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relationships: the Neomorphinae (Aves, Cuculidae) example
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Abstract

The anatomy of Neomorphinae is poorly understood and the systematics of this sub-family is also the most con-
troversial of the cuckoo taxa, mainly with regard to the systematic position of Tapera and Dromococcyx. In this
study, morphological similarities of the Neomorphinae are discussed after a comprehensive description of the cranial
osteology was conducted in seven species, embracing all the Neomorphinae genera. This description is followed
by comparisons with other cuckoos in order to contribute to the anatomy and systematics of this sub-family. In
this way, we provide illustrations that enable the osteological descriptions and the proposed primary homologies
to be visualised and compared. Even though Neomorphinae species share many cranial osteological characteris-
tics, there are some anatomical divergences that allowed us to divide them into two distinct groups: (Dromococcyx/
Tapera) and (Morococcyx(Neomorphus/Geococcyx)). After comparisons among all cuckoos this study suggests that
Neomorphinae are more similar to Crotophaginae and Couinae than to other sub-families of cuckoos. Our results
contrast with a recent phylogenetic study based on morphological features, mainly because alternative interpretations
to the primary osteological homologies in this study grouped Tapera and Dromococcyx with Cuculinae. Although
morphological studies can be used in phylogenetic analysis, we demonstrated here that decisions in the interpretation
of the homologies can provide ambiguous results.
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Interpretacdoes de homologias primarias e ambiguidade nas posicoes
filogenéticas dos taxons: o exemplo nos Neomorphinae (Aves, Cuculidae)

Resumo

Neomorphinae é o grupo filogeneticamente mais controverso entre os cucos, em virtude da ambigua posi¢do de
Tapera e Dromococcyzx, ainda, a anatomia do grupo € pouco compreendida. Neste estudo, as homologias primdrias
sdo discutidas em relagdo a osteologia craniana desta subfamilia e comparadas aos demais Cuculiformes. O estudo
propde interpretagdes alternativas para homologias primdrias dos caracteres cranianos em relagio aquelas encontra-
das em filogenias com base nesta fonte de caracteres, na qual se observa Tapera e Dromococcyx agrupados dentro de
Cuculinae. De modo a melhor demonstrar isto, os cranios foram descritos e ilustrados, apontando-se as homologias
propostas e contrapondo-as com a literatura. Os resultados sugerem algumas variagdes entre os tdxons que compdem
a subfamilia que permitem agrupd-los da seguinte maneira: (Dromococcyx/Tapera) e (Morococcyx(Neomorphus/
Geococcyx)). Ainda, comparando com as demais subfamilias, os Neomorphinae sdo similares a Crotophaginae e
Couinae. Ndo obstante, os resultados demonstraram os tdxons de Neomorphinae (incluindo Tapera e Dromococcyx)
nitidamente mais similares entre si do que com qualquer outro grupo de cucos, indicando provavel monofiletismo da
subfamilia, conforme sugerem os dados moleculares. No entanto a descri¢do da osteologia aqui apresentada difere
do observado em uma filogenia com base em caracteres morfoldgicos e isto resulta das diferentes interpretagdes das
homologias primdrias adotadas em cada caso, causando hipdteses conflitantes entre si, como ¢ demonstrado neste
estudo.

Palavras-chave: Neomorphinae, Cuculidae, osteologia craniana, filogenia.
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1. Introduction

The anatomy of birds was the focus of systematic
studies at the end of the 19" century and at the beginning
of the 20™ century. Although these studies contributed
to the understanding of most bird groups, they did little
to elucidate systematics at some categorical levels (e.g.,
family and genera); sampling at this time was insuffi-
cient to examine relationships at these levels and com-
parisons were made among taxa that were not closely re-
lated. Nevertheless, ornithologists have been conducting
systematic studies with more rigidity in order to test the
legitimacy of the characters used in traditional classifica-
tions such as those of Huxley (1867); Fiirbringer (1888);
Gadow (1892); Peters (1940) and Berger (1960). As a re-
sult, there are many osteological characters used in most
orders of birds and also in some of the largest groups of
birds (Livezey and Zusi, 2007). However, according to
these last authors, the anatomy of birds has not been suf-
ficiently studied yet, particularly in cuckoos.

Anatomical investigations of cuckoos are concentrat-
ed mainly at the beginning of the 20" century (Shufeldt,
1901; Pycraft 1903; Peters, 1940; Verheyen, 1956);
however few cranial osteological studies concerning
Neomorphinae are available in the literature and the de-
scriptions are restricted to the species representing them.
The only study of osteology which includes all of the
genera of Neomorphinae (Hughes, 2000) lacks detailed
descriptions and figures for comparisons.

According to Payne (2005) Tapera and Dromococcyx
are grouped with Morococcyx, Geococcyx and
Neomorphus in the subfamily Neomorphinae, as ob-
served in traditional classifications (Peters, 1940;
Morony et al., 1975; Howard and Moore, 1998). They
belong almost exclusively to the Neotropical region, ex-
cept G. californianus (Payne, 2005). Generally speak-
ing, the Neomorphinae are terrestrial, but Zapera and
Dromococcyx show some arboreal behaviour and are
brood parasitic birds (Payne, 2005).

Molecular phylogenies (Sibley and Ahlquist, 1990;
Aragoén et al., 1999; Payne and Sorenson, 2005) diverge
most significantly from anatomical, ecological and be-
havioural studies (Seibel, 1988; Hughes, 1996 and
2000), primarily on whether Neomorphinae is or is not
defined as a monophyletic group. The last authors point-
ed out that Neomorphinae is not monophyletic because
Tapera and Dromococcyx are considered to be more
closely related with Old World cuckoos (Cuculinae) than
with other cuckoos. However, molecular studies were in
agreement and indicated that Neomorphinae is a mono-
phyletic group, close to Crotophaginae (Anis). Posso
(1999) performed a cladistic analysis using only cra-
nial osteological characters in the Neotropical cuckoos
and Tapera and Dromococcyx were grouped with other
Neomorphinae in all the most parsimonious trees. Posso
and Donatelli (2006) performed a cladistic analysis on
characters from cranial osteology with post-cranial, eco-
logical and behavioural characters from Hughes (1996

and 2000) and concluded the systematic position of
Tapera and Dromococcyx is unsolved, because the inter-
pretations of primary homologies on the cranial features
were different to those found in Hughes (2000).

In this study we provide a detailed description of the
cranial features of Neomorphinae and also suggest alter-
native interpretations to the primary homologies (sensu
de Pinna, 1991) in Hughes (2000). We also provide il-
lustrations enabling the osteological descriptions and
the proposed primary homologies to be visualised and
compared.

Specifically, our goals are: 1) to provide a detailed
comparative description of the cranial osteology of the
Neomorphinae species; 2) to relate the Neomorphinae
species and to compare them with other cuckoos; and
3) to discuss interpretations in the primary homologies
and phylogeny implications according to this description.

2. Material and Methods

This study is based on the investigation of 54 speci-
mens all of the species attributed to Neomorphinae
(sensu Payne, 2005) except Neomorphus pucheranii,
N. radiolosus and N. rufipennis. Specimens of
Neomorphus are difficult to collect and thus are rare in
osteological collections. The specimens came from the
collections of the Museum of Vertebrate Zoology (MVZ),
University of California, Berkeley, California, USA; the
Museum of Zoology (UMMZ), University of Michigan,
Ann Arbor, Michigan, USA; the United States National
Museum (USNM), Smithsonian Institution, Washington,
DC, USA; the American Museum of Natural History
(AMNH), New York, USA and the Museu de Histéria
Natural de Taubaté (MHNT), Taubaté, Sdo Paulo state,
Brazil. Geococcyx californianus (Lesson, 1829): MHNT
110; MVZ 176050, 7588; UMMZ 116179, 201069,
227058, 227059, 234551, 234552, 236211, 73880,
73881, 85031; USNM 1461 17486, 346493, 499279,
501304, 554946, 554948, 610961, 610962, 614371. G.
velox (Wagner, 1836): AMNH 2167; MVZ 85646, 85647;
UMMZ 152883, 156461, 156462, UMMZ 159112.
Morococcyx erythropygus (Lesson, 1842): AMNH 4604;
MVZ 156635, 85641; UMMZ 130940, 133738, 209205.
Neomorphus  geoffroyi (Temmnick, 1820): UMMZ
200592, 431345, 432636. Dromococcyx pavoninus
Pelzeln, 1870: UMMZ 209207. D. phasianellus (Spix,
1824): MVZ 85638. Tapera naevia (Linnaeus, 1766):
MHNT 1036; MVZ 141740, 94088; UMMZ 135167,
209208, 214004, 214005, 218370, 218946, 222217,
USNM 19221, 321520, 346329.

Moreover, because of the controversy regarding the
monophyly of Neomorphinae, we decided to perform
a comparison using a dense taxa sampling approach,
studying and comparing a further 508 specimens in
73 species, including all genera of Cuculidae (except
Scythrops, Pachycoccyx, Cercococcyx, Caliechthrus and
Microdynamis). The list of these specimens is found in
Posso and Donatelli (2006).
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In order to avoid misclassification in relation to bony
boundaries, we followed the osteological study of young
cuckoos in Posso and Donatelli (2005). The Nomina
Anatomica Avium proposal (Baumel and Witmer, 1993)
is used as a reference for osteological structure nomen-
clature, but new nomenclature suggestions for some fea-
tures in Posso and Donatelli (2005) were also used.

We followed Payne (2005) for species nomenclature
and classification.

3. Results and Discussion

In the frontal region (F, Figure 1) all species present
a rostral depression (D1, Figures 1 and 2) in the zona
flexoria craniofacialis. The lateral extremities of the dor-
sal surface between orbits are narrower than the parietal
roof (calvaria). Tapera (Figure 1) and Dromococcyx
have the narrowest lateral extremities, and the parietal
region is three times broader than the orbital region in
these species. In N. geoffroyi (Figure 2), Morococcyx,
and Geococcyzx, the parietal is about two times broader
than the orbital region.

The cerebellar prominence (PC, Figures 3, 4) is
higher and broader in Dromococcyx (Figure 6) than
in other species, so that the skull is more elongated in
Dromococcyx.

The basilar tubercle (TB, Figures 3, 4 and 10-
14) of the rostral portion of the basioccipital region
(B, Figure 10) has a moderately prominent crest-shape
that is not prominent in Geococcyx (Figure 4). The sub-
condylar fossa (Fsc, Figure 14) surrounds the rostral por-
tion of the condyle and is deeper in Morococcyx, N. geof-
froyi and Geococcyx.

The rostral extremity (basi rostri parasphenoidalis,
PjP, Figures 10-14) of the parasphenoid region (PS,
Figure 10) is larger and more rounded in N. geoffroyi
(Figure 13) than in other Neomorphinae. The lateral
parasphenoidal process (PrlP, Figures 3, 4) is slightly
developed, forming the large hiatus subtympanicus
and projects ventrally with a tapering extremity in
Morococcyx, N. geoffroyi and Geococcyx (Figure 4).
This process is larger (well-developed and rounded) in
Tapera and Dromococcyx (Figure 3) when compared
with other Neomorphinae.

The ectethmoid bone (Ec, Figure 5) is slender and its
dorsal portion (facies nasalis) (Pj1, Figures 5-9) is short
laterally and there is no contact with the lacrimal bone.
The ventral portion (facies orbitalis) (Pj2, Figures 5-14)
has a ventral extremity that is rounded and broad and a
lateral extremity that is concave because the ectethmoid is
narrower between its projections. The form of the ecteth-
moid of Dromococcyzx is an exception (Figure 6); the lat-
eral extremity in this species is straight and the ventral
projection is laterally larger than in other Neomorphinae
species. The uncinate bone (os uncinatum) is narrow
and long and was observed only in some specimens of
N. geoffroyi and Geococcyx species.
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The supraorbital process (PrS, Figures 1, 2, 5-9) of
the lacrimal (L, Figure 5) is thick, long and large in all
Neomorphinae. The nasolacrimal suture (NLS, Figures 1,
5) is shorter in Morococcyx (Figure 7), N. geoffroyi
(Figures 2, 8) and Geococcyx (Figure 9) because the lac-
rimal has little contact with the nasal bone in these spe-
cies. The supraorbital process is larger laterally in Tapera
(Figure 1), and in the Geococcyx species (Figure 9) this
process has a medial shallow depression. The orbital
process (PrO, Figures 5-14) of the lacrimal is broad lat-
erally, and is thick and long (close to the jugal arch). Its
ventral extremity is triangular in shape and has a cau-
dolateral protuberance (CPj, Figure 10). In Geococcyx
(Figure 14), this extremity is broader and thicker, and
in contact with the jugal arch. The lacrimal bone is
larger, longer and thicker in Geococcyx (Figures 9 and
14) than in other species. In Morococcyx, N. geoffroyi
and Geococcyx (Figures 7-9) the orbital process of the
lacrimal bone is perpendicular to the braincase, while in
Dromococcyx and Tapera (Figures 5 and 6) the process
is moderately oblique.

In Tapera, N. geoffroyi and G. velox (Figures 5, 8, 9),
the processus squamosalis (PrSq, Figures 5-9) extends
between one half and one third of the distance between
its origin in the skull and the jugal arch. In Morococcyx
(Figure 7), this process is flatter, broader and longer, ac-
counting for about two-thirds of the above distance, and
for about one quarter and one fifth of this distance in
Dromococcyx (Figure 6) and G. californianus. A con-
spicuous bony trabecula (T1, Figures 6, 7, 11, 12) is lo-
cated at the rostral extremity of the squamosal process in
Dromococcyx and Morococcyx. This trabecula is short
and broad in Morococcyx (Figures 7, 12) but long and nar-
row in Dromococcyx (Figures 6, 11). The transverse crest
(crista temporalis transversa) (TrC, Figures 5-9) is more
prominent in Tapera and Morococcyx (Figures 5 and 7).
The temporal fossa does not reach the caudal portion
of the skull but is confined to the lateral portion, and is
deeper in N. geoffroyi and Geococcyx (Figures 8 and 9)
than in other Neomorphinae species. The subtemporal
fossa (FST, Figure 5) is narrow caudally in N. geoffroyi
and Geococcyx (Figures 8, 9). Tapera and Dromococcyx
show a tubercle on the ventrolateral surface of the sub-
temporal fossa.

The postorbital process (PrPo, Figures 5-9) is more
reduced in Tapera (Figure 5) and N. geoffroyi (Figure 8):
it varies in length from one fifth to one sixth of the dis-
tance between its origin in the cranium and the jugal
arch. This length is longer (a quarter of this distance)
in Geococcyx (Figure 9) and is particularly short in
Dromococcyx (Figure 6) and Morococcyx (Figure 7),
where it is less than one seventh of the specified distance.
Moreover, in Dromococcyx the postorbital process is lat-
erally narrow.

The fossa laterosphenoidales is shallow (FL,
Figure 5) but deeper and larger in N. geoffroyi,
Morococcyx and Geococcyx. In Dromococcyx a bony
trabecula (T2, Figure 6) is attached to the tuberculum
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Figures 1-2. Dorsal view of the skulls of (1) Tapera naevia; and (2) Neomorphus geoffroyi. D1 - rostral depression of the
frontal; DF - depressio frontalis; F - frontal region; FLS - frontolacrimal suture; FNS - frontonasal suture (fissura zona flexo-
ria craniofacialis); J - jugal arch; N - nostril; NLS - nasolacrimal suture; P - parietal region; Pj2 - ventral projection of the
ectethmoid; PIS - Pila supranasalis; PrF - processus frontalis of the nasal bone PrL - processus lacrimalis; PrS - processus

supraorbitalis; UJ-upper jaw.

PrP

PrMa

Com

Figures 3-4. Caudal view of the skulls of (3) Dromococcyx phasianellus; and (4) Geococcyx velox. CO - condylus occipital-
is; Coc - condylus caudalis; Col - condylus lateralis; Com - condylus medialis; CrNS - crista nuchalis sagitalis; CrNT - crista
nuchalis tranversalis; E - exoccipital region; FM - foramen magnun; Fovoe - foramen venum occipitalis externae; PC - pro-
eminentia cerebellaris; PrMa - processus mandibularis os quadrati; PrlP - processus lateralis parasphenoidalis; PrP - proces-
sus paraoccipitalis; S - supraoccipital region; TB - tuberculum basilaris.

parasphenoidale and it is narrower, tapered and smaller
than trabecula 1 of the squamosal region.

The orbitocranial fontanelle (FOC, Figures 5-9)
of the interorbital septum shows a smaller aperture in
Geococcyx (Figure 9) than in other Neomorphinae.

The rostral wall of the orbit (paries rostralis orbitae)
contains a narrow and shallow sulcus for the olfac-
tory nerve (SuO, Figure 6). The medial orbitonasal fo-
ramen (Form, Figures 6-9) is larger in N. geoffroyi and
Geococcyx (Figures 8 and 9). The lateral orbitonasal
foramen is extremely reduced or absent in Tapera and
Dromococcyx.

The upper jaw (UJ, Figures 1, 2, 5-9) is approxi-
mately one half of the total length of the skull in all

Neomorphinae, except in Geococcyx, in which the up-
per jaw is approximately two-thirds of the skull length.
In D. phasianellus (Figure 6), the upper jaw is narrower
than in the other species, and in Tapera (Figure 1) it is
shorter and larger. The rostral apex of the upper jaw is
more ventrally curved in Tapera (Figure 5). Geococcyx
shows an elongated elevation on the mediocaudal sur-
face of the upper jaw. This elevation is more prominent
in G. velox than in G. californianus.

The nasal aperture (N, Figures 1, 2, 5-9) is partly cov-
ered by a bony lamella in all species of Neomorphinae.
However, in Morococcyx, N. geoffroyi (Figure 8) and
Geococcyx (Figures 7, 8, 9) this lamella is broader than
in Tapera (Figures 1, 5) and Dromococcyx (Figure 6)
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because it covers the caudal portion of the nostril. In
Tapera (Figures 1, 5) and Dromococcyx (Figure 6) it
covers only the dorsocaudal portion. In the ventral sur-
face of the nostril, all species present a short crest (NCr,
Figures 5, 6), but in Morococcyx it is longer. N. geoffroyi
(Figure 8) has a discrete, laterally flattened elevation
(SNE, Figure 8) on the dorsal surface of the supranasal
region (PIS, Figure 1) rostroventral surface of the pre-
maxillary bones. The laterally flattened jugal process
(PrJ, Figures 5-9) is broader in Dromococcyx, Tapera
and N. geoffroyi (Figures 5, 6, 8).

All species present a conspicuous depression between
the maxillopalatine processes (PrMP, Figures 10-14), but
this depression is deeper in Tapera and Dromococcyx
(Figures 10, 11).

The maxillary process (PrM, Figures 10-14) of the
palatine (Pal, Figures 5, 10) is narrower in the rostral re-
gion in Tapera and Dromococcyx (Figures 10, 11). The
palatine bone broadens out laterocaudally, especially in
N. geoffroyi (Figure 13), where its breadth covers almost
the entire distance between the jugal arches. The narrow
choanal fossa (fossa choanalis, Fc, Figures 10-14) has

CR:OC X Prfo

‘% ‘

a rostral projection (RPj, Figure 11) and it is longer in
Dromococcyx (Figure 11).

In Morococcyx, N. geoffroyi and Geococcyx
(Figures 7-9) the choanal lamella (LC, Figures 5-9) is
absent. The pterygoid process (PrPt, Figures 10-14) is
short in Tapera (Figure 10), Morococcyx (Figure 12) and
Geococcyx (Figure 14). It is reduced and laterally wide
in N. geoffroyi (Figure 13) and longer in Dromococcyx
(Figure 11).

The pterygoid (Pt, Figures 5, 10) presents a thin
plate (proc. dorsalis, PrD, Figure 5) in Morococcyx,
Dromococcyx and Tapera. However, in N. geoffroyi
(Figure 8) and Geococcyx (Figure 9) the pterygoid is flat
(the dorsal process is absent).

The orbital process (PrOr, Figure 5) of the quadrate
bone is short and rounded in N. geoffroyi and Geococcyx
(Figures 8, 9). In the other species, the orbital process is
longer and narrower.

The lateral (Col, Figures 4, 11) and medial (Com,
Figures 4, 11) condyles of the quadrate are of practically
the same size in Tapera, Dromococcyx (Figure 3) and
Morococcyx, butin N. geoffroyi and Geococcyx (Figure 4)
the lateral condyle is larger than the medial condyle.

PS  =FFOCN pipg
U i .

et

Figures 5-7. Lateral view of the skull of (5) Tapera naevia; (6) Dromococcyx phasianellus; and (7) Morococcyx erythropygus.
Crl and 2 - lateral (1) and medial (2) crests of the fossa laterosphenoidalis (caudal orbit); CTF - caudal temporal fossa; Ec -
ectethmoid bone; FL - fossa laterospheinoidalis; FI - fonticuli interorbitales; FOC - fonticuli orbitocraniales; Form - foramen
orbitonasalis medialis; FST - fossa subtemporalis; J - jugal arch; L - lacrimal bone; L1 - dorsal lamina of the parasphenoid
rostrum; LC - lamela choanalis; MAE - meatus acusticus externus; N - nostril; NCr - nasal crest; NLS - nasolacrimal suture;
Pal - palatine bone; PC - prominentia cerebelaris; Pj1 and 2 - dorsal (1) and ventral (2) ectethmoid projections; PrJ - proces-
sus jugalis; PrO - processus orbitalis of the lacrimal bone; PrOr - processus orbitalis of the quadrate bone; PrOt - processus
oticus of the quadrate bone; PrPo - processus postorbitalis; PrS - processus supraorbitalis; PrSq - processus squamosalis;
Pt - pterygoid bone; RTF - rostral temporal fossa; SI - septum interorbitalis; T1 - trabecula of the squamosal process; T2 -
trabecula of the tuberculum paraspheinoidalis; TF - temporal fossa; TrC- transversal crest (crista temporalis transversa);
UJ - upper jaw.
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Figures 8-9. Lateral view of the skulls of (8) Neomorphus geoffroyi; and (9) Geococcyx velox. CTF - caudal temporal fossa;
FeA - fenestra antorbitalis; FI - fonticuli interorbitales; FOC - fonticuli orbitocraniales; Form - foramen orbitonasalis media-
lis; FST — fossa subtemporalis; L1 - dorsal lamina of the parasphenoid rostrum; LC - lamela choanalis; N - nostril; Pj1 and
2 - dorsal (1) and ventral (2) ectethmoid projections; PrJ - processus jugalis; PrO - processus orbitalis of the lacrimal bone;
PrOr - processus orbitalis of the quadrate bone; PrOt - processus oticus of the quadrate bone; PrPo - processus postorbitalis;
PrS - processus supraorbitalis; PrSq - processus squamosalis; RTF - rostral temporal fossa; SI - septum interorbitalis; SNE -
supranasal expansion; TrC - transversal crest (crista temporalis transversa); UJ - upper jaw.

Figures 10-12. Ventral view of the skulls of (10) Tapera naevia; (11) Dromococcyx phasianellus; and (12) Morococcyx
erythropygus. AC - angulus caudolateralis; B - basioccipital region; Ch - canalis n. hypoglossi; Co - capitulum oticum; Coc
- condylus caudalis; Col - condylus lateralis; Com - condylus medialis; CPj - caudolateral projection of the orbital process
of the lacrimal bone; Crl - crista lateralis; Crv - crista ventralis; Cs - capitulum squamosum; Fc - fossa choanalis; FoP - fossa
parabasalis; Fov - foramen n. vagi; Fv - fossa ventralis; J - jugal arch; MD — medial depression in the palatine region; Occ -
ostium canalis carotici; Ocoe - ostium canalis ophthalmici externi; Pal - palatine region; Pj2 - ventral ectethmoid projection;
PjP - parasphenoid projection; PP - pars palatina of the pterygoid; PrM - processus maxillaris; PrMa - processus mandibularis
of the quadrate bone; PrMP - processus maxillopalatinus; PrO - processus orbitalis; PrOt - processus oticus; PrP - processus
paraoccipitalis; PrPt - processus pterygoideus; PS - parasphenoid region; Pt - pterygoid bone; RoP - rostrum parasphenoi-
dale; RPj - rostral projection of the ventral crest; Sui - sulcus intercondylaris; T1 - trabecula of the squamosal process; TAC
- tuba aditiva communis; TB - tuberculum basilaris.
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Figures 13-14. Ventral view of the skull of (13) Neomorphus geoffroyi; and (14) Geococcyx californianus. AC - angulus
caudolateralis; Fc - fossa choanalis; FoP - fossa parabasalis; Fsc - fossa subcondylaris; Fv - fossa ventralis; Pj2 - ventral
ectehmoid projection; PjP - parasphenoid projection; PrM - processus maxillaris; PrMP - processus maxillopalatinus; PrO
- processus orbitalis; PrP - processus paraoccipitalis; PrPt - processus pterygoideus; TAC - tuba aditiva communis; TB - tu-

berculum basilaris.

Figures 15-18. Lateral view of the skulls of (15) Crotophaga major (Crotophaginae); (16) Chrysococcyx basalis (Cuculinae);
(17) Ceuthomochares aereus (Phaenicophaeinae); and (18) Hyetornis rufigularis (Coccyzinae). Ec - ectethmoid bone;
L - lacrimal bone; Pj1 and 2 - dorsal (1) and ventral (2) ectethmoid projections; PrO - processus orbitalis of the lacrimal bone;
PrOrQ - processus orbitalis of the quadrate bone; PrPo - processus postorbitalis; PrS - processus supraorbitalis; PrSq - proc-
essus squamosalis.

The mandible is long and narrow, with a total length
equivalent to three times the distance between the two
mandibular rami (ramus mandibulae) in all species of
Neomorphinae.

The symphysial portion (pars symphysialis) accounts
for roughly a quarter of the total length of the mandible
in all species except Tapera where it accounts for ap-
proximately a fifth of this distance. The rostromedial sur-
face of the mandible has a long and deep fossa.

The fenestra caudalis is partially covered by a thin
bony lamella. In N. geoffroyi, this lamella covers nearly
the entire aperture.
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The medial surface of the medial process has a well-
developed tubercle and the caudal surface of the mandi-
ble has a broad shallow fossa in all species.

Within the Neomorphinae, there are five char-
acteristics that are shared by the group Geococcyx,
Morococcyx and Neomorphus that differ from Tapera
and Dromococcyx: the lateral length of the frontal is
larger, the lateral process of the parasphenoid is reduced,
the lateral orbitonasal foramen is larger, the bony lamella
covering the nasal aperture is larger and the dorsal proc-
ess of the nasal is absent. Geococcyx and Neomorphus are
very similar to each other, sharing most of the osteologi-
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cal features distinct from Morococcyx (see description).
G. velox and G. californianus are just distinguished from
each other by the size of the skull and by the different de-
velopment pattern of the squamosal process and medial
orbitonasal foramen.

This study demonstrated that Tapera is quite simi-
lar to Dromococcyx, sharing several characteristics.
Dromococcyx presents four characters that are unique
to this genera, but there are no qualitative differences
in the cranial osteology between D. phasianellus and
D. pavoninus. Tapera naevia presents two peculiar fea-
tures in the development of the lateral parasphenoid
process and the peculiar form of the caudal extremity of
the orbital lacrimal process.

3.1. Comparisons of primary homologies and system-
atic implications

The medial parasphenoid process is absent in all cuckoo
species studied, thus confirming Bock’s description (1960).
However, the lateral parasphenoid process varies among
cuckoos. It is most developed and continuous with the
paraoccipital process in Tapera, Dromococcyx and species
of Coua, Carpococcyx and Crotophaginae. In Geococcyx,
Neomorphus and Morococcyx it is practically absent.

The literature contains few detailed descriptions
of the ectethmoid in Neomorphinae (Shufeldt, 1901;
Pycraft, 1903). Although few variations in the ecteth-
moid are observed in Neomorphinae, ectethmoid is
more heterogeneous among other cuckoos. Species
of Crotophaginae (Figure 15) show a reduced ven-
tral projection of the ectethmoid, while in species of
Cuculinae (Figure 16), Coccyzinae (Figure 18) and
Phaenicophaeinae (Figure 17) both projections are
broader laterally. One of the few variations in this bone
among species of Neomorphinae is found in Neomorphus
geoffroyi, Morococcyx and Geococcyx, where the dorsal
process is less developed and is partially fused with the
mesethmoid, thus providing a large aperture for the me-
dial orbitonasal foramen. The same is true of Crotophaga
(Crotophaginae) and Coua, Centropus and Carpococcyx.
This feature can probably be attributed to different de-
grees of ossification in the dorsal process of the ecteth-
moid and mesethmoid, as observed by Pycraft (1903).

Pycraft (1903) regarded the variations in the lacrimal
as a key criterion for distinguishing between species
and for classifying certain genera within Cuckoos. This
conclusion is borne out by descriptions of the lacrimal
in the species of Neomorphinae and other cuckoos stud-
ied here, with variations occurring at the genus level
(Figures 5t0 9).

Pycraft (1903) noted that in cuckoos, the temporal
fossa extends to the caudal portion of the skull. No such
pattern of temporal fossa was observed in the species
of Neomorphinae described here. In the species studied
this fossa does not extend as far as the caudal portion of
the skull (Figures 3, 4). However, the pattern described
by Pycraft (1903) can be found in species of Centropus,

Crotophaginae, Phaenicophaeinae
(Figures 15, 17, 18).

The bony trabecula on the squamosal process in
Dromococcyx and Morococcyx may be an ossified apone-
urosis (T1, Figures 6, 7). In a study of the pattern of tem-
poral fossa found in Anseriformes and Galliformes, Zusi
and Livezey (2000) observed that the postorbital and sq-
uamosal processes in most Galliformes are connected by
an ossified aponeurosis at the rostral extremity of the sq-
uamosal process. Given the difficulty of homologising this
structure in Galliformes with that found in Cuculiformes,
we decided to refer to it as bony trabecula.

Generally speaking, our description of the upper
jaw of Neomorphinae matches that of Pycraft (1903).
The shape of the external nasal aperture is significantly
modified in cuckoos, likely owing to different levels of
ossification of the bony lamella in the nasal and max-
illary bones. For example, in Neomorphus geoffroyi,
Morococcyx erythropygus and Geococcyx (Figures 7 to
9) a thin plate of bone covers most of the nasal aperture,
whereas in Tapera naevia and Dromococcyx phasianellus
the nasal aperture is more open (Figures 5, 6). Clamator
glandarius (Cuculinae) presents the same pattern as
Morococcyx, N. geoffroyi and Geococcyx. In Crotophaga
(Posso and Donatelli, 2001; Figure 15), the nasal aperture
is positioned ventrolaterally and the external aperture is
small and circular. Beddard (1885) described a similar ap-
pearance of the nasal aperture in Scythrops (Cuculinae).
Moreover, some species of Phaenicophaeinae and
Coccyzinae present the bony lamella covering the nasal
aperture in different levels of ossification.

The palatal region as described here is similar to
those described elsewhere (Huxley, 1867; Beddard, 1885;
Shufeldt, 1901; Pycraft, 1903). Moreover, we observed
that the palatine bone is almost identical in all species
of Neomorphinae and very similar to the other terrestrial
cuckoos (Centropodinae and Crotophaginae), especially
as far as its desmognathous condition is concerned, as
classified by Huxley (1868). The pterygoid differs only
with regard to the presence or absence of a dorsal proc-
ess (PrD, Figures 5 to 9) and of a rostral expansion.

Descriptions of mandibles are found in Pycraft
(1903), albeit with little detail, and in Marceliano (1996),
which has more detail but gives no reference to species of
Neomorphinae. The mandibles are very heterogeneous in
other cuckoo genera, but are very similar in Neomorphinae.
There is a single difference between Neomorphus geoffroyi
and other Neomorphinae species in the mandibular aper-
ture (fenestra mandibulae) that may reflect different de-
grees of ossification in the supra-angular and dental bones.
According to Jollie (1957), the mandibular aperture pen-
etrates the ossification margins of these bones.

Hughes (2000) cites eight cranial characters grouping
Tapera and Dromococcyx with Cuculinae, Coccyzinae
and Phaenicophaeinae. We agree with Hughes only with
regard to the narrower distance between the edges of the
frontal bone (see Tapera and Dromococcyzx, Figures 1, 2)
and in addition we found another similar character in

and Coccyzinae
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these groups: the fossa laterospheinoidale, in the caudal
portion of the orbit, is narrow (Figures 5-8 and 15-18).

We did not observe the character 31 from Hughes
(the shape of the optic region in the lateral aspect) be-
cause the quadrate bone was obliterating this region in the
specimens studied. Thus we cannot make any inference
from this character. However, as for the other characters
that were used to consider Tapera and Dromococcyx in
the Cuculinae clade (characters 5, 24, 33, 34, 37, 45 in
Hughes, 2000), we believe that the following homolo-
gies established by Hughes are questionable:

a) The size and shape (flattened rostrocaudally) of the

proc. postorbitalis (character 5 of Hughes, 2000)
are very similar in all Neomorphinae (Figures 5, 6,
7) as well as in other cuckoos (Figures 15, 17, 18).
In Cuculinae the process differs consistently from
that found in other cuckoos, where the process is
small in size and tubercular in shape (Figure 16);

b) We found no differences in the angle of the proc.
oticus and proc. orbitalis of the os quadratum in
the lateral aspect (character 24 of Hughes, 2000)
among species of Neomorphinae (Figures 5 to 9).
The only differences observed were in the size of
the orbital process (proc. orbitalis) but these were
heterogeneous among specimens of same species;

¢) Contrary to Hughes’ (2000) observations, Tapera
and Dromococcyx are similar to Neomorphus and
Morococcyx (Figures 10-13) in the form of the
crista basilaris transversa (characters 33, 34 of
Hughes), as are all other cuckoos except Geococcyx
(Figures 4, 14), Crotophaginae, Carpococcyx and
some species of Coua and Centropus;

d) Although the elevation of the “bulbous” of os
exoccipitale (character 37 of Hughes) is not
prominent in Geococcyx and Neomorphus, in
Morococcyx it is as salient as in Tapera and
Dromococcyx and the Cuculinae species. This
could be a plesiomorphy for Neomorphinae
and could have been reduced in Geococcyx and
Neomorphus in a secondary event; and

e) The rostral expansion in the facies ventralis of the
os pterygoideum (character 45 of Hughes, 2000)
is present only in Musophagidae, Carpococcyx
and Coua, but in Neomorphinae species, as well
as in all other cuckoos, it is either absent or much
smaller (Figures 10 to 14).

The Neomorphinae is more similar to the other terres-
trial cuckoos (Crotophaginae and Centropodinae) mainly
in the ectethmoid and lacrimal bones, and in the frontal
region. The lacrimal bone is thicker and longer in these
subfamilies, and is free in relation to the ectethmoid (there
is no contact between them). This is probably because
both lateral and ventral projections of the ectethmoid
are narrower than in the arboreal cuckoos (Coccyzinae,
Phaenicophaeinae and Cuculinae). The cranial roof
of the orbital portion of the frontal region is broad be-
tween the orbits of the Neomorphinae and Crotophaginae
when compared with the arboreal cuckoos (Coccyzinae,
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Cuculinae and Phaenicophaeniae). Furthermore, the fol-
lowing differences are outstanding among terrestrial and
arboreal cuckoos: the squamosal process is progressively
longer, sharper and is obliquely projected, as well as the
orbital process of the quadrate bone.

After the comparison with other subfamilies of cuck-
oos, we noticed that the Neomorphinae species are char-
acterized as having several shared similarities, mainly in
the form and size of the lacrimal and ectethmoid bones.
Contrary to Hughes’ (2000) results, the comparison with
other cuckoos indicated many similarities of the cranial
skeleton among the genera of Neomorphinae: the basilar
tubercle is prominent; the hiatus subtimpanicus is broad
(Figures 10 to 14); the supraorbital process of the lac-
rimal is long and large (Figures 5 to 9); the orbital proc-
ess of the lacrimal is long and thick (Figures 5 to 9); the
caudolateral protuberance of the lacrimal is present; the
curvature of the rostral portion of the upper jaw is vestig-
ial or absent (Figures 5 to 9); the bony lamella covers the
nasal aperture, except for the rostral portion (Figures 5
to 9); the crest on the ventral surface of the nasal aper-
ture is present (Figures 5 to 9); the choanal fossa is nar-
row (Figures 10 to 14); the medial tubercle of the medial
process of the mandible is large and prominent; and the
caudal fossa of the mandible is broad.

This examination of cranial osteology demonstrated
thatthere are few similarities among Tapera/Dromococcyx
and Cuculinae species. An alternative interpretation to
support the removal of Tapera and Dromococcyx from
the Neomorphinae would imply considering all eleven
similarities mentioned above as symplesiomorphies
for the Neomorphinae, since the terrestrial cuckoos are
considered to be the basal group (Seibel, 1988; Hughes,
2000; Posso and Donatelli, 2006). However, this is not
congruent with choosing either the Musophagidae or
Galloanserimorphae as out-groups, as in Posso (1999)
and Posso & Donatelli (2006).

The anatomical hypothesis that proposes to group
Tapera and Dromococcyx with Neomorphus, Geococcyx
and Morococcyx (as has been shown herein) corrobo-
rates the findings of recent molecular studies (Sibley and
Ahlquist, 1990; Payne and Sorenson, 2005) and also the
common distribution in the Neotropical region. Thus, in
this case it is plausible to assume that the few similarities
among Tapera, Dromococcyx and species of Cuculinae
are due to convergences.

We used cranial osteological features with post-cra-
nial, ecological and behavioural characters from Hughes
(1996, 2000) to perform a cladistic analysis of Cuculidae
(Posso & Donatelli 2006) and it showed that Tapera
and Dromococcyx should be placed in the most basal
branch within an arboreal assemblage (Coccyzinae,
Phaenicophaeninae and Cuculinae). Nevertheless, differ-
ences when compared with Hughes (2000) are probably
the result of different interpretations of primary homolo-
gies on the osteological features.

Lastly, these problems indicate that the position of
Tapera and Dromococcyx within Cuculidae was prob-
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lematic in our study (Posso & Donatelli 2006) and justify
further cladistic analysis. All data examined together (total
evidence, sensu Kluge 1989), using all of the information
available in cladistics approaches among cuckoos, could
potentially be used to determine the controversial system-
atic position of Tapera and Dromococcyx. Moreover, al-
though morphological investigation is a valid method for
obtaining characters to be used in phylogenetic analysis,
the decisions in the interpretation of the homologies can
provide ambiguous results, as has been shown herein.
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