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ABSTRACT.--The nucleotide sequences of mitochondrial 12S rRNA (12S) and protein-cod- 
ing cytochrome oxidase subunit I (COI) spanning 1,010 and 1,130 base pairs, respectively, 
are reported for seven owl species representing six genera: Otus rnegalotis (Philippine Scops- 
Owl), O. longicornis (Luzon Scops-Owl), Bubo virginianus (Great Horned Owl), Asiofiarnrneus 
(Short-eared Owl), Ninox philippensis (Philippine Hawk-Owl), Tyto alba (Barn Owl; used as 
an outgroup), and the little known Mirnizuku gurneyi (Giant Scops-Owl). Separate phylo- 
genetic analyses of 12S, COI, and the combined 12S and COI data yielded congruent phy- 
1ogenies, strongly supporting the phylogenetic affinity of Mirnizuku with Otus, as opposed 
to Bubo. The conservative nature of mitochondrial DNA evolution in Mirnizuku, in sharp con- 
trast to its unique derived morphological attributes, suggests that Mirnizuku is a recently 
evolved insular form of Otus that has undergone rapid morphological evolution towards gi- 
gantism, rather than being a small derivative of the much larger eagle-owls (Bubo) as has 
been suggested previously. Received 19 August 1996, accepted 5 March 1997. 

THE GIANT SCOPS-OWL (Mimizuku gurneyi) is 
a monotypic species restricted to the Philip- 
pine islands of Mindanao, Dinagat, and Siar- 
gao. The evolutionary origin and phylogenetic 
placement of this species are unclear Mimizuku 
gurneyi was first described as Pseudoptynx gur- 
neyi by Tweeddale (1878), congeneric with P. 
philippensis (now Bubo philippensis ). Hachisuka 
(1934) removed gurneyi from Pseudoptynx and 
placed it in the monotypic genus Mimizuku. 
Many authors agree and recognize M. gurneyi 
as the sole member of this distinct genus (Peters 
1940, dupont 1971, Clark et al. 1978, Eck and 
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Busse 1973, Marshall 1978, Dickinson et al. 
1991), whereas others treat Mimizuku as a syn- 
onym of Otus (Delacour and Mayr 1946, Gross- 
man and Hamlet 1964, Burton 1973, Clements 
1974, Gruson 1976). Amadon and Bull (1988: 
304) state that Mimizuku "... is sometimes 
placed in Otus, but may be closer to Bubo ..." 

Its English name is no less controversial. 
Mimizuku gurneyi is widely known as the Giant 
Scops-Owl (Delacour and Mayr 1946, Burton 
1973, Clark et al. 1978, Amadon and Bull 1988, 
Sibley and Monroe 1990), but more recently it 
has been referred to as the Lesser Eagle-Owl 
(Dickinson et al. 1991, Sibley and Monroe 1993) 
and the Mindanao Eagle-Owl (Inskipp et al. 
1996). The uncertainty regarding the phyloge- 
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FRONTISPIECE. Adult Giant Scops-Owl (Mimizuku gurneyi), an uncommon resident of low and middle el- 
evation forests in the Philippines. Painting by Hector C. Miranda, Jr. 
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netic placement of Mimizuku reflects insuffi- 
cient materials for comparative study and the 
lack of knowledge about its biology. During re- 
cent surveys of Mindanao conducted by the 
National Museum of the Philippines (NMP) 
and the Cincinnati Museum of Natural History 
and Science (CMNH), we obtained frozen tis- 
sue and a complete skeleton that have clarified 
whether this unique insular species represents 
a small eagle-owl or a large scops-owl. Reso- 
lution of this issue provides clues to the history 
and processes underlying avian species diver- 
sification in the Philippines and other archi- 
pelagos. 

METHODS 

We obtained DNA sequence characters for the en- 
tire mitochondrial (mt) 12S rRNA gene (977 base 
pairs [bp] long in M. gurneyi; 1,010 bp long in the 
alignment, including gaps) from two individuals of 
M. gurneyi and single representatives of Otus mega- 
lotis, O. longicornis, Bubo virginianus, Asio fiammeus, 
Ninox philippensis, and Tyto alba, the last being used 
for outgroup comparison. We also sequenced 1,130 
bp of mitochondrial cytochrome oxidase subunit I 
(COI) from the same set of taxa except O. longicornis. 
All Otus, Ninox, and Mimizuku tissue samples were 
obtained during the 1992 to 1994 NMP / CMNH Phil- 
ippine Biodiversity Inventory surveys. Voucher spec- 
imens for individuals analyzed are: M. gurneyi 
(CMNH Nos. 36488 and 35735), O. longicornis 
(CMNH No. 36491), O. megalotis (CMNH No. 36490), 
and N. philippensis (CMNH No. 36492). GenBank ac- 
cession numbers for the sequences are: O. m. everetti 
(12S, U83754; COI, U83779), O. longicornis (12S, 
U84751), M. gurneyi (12S, U83756; COI, U83780), B. 
virginianus (12S, U83757; COl, U83777), A. fiammeus 
(12S, U83758; COl, U83781), N. philippensis (12S, 
U83760; COI, U83783), and T. alba (12S, U83749; COI 
U91604). 

DNA was extracted from muscle, liver, or heart tis- 
sue using standard techniques (Knight and Mindell 
1993). Mitochondrial DNAs were amplified as a se- 
ries of overlapping segments using the following 
primer pairs. For 12S rRNA, we used L613/H887 
(Mindell et al. 1991), L821 (5-GCCACACCCCCAC 
GGGTAC TCAGCAGT-3')/Hl194 (5'-TCGATTATA 
GAACAGGCTCCTCTAG-3'), L1091 (Kocher et al. 
1989) /H1557 (Knight and Mindell 1994), and L1373 
(5'-GAAATGGGCTACATTTTCT-3') / H1621 (5'-CTT 
IT/C][T / C]AGGTGTAAGCT[G / A][G / A]ATGCTT- 
3'). For COI, we used L5844 (5'-CCTCTGTAAAAA 
GGACTACAGCC-3')/H6290 (5'-TTGCCAGCTAGT 
GGGGGTA-3'), L6195 (5'-AATAACATAAGCTTC 
TGACT-3') / H6762 (5'-GATGTAAAGTAGGCTC 
GGGTGTCTAC-3'), and either L6424 (5'-ACCG 

CCATCAACATAAAACCCCC-3') or L6704 with 
H7216 (Mindell et al. 1991). Letters L and H refer to 
light and heavy strands, and numbers correspond to 
approximate starting positions in the human mt- 
DNA sequence (Anderson et al. 1981). Bases for de- 
generate primer sites are shown in brackets. Double- 
stranded PCR amplifications were performed using 
Taq DNA polymerase and the reaction buffer 
(500mM KC1, 100 mM Tris-HC1, 1.0% Triton X-100) 
from Promega Corporation. Reaction mixtures were 
subjected to 35 cycles of denaturation at 94øC for 30 
s, annealing from 40 to 50øC for 30 s, and extension 
at 72øC for 1 min. After amplification, 15 mL of the 
double-stranded PCR product were separated in low 
melting-point agarose, cut from the gel, and purified 
using Magic PCR Preps (Promega). Both the heavy 
and light strands of all amplified products were se- 
quenced using the CircumVent Sequencing System 
(New England Biolabs) with direct incorporation of 
35S-dATE 

Manual alignment of COI sequences is non-contro- 
versial, with no gaps being invoked. 12S rRNA align- 
ments, however, require numerous insertions and 
deletions. Although phylogenetic analyses can be 
sensitive to order of sequence input for alignments 
with numerous insertions and deletions (Mindell 
1991), we focused on well-aligned regions only, and 
these did not change significantly in alignment bouts 
with alternative input orders. CLUSTAL W (Thomp- 
son et al. 1994) was used to generate the alignment 
using the default parameters. Conserved motifs and 
other information regarding secondary structure 
(Hickson et al. 1996, Mindell et al. 1997) also were 
used to improve and adjust the alignment by eye. 
Percent difference between sequences was initially 
calculated using p = zd / zt, where zd is the number 
of nucleotide differences between two sequences and 
zt is the total number of nucleotides compared. Se- 
quence differences corrected for substitution-rate 
differences were also calculated using Kimura's 
(1980) two-parameter method in the DNAdist pro- 
gram of PHYLIP (Felsenstein 1995). Sites with inser- 
tions and deletions were excluded from sequence-di- 
vergence estimates. 

We conducted exhaustive parsimony analyses us- 
ing PAUP 3.1.1 (Swofford 1993) for the CO! and 12S 
rRNA data sets individually and combined. To ex- 
plore the effect of differential weighting of transi- 
tions and transversions, we used the following char- 
acter weighting schemes in alternative analyses: (1) 
all character changes equally weighted, (2) transver- 
sions (TVs) only, and (3) TVs:TIs (transitions) 
weighted 2:1. For the 12S rRNA alignments, we con- 
ducted separate analyses on all sites (1,010 aligned 
positions) and on well-aligned regions only (944 
aligned positions), in which sequence regions with 
gaps were excluded to reduce homoplasy. We cal- 
culated support indices for each node within the 
most-parsimonious topology by finding the shortest 
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TABLE 1. Percent differences that are presumed transitions (above diagonal) and percent sequence diver- 
gences (below diagonal) for pairwise comparisons of mitochondria112SrRNA sequences based on observed 
sequence differences (left of slash) and Kimura's (1980) two-parameter model (right of slash). 

I 2 3 4 5 6 7 

I Mimizuku gurneyi -- 71.0 71.2 65.2 61.7 58.5 61.4 
20tus megalotis 6.3/6.8 -- 72.4 64.8 64.1 63.3 63.0 
30tus longicornis 11.2/11.1 8.0/8.7 -- 68.6 66.5 62.3 59.5 
4 Bubo virginianus 16.4/16.1 14.1/17.1 16.1/20.0 -- 62.5 66.7 58.8 
5 Asioflammeus 17.7/21.8 16.1/19.6 16.2/19.6 15.1/18.1 -- 61.8 59.9 
6 Ninox philippensis 16.6/20.0 15.5/18.3 16.0/19.2 16.8/20.1 16.8/20.2 -- 58.3 
7 Tyto alba 17.3/20.7 16.6/19.8 15.5/18.5 16.9/19.9 16.9/21.7 16.5/19.5 -- 

tree in which the particular node is not found, and 
denoting on branches the number of additional steps 
required (Bremer 1988, Kallersj•5 et al. 1992). In ad- 
dition, bootstrap resampling (Felsenstein 1985) was 
done with 2,000 replications using the branch-and- 
bound search option. 

RESULTS 

12S RNA.--Of the 1,010 bp examined, 55 
gaps were invoked. Within the regions without 
gaps, 325 positions were variable and 233 of 
those positions were phylogenetically infor- 

12S rRNA 

3-60 

n.• Otus longicornis 
12-99 I Otus megalotis --t I Mimizuku gurneyi 

I 3-65 [ Bubo virginianus Asio flammeus 

Ninox philippensis 

Tyro alba 

F•G. 1. The most-parsimonious phylogenetic tree 
demonstrating placement of Mimizuku gurneyi, 
based on all alternative analyses of the mitochondri- 
al 12S rRNA. An analysis using transversions only 
yielded the same topology as above, except Asiofiam- 
meus was basal, rather than sister, to Bubo virginianus. 
Tyto alba was designated as the outgroup. The first 
number above the branch is the support index 
(Bremmer 1988, Kallersj•5 et al. 1992) denoting the 
number of additional steps needed to break the node, 
and the second number denotes bootstrap support 
based on 2,000 replications. These numerical calcu- 
lations are based on 12S rRNA well-aligned regions 
only. 

mative (23%). Presumed transitions for pairs of 
species ranged from 58.3 to 72.4% of all 
changes with an average of 63.9% across all 
comparisons (Table 1). Percent transitional dif- 
ferences were based on observed values. These 

relatively high percentages suggested that the 
12S rRNA transition substitutions retained 

phylogenetic information, and that they were 
not yet saturated with change (Mindell and Ho- 
neycutt 1990, Mindell et al. 1991). Excluding 
sites with gaps (where alignments may be un- 
reliable), the mean observed pairwise percent 
divergence across all comparisons was 15.0%, 
ranging from 6.3 to 17.7%. Sequence diver- 
gence between O. megalotis and M. gurneyi was 
6.3%, lower than between the two Otus species 
at 8.0%. Percent sequence divergences between 
M. gurneyi and the two Otus species were less 
than that found between Mimizuku and B. vir- 

ginianus at 16.4%. Transformed divergence 
measures using the Kimura 2-parameter model 
increased the average by 3.2%, but distances 
between M. gurneyi and O. megalotis, O. longi- 
cornis, and B. virginianus at 6.8%, 11.1%, and 
16.1%, respectively, did not change drastically 
(see Table 1). As a precaution against mislabel- 
ing or contamination of samples, 500 bp were 
sequenced from a second Mimizuku individual, 
and no difference was found between the two 

individuals. 

Using Tyto alba as an outgroup, the parsi- 
mony analyses were unequivocal in support- 
ing an Otus/Mimizuku sister relationship (Fig. 
1). Parsimony analyses of the 12S rRNA data 
set based on alternative character weighting 
approaches consistently yielded the same sister 
relationship. All of the most-parsimonious 
trees were identical, except for the transver- 
sion-only analysis for well-aligned regions in 
which A. fiammeus is basal rather than sister to 
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TABLE 2. Mitochondrial COl percent transitional differences (above diagonal) based on first, second, and 
third codon positions (left of slash) and first and second codon positions only (right of slash). Values below 
diagonal are percent divergences for pairwise comparisons based on observed differences (left of slash) 
and Kimura's (1980) two-parameter model (right of slash). 

1 2 3 4 5 6 

I Mimizuku gurneyi -- 
20tus megalotis 10.5/11.4 
3 Bubo virginianus 15.9/18.2 
4 Asio fiammeus 15.4 / 17.6 
5 Ninox philippensis 17.2/20.0 
6 Tyro alba 18.3/21.6 

87.1/63.9 93.6/77.8 91.1/72.2 86.1/59.1 91.6/72.3 
-- 91.8/67.9 90.0/60.7 83.8/47.2 91.0/62.5 

14.7/16.7 -- 96.0/73.4 89.9/58.6 96.4/80.0 
16.1/18.7 13.3/14.8 -- 89.2/62.5 95.8/76.5 
17.1/20.1 16.3/18.4 15.6/17.9 -- 89.5/57.7 
18.3/21.8 16.4/19.2 16.6/19.2 19.1/23.0 -- 

B. virginianus. All trees that were generated, 
based on all regions or well-aligned regions 
only, showed O. longicornis basal to the O. mega- 
lotis/M. gurneyi clade. The support index 
showed an additional 12 steps required to 
break the O. megalotis/M. gurneyi clade and 11 
additional steps to break the entire O. longicor- 
nis / O. megalotis / Mimizuku clade. Bootstrap 
values for all branches were greater than 50%, 
with the O. megalotis and M. gurneyi clade 
showing a 99% bootstrap value. 

Cytochrome oxidase I.--COI showed 325 vari- 
able sites among five ingroup taxa. There were 
no indels (insertions/deletions) observed. For- 
ty-five changes (13.9%) were at the first codon 
positions, 28 (8.6%) were at the second codon 
positions, and 252 (77.4%) were at third codon 
positions, a ratio of roughly 1.5:1:9. Although 
the substitution rate difference between the 

first two codons and the third codon positions 
is relatively high, the observed patterns are 
consistent with studies of other protein-coding 
mitochondrial genes in birds (Kocher et al. 
1989, Edwards and Wilson 1990, Lanyon and 
Hall 1994). High percent transition values for 
pairwise estimates were observed, ranging 
from 83.8% between O. megalotis and N. philip- 
pensis to 96.4% between T. alba and B. virgini- 
anus (Table 2). This was due mainly to the rapid 
nucleotide change at the third codon position. 
Substitution bias at the third codon position 
has been shown to contribute to phylogenetic 
misinformation due to saturation (Mindell and 
Thacker 1996). Percent transitional changes for 
both first and second codon positions were 
lower, ranging from 47.2% (Ninox and Otus) to 
80.0% (Ninox and Bubo). Overall percent se- 
quence divergence based on the Kimura two- 
parameter model (Table 2) between strigiform 
species ranged from 11.4% (Otus and Mimizu- 
ku) to 23.0% (Tyto and Ninox). Sequence diver- 

gence between Mimizuku and Bubo was 18.2% 
a value higher than that between Otus and 
Mimizuku or Bubo and Asio. The COI gene also 
showed bias in base composition, with guanine 
deficiency in the second and third codon posi- 
tions, and relatively low thymine frequency at 
the third codon position, as observed in other 
mt protein-coding genes (Lanyon and Hall 
1994). The mean COI percent base composition 
for the seven owl species was A: 25.4, C: 30.8, 
G: 16.6, and T: 24.7. 

Analyses with equal weighting for all char- 
acter changes, and with TVs:TIs weighted 2:1 
(for first, second, and third codon positions 
combined) yielded a tree incongruent with the 
12S topology in which Bubo is basal to a Ninox/ 
Asio clade. Transversion parsimony for all co- 
don positions differed, with Asio basal to a 
Bubo/Ninox clade. However, all topologies gen- 
erated under various weighting approaches 
based on the first, second, and third codon po- 
sitions supported the Otus/Mimizuku sister re- 
lationship. To reduce the amount of homoplasy 
due to multiple substitutions, third codon po- 
sitions were given an a priori weighting of zero. 
Exhaustive parsimony analysis of all characters 
in the first and second codon positions resulted 
in a single most-parsimonious tree that united 
Mimizuku with Otus (Fig. 2A). Parsimony anal- 
yses also were conducted using: (1) only the 
first codon position, (2) only the second codon 
position, and (3) transversions only at the first 
and second codon positions. Each of these sup- 
ported the sister relationship of Otus and Mim- 
izuku relative to Bubo. Transversion parsimony 
of codon position 1 and 2 only resulted in two 
shortest trees, both supporting the Otus/Mim- 
izuku clade, with Bubo basal to this branch. A 
consensus tree (Fig. 2A) yielded an unresolved 
Bubo/Asio/Ninox branch. Bremer and boot- 
strap support indices for the two resolved 
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1-66 

1.$• Otus megalotis ulf6•• s __ -- Mimizuku gurneyi 2-62 

Bubo virginianus -- 

Asio flammeus 

Ninox philippensis 

Tyto alba 

FIG. 2. (A) COl consensus of two shortest trees resulting from transversion parsimony analysis of all first 
and second codon position characters. (B) Single most-parsimonious tree found under all weighting schemes 
for 12S and COl combined, with and without exclusion of ambiguous alignment regions in 12S and the sat- 
urated third codon position in COl. The first numbers above branches represents the support index (Bremer 
1988, Kallersj6 et al. 1992), and the second number denotes bootstrap support with 2,000 replications. 

branches were low (Fig. 2A), due in part to the 
small number of changes at the first and second 
codon positions. 

12S rRNA and COI combined.--The combined 

data set comprised 2,140 nucleotide bases. Par- 
simony and transversion analyses of all data 
and all data excluding ambiguous 12S align- 
ment regions yield a single most-parsimonious 
tree (Fig. 2B) that was entirely congruent with 
the 12S gene tree (Fig. 1). This topology is ro- 
bust as indicated by the lack of sensitivity to al- 
ternative weighting approaches, and inclusion 
or exclusion of ambiguous alignment regions in 
12S and the third codon position in COI. 

Skull morphology.--The recent availability of a 
M. gurneyi skeleton enabled gross comparison 
of its skull with those of O. megalotis and B. vir- 
ginianus. We evaluated the same characters 
used by Ford (1967): (1) medio-lateral slope of 
cranial side, (2) forehead size and shape, (3) 
cranial width relative to height, and (4) supra- 
orbital process shape. The O. megalotis skull ex- 
hibits a high and steep forehead, the supraor- 
bital process is long and pointed, and the cra- 
nium is high relative to width (Fig. 3). The 
Mimizuku skull also exhibits these features 

(Fig. 3). In contrast to Otus and Mimizuku, the 
Bubo skull has a low, thicker forehead and a 
small, knob-like supraorbital process, and the 
cranial height is low relative to the width (Fig. 
3). The structural similarities of the major skull 
features in Otus and Mimizuku support the mo- 
lecular evidence presented here, although a de- 
tailed phylogenetic analysis of skeletal charac- 
ters is warranted. 

DISCUSSION 

We present evidence that Mimizuku is more 
closely related to Otus than to Bubo, assuming 
the monophyly of Bubo. All analytical ap- 
proaches for the 12S rRNA (i.e. all gene regions 
and the well-aligned regions only, all character 
changes weighted equally, transversions only, 
or transversions:transitions weighted 2:1) sup- 
port the single shortest tree presented in Fig- 
ure 1 with Mimizuku sister to Otus. This also is 

concordant with the COI analyses, the com- 
bined data set analyses, and the gross compar- 
isons of skull morphology (Fig. 3). Combining 
data from different regions of the mitochondri- 
al genome maximizes the amount of character 
evidence in parsimony analyses (Cracraft and 
Mindell 1989, Kluge 1989, deQueiroz et al. 
1995). The apparent consistency of morpholog- 
ical and molecular evidence increases our con- 

fidence in the mitochondrial DNA analyses. 
Our evidence indicates that Mimizuku gur- 

neyi is a large scops-owl that is intermediate in 
size between scops-owls and eagle-owls. Ac- 
cordingly, this species should be known by the 
English name "Giant Scops-Owl." The plum- 
age pattern of the breast and abdomen differs 
from that of most scops-owls in being less 
cryptic, with plain black streaks along the 
shafts of the ventral feathers (see Frontispiece). 
Field observations by Miranda and Kennedy 
suggest that Mimizuku's call (a loud, single- 
note "whaaack") is not typical of scops-owl vo- 
calizations. Despite these derived characters, 
the mitochondrial 12S sequence divergence of 
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FIG. 3. Lateral (A) and dorsal (B) view of skulls of (1) Otus megalotis (CMNH No. 36489), (2) Mimizuku 
gurneyi (CMNH No. 35735), and (3) Bubo virginianus (CMNH No. 34913). Dorsal view is shown 20% smaller 
than lateral view. 

M. gurneyi from O. megalotis is relatively low 
(6.8%) and is lower than the observed se- 
quence-divergence estimates between O. mega- 
lotis and O. longicornis (8.7%). The derived phe- 
notypic features of Mimizuku, in contrast to its 
conservative mitochondrial DNA evolution, 
suggest the occurrence of rapid differentiation. 
Discordant rates of morphological and molec- 
ular evolution also have been documented in 

other avian species (Shields and Wilson 1987; 
Avise and Zink 1988; Zink et al. 1991, 1995; 
Zink and Dittmann 1993) and other vertebrate 
lineages (King and Wilson 1975, Baverstock 
and Adams 1987, Schwaner and Sarre 1988, 
Radtkey 1996). This notion is supported by 
field investigations showing that speciation 
and evolutionary changes in morphology in 
birds can be rapid (e.g. Grant 1992). 

Mimizuku gurneyi is an uncommon resident 
of low and middle elevation forests. On Min- 

danao, its habitat overlaps with that of the 
more widespread Otus megalotis, which occurs 
in forested areas and open woodlands. It is 
possible to devise a scenario whereinMimizuku 
represent a lineage of colonizers that under- 
went rapid morphological changes towards gi- 
gantism. The alternative scenario, that Mimi- 

zuku is more closely related to the larger eagle- 
owls, is that Mimizuku evolved smaller body 
size, perhaps in response to competition with 
the Philippine Eagle-Owl (B. philippensis). Our 
data and phylogenetic analyses support the 
first scenario (toward gigantism) over the latter 
(toward size reduction). There is an active de- 
bate as to the ecological forces that drive shifts 
in body size among insular reptiles (Miles and 
Dunham 1996, Schoener 1970, P•rflliams 1972, 
Roughgarden 1992). In insular forms, random 
genetic drift that accompanies a founder event 
can play a subtle but major role in rapid spe- 
ciation. 

Our study raises the issue of which criteria 
are appropriate and reasonable for delimiting 
genera. In the past, it was common to place a 
species in a separate genus if it exhibited a 
greater degree of morphological divergence 
than that observed among other related spe- 
des. But, should a separate genus be recog- 
nized solely on the basis of apparent phenotyp- 
ic uniqueness, regardless of how recently the 
taxon has evolved in evolutionary time? Or, 
should genera reflect phylogeny and relative 
age regardless of degree of morphological dif- 
ferentiation? Taxonomists will encounter these 
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questions with increasing frequency as greater 
emphasis is placed on phylogenetic perspec- 
tives and on historical contexts of biodiversity. 
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