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Vocal divergence and new species
in the Philippine Hawk Owl Ninox philippensis complex

P. C. RASMUSSEN, D.N. S. ALLEN, N. J. COLLAR, B. DEMEULEMEESTER, R. O. HUTCHINSO
P. G. C. JAKOSALEM, R. S. KENNEDY, F. R. LAMBERT & L. M. PAGUNTALAN

We show, based on morphology and especially vocalisations, that the Philippine Hawk Owl Ninox philippensis requires treatment as seven
allopatric species and atleast one additional subspecies. Morphological distinctions between three groups of taxa are striking, and although
taxa within one major group are relatively similar in plumage they vary rather consistently in size and proportions. It has not been possible
until now to resolve the species limits in this complex due mainly to the lack of sound recordings of key taxa, a problem now rectified.
Vocalisations differ significantly between all seven species, the limits of which are incongruent with all previous taxonomies. Taxa from
Mindoro (mindorensis), Mindanao (spilocephala), Camiguin Sur (named herein), and the Sulu Islands (reyi) exhibit especially great vocal
differences from all other taxa along with smaller but consistent differences in plumage and morphometrics. Although specimens have
been in museum collections for many years, two of these species and one subspecies have heretofore remained undescribed, and we
formaliy name these taxa for science. The recommended species-level treatment and English names of the N. philippensis complex are:
Luzon Hawk Owl N. philippensis; Mindanao Hawk Owl N. spilocephala; Mindoro Hawk Owl N. mindorensis; Sulu Hawk Owl Ninox reyi; Romblon

Hawk Owl N. spilonota; Camiguin Hawk Owl new species; and Cebu Hawk Owl new species.

INTRODUCTION

During the heyday of ornithological discovery in the Philippines
(approximately 1850-1910), as many as seven species were
recognised in the islands’” endemic hawk owl complex (e.g.
McGregor 1909-1910). Since 1945, however, it has been treated
as a single polytypic species, Philippine Hawk Owl Ninox
philippensis (Delacour & Mayr 1945), recently considered to
contain cight subspecies (Dickinson 2003). These subspecies group
into threedistinctive plumage types: one with all-streaked
underparts and plain crown (p/Jz'/zppens‘is, proxima, ticaoensis and
centralis of Luzon and many other islands); one with mottled or
barred breast, streaked lower underparts, and spotted crown
(spilocephala of Mindanao); and one with barred to nearly plain
underparts (the ‘unstreaked’ group: mindorensis of Mindoro,
spilonota of several small islands, and 7ey7 of the Sulu Islands) (Collar
& Rasmussen 1998; for main islands and distribution of taxa see
Figure 1). This last group of three described races is highly disjunct,
and the distribution of the race spilonota as currently defined in
particular is biogeographically peculiar because the Cebu
population is surrounded by members of the philippensis group, and
the Camiguin Sur population is from a small island off northern
Mindanao and well away from other taxa in spilonota.

Within the unstreaked group there are marked differences in
size and proportions, as well as more subtle distinctions in plumage.
However, it has not been possible to resolve relationships between
these racial groups based on morphology owing to intra-island
plumage variation and, for some taxa, small sample size. Sound
recordings until recently were available only for taxa from a few
islands, and most were incomplete and of poor quality. Given the
complexity of the vocal repertoire in this group, the small sample
of recordings previously available precluded further analysis of
species hmlts The sample was, however, adequate to establish that
Mindoro mindorensis differs profoundly in vocalisations from
Luzon nominotypical philippensis, prompting the separation of
Mindoro Hawk Owl N. mindorensis (Koniger al. 1999). However,
this cursory treatment left other unstreaked forms united with V.
philippensis, although in the absence of acoustic data it seemed
plausible that they could separate out as a single species for which
the name with priority was Nizox reyi (Collar & Rasmussen 1998).
Within this species, however, there were clearly multiple
undescribed taxa based on morphology, although the populations

on Cebu and Tablas were feared possibly extinct (Collar &
Rasmussen 1998, Collar ez a/. 1999).

There the matter unsatisfactorily rested, in the absence of
adequate or sometimes any vocal evidence from all the raxa,
including the four insular populations comprising the form
spilonota. Howevcr recent fieldwork has resulted in nearly complete
sampling with extensive, high-quality recordings of the vocal
repertoire of the key island populatlons of Ninox p/u/zppmm sensit
lato. Taxa thatdiffer in plumage also differ in vocalisations, so much
so that their treatment as conspecific in a group with innate
vocalisations such as owls is untenable. Surprisingly, however, some
unstreaked taxa that resemble each other closely are also divergent
in vocalisations, and cannot be maintained as taxa below the species
level. We propose here that seven vocally well-defined allopatric
species are involved in the Philippine Hawk Owl complex, of which
two are new species (described herein) with distinctly divergent
vocalisations. Because individuals from four islands now known to
pertain to four different taxa were included in the description of
N. spilonota, we designate a lectotype and hence type locality for
this ambiguous name. We also describe an additional island taxon
here that shows only moderately distinctive vocalisations and
morphology, and which we consider better treated at the subspecies
level.

METHODS

Acoustic analyses

We analysed sound recordings of all taxa known or suspected to be
critical to an analysis of species-level taxonomy of the Philippine
Hawk Owl (sewsu Lato). The majority of recordings we used were
made by ROH during trips specifically targeting islands that hold
morphologically distinctive N7izox taxa for which we previously
lacked or had poor representation of vocalisations. Several other
recordings were made by co-authors and others, and most of these
are available in full on AVoCet (avocet.zoology. msu.edu, AV). (To
access individual numbered recordings on AVoCer, use ¢.g. htep:
/avocet.zoology.msu. cdu/rccordmﬂs 14561.) A few umrdmm
were asscmbled from other sound archives (Macaulay ler‘n,\‘
http://macaulaylibrary.org/, ML: National Sound Archive
London, htep://www.bl.uk/nsa, NSA; xeno-canto, htep:
www.xeno-canto.org/, XC).
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Figure 1. Map of the known
distribution of taxa of the Philippine
Hawk Owl Ninox philippensis (sensu
lato). Taxa and groups are Philippine
Hawk Owl Ninox philippensis (sensu
stricto) nominotypical philippensis
group, of Luzon, Samar, Leyte, and
small surrounding smaller islands;
centralis, of Panay, Negros, Bohol,
Siquijor (unlabelled small island
between southern Negros and
Bohol) and surrounding smaller
islands; proxima, of Masbate; and
ticaoensis, of Ticao; Mindanao Hawk
Owl N. spilocephala: Mindanao and
smaller surrounding islands except
Camiguin Sur; Sulu Hawk Owl N. reyi:
larger islands of Sulu and Tawi Tawi
provinces; Camiguin Hawk Owl new
species; Mindoro Hawk Owl N.
mindorensis: Mindoro; Romblon
Hawk Owl N. spilonota: Tablas and
Sibuyan islands, Romblon Province;
Cebu Hawk Owl new species.

Byisland (listed alphabetically), the number of recordings used
is listed below, with recordist (initials used for co-authors) and
(where applicable) abbreviation for sound archive where recording
is held (for recordings by FRL first uploaded to AVoCet butalso on
xeno-canto, only the AV number is provided here): Biliran, 1 (RSK:
ML#38695); Bohol, 2, (F. Verbelen [FV]: AV#8971-8972);
Camiguin Sur, 19 (ROH: 13554-13557, AV#13559, AV#13567,
AV#13575, AV#13577, AV#13593, AV#13598, AV#13602,
AV#13605, AV#13609, AV#13614-13615, AV#13618,
AV#13622; LMP: AV#13552-13553); Cebu, 13 (DNSA:
NXC#79316, AV#11320-11322; LMP: AV#10469-10470,
AV#10805; PGCJ: AV#10804, AV#10806; BD: AV#12609-
12612); Leyte, 2 (RSK: ML#38671, ML#38674); Luzon, 34 (PCR:
AV#2168-2174; FV: AV#8970; FRL: XC#30725-30728; ROH:
AV#12420, AV#12450-12454, AV#13551, AV#13648-13554; D.

Edwards: XC#35238; P. Noakes: XC#40819, 40821, XC#40823,
XC#40825-40826, XC#40828; G. Wagner: XC#23116); Masbate,
1 (LMP: AV#14563); Mindanao, 23 (FRL: AV#8056-8057,
AV#8088, AV#8111-8113; ROH: AV#12455-12467; S. Harrap:
NSA Wildlife ref. #132605-132606; B. F. King: NSA Wildlife ref.
#54931); Mindoro, 6 (ROH: AV#11507, AV#13655; P. Morris:
NSA#65216 WICDR0000309 BD24, NSA#W 1CDR0000307
BD1, NSA#W1CDR0000309 BD21, NSA#W1CDR0000309
BD24); Negros, 5 (FRL: AV#10664, AV#10699-10701,
AV#10800-10801); Sibuyan, 8 (ROH: AV#13637, AV#13641-
13647); Siquijor, 2 (DNSA: AV#14564-14565); Tablas, 15
(DNSA: AV#10803, AV#11323-11324; BD: AV#11325; ROH:
AV#11508-11515, AV#12606-12608); Tawi Tawi, 17 (DNSA:
AV#10802; ROH AV#14566-14581). Recordings are highly

variable in length, quality and documentation, but we have extensive,
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good to cxcellent matcrial from all the above islands excepe Biliran,
Leyte and Masbate; material for Siquijor is rather inadequare.

Sounds wcre studied, measured and graphed in Raven Pro 1.3
(Raven 2012). Measurements taken (wherc possible) for cach
recording were maximum number of notes/strophe, maximum and
minimum note length per recording; minimum inter-note spacing;
maximum and minimum fundamcntal frequencies (one cach per
recording), maximum frequency difference within a single note and
between strophes; and maximum note bandwidth at a single point.
Principal components analyses (PCAs) were done in SYSTAT 13
(SYSTAT 2012) using these measurements except for maximum
note bandwidth (excluded because hisses were difficult to measure
precisely). After an initial run that showed that all recordings from
islands populated by nominotypical philippensis or centralis grouped
together, these groups were combined in the analysis of all groups.
Also, because inclusion of atypical song sequences resulted in much
greater variance in early analyses, only songs considered to be typical
were included in further analyses. Thus, typlcal songs of all taxon
groups (with philippensis and centralis combined) were used in the
main PCA. However, because of the great vocal differences of
Camiguin Sur, reyi, mindorensis and spilocephala trom each other
and all other (‘core’) groups (those with non-extreme song
characteristics), the core groups (philippensis plus centralis, Tablas
spilonota, Sibuyan spilonota, and Cebu) were not well resolved.
Therefore, a subsequent PCA was undertaken using just the core
groups, and for this recordings from the different islands were
graphed separately.

For taxa (all but Camiguin Sur, rey:, mindorensis and
spilocephala) that typically give lengthy series starting with single
notes and building after a few minutes to a multi-note climax, only
one of each of the above measurements was taken. It should be noted
that many recordings and analyses of this type of strophe are likely
to be incomplete, as the recordist may have begun recording only
after hearing the bird, or the initial notes may be very soft and
cannot be picked up by a recording. For taxa that typically give a
series of short strophes each of which climaxes individually, each
of the above measurements was taken for ecach good-quality strophe.
It must also be borne in mind that many recordings made by a single
recordist on a single night, or even possibly over multiple nights at
the same locality, are likely to be of the same individual owls, leading
to some potential pseudoreplication in our analyses (a problem we
could not avoid but which is unlikely to bear on the outcome).
Moreover, many recordings will have been made after playback, and
this has not typically been documented by the recordist. Many
recordings are duetted between pair members, while others appear
to be counter-singing between birds in neighbouring territories; it
is not casy on present knowledge to distinguish these. However,
the ability to do so is not critical to our analyses, as the differences
between taxa here considered species are so marked. We chose the
above measurements because they are little affected by such
problems. However, given the great variation among taxa in
vocalisations, few if any song characteristics are shared among all
‘taxa, so choosing appropriate measurements was challenging.

In the vocal transcriptions presented in Results, notation
follows Rasmussen & Anderton (2005). Lower case signifies
relatively low volume compared to sMaLL cAPITALS then to FULL
CAPITALS, which is much louder than lower case. The forward
slash / signifies a rise in frequency and the backslash \ a frequency
drop between elements. Run-together syllables signify no pause,
an apostrophe (*) extremely short breaks (e.g. in a trill), a hyphen (-
) indicates a very short pause, a comma a mid-length break, and an
openunderscore _astill longer pause. Ellipsis (...) is used to indicate
the continuation of a vocalisation as previously transcribed, not to
indicate pauses or fading out.

Sonagrams (spectrograms) prepared in Raven Pro 3.1 are
presented for each taxon along with the corresponding waveform

(oscillogram, in Raven units, which are unique to Raven software
and hence not indicated on the Y axis), which shows power versus
time, and henec allows visualisation of rhythm better than the
sonagram alone. The corresponding spectrum plots power versus
frequency, hence allowing visualisation of power peaks. The arca
of the sonagram highlighted in grey is that on which the spectrum
is constructed.

Mensural analyses

We studied spccimens of Ninox philippensis (sensu laro) held (in
alphabetical order of acronym) in the American Museum of Natural
History, New York (AMNH); Academy of Natural Scienccs,
Philadelphia (ANSP); Natural History Museum, Tring, UK
(BMNH); Carnegic Museum of Natural History, Pittsburgh
(CM); Cmcmnatl Museum of Natural History, memnatl
(CMNH); Delaware Museum of Natural History, Greenville
(DMNH); Ficld Museum of Natural History, Chlgago (FMNH);
Institut Royal des Sciences Naturelles, Brussels (IRSNB); Museum
of Comparative Zoology, Boston (MCZ); Bell Museum of Natural
History, Minneapolis (MMNH); Muséum National d’Histoire
Naturelle, Paris (MNHN); Naturalis, Leiden (NCB); Philippine
National Museum, Manila (PNM); Royal Ontario Museum,
Toronto (ROM); Senckenberg Forschungsinstitut und
Naturmuseum, Frankfurt (SFN) Staatliches Museum fiir
Tierkunde, Dresden (SMTD); Staatliches Naturhistorisches
Museum, Braunschweig (SNHM); University of Michigan
Museum of Zoology, Ann Arbor (UMMZ); National Museum of
Natural History, Washington, DC (USNM); Peabody Muscum,
Yale University, New Haven (YPM); and Museum fuir Naturkunde,
Berlin (ZMB). All specimens of this complex available at the above
museums during our visits were studied, and most of them
photographed and measured. In total, 177 specimens of the
following established taxa were included in mensural analyses: 40
philippensis (5 Catanduanes, 5 Leyte, 2 Lubang, 26 Luzon, 1
Marinduque, 1 Polillo); 4 proxima (Masbate); 1 ticaoensis ( Ticao);
36 centralis (2 Bohol, 27 Negros, 7 Siquijor); 16 spilonota (1 Tablas,
12 Sibuyan, 1 Cebu, 2 Camiguin Sur); 43 spilocephala (10 Basilan,
31 Mindanao; 2 Siargao); 25 mindorensis (Mindoro); and 12 reyi
(1 Siasi, 9 Tawi Tawi [8 main island, 1 Bongao], 1 Sibutu, 1 Sulu).
Not all measurements were available for all specimens (see below),
hence numbers in certain analyses are smaller.

For specimens from most of the above collections, PCR
measured a wide array of characters, and then after preliminary
analyses chose the following as most uscful: culmen from cere;
upper mandible height at cere; auriculars maximum length
(including filamentous extensions); tail length (measured by
inserting ruler between two central rectrices); tarsus length;
unfeathered (bristled) portion of tarsus; length of middle claw;
wing length (flattened), and maximum width of dark and light
bmds on central portion of one central rectrix. Broken, hmvdeorn
or incompletely grown feathers were not measured. NIL also
measured culmen from skull for specimens from some museums.
Univariate statistics and PCAs were run in SYSTAT 12. Sexes were
combined for analyses, because most specimens of key taxa were
not labelled as to sex. Although it would be possible to examine
sexual size dimorphism in the bcttcr represented taxa, and it may
be significant, we [eave that to future studies and do not consider
the interpretation of our results to hinge on the mateer.

Colour and pattern analyses
Plumage characters were documented at major collections with
holdings of multiple key taxa. Photographs were taken of nearly all
specimens examined and were used for later comparisons, but only
as a general guide and mnemonic.

In addition to traditional assessment of species limits under the

Biological Species Concept, we apply the system proposed by Tobias
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et al. (2010) to measure the degree of phenotypic differentiation
between taxa. In this system an exceptional difference (a radically
different coloration, pattern or vocalisation) scores 4, a major
character (pronounced difterence in body part colour or pattern,
measurement or vocalisation) , a medium characrer (clear
difference reflected, e.g., by a distinct hue rather than different
colour) 2, and a minor charaxtxr (weak difference, e.g. a change in
shade) 1; a threshold score of 7 is required for taxa to be considered
separate species, but only three plumage characters, two vocal
characters, two biometric characters (asscssed for ettect size using
Cohen’s 4 where 0.2-2 is treated as minor, 2-5 medium, 5-10
major and >10 exceptional) and one bchavnoural or ecological
character may be counted (Tobias ez4/. 2010). However, we observe
that, in the case of nightbirds where vocalisations are crucial for
species recognition, this system may not give enough weight to
single key vocalisations and may give too much weight to plumage
characteristics, which in owls often show relatively high degrees of
individual variability.

Because the original diagnoses of heretofore named taxa placed
in spilonora and reyi were invariably based on inadequate material,
often involving single specimens and without reference to the most
similar taxa, and because spilonota proves to contain four different
taxa, we provide new diagnoses based (where possible) on larger
samples. We are constrained by the paucity of specimens from Cebu,
Tablas and Camiguin Sur, but good photographs now exist of these
and other taxa. Photographs often show features no longer existing
or never apparent in specimens, so we rely strongly on them to
supplement specimen material in these diagnoses. We have few data
on immatures, so these are not included in the diagnoses. In general
immatures are less well-marked and fluffier than adults.

Owing to the generally small sample sizes and poor labelling of
key taxawe were unable to analyse whether sexual dichromatism exists
in these owls. However, we suspect that it may, as in some other Nizzox
owls. In photographs that show what is almost certainly a singing
pair for cach ‘unstreaked’ taxon, one individual has noticeable whitish
streaking on the lower underparts, while the other is plain or barred
below. Whether this is a simple sexual difference is, however, unclear,
given that the white-streaked birds are in a minority among
specimens. Further fieldwork is needed to clarify this issue.

RESULTS

Acoustic analyses

The following are vocal comparisons by taxon or island (sce
Methods for conventions used). For simplicity, we focus on a few
individual recordings and then summarise variations. Overall song
patterns and quality are summarised in Table 1, and univariate
statistics for measurements of songs in Table 2

N. p. philippensis (Luzon)

(AV#2168, AV#2171, Luzon).—The non-duetted song of N. p.

philippensis (Table 1, Figure 2a) begins quietly, with single, short,
rather sharp cuk notes (each note comprising ashort upslurred then
rapidly downslurred element, upper frequency limits ¢.0.9 kHz,

frequency range ¢.0.6 kHz, note duration ¢.0.11 s) spaced ¢.2-2.5 s )

apart (at first sllghtly more than 25, then gradually accelerating
slightly to justunder 2 s apart). The series becomes louder, and after
several single notes the bird then begins to add in soft, lower-pitched
(0.66 kHz) preliminary notes, single or doubled, as in boo,/CUK
and bu-bu,/CUKR. There are several iterations of this, in which che
first elementbecomes progressively louder, but the main subsequent
element is still greatly accented, more strident and yapping, and
much broader-band, and the couplets or triplets are separated by
pauses of just over 1s. This then changes into a four-clement
repeating motif in which the first note is mellow and low as before,

and the subsequent three notes are broader-band, louder and
sharper, the last slightly softer and tailing off in pitch. In the four-
clement motif, the second and third notes are farcher apart than
the third and fourth, hence the rhythm seems halting; in addition
the third note is primarily upturned, while the second and third
are primarily downturned, and the third note has a slightly lower
maximum frequency. The four-note strophes are ¢.2 s in duration.
The series becomes slightly higher-pitched overall towards the end,
just exceeding 1 kHz, and the pauses between motifs are ¢.2 s long,.
Thesseries lasts 75-95 s and ends suddenly, or becomes intermittent,
with longer pauses (up to 8s) between motifs, e.g.:
cuk_cuk_cUK_cUK_cUK_boo,/CUK boo,/CUK bu-bi,/CUK_bu-
but,/CUK_boo,/CUK,CRIK-COok_boo,/CUK,CRIK-COok... boo,/
CUR,CRIK-COO0F...

Shorter versions and song fragments (SOM 1a.12453) may be
given, as may longseries of single note types, and excited duets with
multiple birds joining in that may appear to have more than four

notes per motif (SOM 1b.13551).

N. p. centralis (Bohol, Negros)

(AV#8971, Bohol; AV#10699-10700, Negros).—Song on both
islands is similar to that of N. p. philippensis. A Bohol recording
(SOM 1¢.8972) of a duect is similar to duets of N. p. philippensis.
AV#10699, from Negros, has much longer (c.5 s) pauses between
initial notes than similar song strophes studied for nominotypical
philippensis, while those of AV#10700 (SOM 1d-¢.10700) are ¢.2 s,
as in nominotypical philippensis, and the strophes last 120-168 s.

N. p. centralis (Siquijor)

Song (SOM 1f.112a) is similar to that of nominotypical
philippensis, except that it is hoarser and the later strophes contain
more (sometimes several more) notes, especially in duets, which
have many short hoarse notes (SOM 1g.99).

N. p. spilocephala (Mindanao)

The long song of spilocephala (Table 1, Figure 2d, continued as
SOM 1j) differs dramarically from all others in consisting of very
slow, long, mellow, dove-like notes, singly or in couplets. The
strophe starts simple and becomes somewhat more complex, but
slows down considerably. The song (c.g. AV#12462) starts with
single mellow, slightly slurred AUUUx notes that eventually
become longer, with the addition of an initial very softlow segment
to the note (now 00/#UUUw), then adding a short final element
after a short pause (now 00/HUUUn, Hun). The fundamental
frequency is 0.37-0.53 kHz, with only the main (hUUUz) note
rcaching the highest frequencies. All notes are slightly slurred and
convex (especially the main note) and have the same quality. Early
notes in a strophe are 0.4 s and the last couplets are 1.3 kHz. The
notes have one strong harmonic. Pauses between carly notes are
c.2.5 sand between later couplets ¢.4 s. The entire strophe may last
over 190s. A rtranscription is: AUUUu_hUUUu_
hUUUu_hUUUu_00o/HUUUu_00o/HUUUu_ ... 00/HUUUu_oo/
HUUUu _00/HUUUu, Huu o0o/HUUUu, Huu 0o/HUUUu__o0o/
HUUUy, Huu_ ... 0o/HUUUY, Huu__0o/HUUUn, Hun__oo/
HUUUn, Hu ...

Duets (e.g. AV#14263, Figure 2¢) may be much shorter,e.g. 11's,
with the primary singer starting with just a few single notes that
quickly lead into 0o/ HUU Ut Hius couplets like those described above.
The duetting bird sporadically adds in slightly but noticeably higher
couplets in which the first, stressed note is mostly upslurred and the
second, slightly softer note is mostly downslurred, transliterated as
WA UUUU H/UUUu. The lowest frequemv of this couplet is 0.36
and the highest ¢.0.73. The couplet length is 1.2's.. The single
noticeable harmomc produced by this sccond individual reaches c. 1.3
kHz. These same I1"AUUUU, WUU Uu couplets may be given with
another distantbird giving this same type instead of the 00/#UU U,
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Table 1. Qualitative summary characteristics of songs of each taxon and/or island population of Ninox philippensis (sensu lato) studied.

Song characteristic
1st note of multi-
Note pace Pause length  note strophe 1st note of multi-
accelerating (+),  even (0} or lowest (-}, note strophe All notes of multi-note strophe
even {0}, or decreasing (-}  highest (+), softest (-}, nearly the same length {0} or
Giveslong Increasing Maximum note number/ decreasing (-) between intermediate (i} or loudest (+),or different {in order from shortest
Taxon steady series note number? strophe within strophes  strophes no difference (0)  nodifference(0)  tolongest}
philippensis Yes Yes 4 + Oto— = = 3,241
spilacephala Yes Yes 2 + = + + 2,1
reyi Yes Yes 20 0 Irregular Oor— Oor— 0
Camiguin Sur Occasionally ~ Occasionally 22 - Irreqular - - Shortestat start, longest at end
mindarensis Yes Occasionally  1main note, several grace notes ~ + 0 0 - 1-4,5
Cebu Yes Yes 5 (strophes run-together) + 0 - - 1,4,3,2 (frequent; also other patterns)
Tablas spilanata. Yes Yes 4-5 (strophes well separated) + = + - 1,3,2 (usually)
Sibuyan spilonoto Yes Yes 5 (strophes well separated) + = i S 2,1-4,3

Song characteristic
Most notes short {|), Most notes near-vertical {|)
long {(—), or vs horizontal (-) or Degree of variability
Taxon intermediate (0} slurred (~) Harsh notes present Harmonics prominent  Quality of main notes (from 0 to 5, 5 highest)
philippensis 0 | Asresponse to playback, notinsongs  No Emphatic but mellow 3
spilacephala — Rarely No Mellow, clear 2
reyi | | No No Hollow, clucking, percussive 2
Camiguin Sur | [to~ Yes, at start of each strophe Yes Rapid hooting barks, like mid-sized dog 2
mindarensis — ~ (slightly) Yes No Thin whistles, peeps, metallic screeches 3
Cebu i 0 ~ (greatly) Yes No Shrill, slightly croaking 5
Tablas spilanata 0 ~to] Yes In some note types Sweet whistles to hoarse plaintive barks 3
Sibuyan spifonoto -~ 0 ~ Slight Yes Robust, musical, slightly hoarse, mournful 4

Table 2. Univariate summary statistics [mean+SD (range, n)] of measurements of song characteristics of each taxon and/or island population of
Ninox philippensis (sensu lato).

Song characteristics

Max. inter-strophe

frequency difference Max. frequency in

Min. frequency in

Min. internote

Delta frequency

Taxon/island Max. notes/strophe  (Hz) song series (Hz) song series (Hz) Max. note length (s}  Min. notel (s} interval (s) within note (Hz)
philippensis 4.2+08 303.4+66.3 1116.6+90.2 585.7+£90.7 0.3+0.1 0.1£0.1 0.6+£2.1 479.0+148.6
(including centralis,  (2-7,34) (177.0-420, 34) (864—1364, 55) (386-787,54) (0.1-0.7,52) (0.0-0.3,52) (0.1-15.0,52) (107-1068, 52)
praxima, ticaaensis)
spilacephala 2+0 82.1+31.8 693.4£92.2 402.1£45.5 0.5+0.1 0.2+0.04 0.3+0.1 271.0£69.7
2,1) (55.0-166.0,11) (549.0-854.0,22)  (325.0-508.0,22)  (0.3-0.6,22) (0.1-0.3,22) (0.1-0.4, 20) (178-417,22)
" reyi 18.8£8.1 284.6+85.2 1048.8+90.7 427.8+64.6 0.1£0.1 0.01+0.0 0.08£0.04 529.0£165.4
(6-40,15) (155-420,15) (834-1179,18) (331-528,18) (0.0-0.3,18) (0.01-0.02,18) (0.01-0.14,18) (3761006, 18)
mindarensis 2415 365.7£68.7 2364.6+182.7 1451.0+208.6 0.840.2 0.2+0.1 0.6£0.5 648.8£183.5
(1-5,11) (221-443, 8) (2070-2716,12) (1282-1840,12) (0.5-1.0,12) (0.1-0.6,12) (0.2-1.6,12) (351-909,12)
Camiguin Sur 22.8+5.6 122.9+50.2 631.8+£36.8 327.6£53.0 0.2+04 0.1+0.1 0.3+0.9 284.0+783
(8-39,34) (39-221,34) (568-699,47) (241-434,47) (0.1-0.3,44) (0.0-0.3,43) (0.1-5.4,34) (96.4-445.1,43)
Sibuyan 3.8+04 110.6+28.9 1559.6+238.4 783.4+95.6 0.3+0.1 0.1£0.1 0.8£1.7 639.2£236.5
(3-4,7) (66-133,7) (1280-1911,9) (584-935,9) (0.2-0.5,9) (0.1-0.3,8) (0.2-5.0, 8) (239-935, 8)
Tablas 3.620.5 201.4+80.6 1784.1+£192.2 923.6+£190.5 0.4+0.1 0.2+0.1 23+3.2 681.2£229.6
(3-4,1) (111-332,11) (1484-2213,18) (569-1545, 18) (0.2-0.6,18) (0.1-0.4,18) (0.1-8.5,18) (306-1121,18)
(Cebu 4+0.8 181.5+£83.9 1466.7+96.7 829.2+73.0 0.4+0.2 0.1+0.0 0.2+0.1 505.6+130.5
(3-5,10) (99-376,10) (1220-1545,12) (711-996,12) (0.2-0.9,12) (0.03-0.1,12) (0.05-0.3,12) (254-734,12)
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Figure 2. Typical songs of each major taxon in the Philippine Hawk Owl Ninox philippensis (sensu lato) complex. For each song, the first row is
the waveform, the second is the sonagram, and the third is the spectrum: (a): Philippine Hawk Owl N. p. philippensis, probably non-duetted long
song of single bird singing in different directions, hence the variations in amplitude late in the song series; AV#2171, PCR, Luzon; (b): Camiguin
Hawk Owl Ninox new species 1, duetted series of short strophes; AV#13554, ROH, Camiguin Sur; (c): Camiguin Hawk Owl Ninox new species 1,
long song by single bird; AV#13622 ROH, Camiguin Sur; {(d): Mindanao Hawk Owl N. spilocephala, long song by single bird (series continued in
SOM 1j); NSA Wildlife ref. #132605, S. Harrap, Mindanao; (e): Mindanao Hawk OwlI N. spilocephala, short duetted songs; AV#12461, ROH, Mindanao;
(f): Sulu Hawk Owl N. reyi, series of short probably non-duetted strophes; AV#14577, ROH, Tawi Tawi; (g): Mindoro Hawk Owl, first half of long
duet (continued in SOM 11); AV#11507, ROH, Mindoro; (h): long song of single Romblon Hawk Owl Ninox spilonota new subspecies; AV#10803,
DNSA, Tablas; (i-j): long song of single Romblon Hawk Owl N. spilonota on Sibuyan, AV#13637, ROH, Sibuyan; (k): long song of single Cebu Hawk
Owl Ninox new species 2, AV#12612, BD, Cebu; (1): duetted song of Cebu Hawk Owl Ninox new species 2; AV#10805, LMP, Cebu.
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Vocal divergence and new species in the Philippine Hawk Owl N/noxph///ppenS/s complex

Huu couplets, or the latter type may grade into the former type (c.g,
AV#8088). Other versions include (AV#8056) a series of long dove-
like notes ending in a stressed barking upslur, a version in which the
first note of each couplet is more accented and staccato (AV#8111),
or single short gruft notes. None of the vocalisations of spilocephala
closely resembles those of any other taxon in the group, although
there is some resemblance to the much shorter, sharper, two-note
portion of the long song of philippensis.

N. p. mindorensis (Mindoro)

The song (Table 1, Figure 2g, continued in SOM 11) is distinctly
high-pitched, and composed of long series of thin, slightly
descending squealed whistles fiiizew (each ¢.0.8 s long) separated
by pauses of ¢.1 s, then gradually changing into descending squealed
whistles that become hoarse raspy downslurred screeches, c.g.
fritkshrew, the whistle-screeches often preceded by several very short
high-sounding tittering toots, 0.1-0.3 s. The screeches and toots
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are duetted, both birds often chimingin simultancously giving both
note types, which may overlap closely. Whistled notes may rise
slightly at the start before falling again, and others may be entirely
screeched. Duetted song may also consist of much longer series
almost entirely of long whistled notes, some of them strongly
frequency-modulated (SOM 1m-n).

The song of mindorensis bears no resemblance to those of
philippensis, spilocephala, reyi or Camiguin Sur birds. It somewhat
resembles songs of Tablas, Cebu and Sibuyan birds (as noted by
Allen [2006], except that no recordings were then available for
Sibuyan) in being composed of thin whistles and hoarser rasps,
but it is very different in frequency and structure, especially in its
much longer-drawn whistles and screeches, the near-constant
frequencies of the long whistled notes, presence of high tittering
toots, much harsher screeches, and lack of rhythmic repetition of
lower notes.

N. p. spilonota (Tablas and Sibuyan)

The song of Tablas birds (Table 1, Figure 2h.10803) consists of
longslow series of single short, steeply falling wistful whiny whistles
| F'YEw separated by pauses of several seconds, and later in a strophe
often changing into a hoarse version \F'YUrsh, then into two-note
and finally three- to (occasionally) four-note versions, e.g. (rut-)TUT-
TTY\iFw-hut near the end. Hoarser note-types have a few widely
spaced harmonics (SOM lo). The maximum fundamental
frequency is 2 kHz, and that only at the start of strongly
downslurred notes, while most of the notes are 1-1.7 kHz.

Song in Sibuyan (Table 1, Figs. 2i-j.13637) is similar to thatin
Tablas, but sounds slightly more croaking and is even slower, with
many introductory notes nearly level, barely downslurred, and with
strong harmonics. The later notes in a strophe are typically clearly
four-noted, and each note is more similar to the others except the
longer, stressed, downslurred third note, e.g. 7007, 00T, TIV\IEIV,
TOOT.

N. p. spr'icr*o‘a (Cebu)

In Cebu, song (Table 1, Figure 2k) is highly variable in rhythmand
note type, although in quahty notes are of two main types, gruff
staccato chucks and plaintive short downslurs, and (less often)
metallic treefrog-like upslurred abrupt bwick! notes (several of
which may be given in quick succession), low clear abrupt duir!
bell-tones (sometimes quickly doubled), and hoarse white-noise
screeches lasting ¢.0.6 s (Figure 21, SOM 1q-r). Overall, compared
to Tablas and Sibuyan birds, to which it is most similar, the songin
Cebu is much faster (but relatively low-pitched, with notes mostly
below 1.5 kHz and even down to 0.8 kHz) and lacks the long pauses
between notes within a strophe so characteristic of these other taxa.
Non-duetted strophes are long series of short /KYEUr notes
(separated by pauses of only ¢.0.9s), running into djuk, /
KYEvr_djuk, /KYEUr... series and even four-noted, more complex
versions. Duets are medium-length strophes starting with several
low soft djuk and gwick notes, running into djuk, \KYEUr-gwuck,
djuk, \KYEUr-gwuck, etc., petering out after ¢.30 s and then starting
again after a pause of a few seconds. Despite similarities to Tablas
and Sibuyan birds the numerous notable and consistent differences
exhibited by Cebu birds are very striking.

N. p. spilonota (Camiguin Sur)
(AV#13554,13556-13557).—Ductted strophes (the common type
available to us; Table 1, Figure 2b) differ greatly from those of all
other known taxa. They begin with a few sporadic, very soft, very
low (0.28 kHz) mid-length gruff notes, then turn into a low, very
hoarse growl (e.g. 0.9 s) that quickly leads into rapid laughing mellow
barks (0.36-0.69 kHz), recalling the chorused yapping of distant
mid-sized dogs. The duetted notes typically overlap only partially,
so the strophe sounds faster than is each individual’s contribution,

and the thythm is non-uniform and jerky. Each note (excepting the
growl) is strongly convex (highest part in the middle), and note shape
is quite uniform; individual note length is 0.10-0.15 s, and pauses
between note-pairs in the first two-thirds of the main strophe can
beaslongas0.1s, then to 0.2 s between this part (signified by CUR
notes below) and the accented ending (BOO notes). Strophes
(including introductory grace notes) last 5-11.5 s and are separated
from ecach other by 7-18s. Strophes slow down slightly near the
end, with the final few notes slightly longer, louder and higher-
pitched. There are often a few stray loud notes just following the
well-defined strophe (SOM 1h. 1355/) Harmonics are prominent
throughout the entire strophe following the growl, which has very
broad bandwidth. The highest detectable harmonics on available
recordings are at ¢.2.6 kHz, and there are up to five bands of
harmonics above the fundamental frequency, although only the first
harmonic (peaking at 1.25 kHz) is very prominent. Growls do not
occur elsewhere within the strophe but the introductory growls are
duetted, with the second individual joining in just after the first, or
they may be shorter growls separated by short pauses, c.g.
(huk _ huk_ )ourrrririy’ CUR,CUR 7, CUR ur, CUR,CUR ur,
CURurn,CUR ur, CUR,CUR»CUR#»CURY, CURur, CUR'CUR-/
BOO-BOOR-BU'U__(boo)

Lone birds (Figure 2c, SOM 1i) also give shorter, low-intensity
series of ¢.6 boo notes, the series lasting ¢.2 s, and the fourth note
highest and stressed (c.g. AV#13602), or long series starting with
single notes, then two, the first stressed, then three, first still stressed,
then grading into strophes of up to seven low hoots followed by up
to six higher stressed hoots, the first of the higher notes being most
stressed, but all evenly spaced and of approximately the same length
(e.g. AV#13622).

N. p. reyi (Tawi Tawi)

(AV#10802).—The song of this taxon is extraordinarily different
in tone from those of all other known taxa (Table 1, Figure 2f),
beinga hollow wooden knocking, usually in duetted shortstrophes
of a few to several seconds, separated from other such strophes by
short pauses (1-2s). Each strophe starts with several quiet low
clucks at the rate of 1/0.1s, then gets louder and higher-pitched,
although cach note has broad bandwidth; the strophe then slows
down, often dropping in pitch and becoming more emphatic and
higher again. The duet has a stuttering rhythm overall and there
are no harmonics. Each note has broad bandwidth, the earlier ones
¢.45 kHz and the louder, higher ones ¢.80 kHz, and note length is
¢.0.01 s for carlier notes and 0.02 s for most others, some perhaps
as long as 0.03 s, e.g. kr-kt-kt-kt-kt-kt-kt-/KRT-KRT-KRT-KR1~
KRT\-KLAK-KLAK-KLAK-KRT-KRT-KRT-KRT-KRT1-KR1-/
TOK!-TOK!

Strophes may be much shorter, e.g. kr-kt-kt-KR1-/TOK!-TOK?,
and successive strophes in a series can vary considerably in length
(SOM 1k). They can also be more uniform, but still with slightly
higher pitch and emphasis near the end, or they can be mostly
uniform £z- series until a sudden speeding up and more clattery
pattern at the end. This clattery effect occurs when clacking notes
are introduced by a very short low grace note that increases the
hollow knocking quality. The latter notes are evidently responsible
for the taxon’s local name of ‘lukluk’ (Allen 1998).

This form also gives a simple song of hollow triplets continued
for long periods, e.g. tuk tluk tik_tluk'tluktluk .. thuktluk’tlik. The
motifs are ¢.0.7 s in duration and separated by usually 3-5s
(commonly 4.5 s), and consist of three principal elements, each
preceded by a very short, lower, introductory element. The
frequency range of the principal elements is about 0.5-0.9 kHz.
This song type somewhat resembles in quality the typical song of
Cinnabar Hawk Owl Ninox ios of Sulawesi, although that species’s
song is distinctly two-noted (King 2005, Hutchinson ez 2/. 2006),
and no songs comparable to the other types of N 7eyi are known.







































