the future needs for ecological
research on the insectivorous bats of Madagascar.

MATERIALS AND METHODS

Study Sites

Recordings were made during chiropteran surveys of na-
tional parks, a community forest and other sites under consider-
ation for protected area status between 2002 and 2006 (Fig. 1).
Habitat types were mid-elevation dense humid forest, littoral
forest, dry deciduous forest and a range of degraded or severely
impacted habitats such as farmland and scrub thicket. A full list
of study sites is given in Appendix.

Capture and Measurements

Bats were trapped in mist nets, harp traps or taken by hand
directly from roosts over 4-6 nets nights during 4-33 nights
spent at each site (Appendix). Most individuals were identifi-
ed by morphological characteristics (Peterson et al., 1995) but

e Study sites
/,/ Main hydrography
[ ] Madagascar coastal

LEGEND

AFRICA

PN Tsingy de{Bemafaha

Saint Augustin_—

Tampolo FC

‘_:A'r:}jozdrbbe

T~ ® pr/Mantadia

® Fandriana

F; _..PN!ﬁatO\

L Ef{)rt Dauphin

Source: BD500 FTM Madagascar

FIG. 1. Location of Madagascar relative to the African mainland; distribution, locality of the study sites
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permitted voucher specimens were taken for bats that could not
be reliably determined in the field and deposited in the collec-
tions housed in the Department of Animal Biology, University
of Antananarivo. All individuals were sexed, weighed to the
nearest 0.5 g and forearms measured to the nearest 0.1 mm with
dial calipers.

Recording and Sound Analysis

Bats were recorded using bat detectors (D980 and D240X,
Pettersson Elektronic, Uppsala, Sweden) in time-expansion
mode (x 10), which retains the integrity of the original signal
(Rydell et al., 2002). Recordings were stored on mini-disks
(Sony MZ-N505 Net MD Recorder/Player without compres-
sion) for later analysis. The recordings were analyzed with
BatSound Pro software (Pettersson Elektronic) at a sampling
rate of 44.1 kHz; with 16-bit resolution. The spectrogram and
the power spectrum were created using an interpolated 512-
point Fast Fourier Transform (FFT) in conjunction with a Han-
ning window and the threshold was set between 13 and 18%.
Recordings were made from bats as they were released from the
hand, or in flight cages and occasionally from hand held bats or
those flying indoors. The advantage of flight cage recordings is
that the bat can be retained, allowing the echolocation recording
to be assigned to a voucher specimen. During 2005 we record-
ed bats using a zip-line (Szewczak, 2000), which allows the bat
to fly in relatively uncluttered environments and may provide
a recording more similar to natural flight than either release or
flight cage recordings. This is especially important when a new
species is described. A zip-line consists of 30-50 m of taut
monofilament line stretched between two poles. A small loop
at one end of a metre of elasticated thread is placed around
the bat’s neck and the other end is attached to the zip-line with
a small snap swivel. Small stoppers are fixed to the zip-line
about 2 m from either end to prevent the bat from becoming
entangled with the poles. Hanging a miniature light stick from
the swivel aids in tracking the bat’s position on the zip-line, for
recording calls and also for locating the bat when it stops flying.
The length of the zip-line enables bats to achieve a regular pat-
tern of flight before calls are recorded.

From each recording we measured five variables either from
the dominant harmonic or the fundamental: (i) call duration (dur
in ms: the duration from the onset of the call to the end of the
call); (ii) the inter-pulse interval (IPI in ms: the duration be-
tween the onset of the call and the onset of a subsequent call);
(ii1) minimum frequency (Fmin in kHz: the minimum frequen-
cy of the call); (iv) maximum frequency (Fmax in kHz: the max-
imum frequency of the call); (v) the frequency that contains
maximum energy (FmaxE in kHz).

Measurements were taken from sonograms (i, ii, iii and iv)
and power spectrograms (v). The shapes of calls were also char-
acterized as steep frequency modulation (FM), steep frequency
modulation followed by shallow-frequency modulation or qua-
si constant frequency (FM/QCF), constant frequency followed
by short frequency modulation (CF/FM) or constant frequency
usually preceded with or followed by short frequency modula-
tion sweeps (FM/CF/FM) (Russ, 1999). The number of harmon-
ics present within the frequency response of our recording quip-
ment (maximum = 120 kHz) was also noted. The duty cycle was
determined by dividing call duration by interpulse interval and
classified as low (< 10%) or high (> 10%) (Jennings et al., 2004).

To avoid pseudoreplication (Hurlbert, 1984) and to ensure
the most accurate possible description was obtained, a single

call sequence from each individual bat was selected. The choice
was based on call quality. We selected one of the last echo-
location calls in each sequence, with a high signal to noise
ratio (Jennings et al., 2004), considered to be a search phase call
(Betts, 1998) and which allowed the selected variables to be
measured with confidence.

Multiple Discriminant Function Analysis

To test the validity of assigning echolocation calls to species
groups, a multivariate discriminate function analysis (DFA) was
performed using SPSS version 10.0.01 (SPSS Inc, 1999). The
analysis determines which variables discriminate between
groups or species using discriminant functions (Digby and Kemp-
ton, 1987). Canonical analysis produces eigenvalues which in-
dicate the strength of the functions in differentiating one group
from another. Wilk’s lambda is used to test the significance of
all the discriminating functions in separating groups of data.
The significance level of lambda is determined from the distri-
bution of Chi-square. To obtain a graphical representation of
the separation of groups based on their discriminant functions,
we plotted the group centroids with 95% confidence limits for
separate functions and the canonical discriminant functions.

RESULTS

We recorded and analyzed echolocation calls
produced by 153 bats of 15 species from three fam-
ilies (Emballonuridae, Hipposideridae and Vesper-
tilionidae — Table 1). Sample sizes for individual
species ranged from one to 28. Morphological meas-
urements (forearm length, FA) are also given in
Table 1. Depending on the species, there were 1-6
recording sites and 1-28 bats recorded (Table 2).

Emballonuridae

In Madagascar, this family is represented by four
species, two of which are also found on the African
mainland (7aphozous mauritianus and Coleura
afra) and two endemic Emballonura species.

Emballonura tiavato
Goodman, Cardiff, Ranivo, Russell, and Yoder, 2006

Echolocation calls of six individuals of this re-
cently described species (two from Antsalova and
four from Bekopaka) were recorded using a zip line
and in a flight cage. Echolocation calls were FM/
CF/FM (Fig. 2A) with up to five harmonics. The
fundamental (often calls recorded in a flight cage) or
second harmonic (almost all calls recorded using
a zip line) was the most intense. The species pro-
duced short calls with a medium IPI and a low duty
cycle (Table 1).

We recorded the exit calls of some bats as
they emerged from a cave roost near Bekopaka.



(Or1-59) (8-9) (€'s7-9'07) (9'2L—89) (87-8'¢t)

8L YT F LS 90F b9 CIF6TY L'EF6'89 TIF6'SY d00/Nd d I 12/6 ECTFSE pZDAOIDUL S
< (1'9%-670) (€970 (6'¢r—TTh) (0°001-8'9L) (S '6t-6'St)
3 T6 €601 F0'€E 0€0F0°€ LOF 6T S68FT16 STFT8Y d00/Nd d I L/ 000 F T9¥ punfaapuv) °§
=] (9°601-€'92) (T9-€¢) (0°$€-00€) (0'27L-009) (8'Tr9v¢) snpsnqo.
k= 6L LEYTFS'LL L8OFOS LETFHTE VEEF 89 18'1 F0'8€ dO0/Nd d I SE/L 90'C F0°€9 snjiydojoog
© (A ady) (€999 (os'st—+2e)  (0°001-€09) 0'15'1%)
o} L6 LSLIF 169 8LOF 6 LLEF SOF SETI F86L V6T F LS 00/ d I 02/9 ST'TFL0¢E sisuadsp3oput ‘N
v (L'961-T'59) (08-8°¢) (£6£-65¢) (T'88-€°09) (€¥r-T68)
E LL LO'SY F 6°601 WIFLS 86'0 F L'LE 8L'8 FT69 89TFSI¥ dO0/Nd d I 97/9 TITFE€E ds pro1uo.0aN
s (I'ze-L€n) (€51 (0°$5-L€0) (ov1—c'101) (I'zL—¢59)
2 0L LTITF SIS 9L0F0'€E 99 F 'St LY6 FTITI STy F¥9 N4 d I 09/11 STFELE nopno3 snody
E (T101-8%€) Lv-L7) (8°9t-0°0¢) (0'16-879) ($'05-+'8¢)
g 89 9991 F t'$9 IS0F9€ Vv F0°0p SI'LFE8L STEFY Y d00/Nd d I YE/L 0T F 9Ly w213
& (S011-T9) (6'5-€) (' 15-€°0%) (Ts6-LLS) (SYS—T¥p) snJNn210.408
— T8 68°L1F 8L ILOFSY LSEF ¥ S 016 F¥EL SSEFS8Y dO0/Nd d I SE/T TFLEY JHofour py
m, (6'121-8'8%) (0L5—¢€) (0°LS—0't¥) (0'8T1-1°€9) (S'19-L7€9) OwIISSIIe] NSUAS
& 'L 8891 F 1L ELOFOY LLEF LIS [1°LT F $001 861 F 1'8S dO0/NA d I 89/91 LUTFT9E  lavupw sniopdonuiy
- (T°96-6'69) (se€0 (0'¢¥-0'9€) (0'Ls0°SS) (€'75-0'08)
E €y TUTIF87C8 PrOF 6T LOEF 1°6€ S6'0F LSS 9T F6°CS ING/ID/NA TH € LIT €6°0 F ¥'8¢ 2
g (Te81-+'89) (L'9-067) (0Tr0°€€) (0°L5-0°55) (8'55-+7CS) oAy
s Ls 65°6TFT'T6 EULFTY QTFTLE 88°0 F9°SS IL0FTHS ING/AD/NA tH S $T/9 99°0 ¥ 0'8¢€ DANUON DQULT
g (o1o1-08°LD)  (0€Tc09v)  (9°L01-1'08)  (I'llI-Lv6)  (S801-€'16)
2 TOF  68ITFSOLE  THYFOITL  v6TF6T T0°LF THOT ¥6'S F €001 /D tH € vS/O1  TOT FLOY S [
m (L'T6-0L91) (L'81-0L'8) (L6-89) (F11-L6) (S’E11-8'76)
~ v'Cs LEVI FTSE 1€9F Tl Y6y F I8 LLOF L'YO0T 60°L F 7°€01 IND/ID/NA TH € SE1/81 €9TFSSH sngnoanf ;|
~ (€'98-L70) (§€1-59) (0'68-00L) (0'86-0°T6) (0°56-€°06) puRUDUIUL
kw Y4 16°€1FL'Th 8CTF 101 LLEF 0TS €CTFTH6 10T FT€6 A/ tH € T8/S1 WLIF96Y sdouaviif
= (ssT1-L's1) (€61-¢L) (8'%9-0'9%) (8'LL—€29) (§'9.-919) TUOSUIULUIOD
M Tle 6L°61 F 8°6€ 18T F€TI 9¢y F S'ES 09°€FLLY 60°L F9'99 N4/4D tH € €51/8C LO9F L8 soopisoddir]
M (%) A310U0 soruouLIey

Joko () (sw) (ZH) (z) (zH1) SIMPIAS  sowr g Jo Joquuinu sosind u (ww) v so10adg

Lnq IdI g uru{ Xeun] Fxew, 1ed olOWIRl  WNWIXE / S1eq N

UMOUS OS[e oI sanjeA 9[0Kd AN "(A[0A10adsal ‘puooas Jo [ejudwepuny) gH pue J Se poweu sI A310ud
1SOW Y}IM OTUOWLIRY dY ], "UMOys SI (Jejudwrepuny oy Surpnjour) soruouLiey Jo Joquinu wnwixew dy ], “(sosind u) pasAreue sosind pue (syeq ) syeq Jo s1oquinu d1e umoys sozis sjdueg
‘pasATeue sem jeq 1od (sasind Jo 9ouanbas -9°7) [[BS UONEIO[OYDI SUO PUB UMOYS dIe (WNWIXLW — WNWIUIW) (S F X Q[qBLIBA o8 10, TeAloiur dsindioul :[J] cuonenp :np ‘Kouonboiy

w wnuu U, ‘Aousnbory winwirxew :xew,y AS1oud wnwirxew Jo Aouanbaiy :gxewrq {yiSus| ULRAIO) 1V "9007—200T TeISeSepeIA UIYIIM S)IS SNOLIBA UI ‘SHX9 }S001 SuLnp pue ‘soged

[ WS1J ur ‘sour] diz uo ‘oses[a1 puey SuIsn popIodaAl BXE) G JO s1eq £G1 Aq peonpoid s[[ed uoneso[oyd? Jo sojqeriea Jerodwd) pue Aouonboy pue syuowansesw [edrdojoydioj | 14V



Forest bats of Madagascar: results of acoustic surveys 379

They consisted of multiharmonic signals the fourth
harmonic of which contains the maximum energy at
about 55.2 kHz.

Emballonura atrata (Peters, 1874)

Echolocation calls of two E. atrata were record-
ed in a flight cage from Tolagnaro in south-eastern
Madagascar. This species produced FM/CF/FM
calls with the most energy in the second harmonic at
52.9 kHz (Table 1 and Fig. 2B).

Hipposideridae

In Madagascar, the family is represented by four
species of which three are endemic. The echoloca-
tion calls of Hipposideros commersoni, Triaenops
menamena, T. furculus and T. auritus were recorded
during the study.

Hipposideros commersoni (E. Geoffroy, 1813)

This is the largest insectivorous bat in Mada-
gascar. We recorded the echolocation calls of 28 in-
dividuals from six different sites (Parc National
(PN) Tsingy de Bemaraha, PN Namoroka, Tolag-
naro, PN Isalo, Tampolo CF and PN Ankarafant-
sika). This species produces narrowband and long
CF calls which terminate with brief FM elements
with a high duty cycle (31.2 %) and maximum ener-
gy at about 66.6 kHz (Table 1). The calls consisted
of a maximum of three harmonics most energy in
the fundamental or second harmonic (Fig. 3).

Triaenops menamena Goodman and Ranivo, 2009

Fifteen individuals of this medium-sized
bat were recorded from Antsalova and Bekopaka
within PN Tsingy de Bemaraha and the Saint
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F1G. 2. Sonograms of: (A) Emballonura tiavato (Zip line, 22 October 2005, PN Tsingy de Bemaraha, western Madagascar) and
(B) E. atrata (Flight cage, 23 May 2004, Mandena, south-eastern Madagascar)
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TABLE 2. Species recorded numbers of recording sites and number of bats recorded. The numbers of bats recorded in each method

are also shown

Processing method

Species n sites N bats Hand Roost Free Flight Zip line
release emergence flight cage

Hipposideros commersoni 6 28 16 9 3
Triaenops menamena 2 15 4 5 6
T. furculus 3 18 5 13

T auritus 1 10 10
Emballonura tiavato 1 6 2 1* 2 2
E. atrata 1 2 2

Miniopterus manavi sensu latissimo 4 16 6 7 3
M. majori/sororculus 1 11 11

M. gleni 3 7 6 1

Mpyotis goudoti 5 11 4 7

Neoromicia sp. 2 6 2 3 1

N. malagasyensis 1 6 6

Scotophilus robustus 3 7 3 3 1
S. tandrefana 1 1 1

S. marovaza 2 9 2 7
Total 14 153 67 4 3 58 22

* — These bats are not included to the analysis

Augustin region. The species produced echoloca-
tion calls with a relatively short CF component
followed by brief FM components. The duty cycle
was high (25.5% — Fig. 4A). The second har-
monic generally contained most energy at about
93.2 kHz. A maximum of three harmonics were also
observed.

Triaenops auritus (Grandidier, 1912)

Echolocation calls were recorded from 10 indi-
viduals in the Réserve Spéciale (RS) Ankarana.
Calls consisted of a distinctive narrowband CF
component that ended with short FM sweeps

Spectrogram, FFT size 1024, Hanning window.

with a maximum energy of 100.3 kHz (Table 1 and
Fig. 4B).

Triaenops furculus (Trouessart, 1906)

This medium sized bat was recorded in PN
Tsingy de Bemaraha, PN Namoroka and near Saint
Augustin village. Echolocation calls were record-
ed from eighteen individuals. Pulses were of
longer duration than those of 7. menamena and
consisted of a narrowband CF component that,
unlike 7. menamena, began and ended with short
FM sweeps with a high duty cycle (52.5 %) and with
up to two harmonics. The second harmonic contains

| a0 dB | 7048 60 4B 304  -10.dB
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] a0 100

140 200 ms

F1G. 3. Sonogram of H. commersoni (Zip line, 13 October 2005, PN Tsingy de Bemaraha, western Madagascar)
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most energy at about 103.4 kHz (Table 1 and
Fig. 4C).

Vespertilionidae

In Madagascar, the family is represented by
six genera: Hypsugo, Pipistrellus, Neoromicia, My-
otis, Miniopterus and Scotophilus of which the last
four were the subject of the echolocation analysis.

Miniopterus manavi sensu latissimo (sen lat.)!

The echolocation calls of this small bat were
recorded from individuals in flight cages, on zip
lines and during hand release at PN Tsingy de Be-
maraha, PN Namoroka, PN Isalo and PN Mantadia.

The calls were broadband FM/QCF sweeps pro-
duced at low duty cycle with most energy at about
58.1 kHz in the fundamental (Table 1 and Fig. 5A).
The pulses were short in duration (ca. 4.0 ms).

Miniopterus majori (Thomas, 1906)
Miniopterus sororculus Goodman, Ryan,
Maminirina, Fahr, Christidis and Appleton, 2007

Because separation of these species requires de-
tailed description of crania, we refer to them as
Miniopterus majori/sororculus. They were recorded
from the Fandriana region, and they produced
broadband FM/QCF echolocation calls at low duty
cycle (Table 1 and Fig. 5B) but with a lower maxi-
mum energy, at about 48.5 kHz. The fundamental is
always the most intense with short duration pulses
(ca. 4.5 ms).

Miniopterus gleni
Peterson, Eger and Mitchell, 1995

This is the largest Miniopterus species in Mada-
gascar. We recorded eight individuals from three
sites: PN Isalo, PN Tsingy de Bemaraha and PN Na-
moroka. The calls are characterized by broadband
FM/QCEF pulses produced at low duty cycle (Table 1
and Fig. 5C) with a frequency of maximum energy
at about 44.8 kHz. The fundamental is always the
most intense call and pulses are of short duration.

Mpyotis goudoti (A. Smith, 1834)

This is the only Myotis species on Madagascar.
We recorded 11 individuals of this small bat from

five localities (Makira, Anjozorobe, PN Isalo, PN
Tsingy de Bemaraha and PN Namoroka). Calls were
characterized by broadband FM sweeps produced at
low duty cycle (Fig. 6). The most energy is always
found in the fundamental at about 64.4 kHz. The
pulses were of very short duration (ca. 3.0 ms —
Table 1).

Neoromicia spp.

Recordings made in Mantadia and Anjozorobe
during release and roost emergence were revealed
to be potentially from two species (N. melcko-
rum and N. matroka). In the absence of attribut-
ed calls for each species we refer to these taxa
together. Calls had a steep frequency modulation
(FM) following by a shallow frequency modula-
tion (QCF) pulse at a low duty cycle (Table 1 and
Fig. 7A).

Neoromicia malagasyensis
Goodman and Ranivo, 2004

This recently described species (Goodman and
Ranivo, 2004) is restricted to a small area around
PN Isalo. Recordings from six individuals at PN
Isalo revealed that calls consisted of FM/QCF com-
ponents produced at low duty cycle (Tables 1 and 2,
Fig. 7B). The maximum energy was present in the
fundamental at about 45.8 kHz.

Scotophilus robustus (Milne-Edwards, 1881)

Three individuals of this widespread but rare en-
demic species were recorded from PN Tsingy de
Bemaraha, PN Namoroka and Sainte Luce. Calls
were characterized by a broadband steep frequency
modulation (FM) followed by quasi constant fre-
quency (QCF) calls at low duty cycle (Fig. 8A). The
fundamental was always the most intense with peak
energy at about 38.1 kHz (Table 1).

Scotophilus tandrefana
Goodman, Jenkins and Ratrimomanarivo, 2005

Only a single individual of this species was
caught and 7 calls were recorded in a flight cage at
PN Tsingy de Bemaraha. The bat emitted broadband
FM/QCEF calls at low duty cycle with frequency con-
taining most energy at about 48.2 kHz (Table 1 and
Fig. 8B).

! — Based on recent morphological and molecular phylogenetic studies, M. manavi (Thomas, 1906) is now considered to be at least three species:
M. manavi sensu stricto, M. aelleni and M. griveaudi (Goodman et al., 2009), which have a paraphyletic relationship and converge morphologically.
We refer to them as M. manavi sensu latissimo (sen lat.) because some recordings were made without voucher specimens.
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FI1G. 5. Sonograms of (A) M. manavi sensu latissimo (Flight cage, 27 July 2003, PN Tsingy de Bemaraha, western Madagascar),
(B) M. majori/sororculus (Hand release, 11 April 2003 Fandrianana, central-eastern Madagascar), and (C) M. gleni (Hand release,
3 April 2003, PN d’Isalo, central-southern Madagascar)
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FIG. 6. Sonogram of M. goudoti (Flight cage, 08 September 2002, Anjozorobe, eastern Madagascar)

Scotophilus marovaza Goodman, Ratrimomanarivo
and Randrianandrianina, 2006

Nine individuals of this species, the smallest in
the genus Scotophilus were recorded from two sites
in western Madagascar (Complexe Mahavavy-
Kinkony and Anjohibe). Calls were characterized by
broadband steep frequency modulation (FM) fol-
lowed by a quasi constant frequency (QCF). The bat
emitted low duty cycle calls with maximum energy
at about 45.9 kHz (Table 1 and Fig. 8C).

Multiple Discriminant Function Analysis

Five canonical discriminant functions were ob-
tained for the species groups. Function 1 was the
strongest, accounting for 82.4% of the overall varia-
tion between groups (Table 3). Chi-square analysis
suggested that species groups varied significantly in
Functions 1, 2, 3, 4 and 5 and discriminated effec-
tively between groups (Table 4).

The largest absolute correlation between each
variable and any discriminant function are displayed
in the structure matrix. For Function 1, FmaxE and

Fmin were positively weighted as was Fmax for
Function 2.

The plot of mean canonical scores with 95%
confidence limits and the canonical discriminant
functions (Figs. 10 and 11) demonstrates that the
species groups are well separated in multidimen-
sional space with the exception of N. malagasyensis
and M. gleni. Vespertilionid species are most widely
separated from each other in terms of Function 1.
The furthest apart in terms of Function 2 are the hip-
posiderids and the emballonurids (Fig. 11). The
number of individuals in each group was compared
with those predicted by the multiple discriminant
analysis, which indicates that 82.2% of the individ-
uals were classified correctly into independently de-
termined groups.

The CF echolocating species H. commersoni was
100% correctly classified. . menamena, T. furculus
and 7. auritus were respectively 97.1%, 91.5% and
61.4% correctly classified, with the remaining calls
assigned to each of the three Triaenops species.
Calls of E. atrata and E. tiavato were respectively
correctly assigned in 80% and 68.4% of cases while

TaBLE 3. The results of discriminant function analysis of data from echolocation calls, including FmaxE, Fmin, Fmax, Dur, and IPI

. . Eigen- Cumulative Wilks’ 2
Function FmaxE Fmin Fmax Dur IPI values % lambda X df.  P-value
1 0.883*  0.671*  0.213 0.200 -0.135  36.187* 82.4 0.001 4276.840 70 0.0001
2 0.232 0.185 0.941*  -0.243 0.011 5.3342 94.5 0.032 2081.950 52 0.0001
3 0.074  -0.671 0.263 0.269 -0.226 1.6572 98.3 0.205 961.440 36 0.0001
4 0237  -0.214  -0.021 -0.299 0.648 0.569% 99.6 0.545 368.264 22 0.0001
5 -0.324 0.144 0.005 0.859* 0.715%  0.169* 100.0 0.855 94.754 10 0.0001

*

— Largest absolute correlation between each variable and any discriminant function
2 — First five canonical discriminant functions were used in the analysis
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Fi1G. 7. Sonograms of: (A) Neoromicia spp. (Flight cage, 08 September 2002, Anjozorobe, eastern Madagascar), and
(B) N. malagasyensis (Flight cage, 27 March 2003, PN Isalo, central-southern Madagascar)

the remaining percentages were shared by the other
Emballonura species.

The FM echolocating bats Myotis goudoti was
98.0% correctly classified while 2.0% was assigned
to M. manavi sen. lat. Calls of FM/QCF vespertil-
ionid species were correctly classified from 40%
(Neoromicia sp.) to 92.9% (S. robustus) of the cas-
es. The remaining percentages formed an overlap
between those vespertilionid bats. For example,
calls of M. manavi sen. lat.were 67.3% correctly as-
signed to M. manavi sen. lat. with others calls of this
species being classified to M. majori/ sororculus
(13.5%), and M. goudoti (19.2%).

DiscussION

Descriptions of echolocation calls are important
because they can be used to investigate behavioural

ecology, habitat use and to supplement species in-
ventories based on traditional capture methods. The
fact that the echolocation calls of some species in
Madagascar remain poorly known should not
prohibit the application of acoustic techniques on
the island. Rather, the descriptions we present here
are essential prerequisites to future investigations.
This study has demonstrated the additional contribu-
tion that acoustic sampling can make to survey and
inventory for clarifying the distribution of Malagasy
bats. Subjecting the call characteristics of 15 species
(Fig. 9), including those of six species whose calls
are described for the first time, to a DFA, revealed
overall correct classifications of 82%.

Although Box’s M test demonstrated that groups
of taxa differed significantly in their covariance ma-
trices, DFA is robust even when the assumption of
homogeneity of covariances is not met, provided the
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F1G. 8. Sonograms of: (A) S. robustus (Zip line, 13 October 2004, PN Tsingy de Bemaraha, western Madagascar), (B) S. tandrefana
(Flight cage, 25 July 2003, PN Tsingy de Bemaraha, western Madagascar), and (C) S. marovaza (Zip line, 27 July 2006, Anjohibe,
western Madagascar)
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data do not contain outliers. When N is large how-
ever, as it is here, small deviations from homogene-
ity will be significant. The facts that log determi-
nants were of similar magnitude indicated that it was
acceptable to proceed with the analysis (Garson,
2006; Papadatou et al., 2008).

The results presented here will encourage further
work on those Malagasy bat species whose calls
have yet to be recorded and described, particularly
the molossids. It is noteworthy that none of the
species descriptions for the recently described
Malagasy bat taxa contain sonograms.

Madagascar is unique among tropical islands in
that a quarter of the bat fauna has been described in
the last decade. The description of 10 new species
gives rise to the urgent need for information on the
distribution and habitat requirements of these spe-
cies at a time when plans for large increase in pro-
tected areas are well advanced (Kremen et al., 2008).

Emballonuridae

There are as yet too few data to distinguish the
two Emballonura species with confidence from
their echolocation calls. Emballonura atrata and
E. tiavato produced similar calls and we cannot rule
out that differences in the recording environment in-
fluenced some of the parameters given in Table 1.
Thus, Fmax varied from the first and second
harmonics in the flight cage and on the zip-line

respectively to the fourth in bats emerging from
a cave. Further recordings of both species in similar
situations are needed before these taxa can be iden-
tified with confidence from echolocation recordings
although we note that, as expected, the FmaxE was
higher for the smallest species, Emballonura tiavato
(Jones, 1999). The sonograms however are distinc-
tive from other bats in Madagascar and as the spe-
cies are thought to be allopatric, time-expanded
recordings could be attributable to species with con-
fidence within their respective geographic ranges.
As the only bats with a FmaxE of around 55 kHz,
there is also considerable potential to use heterodyne
detectors to conduct surveys. However, some recent
surveys in the east (Randrianandrianina et al.,
2006.) and the west (Kofoky et al., 2007) rarely re-
corded or netted Emballonura spp. despite their
presence in caves, indicating that they may forage
in zones (e.g., the forest canopy) that are outside
the range of ground-level bat detectors and traps
or that they are particularly adept at avoiding mist
nets.

Hipposideridae

Jones (1999) reported an inverse linear relation-
ship between bat size and echolocation frequency.
In the present study H. commersoni echolocated
at a lower frequency than the three Triaenops
species. There was no overlap of FmaxE between

T.fi
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100
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FiG. 9. Summary of acoustic identification of some Malagasy insectivorous bats. Values are the frequency with most energy

(S.t=S. tandrefana, S.r = S. robustus, S.m = S. marovaza, N.sm = N. malagasyensis, N.spp = Neoromicia spp., Mgd = M. goudoti,

M.gl = M. gleni, M.ma/s = M. majori/sororculus, M.mv = M. manavi sen lat., E.a = E. atrata, E.t = E. tiavato, H.c = H. commersoni,
Truf =T menamena, T.aur = T. auritus and T fu = T. furculus)
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Function 1

10

Function 2

FiG. 10. Species group centroids (mean scores) with highest confidence intervals of the echolocations calls. (Ea) = E. atrata,

(Et) = E. tiavato, (Nsp) = Neoromicia sp., (Hc) = H. commersoni, (Mgl) = Miniopterus gleni, (Mma) = M. majori/ sororculus (Mmv)

= M. manavi sen. lat., Mgd) = M. goudoti, (Nm) = N. malagasyensi, (Str) = S. robustus, (St) = S. tandrefana, (Ttu) = T. furculus,
(Truf) = T. menamena, (Taur) = T. auritus, and (Sm) = S. marovaza

H. commersoni and T. menamena and these species
could be identified without ambiguity so that time-
expansion and heterodyne detection methods are
suitable for studying these species in natural condi-
tions. Barclay and Brigham (2004) reported that
calls with characteristics in the zone of overlap can-
not be assigned to a particular species with 100%
certainty. In the current study, this geographic over-
lap is apparent in 7. auritus and T furculus (Table 4).
However these species occur allopatrically in west-
ern Madagascar and as their FmaxE is higher than
both H. commersoni and T. menamena, they can be
readily identified in the field using bat detectors
within their respective ranges.

Vespertilionidae

Calls from this family (here defined as FM/QCF)
were generally characterized by a steep frequency
modulation (FM part) followed by a shallow fre-
quency modulation (QCF part). In this respect, the
Vespertilionidae have echolocation calls that resem-
ble the Molossidae but are distinct from the Hippo-
sideridae, Emballonuridae and Myzopodidae (Russ

et al., 2003). The family produced echolocation calls
of similar design but different in frequencies between
species except M. goudoti which produced broad-
band and short, steep FM echolocation calls.

Habitat clutter influences the echolocation calls
of some taxa including the Vespertilionidae; Minio-
pterus calls become more broadband and shorter in
duration in open habitats, and bats of the genus
Mpyotis often alter their echolocation calls in differ-
ent foraging conditions (Russ et al., 2003). Greater
effort is required in Madagascar to document how
habitat clutter influences the echolocation of vesper-
tilionids especially as the number of species in this
family reported from the island has risen dramatical-
ly in the previous five years (Racey et al., In press).
Moreover, based on multivariate analysis of meas-
ured parameters of echolocation calls, 40.0% to
92.5% of individuals were correctly classified to
species, indicating that these parameters can be used
to identify individuals to species level with varying
degrees of accuracy.

Griffin (1958) originally drew attention to dif-
ferences between nasal emitting bats, with their
characteristic noseleaves, and oral emitting bats.
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Fi1G. 11. Canonical Discriminant Functions. 1 = E. atrata (Ea), 2 = E. tiavato (Et), 3 = Neoromicia sp. (Nsp), 4 = H. commersoni

(He), 5 = M. gleni Mgl), 6 = M. majori/sororculus (Mma), 7 = M. manavi sen lat. (Mmv), 8 = M. goudoti (Mgd),

9 = N. malagasyensis (Nm), 10 = S. robustus (Sr), 11 = S. tandrefana (St), 12 = T. furculus (Tfu), 13 = T. menamena (Truf),
14 = T auritus (Taur), and 15 = S. marovaza (Sm)

Our observations confirm that all hipposiderid
(nasal emitting) bats produced echolocation calls
of similar structure, different in frequencies but
distinct from those of oral emitting bats (vesper-
tilionids and emballonurids) which produced calls
more varied in structure and frequency (Figs. 9,
10 and 11). Moreover, of the seven echolocation
call types described by Jones and Teeling (2006),
only two were represented in the present study.
The short, broadband calls with a dominant funda-
mental harmonic are mainly observed within the
Vesperilionidae and constant frequency signals
are emitted by bats in the Hipposideridac and
Emballonuridae.

Over the space of a few years, taxonomic re-
search on the malagasy bat fauna has revealed many
new and cryptic species, and it is likely that more
remain to be described. In addition, as echoloca-
tion call structure combined with wing morphol-
ogy are important indicators of foraging ecology
(Jennings et al., 2004), the continued study of these

parameters is required for a better understanding of
the ecology of Madagascar’s bats.

ACKNOWLEDGEMENTS

Field research associated with this paper has been generous-
ly supported by the British Government’s Darwin Initiative
(#162/10/024), BP Conservation Programme, National Geo-
graphic (#C23-02), Rufford Small Grants 2003 and 2005 to
AFK, Birdlife International Madagascar Programme, Wildlife
Conservation Society, Bat Conservation International scholar-
ship 2003 to AFK, the British Ecological Society (Small Ecol-
ogical Project Grant and Overseas Bursary) and the National
Geographic Society (7402-03). We are grateful to those organi-
zations who facilitated our work in the field: Fanamby at Anjo-
zorobe; Wildlife Conservation Society at Makira; Birdlife Mad-
agascar Programme at Mahavavy-Kinkony; QIT Madagascar Mi-
nerals (QMM) in Tolagnaro and ANGAP in the protected areas.

We are also grateful to the Direction des Eaux et Foréts and
Association Nationale pour la Gestion des Aires Protégées for
issuing permits to conduct faunal surveys, and to Dr Daniel Ra-
kotondravony and Prof. Olga Ramilijoana for facilitating our
collaboration. We also thank Dr Steve Goodman for his useful
comments on an earlier draft and providing critical support for



Forest bats of Madagascar: results of acoustic surveys 391

the Ankarana work. Many thanks to all the staff and/or the proj-
ects within the study sites for their assistance and support.
Daudet Andriafidison, Radosoa A. Andianaivoarivelo, Tsibara
Mbohoahy, Andrinajoro Rakotoarivelo, Tojo Ramihangihaja-
son, Roseline L. Rampilamanana, Julie Ranivo, Fanja Ratrimo-
manarivo, Hanta J. Razafimanahaka, and April Reside took part
in field trips and we are grateful for their assistance.

LITERATURE CITED

BArcLAY, R. M. R, and R. M. BRIGHAM. 2004. Geographical
variation in the echolocation calls of bats: a complication
for identifying species by their calls. Pp. 144—-129, in Bat
echolocation research: tools, techniques and analysis (R. M.
BrigHaM, E. K. V. KaLko, G. JONES, S. PARSONS, and H. J.
G. A. LIMPENS, eds.). Bat Conservation International, Aus-
tin, Texas, 167 pp.

Bates, P. J. J., F. H. RATRIMOMANARIVO, D. L. HARRISON, and
S. M. GoopMAN. 2006. A description of a new species of
Pipistrellus (Chiroptera: Vespertilionidae) from Madagascar
with a review of related Vespertilioninae from the island.
Acta Chiropterologica, 8: 299-324.

BETTS, B. J. 1998. Effects of interindividual variation in echolo-
cation calls on identification of big brown and silver-haired
bats. Journal of Wildlife Management, 62: 1003—1010.

DiGByY, P. G. N,, and R. A. KEMPTON, 1987. Multivariate anal-
ysis of ecological communities. Chapman & Hall, London,
217 pp.

EGER, J. L., and L. MircHELL. 2003. Chiroptera, bats. Pp.
1287-1298, in The natural history of Madagascar (S. M.
GOODMAN and J. P. BENSTEAD, eds.). The University of Chi-
cago Press, Chicago, 1709 pp.

GARSON, G. D. 2006. Discriminant function analysis. North
Carolina State University, Public Administration Program.
Last accessed 01 October 2008: http://www2.chass.ncsu.
edu/garson/pa765/discrim.htm.

GOODMAN, S. M., and S. G. CARDIFF. 2004. A new species of
Chaerephon (Molossidae) from Madagascar with notes on
other members of the family. Acta Chiropterologica, 6:
227-248.

GOODMAN, S. M., and J. RAN1vO. 2004. The taxonomic status of
Neoromicia somalicus malagasyensis. Mammalian Biology,
69: 434-438.

GoobpMmaN, S. M., R. K. B. JENKINS, and F. H. RATRIMOMANA-
RIVO. 2005a. A review of the genus Scotophilus (Chiroptera:
Vespertilionidae) on Madagascar, with the description of
a new species. Zoosystema, 27: 867-882.

GOODMAN, S. M., D. ANDRIAFIDISON, R. ANDRIANAIVOARIVELO,
S. G. CARDIFF, E. IFTICENE, R. K. B. JENKINS, A. F. KOFOKY,
T. MBOHOAHY, D. RAKOTONDRAVONY, J. RANIVO, F. H. RA-
TRIMOMANARIVO, J. RAZAFIMANAHAKA, V. RAZAKARIVONY,
and P. A. RACEY. 2005b. The distribution and conservation
of bats in the dry regions of Madagascar. Animal Con-
servation, 8: 153—-165.

GOODMAN, S. M., S. G. CARDIFF, J. RANIVO, A. L. RUSSELL, and
A. D. YODER. 2006a. A new species of Emballonura (Chiro-
ptera: Emballonuridae) from the dry regions of Madagascar.
American Museum Novitates, 3538: 1-24.

GooDMAN, S. M., F. H. RATRIMOMANARIVO, and F. H. RANDRIA-
NANDRIANINA. 2006b. A new species of Scotophilus (Chiro-
ptera: Vespertilionidae) from western Madagascar. Acta
Chiropterologica, 8: 21-37.

GoobMaN, S. M., K. E. RyaN, G. P. MAMINIRINA, J. FAHR,

L. CHrisTiDIS, and B. APPLETON. 2007. Specific status of
populations on Madagascar referred to Miniopterus frater-
culus (Chiroptera & Vespertilionidal), with description of
a new species. Journal of Mammalogy, 88: 1216-1229.

GoobpMAN, S. M., G. P. MAMINIRINA, N. WEYENTH, H. M. BRAD-
MAN, L. CHRISTIDIS, M. RUEDI, and B. APPLETON. 2009. The
use of molecular and morphological characters to resolve
the taxonomic identity of cryptic species: the case of Mi-
niopterus manavi (Chiroptera, Miniopteridae). Zoologica
Scripta, 38: 339-363.

GrIFFIN, D. R. 1958. Listening in the dark. Yale University
Press, New Haven, 413 pp.

HuURLBERT, S. H. 1984. Pscudoreplication and the design of
ecological field experiments. Ecological Monographs, 54:
187-211.

Hutson, A. M., S. P. MICKLEBURGH, and P. A. RACEY (comp.).
2001. Microchiropteran bats: global status, survey and con-
servation action plan. IUCN/SSC Chiroptera Specialist
Group, IUCN, Gland, Switzerland, x + 258 pp.

JENNINGS, N. V., S. PARSONS, K. E. BARLOW, and M. R. GANNON.
2004. Echolocation calls and wing morphology of bats from
the West Indies. Acta Chiropterologica, 6: 75-90.

JonEs, G. 1999. Scaling of echolocation parameters in bats.
Journal of Experimental Biology, 202: 3359-3367.

JoNES, G., and E. C. TEELING. 2006. The evolution of echoloca-
tion in bats. Trends in Ecology and Evolution, 21: 149-156.

KREMEN, C., A. CAMERON, A. MOILANEN, S. J. PHILLIPS, C. D.
THOMAS, H. BEENTJE, J. DRANSFIELD, B. L. FISHER, F. GLAW,
T. C. Goop, et al. 2008. Aligning conservation priorities
across taxa in Madagascar with high-resolution planning
tools. Science, 320: 222-226.

Koroky, A., D. ANDRIAFIDISON, F. H. RATRIMOMANARIVO, J. H.
RAZAFIMANAHAKA, D. RAKOTONDRAVONY, P. A. RACEY, and
R. K. B. JENKINS. 2007. Habitat use, roost selection and con-
servation of bats in Tsingy de Bemaraha National Park, Mad-
agascar. Biodiversity and Conservation, 16: 1039-1053.

MACSWINEY G., M. C., F. CLARKE, and P. A. RACEY. 2008. What
you see is not what you get; the role of ultrasonic detectors
in maximizing inventory completeness in neotropical bat
assemblages. Journal of Applied Ecology, 45: 1364—-1371.

MICKLEBURGH, S. P., A. M. HUTsON, and P. A. RACEY (comp.).
1992. Old World fruit bats: an action plan for their conser-
vation. I[UCN/SSC Chiroptera Specialist Group, IUCN,
Gland, Switzerland, 252 pp.

Paprapatou, E., R. K. BUTLIN, and J. D. ALTRINGHAM. 2008.
Identification of bat species in Greece from their echoloca-
tion calls. Acta Chiropterologica, 10: 127-143.

PETERSON, R. L., J. L. EGER, and L. MiTcHELL. 1995. Chiro-
pteres: faune de Madagascar. Volume 84. Muséum National
d’Histoire Naturelle, Paris, 204 pp.

RACEY, P. A., S. M. GoopMAN, and R. K. B. JENKINS. In press.
The ecology and conservation of Malagasy bats. /n Island
bats (T. H. FLEMING and P. A. RACEY, eds.). Chicago Univer-
sity Press, Chicago.

RANDRIANANDRIANINA, F. H., D. ANDRIAFIDISON, A. F. KOFOKY,
O. RAMILIJAONA, F. RATRIMOMANARIVO, P. A. RACEY, and
R. K. B. JENKINS. 2006. Habitat use and conservation of bats
in rainforest and adjacent human-modified habitats in east-
ern Madagascar. Acta Chiropterologica, 8: 429—437.

RaNIvO, J., and S. M. GoopMAN. 2006. Révision taxonomique
des Triaenops malgaches (Mammalia: Chiroptera: Hipposi-
deridae). Zoosystema, 28: 963—-985.

RocHE, N., C. CATTO, S. LANGTON, T. AUGHNEY, and J. M. Russ.



392 A. F. Kofoky, F. Randrianandrianina, J. Russ, I. Raharinantenaina, S. G. Cardiff, ef al.

2005. Development of a car-based bat monitoring protocol
for the Republic of Ireland. Irish Wildlife Manuals, No. 19.
National Parks and Wildlife Service, Department of Envi-
ronment, Heritage and Local Government. Dublin, Ireland.

Russ, J. M. 1999. The bats of Britain and Ireland. Echolocation
calls, sound analysis and species identification. Alana
Books, Bishop’s Castle, UK, 103 pp.

Russ, J., D. BENNETT, K. Ross, and A. Koroky. 2003. The bats
of Madagascar: a field guide with descriptions of echoloca-
tion calls. Updated version. Viper Press, Glossop, UK, 96 pp.

Russo, D., and G. JoNEs. 2002. Identification of twenty-two bat
species (Mammalia: Chiroptera) from Italy by analysis of
time-expanded recordings of echolocation calls. Journal of
Zoology (London), 258: 91-103.

RypELL, J.,, H. T. AritA, M. SANTOS, and J. GRANADOS.
2002. Acoustic identification of insectivorous bats (order

Chiroptera) of Yucatan, Mexico. Journal of Zoology (Lon-
don), 257: 27-36.

Simmons, N. B. 2005. Order Chiroptera. Pp. 312-529, in
Mammal species of the World: a taxonomic and geo-
graphic reference, 3rd edition (D. E. WiLsON and D. M.
REEDER, eds.). Johns Hopkins University Press, Baltimore,
2142 pp.

Spss INC. 1999. SPSS release 10.0 for Windows. SPSS Inc.,
Chicago, Illinois.

SzEWCZAK, J. M. 2000. A tethered zip-line arrangement for reli-
ably collecting bat echolocation reference calls. Bat Re-
search News, 41: 142.

WAaALSH, A., C. CatTO, A. HUTSON, A. P. RACEY, P. RICHARDSON,
and S. LANGTON. 2001. The UK’s national bat monitoring
programme, final report 2001. Department of Environment,
Food and Rural Affairs, London, 155 pp.

Received 11 June 2009, accepted 13 September 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


