PROCEEDINGS B New Zealand’s extinct giant raptor
(Hieraaetus moorei) killed like an eagle,
ate like a condor
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The extinct Haast’s eagle or harpagornis (Hieraaetus moorei) is the largest

known eagle. Historically, it was first considered a predator, then a scaven-
ger, but most recent authors have favoured an active hunting ecology.
However, the veracity of proposed similarities to carrion feeders has
analysis, geometric morphometrics not been thoroughly tested. To infer feeding capability and behaviour in har-
pagornis, we used geometric morphometric and finite-element analyses to
assess the shape and biomechanical strength of its neurocranium, beak
and talons in comparison to five extant scavenging and predatory birds.
The neurocranium of harpagornis is vulture-like in shape whereas its beak
is eagle-like. The mechanical performance of harpagornis is closer
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withstand extremely high loads. Results are consistent with the proposition
that, unlike living eagles, harpagornis habitually killed prey larger than
itself, then applied feeding methods typical of vultures to feed on the
large carcasses. Decoupling of the relationship between neurocranium and
beak shape may have been linked to rapid evolution.

1. Introduction

Accipitrid birds of prey (Aves: Accipitriformes) are a diverse group composed
of eagles, kites and Old World vultures. Raptorial birds predominately feed on
animals and have specific prey preferences. Some raptorial species specialize on
mammals, reptiles, amphibians, fish, other birds or carrion, whereas others are

Electronic supplementary material is available generalists, feeding on a variety of prey, including invertebrates [1]. Different
online at https://doi.org/10.6084/m9.figshare. feeding preferences among raptorial birds require different hunting strategies
€.5715240. and consequently divergently adapted morphological structures [1-3]. For
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example, skull shape and morphology of the cervical muscu-
lature in raptors are thought to correlate with diet and
feeding behaviour [1,4,5], as well as the feet [6,7] and
talons [8]. By contrast, the feeding behaviours of scavengers
are classified as rippers, which feed primarily on the tough
skin and hide of a carcass, gulpers, which feed primarily on
the softer viscera, or scrappers, which feed primarily on smal-
ler scraps [4]. Vultures are the only obligate scavenging
vertebrates [9,10] and can feed on decaying animal carcasses
without compromising their health [11-13]. The diversity in
feeding ecologies among extant birds of prey may be used
to reconstruct feeding and dietary preferences of closely
related extinct taxa based on morphometric and mechanical
similarities [1].

New Zealand’s iconic harpagornis or Haast's eagle
(Hieraaetus moorei) [14-16] is an extinct eagle that weighed up
to 15 kg [17], approximately 30-40% heavier than the largest
living eagle (the harpy eagle, Harpia harpyja) [16]. Once thought
to be descended from Australia’s largest extant eagle, the
wedge-tailed eagle (Aquila audax), DNA analysis has demon-
strated that its closest living relative is in fact one of the
world’s smallest eagles, another Australian raptor, the little
eagle (Hieraaetus morphnoides) [16]. Hieraaetus moorei was
more than an order of magnitude heavier than the Hie. morph-
noides and represents an extraordinary example of rapid
evolution within less than 2 million years [16].

Hieraaetus moorei was first described as an active predator
[18], but Haast himself later noted that its beak exhibited
vulturine features [19], as have more recent authors [3,17]
who also observed vulture-like similarities in beak shape,
based on two-dimensional morphometrics, as well as the pres-
ence of bone scrolls around the nostrils. Through much of the
twentieth century, the argument that it was largely a carrion
feeder was widely held [20]. However, most of the more
recent studies have supported the predator hypothesis [21-23].

In recent years, the argument that the giant eagle was a
predator has been based on interpretations of its nervous
system, among other features. Well-developed hind limb
innervation indicates that its talons were sensitive and power-
ful enough to grapple with live prey, even though it lacks
some visual, olfactory and vestibular features that are
common to many vultures [23]. The hunting hypothesis has
been further supported by two-dimensional shape analysis
and qualitative studies that have shown overall similarity in
body shape and talon morphology with large extant eagles
[17]. The size of Hie. moorei has fuelled speculation that
they may have been able to kill moa of adult size (200 kg)
[23] and is supported by perforations in the pelvic bones of
moa thought to have been inflicted by Hie. moorei [17,24].
Although a largely predacious ecology is now widely
accepted, the validity of conflicting indications given by
beak, neurocranium and talon data has not yet been tested
using more powerful three-dimensional shape analyses,
nor have the mechanical consequences proposed for these
features been tested by computation simulation.

It has long been argued that the shape of bird beaks is
driven by natural selection for specific feeding behaviours
in at least some bird taxa [25]. Across avian taxa, diet explains
only 12% of the variation in bill shape [26], and among rap-
tors, the shape of the cranium is a better predictor of feeding
behaviour than the shape of the beak [1]. Furthermore, beak
and cranial shapes are tightly integrated and largely con-
trolled by allometry [27]. This suggests that the capacity of

beak shape to respond independently to natural selection is
highly constrained and correlated largely to changes in
body size.

The relationship between talon morphology and diet in
raptors is less equivocal [1,28]. Predacious raptors have
evolved hypertrophied talons on digits I and II to retain
struggling prey [28]. Ecomorphological differences in talon :
toe length ratios have been observed among some dietary
specialists [29,30], such as the high talon:toe ratios of the
Aqu. audax and white-bellied sea eagle (Haliaeetus leucogaster),
which specialize in prey that are large and/or difficult to cap-
ture [28]. General differences in claw size (claw radius) and
shape (claw angle and curvature) among birds reflect specific
aspects of their ecology, with variable degrees of differen-
tiation among large-scale functional groups, such as
‘ground-dwelling” versus ‘climbing’ versus ‘perching’ birds
[31,32]. In birds of prey, claw shape largely differs by order
and family [29,30], but can also have important functional
consequences [30,33]. Furthermore, talon shape and mechan-
ical performance have evolved in direct response to relative
prey size, without allometric or phylogenetic constraint [8].

Although several studies have addressed the functional
morphology of skulls and feet among Accipitriformes
[1,28-30,34], little is known about their load-bearing perform-
ance. Previous morphology-based interpretations of ecology
for Hie. moorei have been based on two-dimensional shape
analysis and qualitative inference [3,17]. Here, we use three-
dimensional shape analysis (geometric morphometrics,
GMM) and computer-based simulations of biomechanical per-
formance (finite-element analysis, FEA) to compare the beak,
neurocranium and talon of Hie. moorei to those of extant rap-
tors, and thereby determine whether the shapes and
mechanical performances of each are consistent with hunting
or scavenging roles. We also test whether the evolution of
beak shape in the world’s largest eagle was tightly integrated
with neurocranium shape and controlled by size, as is the
case in other eagles.

Surface models of the skulls and talons were created in Mimics
software (v. 16.0, Materialise NV, Belgium) for six species
(table 1). Thirty-seven anatomical landmarks and 150 sliding
semi-landmarks, placed equidistantly along with six homologous
curves, were digitized onto the cranium (derived from [27]). Defi-
nitions and diagrams of anatomical landmarks and sliding semi-
landmarks on the cranium are provided in the electronic sup-
plementary material, table S1 and figure S1. On each talon, we
digitized eight anatomical landmarks and 65 semi-landmarks
placed equidistantly along the outer and inner curves of the
ungual bone to capture its shape in three dimensions [8] using
IDAV Landmark software (UC Davis) (electronic supplementary
material, figure S2). The landmark coordinates were imported
into R v. 4.0.4 [35,36] for further analyses. We performed general-
ized Procrustes analysis on all landmarks, implemented in the
ProcSym() function from the R package ‘Morpho” [36], to rotate,
translate and scale landmark configurations to unit centroid size.

To visualize the multivariate ordination of the aligned
Procrustes coordinates, we performed a principal component
analysis (PCA). Phenograms describing cranium and talon shape
relationships among the taxa were created by performing an
unweighted pair group method with arithmetic mean (UPGMA)



Table 1. Basic information on the six species used in this study (references are in the electronic supplementary material). Bird art by Scott Partridge.

icon in the Latin English
figures abbreviation name
Hal. sphenurus whistling kite
Hie. morphnoides lttle eagle
Aqu. audax wedge-tailed
eagle
Hie. moorei Haast's eagle

cinereous

' Aeg. monachus
vulture
Vul. gryphus Andean
condor

on the Euclidean distance matrix of different sets of landmarks.
The UPGMA is a simple distance-matrix method that uses
sequential clustering to reconstruct phenetic similarities [37].

(b) Finite-element analysis

Precise details on protocols used for FEA are provided in the
electronic supplementary material, but a summary is given here.
Six major jaw-closing muscles were modelled for each of the
six species included based on a digital dissection of a buzzard
(Buteo buteo) [38]: Pterygoideus dorsalis, Pterygoideus ventralis,
Pseudotemporalis profundus, Pseudotemporalis superficialis, Adductor
mandibulae externus profundus and Adductor mandibulae externus
medialis/superficialis. Volume meshes of each element were created
in Mimics (v. 16.0) and 3-Matic (v. 8.0, Materialise). The models
and the loaded muscle origin plates were imported into Strand?
(v.2.4.6., Strand7 Pty Ltd., Sydney, Australia). One intrinsic load-
ing case was used for the cranium to simulate bites driven solely
by jaw musculature. Additionally, three extrinsic loading cases
were analysed for the cranium, representing different behavioural
strategies used in feeding or incapacitating prey: dorsoventral
pull, lateral shake and pull back [39]. The force was applied to
the tip of the beak. Detailed information on the models can be
found in the electronic supplementary material. A dorsoventral
pull simulates head depression towards the bird’s body about a
mediolateral axis perpendicular to the long axis of the cranium
(i.e. pitch), a lateral shake simulates the head moving side-to-side
about a dorsoventral axis perpendicular to the long axis of the
cranium (i.e. yaw) and a pullback simulates the beak pulling
the prey in line with the long axis of the cranium. For the talons,

model volume as

proxy for mass (mm°®)

7070

11865

24037

67807

64489

31891

foraging behaviour

active hunter, variety of small animals, but will
also feed on carrion

active hunter, feeding on mammals and birds,
c@n catch prey exceeding own body mass

active hunter, dietary generalist, feeding on
mammals, birds and reptiles

obligate scavenger, ripper, medium-sized to large
qarcasses

obligate scavenger, gulper, medium-sized to large
qarcasses

two nodes to fix the bone in space were placed on either side of
the flexor tubercule, the attachment site of the Musculus flexor hal-
lucis longus. Intrinsic load cases were solved with calculated node
forces applied in the negative z-axis direction to simulate the
piercing action of the talon.

(c) Von Mises strain analysis

To allow a direct comparison of results between talon finite-element
models (FEMs), and to further integrate strain and shape outputs
from FEA with GMM, we followed previously published method-
ology and computed the mean von Mises (VM) strain values at the
location of 21 selected landmarks [8]. The lower the VM strain
values, the better adapted the talon is to sustain high pressure/
loads during prey capture and restraint. Higher VM strain values
indicate that the talon is less well adapted to deliver high-gripping
forces. For the cranium, we computed the mean VM strain values
from the four nearest tetrahedral elements (each element has four
nodes) at the locations of the 37 homologous landmarks, which
were also used in the shape analysis (red landmarks on electronic
supplementary material, figure S1).

3. Results

(a) Shape analysis of the crania

PCA results for three-dimensional shape analysis of the
crania (figure 1) revealed morphological differences among
raptor species based on dietary mode. At the positive extreme
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Figure 1. Three-dimensional cranial shape variation in Acciptriformes. (a) Scatterplot depicting the morphospace of six species of raptorial bird: Aeg. monachus,
Aqu. audax, Hie. moorei, Hie. morphnoides, Hal. sphenurus and Vul. gryphus. Warped meshes refer to cranial shape in the extremes of the axes and the meshes
heatmaps are based on euclidean distances: cooler colours (blue-green) indicate minor changes and warmer colours (orange-red) indicate major changes. (b) UPGMA
performed on all PC scores (¢) and on PC1 (d) and on PC2 scores. Bird art by Scott Partridge. (Online version in colour.)

of PC1 (38.4% of total variation), the cranium showed a
shorter beak and a wider and flatter neurocranium, as
exemplified by the smaller species, Hal. sphenurus and Hie.
morphnoides (figure 1a). The larger species (Aqu. audax, Hie.
moorei and Vul. gryphus) positioned on the lower PCI
extremes displayed a narrower neurocranium and a longer
beak. PC2 (23.6%) separates the two vulture species, with
Aeg. monachus (positive values) characterized by a wider neu-
rocranium and a larger occipital condyle, whereas Vul.
gryphus (negative values) had a narrower and taller
neurocranium. The PC3 axis (16.7%) separated accipitrid
birds of prey into two groups based on neurocranium
width: vultures and Hie. moorei (negative PC3 values) had a
taller and narrower neurocranium whereas other eagles and
the kite (positive PC3 values) had a wider neurocranium
(electronic supplementary material, figure 54).

UPGMA is a simple hierarchical clustering method based
on dissimilarity matrices [38]. UPGMA (figure 1b) conducted
on the full set of shape variables revealed close similarities
between Hie. moorei and both vultures. However, UPGMAs
performed on PC1 and PC2 scored separately shows that
Hie. moorei was most like Aqu. audax. This result for separate
PC1 scores (figure 1) was largely explained by similarity in
beak shape between these two large eagle species.

UPGMA based on PC2 (figure 1b) highlighted differences
between the two extant carrion feeders (Vul. gryphus and
Aeg. monachus), at least in part explained by phylogeny.
UPGMA on PC3 (electronic supplementary material, figure
S5) showed that Hie. moorei is more vulture-like regarding the
overall shape of the cranium, largely due to similarities in the
orientation of the foramen magnum and relative cranial width.

(b) Finite-element analysis of the crania

Mean VM strain values for each of the four load cases are in
table 2. Visual outputs of strain in the cranium for all load cases
are shown in figure 2 and associated UPGMA phylogenetic
tree constructions are shown in figure 2 (see electronic sup-
plementary material, figures S6-59 and table S2 for further
details). In the intrinsic (biting) load case, mean strain was
markedly less in Hie. moorei than in all other taxa, although clo-
sest to Aeg. monachus. Strain values were similar among the
remaining species, except Hal. sphenurus in which strain
values were high; UPGMA results were not consistent with
these mean values but showed high similarity of Hie. moorei
with Aqu. audax and Hie. morphnoides (figure 2). Unlike both
vultures, but like Aqu. audax, Hie. moorei displayed extremely
low strains mid-beak (figure 2).
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Figure 2. VM strain contour plots of the crania in the intrinsic, dorsoventral, lateral shake and pullback load cases in lateral view and UPGMAs performed on PC
scores of VM strains collected at specific landmarks for each of the considered load cases: (a) intrinsic, (b) dorsoventral, (c) lateral shake and (d) pullback. Models are

not to scale. Bird art by Scott Partridge. (Online version in colour.)

Table 2. Mean VM strains for each of the considered cranial loading cases and the talon. Cranial loading cases consisted of one intrinsic load and three extrinsic
(dorsoventral, lateral and pullback) loads.

species intrinsic dorsoventral pull
Hal. sphenurus 1415107 21.851x 107"
Hie. morphnoides 541x107° 01339% 107
Aqu. audax 670 x 10~° 0718 x 10~
Hie. moorei 258x10° 0563107
Aeg. monachus 507 x107° 0.7449 x 107*
Vul. gryphus 6.64% 107 12848 x 107*

For the dorsoventral load, mean strain was intermediate in
Hie. moorei, falling between that recorded for Vul. gryphus
and Aeg. monachus (table 2). The values for Aeg. monachus
were also intermediate and values for Aqu. audax and Hie.
morphnoides were very low, especially for Hie. morphnoides.
Haliastur sphenurus experienced the highest strain. These
results were consistent with those of the UPGMA (figure 2).
The strain pattern in Hie. moorei was most like that of
Aqu. audax, with a band of high strains across the braincase
and a spot of low strains on the side of the beak (figure 2). In

lateral shake pullback
15372107 10.944 x 10~ 5.2887
3149x 107 7036x 107 55069
5923 107" 5518 107" 3.3678
10.180 x 10~ 36481074 16324
2.838x 107" 2876 x 107" 7.6279
10.596 x 10~ 3481x 107" 6.7893

the lateral shake, mean strain in the cranium of Hie. moorei
was relatively high and similar to that of Vul. gryphus (figure 2
and table 2). The two extant eagle species recorded low strains,
although the lowest were in Aeg. monachus. Haliastur sphenurus
recorded the highest strain. Under the pullback simulation,
Hie. moorei showed relatively low strain, comparable to that
of Vul. gryphus and the other scavenger, Aeg. monachus
(table 2). Aquila audax and Hie. morphnoides recorded higher
strains, but again the highest was in Hal. sphenurus. These
results are also reflected in the UPGMA (figure 2).
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Figure 3. Three-dimensional talon shape variation in Acciptriformes. (a) Scatterplot depicting the morphospace of six species of raptorial bird: Aeg. monachus,
Aqu. audax, Hie. moorei, Hie. morphnoides, Hal. sphenurus and Vul. gryphus. Warped meshes refer to talon shape in the extremes of the axes and the
meshes heatmaps are based on Euclidean distances: cooler colours (blue-green) indicate minor changes and warmer colours (orange-red) indicate major changes.

(b) UPGMA performed on the entire shape based on all PC scores. Bird art

(c) Shape analysis of the talons

The first two PCs (52.5% and 25.1%, respectively, of total
variation) for shape analysis of the talons clearly separated
the vultures from the other raptors (figure 3). Vultures had
a shorter and blunter talon with decreased curvature and
reduced ungual articular surface, whereas the raptorial taxa
were characterized by a more curved, longer and pointed
ungual shaft and larger, more robust ungual articular face
(figure 3a). There was no allometric scaling in the talons.
UPGMA performed on all shape variables (the whole
set of PC scores) showed that Hie. moorei was most like
Hie. morphnoides (figure 3b).

(d) Finite-element analysis of the talons

Mean strain data (table 2) and UPGMA of strain results for the
talons of six raptor species (figure 4) showed that Hie. moorei
was most like Aqu. audax, the largest extant eagle in our analysis.
However, mean strain data were considerably lower in Hie.
moorei than in any of the other raptors. Hieraaetus moorei
showed consistently lower strain values in the ventral region
of the inner curvature, on the outer curvature and on the
flexor tubercle when compared to Aqu. audax. Hieraaetus

by Scott Partridge. (Online version in colour.)
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Figure 4. UPGMA performed on PC scores of VM strains collected at specific
landmarks on the talons and associated solved FEMs. Models are not to scale.
Bird art by Scott Partridge. (Online version in colour.)
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morphnoides and Hal. sphenurus showed intermediate strain
values, whereas the two carrion feeders displayed the highest
strain.
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Whether Hie. moorei was primarily a scavenger or an active
predator has been a subject of long-running debate. Although
the argument that it was predacious has prevailed, until
recent times, morphology-based hypotheses have largely
been deduced through qualitative interpretations and com-
parisons, as well as limited two-dimensional shape analyses
[17]. Additionally, no analyses of mechanical performance
have been conducted on preserved skeletal material that
might support or refute either hypothesis. Results of our
combined analyses reveal a novel mosaic of morphological
and biomechanical features attributable to the cranium of
Hie. moorei. Regarding shape, its beak is eagle-like but its neu-
rocranium is closest to that of the two carrion feeders, Vul.
gryphus in particular. This contradicts interpretations based
on two-dimensional analyses that the closest similarities
between Hie. moorei and vultures were evident in the
beak [17].

Hieraaetus moorei was also characterized by a combination
of eagle-like and vulture-like features with respect to the mech-
anical performance of the cranium. Under the intrinsic load,
mean strain in Hie. moorei was considerably lower than in
any other taxon, but closest to that of eagles. This suggests a
capacity to withstand loads generated by a particularly
powerful bite for its size. High mean strains recorded in Vul.
gryphus, Hal. sphenurus and Hie. moorei for dorsoventral pulling
suggest that these species are not well adapted for this behav-
iour. Similarly, high mean strain for Hie. moorei under the lateral
shaking simulation indicates that this species was poorly
adapted to perform this behaviour relative to extant eagles
and again was closest to the carrion feeding Vul. gryphus. Inter-
estingly, the other carrion feeder, the Aeg. monachus, records
very low strain for the lateral shake. Under the pullback load-
ing, Hie. moorei and the two scavengers all perform better than
the remaining taxa and the giant eagle was again closest to Vul.
gryphus, which is consistent with feeding observations and
functional anatomy of vultures [1,5].

The interpretation of both shape analysis and FEA results
of the talon show that Hie. moorei is unambiguously eagle-
like (showing similarities with Aqu. audax) and capable of
resisting particularly high loadings. Interestingly, Hie. moorei
showed the closest morphological similarities with the phylo-
genetically closest Hie. morphnoides. This is in agreement with
the results provided by Tsang et al. [8], which showed no
significant allometric signal in talon shape. In the case of
Hie. moorei, the increase in size of the talon probably reflects
the adaptation to killing very large prey relative to the body
mass of the bird, but in this case, could also be driven by
phylogenetic inertia.

Overall, the beak of Hie. moorei is eagle-like and its
neurocranium vulture-like, bearing the closest resemblance
to Vul. gryphus among the two scavengers. Results of FEA
simulations of feeding behaviour show Hie. moorei performs
very well under the biting simulation, but poorly under
dorsoventral and lateral loadings. Under the pullback load,
Hie. moorei outperforms the other two eagles and is again
closest to Vul. gryphus. Thus, with respect to the four FEA
simulations, it is closest to the eagles in the capacity to deliver
a powerful bite, but closest to the obligate carrion feeder Vul.
gryphus in all others. Its talon on the other hand is eagle-like
in every respect and able to withstand high forces, even for its
large body mass.

How then to interpret this unique combination of

characters in Hie. moorei? Talons are the primary killing tools
of most raptors, except falcons; however, their beak may be
used to finish a kill [1,30]. We propose that biting may have
been more important in delivering the kill for Hie. moorei
than is typical among extant eagles. With respect to the extrin-
sic FEA, we first note that there is a clear difference between the
two known carrion feeders included in the analyses. Aegypius
monachus was able to withstand high lateral loadings, whereas
both Hie. moorei and Vul. gryphus performed poorly in this
regard. This is consistent with the classification of Aeg. mona-
chus as a ripper of flesh that favours the tough skin and meat
of large mammal carcasses [4], possibly with strong lateral
forces as well as powerful biting. Aegypius monachus is a large
and aggressive vulture that dominates other avian scavengers
when fights occur over a carcass [40,41]. By contrast, Vul.
gryphus is a ‘gulper’ that focuses on the softer internal organs
[4]. Our findings of more vulture-like features in the extrinsic
FEAs, therefore, are most consistent with the proposition
that Hie. moorei may have preferentially targeted the high
nutrient viscera of its prey that are also favoured by most
carrion-feeding raptors [42].

This mix of morphologies and mechanical behaviours
reminiscent of obligate carrion feeders, as well as predacious
eagles, may be the result of a unique combination of selective
pressures. Vultures generally feed on animals much larger
than themselves, but eagles typically kill and eat relatively
small prey [1]. Taphonomic evidence leaves little doubt that
Hie. moorei killed and fed on moa, including the largest, Dinor-
nis, which could weigh over 200 kg [43—45]. Even the smallest
of moa species (little bush moa, Anomalopteryx didiformis;
approximately 30 kg [46]) was larger than Hie. moorei. Hieraae-
tus moorei probably inhabited open plains [23], as did many of
its prey species [44]. Its vision was evidently not particularly
acute [23], but without competition, this was probably not
under strong selection. Hieraaetus moorei used a flapping
flight [17], suggesting flight occurred over relatively short dis-
tances. Together the evidence suggests that Hie. moorei could
have swooped down from trees or cliffs at short distances to
catch and kill its prey. Our results are largely consistent with
the proposition that Hie. moorei habitually killed particularly
large prey in a typically eagle-like fashion using its powerful
talons, but then applied feeding techniques common to vul-
tures that eat from the carcasses of species much larger than
themselves. Bird skin is typically less tough than that of mam-
mals [1,48], so Hie. moorei was able to open the carcasses itself.
It is notable that Hie. moorei is less well adapted to eating hard
tissues, such as tendons, than Aegypius [40], but probably
preferred viscera and muscles, like Vultur [48].

Our proposal that Hie. moorei favoured the internal organs
of its prey leads to the possibility that, as well as vulture-like
nostril scrolls [17] and vulture-like feeding mechanics, like
most vultures, its head and neck were featherless. This prop-
osition is also consistent with a Maori rock art depiction of
what is thought to be a Hie. moorei, in the Cave of the Eagle
at Craigmore Station, South Island (figure 5). The raptorial
bird has a dark-coloured body, but the head and neck
remain uncoloured.

Rapid evolution has been demonstrated for insular taxa [49].
We further postulate that the increase in modularity between the
neurocranium and the beak in Hie. moorei may have facilitated
the rapid evolution of Hie. moorei from its common ancestor
with Hie. morphnoides. In conclusion, Hie. moorei is characterized



Figure 5. At Craigmore Station, inland Timaru, the Cave of the Eagle shows a
painting of Hie. moorei with a dark-coloured body, but an uncoloured head.
Photographed by Gerard Hindmarsh. (Online version in colour.)

by a unique mosaic of eagle and vulture-like features that prob-
ably evolved in response to highly demanding selective
pressures to routinely hunt and eat particularly large prey.
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