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ABSTRACT

The jaw apparatus of the Neotropical and of the Afrotropical species of the three subfamilies
of woodpeckers are described and illustrated. Eighty five percent of the Afrotropical and about 60% of
the Neotropical genera are represented. Campephilus rubricollis was used as the pattern on which
these anatomical descriptions were based. The present study showed that there are more differences
among the species of the three subfamilies than divergences between the Afrotropical and Neotropical
groups. The Jynginae are the most divergent among the Picidae, while the Picumninae and the Picinae
share many characteristics. The differences of foraging methods and habits adopted by these wood-
peckers are not reflected in the structures of the cranial osteology and ligaments, or in the jaw muscu-

lature and tongue.
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INTRODUCTION

For over a century woodpeckers are being a
subject of investigation. They are birds that cali
attention for many reasons: by their size and color,
by the way they forage and build their nests, by the
way they climb vertical surfaces and by the stand-
point of the instrumental signals they make. Curi-
ously, many of the behavior patterns related to the
woodpecker’s life are closely linked to their ana-
tomical peculiarities. Consequently, an investiga-
tion of these parameters should not be dissociated
from anatomy.

Through the studies of birds one observes
that anatomical investigations serve for many pur-

poses. One of these was pointed out by Raikow
(1987) when he studied four groups of the Old
World passerine birds: “is to increase our under-
standing of the evolutionary history by adding to
our knowledge of their morphology, reconstruct-
ing their phylogeny...”. Particularly, in relation
to woodpeckers, we could outstand many purposes
since Garrod (1872) observed that the head of a
woodpecker plays the role of a powerful hammer
due to the thickness of the bones of the skull, which
can afford intense pounding. Many other investi-
gators studied woodpecker’s anatomical charac-
teristics and sought for answers on: their taxo-
nomic position (Parker, 1875; Goodwin, 1968),
their systematics or relationships among intra
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and inter groups (Shufeldt, 1891; Scharnke, 1930;
Goodge, 1972), aspects of their tongue apparatus
(Steinbacher, 1934, 1935 and 1955), functional
anatomy (Spring, 1965), anatomical aspects asso-
ciated with behavior (Burt, 1930; Bock & Miller,
1959; Wallace, 1974 and Kirby, 1980), and other
anatomical systems (Jenni, 1981).

According to Peters (1948) and Short
(1982) there are three subfamilies of the Picidae:
Jynginae (wrynecks), Picumninae (piculets) and
Picinae (true woodpeckers). The wrynecks occur
only in the Old World (Eurasia and Africa); the
piculets are found in tropical Asia, Africa, and
mainly, in the American tropics; and the true
woodpeckers are found in Eurasia, Africa, and
throughout the wooded parts of the Americas.

The present paper deals with the descrip-
tion of the woodpecker’s jaw apparatus of the Neo-
tropical and Afrotropical species. The similiarities
and differences among species are shown through
a detailed description of the osteological and
myological structures of woodpeckers, not avail-
able in the literature until now.

This work may be viewed as a referential
guide to new approaches of anatomical studies
on woodpeckers, as well as on systematics, bioge-
ography and evolution of the family. This kind of
analysis will lead us to the observation of Raikow
(op. cit.) and will also question the observation of
Short (1982:41) in which “the external morphol-
ogy and behavior are much more reliable to estab-
lish the taxonomy of the group than any other
data.”

This is the first of a paper in three parts
concerning woodpeckers; the second one deals
with the jaw apparatus of the woodpeckers from
the oriental region; while the third one provides
information on the two former ones in order to es-
tablish a hypothesis on systematics, biogeography
and evolution of the Southern Hemisphere wood-
peckers, based on morphological (anatomical) data.

MATERIAL AND METHODS

Twenty-one specimens of thirteen species
of Picidae were used in this work, representing
85% of the Afrotropical and 60% of the Neotropi-
cal gencra. The speciinens were provided by the

Museu Paraense Emilio Goeldi (MPEG), Para,
Brazil, by the Transvaal Museum (TM), Pretoria,
Republic of South Africa and by capture (CP).
Specimens are preserved in 70% alcohol v/v (A)
or as a complete skeleton (S). Picinae -
Campephilus rubricollis (Boddaert, 1783) MPEG
A4320-A); Piculus flavigula (Boddaert, 1783)
(MPEG A6028-A); Celeus flavescens (Spix, 1824)
(MPEG A5595-A); Melanerpes cruentatus
(Boddaert, 1783) (MPEG A6019-A); Colaptes
melanochloros (Gmelin, 1788) (MPEG A6044-A);
Veniliornis affinis (Swainson, 1821) (CP) from
which only the tongue could be used (deposited at
Departamento de Zoologia, USP, Sdo Paulo);
Geocolaptes olivaceus (Gmelin, 1788) (TM
61770-A); Campethera abingoni (Smith, 1836)
(TM 60943-A; TM 33120 and 33121-S);
Mesopicus griseocephalus (Boddaert, 1783) (TM
38218-A); Dendropicus fuscescens (Vieillot, 1818)
(TM 40813-A; TM 33122 and 33123-S); Thripias
namaquus (Lichtenstein, 1793) (TM 39077-A; TM
60132-8). Picumninae: Picumnus cirratus
(Temminck, 1825) [MPEG 1923-5; MPEG
A6017-A and (CP)]; Jynginae: Jynx ruficollis
(Wagler, 1830) (TM 77766-A; TM 33124-5S). Clas-
sifications by Simpson & Cracraft (1981) and
Swierczewinsky & Raikow (1981) were followed.

The cranial osteology, the ligaments, the
jaw apparatus and the tongue were studied com-
paratively and Campephilus rubricollis was used
as a standard on which these anatomical descrip-
tions were based.

For nomenclature of the cranial osteology
I followed the Nomina Anatomica Avium (N.A A,
Baumel et al., 1979) and Hofling & Gasc (1984);
nevertheless for the jaw musculature description |
used Richards & Bock’s (1973), with some modi-
fications.

A numbering of the aponeuroses followed
the proposal of Hofling & Gasc (1984). Table 1
presents a synonymy of the jaw musculature.

Peters (1948) and Short (1982) agreed with
the number of species of Jynginae and
Picumninae’s, but diverge on the number of spe-
cies of Picinae: Peters (op. cit.) accepts 182 spe-
cies while Short (op. cit.) accepts 169. Short (op.
cit.) synonymies were not formally proposed, so1
am following Peters' (op. cit.) classification.
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REsuLts
1. Osteology (Figs. 1-62)
1.1. Skull

The frontal (F - Figs. 1-12) region is ros-
trally articulated with the nasal region through the
nasofrontal suture (SNF - Figs. 1-12). P cirratus
has a small projection from the frontal bone, which
extends over the nasal region (PjF - Fig. 6). This
structurc was not seen in the other species studied.

In all species studied, a complete fusion of
the lacrimal bone with the frontal region could be
noticed. A conspicuous lateral expansion in C.
rubricollis (EL - Fig.1) was observed in the
rostrolateral portion of the lacrimal and frontal
regions due to the large development of the lacri-
mal region in this species; taking into consider-
ation other species, this expansion may have sev-
eral variations, but is not present in.J. ruficollis.
With the exception of C. abingoni (Fig. 8) and
T namaquus (Fig. 11) itis a thin bone ridge (Eo)
in the median portion of the frontal region. This
region also shows a narrow groove which stands
out where the epibranchials are lodged (SuEP -
Figs. 1-5; 7-11), except in P. cirrafus and J.
ruficollis. Only P. flavigula has a median longi-
tudinal crest over the frontal region (CrL - Fig.2).

The lacrimal region (L - Figs. 1-24) is fused
rostrolaterally with the upper jaw; laterally and
medially it is fused to the ectethraoid bone and to
the frontal region, respectively.

The postorbital process (PrPO - Figs. 13-
24;37,39;42-45 and 47) is short - it extends about
1/3 of the distance between the skull and the jugal
bar - in all species except C. rubricollis (Fig. 13)
in which it extends about 1/2 of this distance. In
C. flavescens (Fig. 15) and T namaquus (Fig.
23) it is enlarged at the base; however, in the
former, it is less developed. In J. ruficollis this
process is hardly visible laterally.

The parietal region (P - Figs. 1-24; 37-48)
is limited ventrolaterally by the squamosal region
(E - Figs. 13-24) through the superior temporal
crest (CrTS -Figs. 13-24); it extends laterocaudally
to the exoccital region (EX - Figs. 13-48) through
the occipital crest (CrO - Figs. 13-26), and in its
median caudal portion, up to the supraoccipital
region (SO - Figs. 1-48). The parietal region shows

a lateral expansion about 3 times the size of that
of the frontal region in most species; inJ. ruficollis
(Fig. 12) it is of about 4.5 times; in P. flavigula
(Fig. 2), M. cruentatus (Fig. 4), G. olivaceus (Fig.
7) and M. griseocephalus (Fig. 9) it is of about 2
times.

The squamosal region (E - Figs. 13-24) is
dorsolaterally bordered by the superior temporal
crest (CrTS - Figs. 13-24) and ventrolaterally by
the suprameatic process (PrSM - Figs. 13-17; 19-
23). The latter continues laterorostrally almost
reaching the caudal surface of the quadrate and
the caudolateral portion of the mandible, in all
species except in P. cirratus (Fig. 18) and J.
ruficollis (Fig. 24). It is well-developed in C.
rubricollis (Fig. 13) and G. olivaceus (Fig. 19).
In relation to other species, it is thin and some-
what sharp. The temporal fossa is longer verti-

. cally than horizontally, except in 7. namaquus in

which the fossa is longer horizontally.

The squamosal process articulates ventrally
with the optic process of the quadrate; it shows a
well-defined dorsal, lateral, medial and ventral
surface. This process is well-developed in C.
rubricollis (Fig. 13), C. flavescens (Fig. 15) and
T namaquus (Fig. 23) but less developed in P.
cirratus (Fig. 18) and J. ruficollis (Fig. 24). In
relation to the other species, it shows many varia-
tions of these conditions. C. melanochloros (Fig.
17), particularly, has a thin ventrolateral exten-
sion of this process.

The exoccipital process (PrEX - Figs. 25-
29; 31-35) stands out from the occipital region. It
is observed in all species except P. cirratus and J.
ruficollis. In general, the larger the species, the
more developed the process. The occipital con-
dyle (CO - Figs. 25-48) is surrounded by the
subcondilar fossa (fsc - Figs. 26-36), not seen in
C. rubricollis. The basioccipital region also has a
pair of basioccipital processes (PrBA - Figs. 25-
29; 31-35) associated to a well-developed
basioccipital crest (CrBA - Figs. 25-36). The
basioccipital process was not seen in P. cirratus
and J. ruficollis. However, it varies greatly among
the species studied.

The sphenoid rostrum (RS - Figs. 25-36)
may vary but it is better developed in C.
Slavescens (Fig.27) and G. olivaceus (Fig. 31).
In M. cruentatus (Fig. 28) it has a large base
with a poor forward extension.
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Figures 1-12: Dorsal view of the skull. (1) Campephilus rubricollis, (2) Piculus flavigula, (3) Celeus flavescens, (4) Melanerpes
cruentatus, (5) Colaptes melanochloros, (6) Picumnus cirratus, (7) Geocolaptes olivaceus, (8) Campethera abingoni, (9) Mesopicus
griseocephalus, (10) Dendropicus fuscescens, (11} Thripias namaquus, (12) Jynx ruficollis.

CrL.- longitudinal crest; EL - lateral expansion; EO - bony ridge; F - frontal region; J - jugal bar; L - lacrimal region; MS - upper jaw;
NA - nostril; P - parietal region; SNF - nasofrontal suture; SO - supraoccipital region; SuEP - epibranchial sulcus.

The palatal region is composed of the pala-
tine (PA - Figs. 13-36) and the pterygoid bones (PT
- Figs. 13-36); the latter has a well-developed ros-
tral extension (ExP - Fig. 49) that articulates with
the ventral part of the interorbital septum. On the
dorsocaudal portion of the pterygoid bone a well-
developed dorsul process (PrD - Fig. 49) is peculiar
to all species. However, in C. melanochloros and J.
ruficollis this structure is poorly developed.

The Fossa medialis (FM - Figs. 25-36) is
apparently larger in C. rubricollis (Fig. 25) and
M. cruentatus (Fig. 28) and narrower in P. cirratus
(Fig. 30) and J. ruficollis (Fig. 36). An intermedi-
ary condition was scen in the other species stud-
ied. However, in C. melanochloros (Fig. 29), the
rostral portion of this fossa is more ample. In P.
cirratus the ventral palatine crests (Fig. 30) meet
midway between the pterygoid/paraesphenoid ar-
ticulation. The lateral palatine crest (CrLP - Figs.

25-36) can be observed laterally; between the lat-
eral and the ventral palatine crests a well-devel-
oped, i.c., a deeper ventral palatine fossa (FV -
Figs. 25-36) is seen in C. rubricollis (Fig.25), P.
Mavigula (Fig. 26) and C. flavescens (Fig. 27).

The orbitosphenoid crest (CrOr - Figs. 14-
24 and 50) can be seen coming from the
orbitosphenoid region; it gives origin to the apo-
neurosis of the M. adductor mandibulae externus
rostralis medialis. All species have this structure
except J. ruficollis. Lastly, in all species studied a
well-developed intumescentia is found in their
ventral portion.

The interorbital septum (SI - Figs. 13-24)
shows two foramina in most of the species, except
in C. flavescens (Fig. 15), G. olivaceus (Fig. 19)
and C. abingoni (Fig. 20).

A ventrolateral bony projection (PJET - 13-
17; 19-23) is seen coming from the ectethmoid
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Figures 13-24: Lateral view of'the skull. (13) Campephilus rubricollis, (14) Piculus flavigula, (15) Celeus flavescens, (16) Melanerpes
cruentatus, (17) Colaptes melanochloros, (18) Picumnus cirratus, (19) Geocolaptes olivaceus, (20) Campethera abingoni, (21)
Mesopicus griseocephalus, (22) Dendropicus fuscescens, (23) Thripias namaquus, (24) Jynx ruficollis.

CrCl1 - C1 crest; CrO - occipital crest; CrOr - orbitosphenoid crest; CrTI - inferior temporal crest; CrTS - superior temporal crest; E -
squamosal region; ET - ectethmoid bone; EX - exoccipital region; Fo- optical foramen; Forl - lateral orbitonasal foramen; Form
- medial orbitonasal foramen; FT - temporal fossa; J - jugal bar; L- lacrimal foramen; MS - upper jaw; NA - nostril; P - parietal
region; PA - palatine bone; PJET - ectethmoid projection; PrE - squamosal process; PIMET - medial projection of the ectethmoid bone;
PrOrQ - orbital process of the quadrate; PrOtQ - optical process of the quadrate; PrPO - postorbital process; PrSM - suprameatic

process; PT - pterygoid bone;  SI-  interorbital

region (ET - Figs. 13-24); it extends to the dorsal
surface of the jugal bar but there is no fusion. How-
cver, P. cirratus (Fig. 18) and J. ruficollis (Fig.
24) do not have this projection. On the other hand,
in P flavigula (Figs. 14 and 20) it is very well-
developed and extends caudally to form “wings”
over the dorsal surface of the jugal bar. In G.
olivaceus (Fig. 19) a sharp, small medial pro-
jection (PJMET) is seen coming from the
cctethmoid region.

The quadrate bone (Q - Figs. 25-36) has
the corpus quadrati associated with three pro-
cesses: optic, orbital and mandibular. The first
(PrO(Q - Figs. 13-24) articulates dorsally with the
squamosal region at the ventral surfacc of the squa-
mosal process. In its rostrolateral portion it is pos-
sible to notice the CI crest (CrCl - Figs. 14-23
and 50) where M. adductor mandibulae externus
caudalis lateralis originates. This crest is con-

septum; SO - supraoccipital region; SuQ - olfactory sulcus.

spicuous in a large part of the species of wood-
peckers studied except P. cirratus, in which it is
not well-developed and in J. ruficollis, in which
the CI crest was not observed.

The orbital process (PrOrQ - Figs. 13-24)
is disposed rostromedially from the corpus
quadrati. lts form varies considerably among these
woodpeckers but it is generally thin and extends
about 2/3 the length of the pterygoid bone. In  J.
ruficollis (Fig. 24) it is turned upwards into the
orbit.

The mandibular process articulates with the
dorsocaudal region of thc mandible and has three
condyles: lateral (CoLQ - Figs. 25-36), caudal
(CoCQ - Figs. 25-36) and medial (CoM - Figs.
25-36). The last is the most developed, except in
J. ruficollis and P. cirratus; the caudal condyle is
anextension of the lateral condyle. The intercotylar
sulcus (Sui - Figs. 25-36) can be scen in these threc
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Figures 25-36: Ventral view of the skull. (25) Campephilus rubricollis, (26) Piculus flavigula, (27) Celeus flavescens, (28) Melanerpes
cruentatus, (29) Colaptes melanochloros, (30) Picumnus cirratus, (31) Geocolaptes olivaceus, (32) Campethera abingoni, (33)
Mesopicus griseocephalus, (34) Dendropicus fuscescens, (35) Thripias namaquus, (36) Jynx ruficollis.

BA - basioccipital region; BS - basisphenoid region; CO - occipital condyle; CoCQ - caudal condyle of the quadrate; CoLQ - lateral
condyle of the quadrate; CoMQ - medial condyle of the quadrate; CrBA - basioccipital crest; CrO - occipital crest; CrPL - lateral
palatine crest; CrPV - ventral palatine crest; EX - exoccipital region; FM - fossa medialis;, Foc - intemnal carotid foramen; Fh -hypoglossum
foramen; FOM - foramen magnum; fsc - subcondylar fossa; FV - ventral fossa; J - jugal bar; MS - upper jaw; PA - palatine bone; PAR
- parasphenoid region; PJET - ectethmoid projection; PrBA - basioccipital process; PrEX - exoccipital process; PT - pterygoid bone;

Q - quadrate; RS - sphenoid rostrum; SO - supraoccipital region; Sui - intercotylar sulcus,

condyles.

In general, the size of upper jaw (MS - Figs.
1-26; 30 and 31) about half the length of the size
of skull, except in C. rubricollis, G. olivaceus, M.
griseocepha’us and T. namaquus, in which it ex-
tends about 60% of this length.

1.2. Mandible

The mandible may be divided into a
symphysial, an intermediate and a caudal part. The
first has the mandibular symphysis. The interme-
diate part generally houses the fenestra
mandibulae rostralis, while the caudal part is the
main point of insertion of the jaw muscles which
originate in the skull.

The symphysial part (Psi - Figs. 51 and 57)
is short - about 1/3 of the total length of the man-
dible - in most species. In D. fuscescens, M.
griseocephalus and P. cirratus (Fig. 57) it is of
about 40%, whereas in C. rubricollis, (Fig. 51)
M. cruentatus and T. namaquus it is of about 50%.

In the dorsal region of the mandible, one
may distinguish the pseudocoronoid 1 process
(PrPC1 - Figs. 52 and 58) which is where the com-
mon tendon of the muscles adductor mandibulae
externus rostralis temporalis and adductor
mandibulae exfernus rostralis medialis inserts it-
self. It is conspicuous in all species except P.
cirratus. The pseudocoronoid 2 process (PrPC2 -
Fig. 52) lics laterocaudally in relation to the first.
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Figures 37-48: Posterior view of the skull. (37) Campephilus rubricollis, (38) Piculus flavigula, (39) Celeus flavescens, (40)
Melanerpes cruentatus, (41) Colaptes melanochloros, (42) Picumnus cirratus, (43) Geocolaptes olivaceus, (44) Campethera
abingoni, (45) Mesopicus griseocephalus, (46) Dendropicus fuscescens, (47) Thripias namaquus, (48) Jynx ruficollis.

CO - occipital condyle; CrO - occipital crest; EX - exoccipital region; FOM - Foramen magnum; P - parietal region; PrPO -
postorbital process; Q - quadrate; SO - supraoccipital region.
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Figure 49. Ventrolateral view (dctail) of the dorsal process and of ihe rostral expansion of the pterygoid represented in Canipephilus
rubricollis.

ExP - rostral expansion of the pterygoid; PA - palatine bone; PrD - dorsal process; PrOrQ - orbital process of the quadrate; PT - pterygoid.
Figure §0. Rostrolateral view (detail) of the skull of Campephilus rubricollis.

CrC1 - C1 crest; CrOr - orbitosphenoid crest; PrPO - postorbital process; SI - interorbital septum.
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Figures §1-55: Mandible. Campephilus rubricollis. (51) General scheme in ventral view, (52) Lateral view, (53) Medial view, (54)
Dorsal view, (55) Ventral view.

CrC2 - C2 crest; CoL - lateral condyle of the quadrate; COM - medial cotvle; Crl - intercotylar crest; CrLLM - lateral crest of the
mandible; CrM - medial crest of the mandible; D - dental bone region; FarQ - fossa articularis quadratica; FC - caudal fossa; fom -
caudal fissure of the mandible; PrM - medial process of the mandible; PrPC1 - pseudocoronoid 1 process of the mandible; PrPC2 -
pseudocoronoid 2 process of the mandible; Psi - symphysial part of the mandible; Tps - pseudotemporal tubercle; Su - deep groove of
the mandible; VA - angular vertex.

Figures 56-62: Mandiblc. Picumnus cirratus. (56) Posterior view, (57) General scheme in ventral view, (58) Lateral view, (59)
Medial view, (60) Dorsal view, (51) Ventral view, (62) Posterior view.

ColL - lateral condyle of the quadrate; COM - medial cotyle; Crl - intercotylar crest; CrLLM - lateral crest of the mandible; CrM - medial
crest of the mandible; D - dental bone region; FarQ - fossa articularis quadratica; FC - caudal fossa; PrM - medial process of the
mandible; PrPC1 - pseudocoronoid 1 process of the mandible; Psi - symphysial part of the mandible; Su - deep groove of the mandible;
VA - angular vertex.
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It is where the aponeurosis of M. adductor
mandibulae externus ventralis inserts itself. This
process is also well-developed in all species, ex-
cept P cirratus. Fossa articularis quadratica
(FarQ - Figs. 54 and 60) lies dorsocaudally in re-
lation to this process, between the lateral (CoL -
Figs. 52, 54 and 60) and medial cotylae (CoM -
Figs. 54 and 60).

In the intermediate part of the lateral sur-
face of the mandible, a small depression is ob-
served; this region is distinguished from the cau-
dal part by a sulcus and a caudal fenestra of the
mandible. This sulcus meets the pseudocoronoid
2 process dorsally. Neither the sulcus nor the
pseudocoronoid 2 process are conspicucus in P
cirratus. Ouly in C. rubricollis is it a deep groove
in the angular region (Su - Figs. 52 and 55).

The medial process of the mandible (PrM -
Figs. 52, 53, 55, 56; 58, 59; 61 and 62) is pro-
jected dorsomedially from the medial surface of
the mandible. The C2 crest lies rostromedially in
relation to the medial process. The pscudotemporal
tubercule (Tps - Fig. 53), wherc the aponeurosis
of the M. pseudotemporalis superficialis inserts
itself, may vary among these woodpeckers but it
is usually conspicuous. The caudal fossa (FC -
Figs. 56 and 62) is represented by a shallow
ventrocaudal depression. The lateral (CrlLM - Figs.
56 and 62) and the medial crests (CrM - Figs. 56
and 62) form the angular vertex (VA - Figs. 56
and 62) of the mandible.

2. Musculature (Figs. 63-85).

2.1. External adductor mandibular system. This
muscle system can be divided into threc distinct
parts: rostralis, ventralis and caudalis.

2.1.1. M. adductor mandibulae externus rostralis
M. adductor mandibulae externus rostralis
is well-developed in the species of Picidac studied
and may be divided in three parts: temporalis,
medialis and lateralis.
2.1.1.1. M. adductor mandibulae externus rostralis
temporalis (amert)
This part of M. adductor mandibulae
externus rostralis lies between the medial and lat-
eral portions of the same muscle. It originates as

fleshy fibers on the laterocaudal surface of the
skull, on the temporal fossa. Basically, there are
three arrangements: The dorsal fleshy fibers are
disposed rostrally and they partially join those of
the M. adductor mandibulae externus rostralis
medialis to insert at the medial surface of a well-
developed aponeurosis I; the ventral fleshy fibers
inserts at the lateral surface of the same aponeu-
rosis; and the rostral fibers, ventrolaterally dis-
posed in relation to the postorbital process, insert
rostrally at the medial surface of aponeurosis 1.
This aponeurosis is bound in a common tendon to
aponeurosis II and II (Fig. 75), on the dorsal
surface of the mandible, in the pseudocoronoid 1
process.

Comparison: 1n relation to C. rubricollis, how-
ever, both muscles and aponeurosis | are less
developed in most of the species examined, ex-
cept G. olivaceus (Fig. 69).

2.1.1.2. M. adductor mandibulae externus
rostralis medialis (amerm)

The M. adductor mandibulae externus
rostralis medialis lies medially in relation to the
other parts of the external adductor mandibular
system and laterally in relation to the muscular
fibers of the internal adductor mandibular systen.

It originates partly as fleshy fibers on the
dorsolateral portion of the orbitosphenoid and
partly as aponeurosis 1, which originates at the
medial surface of the postorbital process. The
fleshy fibers which originate at the dorsolateral
portion insert at the lateral surface of a thick apo-
neurosis II. The fleshy fibers associated with apo-
neurosis | originate at its medial surface and join
the dorsal fleshy fibers of the M. adductor
mandibulae externus rostralis temporalis to bind
together on the medial surface of aponeurosis 1.

Ventrally to the fibers described above,
other fleshy fibers originate at the lateral surface
of aponcurosis 2 which originates on the
orbitosphenoid crest. These fleshy fibers are ori-
ented rostrolaterally and insert at the medial sur-
face of aponcurosis III.

Comparison: In general, aponeurosis I is the
most-widely spread and the strongest among wood-
peckers. Except for G. olivaceus (Fig. 69), D.
Juscescens (Fig. 72), T namaquus (Fig. 73) and J.
ruficollis (Fig. 74) which are similar to C.
rubricollis (Fig. 63), the {leshy fibers and the as-
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Figures 63-74: Musculature. Lateral view of the skull. Campephilus rubricollis (63), Piculus flavigula (64), Celeus flavescens
(65), Melanerpes cruentatus (66), Colaptes melanochloros (67), Picuminus cirratus (68), Geocolaptes olivaceus (69), Campethera
abingoni (70), Mesopicus griseocephalus (71), Dendropicus fuscescens (72), Thripias namaquus (73) and Jynx ruficollis (74),
showing the muscles of the jaw apparatus: amecl : M. adductor mandibulae externus caudalis lateralis; ament : M. adductor mandibulae
externus rostralis temporalis; amerm: M. adductor mandibulae externus rostralis medialis; amev: M. adductor mandibulae externus
ventralis;dm: M. depressor mandibulae; pr qi: M. protractor quadrati, prpter: M. protractor pterygoidei, psd p: M. pseudotemporalis
profundus; psd s: M. psendotemporalis superficialis, pter dor lat: M. pterygoideus dorsalis lateralis; pier dor med: M. pterygoideus
dorsalis medialis.
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sociated aponeuroses are less developed in the
other species studied.

2.1.1.3. M. adductor mandibulae externus
rostralis lateralis (amerl)

The M. adductor mandibulae externus
rostralis lateralis is the most lateral portion of
the M. adductor mandibulae externus rostralis; it
lies dorso-medially in relation to the AL, adductor
mandibulae externus ventralis and it can only be
seen after removing the former.

This muscle originates aponeurotically at
the dorsolateral surface of the squamosal process;
the muscular fibers originate at the lateral surface
of aponeurosis 3 (Fig. 76) and are oriented
rostrolaterally to insert at the lateral surface of a
poorly developed aponeurosis 1V (Fig. 76); the
latter attaches itself to the lateral surface of the
mandible, rostrally to the common tendon formed
by aponeuroses I, Il and III and medially to the M.
adductor mandibulae externus ventralis fibers.
Comparison: In the Neotropical species, this
muscle is narrow and its aponeurosis 1V is thin
and poorly developed; on the other hand, among
the Afrotropical species, G. olivaceus and M.
griseocephalus have well-developed muscle fibers
and aponeuroses. In J. ruficollis this muscle is
vestigial. while in D. fuscescens and T. namaquus
it could not be found.

2.1.2. M. adductor inandibulae externus ventralis
(amev)

This muscle can be scen on the dorsolat-
eral surface of the mandible where it shelters the
M. adductor mmandibulae externus rostralis
lateralis; the M. adductor mandibulae externus
ventralis lies dorsorostrally in relation to the
lateralis portion of the M. adductor mandibulae
externus caudalis.

The superficial part originates at'a well-
developed aponeurosis 4 (Fig. 77) on the rostral
portion of the squamosal process. The fleshy fi-
bers originate at the lateral surface of this apo-
ncurosis and are rostrolaterally oriented to insert
on the dorsolateral surface of the mandible.

The deep part originates ventrally in
relation to the superficial part. The fleshy fibers
are rostrolaterally oriented and insert at the me-
dial surface of a thin aponeurosis V (Fig. 77).
The latter inserts itself at the pseudocoronoid 2

process, medially to the superficial portion.
Comparison: In C. flavescens, as seen in C.
rubricollis, one observes the same origin of
aponeurosis 4; in the other species, the origin
of this aponeurosis is situated ventrolaterally.

2.1.3. M. adductor mandibulae externus caudalis
In woodpeckers this muscle is composed
of two distinct parts.

2.1.3.1. M. adductor mandibulae externus
caudalis lateralis (amecl)

Its origin is aponeurotic on the CI crest of
the optic process of the quadrate. The fleshy fi-
bers originatc at the lateral surface of aponeurosis
5 (Fig.78) which inscrts at the laterocaudal sur-
face of the mandible, disposed ventrocaudally to
the fibers of the superficial portion of the M. ad-
ductor mandibulae externus ventralis.
Comparison: In M. cruentatus (Fig. 66) and D.
Juscescens (Fig. 72) the muscle fibers are well-
developed if compared to the other species: they
occupy a great areca on the lateral surface of the
mandible, extending almost to its dorsal surface.

2.1.3.2. M. adductor mandibulae externus
caudalis medialis (amecm)

The {leshy fibers originate ventromedially

from the CI crest; they are obliquely oriented and
insert at the medial surface of a short aponeurosis
VI (Fig. 78). The latter inserts itself at the dorsal
surface of the mandible, caudally to the M. ad-
ductor mandibulae externus rostralis temporalis’
aponeuroses.
Comparison: Inthe Afrotropical species, one can
observe the origin of the fibers at a well-devel-
oped aponeurosis 6 (Fig. 78). On the other hand,
in J. ruficollis these fibers arc poorly developed
and there is no apparent aponeurosis.

2.2. M. adductor mandibulae posterior (amp)

This muscle is situated at the proximal re-
gion of the Qrb'ilal process. of the quadrate, and
runs rostromedially. in relation to the adductor
external mandjbular system and laterally to the
M. pseudotemporalis superficialis. 1t lies caudal
to the M. pseudoteinporalis profundus that origi-
nates at the distal portion of the same process.

It originates from fleshy fibers which are
ventromedially oriented; these fibers insert them-
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Figure 75. Aponeuroses of M. adductor mandibulae externus rostralis temporalis (1) and of M. adductor mandibulae externus

rostralis medialis (1, 11 and 111) represented in Piculus flavigula.

Figure 76. Aponeuroses of M. adductor mandibulae externus rostralis medialis (2) and of M. adductor mandibulae externus

rostralis lateralis (3 and V) represented in Celeus flavescens.

Figure 77. Aponeuroses of Af. adductor mandibulae externus ventralis (4 and V) represented in Campephilus rubricollis.

Figure 78. Aponeuroses of M. adductor mandibulae externus caudalis lateralis (5), of M. adductor mandibulae externus caudalis
medialis (6 and V1), of M. adductor mandibulae posterior (V11), of M. pseudotemporalis superficialis (VIII) and of M.
pseudotemporalis profundus (7 and 8) represented in Geocolaptes olivaceus.

selves partly at the medial surface of aponeurosis
VII (Fig. 78), and partly at the dorsocaudal re-
gion of the mandible, as well as at its medial
surface near its dorsal surface. Aponeurosis VII
inserts itself at the dorsocaudal surface of the
mandible just in contact with the fleshy fibers.
M. adductor mandibulae posterior could
only be seen after the components of the external
mandibular adductor system were removed. Lat-
erally oriented in relation to this muscle are the
rami maxilar and mandibular of the trigeminal
cranial nerve.
Comparison: M. adductor mandibulae posterior
is poorly developed in all the species of woodpeck-
ers studied: it is short, narrow and occupies a small
area at origin and insertion if compared with other
muscles of the woodpeckers jaw apparatus.

2.3. Internal adductor mandibular system
The orbitosphenoid crest situated on the

ventrocaudal part of the orbitosphenoid constitutes
a well-marked boundary between the muscles of
the internal and external systems.

2.3.1. M. pseudotemporalis superficialis (psd s)

It is situated on the ventrocaudal region of
the orbitosphenoid. It lies medially in relation to
the medialis portion of the external adductor man-
dibular system and dorsocaudally to the M. pro-
tractor quadrati.

The M. pseudotemporalis superficialis origi-
nates from fleshy fibers on the intumescentia of the
orbitosphenoid. Its fibers are ventromedially dis-
posed to insert themselves at the medial surface of
a well-developed aponeurosis VIII (Figs. 78 and
82). The latter inserts at the pscudotemporal
tubercule of the mandible, caudally upto the fleshy
portion of the M. pseudotemporalis profundus.
Comparison: In D. fuscescens (Fig. 72) this muscle
is not seen at lateral view because it is covered by
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Figure 79. Aponeuroscs of M. protractor quadrati (IX and X) and of M. protractor pterygoidei (XI) represented in Campephilus

rubricollis.
Figure 80. Aponeuroscs of the pterygoidens system: ventralis medialis (9 and 10) and ventralis lateralis (11) represented in

Mesopicus griseocephalus.



Vol. 33(1), 1996 33

81

Tcm

Figure 81. Aponeuroscs of the pterygoideus system: dorsalis lateralis (12) and dorsalis medialis (13) represented in Campethera

abingoni.

M. adductor mandibulae externus rostralis
medialis. In J. ruficollis (Fig. 74) this muscle and
itsaponeurosis are thinner and weak. In P. flavigula
(Fig. 64) and M. griseocephalus (Fig. 71) the fleshy
origin is more laterally situated; also, in the latter,
this muscle is less developed if compared with other
Picinae. It is well-developed in other woodpeckers
studied, mainly in M. cruentatus (Fig. 66) and 7.
namaquus (Fig. 73).

2.3.2. M. pseudotemporalis profundus (psd p)

This muscleis situated rostrally to the Af.
adductor mandibulae posterior muscle on the or-
bital process of the quadrate. It lies medially in
relation to the muscles of the external adductor
mandibular system and dorsolaterally to the
pterygoideus dorsalis system.

The superficial part originates through a thin
aponeurosis 7 (Fig. 78) at the laterorostral surface
of the orbital process of the quadrate. The muscle
fibers originate at the medial surface of this apo-
neurosis; they run rostroventrally to insert ina wide

area on the medial surface of the mandible.

The deep part originates at the lateral sur-

face of aponeurosis 8 (Fig. 78) which originates
at the rostroventral surface of the orbital process
of the quadrate. This aponeurosis is broad and
short at its point of origin. The fleshy fibers join
those of the superficial part to insert at the medial
surface of the mandible.
Comparison: In the Neotropical species, aponecu-
rosis 8 was not observed (the description above
refers to G. olivaceus). In D. fuscescens the inser-
tion of the superficial part occupies a smaller area.
Aponeurosis 8 in 7. namaquus occupies the entire
ventrolateral surface of the orbital process of the
quadrate.

2.4. The protractor system of the quadrate and of
the pterygoid

Although many authors consider that this
muscular system is composed of just one muscle
with two distinct parts (Table 1), it was observed
that in woodpeckers there are two distinct and



54 Arquivos de Zoologia

4

lem vt XVl

pter dor+ven lat

Tcn

ven med

XYyl

Tem

Figure 82. Aponeuroses insertions of the pterygoideus system in medial view of the mandible: dorsalis lateralis (XV and XVI) and
dorsalis medialis (NVII); and aponeurosis of M. pseudotemporalis profundus (V11I) represented in Campephilus rubricollis.

Figure 83. Aponecuroses insertions of M. pterygoideus dorsalis lateralis (XV and XVI) in medial view of the mandible represented in
Jynx ruficollis.

Figure 84. Aponeurosis insertion of M. pterygoideus dorsalis medialis (XVII) in dorsal view of the mandible represented in
Mesopicus griseocephalus.

Figure 85. Areas of muscular (dotted) and aponeurotic insertions (black) on the medial surface of the mandible represented in
Campephilus rubricollis. Roman numerals represent aponeurotic insertions,

psd p: M. pseudotenporalis profundus; pter dor lat + ven lat: M. pterygoideus dorsalis lateralis + M. pterygoideus ventralis
lateralis, pter ven med: M. pterygoideus ventralis medialis.
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Figure 86. Lateral view of the skull of Mesopicus griseocephalus showing cranial Ligaments. LIM - Medial jugomandibular
Ligament; LOM,1 - Medial occipitomandibular Ligament, part 1; LOML - lateral occipitomandibular Ligament; LPO - posterorbital

Ligament.

independent muscles at the point of origin and
insertion. The M. protractor quadrati is situated
on the ventral edge of the orbitosphenoid; parts of
its fibers arc seen rostroventrally with regard to
the M. pseudotemporalis superficialis. The M.
protractor pterygoidei is much more developed
than the M. protractor quadrati and originates at
the interorbital septum.

2.4.1. M. protractor quadrati (pr qt)

There are two independent parts at origin:
the first originates from fleshy fibers on the cau-
dal region of the interorbital septuin; the second,
from fleshy fibers on the ventral region of the
orbitosphenoid where it occupies a broad area of
rostroventral origin with regard to the A4
pseudotemporalis superficialis.

The first part inserts through aponeurosis
IX (Fig. 79) on the rostromedial surface of the
orbital process of the quadrate. The second,
through the medial surface of a short aponeurosis
X (Fig. 79), which inserts caudally to the first part.

Comparison: Only C. rubricollis (Fig. 79) has
two points of origin associated with two aponeu-
roses of insertion (IX and X). C. flavescens, G.
olivaceus and M. griseocephalus also have two
points of fleshy origin but only G. olivaceus has
one aponeurotic insertion (aponeurosis [X). In all
other species only one point of origin can be ob-
served and the insertion is always fleshy.

2.4.2. M. protractor pterygoidei (pr pler)

The M. protractor pterygoidei originates
through fleshy fibers at the interorbital septum
rostrally to the optical foramen. The fleshy fibers
are ventrocaudally oriented and insert at the me-
dial surface of a well developed aponeurosis XI
(Fig. 79). This aponeurosis is medially oriented
in relation to both the fibers of the M. protractor
quadrati and the orbital process of the quadrate;
it inserts at the dorsocaudal surface of the ptery-
goid, in its dorsal process (PrD - Fig. 49).
Comparison: In D. fuscescens (Fig. 72) and J.
rificollis (Fig. 74) the M. protractor pterygoidei



56 Arquivos de Zoologia

is little developed if compared with other specics
in which it is more developed. In these, the AL
protractor pterygoidei is a stout muscle.

2.5. Pterygoideus system

This system is composed of the adductor
mandibular muscles which are primary retractors
of the upper jaw. All its components are connected
to the palatine and/or to the pterygoid bones. Most
authors (Table 1) divide this system into four dis-
tinct muscles.

2.5.1. M. pterygoideus ventralis medialis

Itis situated at the ventral region of the
palatine, medially o the M. pteryzoideus ventralis
lateralis. There is a complex system of aponeuro-
ses, in which those of insertion are associated to
the medial process of the mandible.

The fleshy fibers originate at the dorsal
surface of a well-developed aponeurosis 9 (Fig.
80), which originates at the rostroventral surface
of the palatine. The fleshy fibers are caudally ori-
ented to insert partly at the ventral surface of apo-
neurosis XII (Fig. 85), and directly at the
rostrodorsal portion of the medial process of the
mandible. Aponcurosis XII inserts at the same
place, but medially.

A sct of fleshy fibers which originate at the
ventral palatine crest near the pterygoid/palatine
articulation are disposed caudally to insert at the
ventral surface of aponeurosis XIII (Fig. 85); the
latter runs caudally to insert medially at aponeu-
rosis XII, at the medial process of the mandible.
Comparison: An aponeurosis 10 (Fig. 80) is ob-
served in P. flavigula, C. flavescens, G. olivaceus
and M. griseocephalus on the ventral palatine
crest. The fibers that originate dorsally, insert at
the ventral surface of aponcurosis XIII. As ob-
served in C. rubricollis, aponeurosis 10 is not
manifest in the other species studied. However in
C. abingoni, T. namaquus and D. fuscescens just
one set of bundles associated to aponeurosis 9 can
be observed. In J. ruficollis the origin is always
fleshy although the insertions are aponeurotic (X1
and XIII).

2.5.2. M. pterygoideus ventralis lateralis

This muscle is situated at the ventrolateral
part of the palatine bone laterally to the A/
pterygoideus ventralis medialis; part of its fibers

and those of M. pterygoideus dorsalis lateralis con-
verge caudally before they insert at the mandible.

The muscular fibers originate at the dor-
sal surface of aponeurosis 11 (Fig. 80), which
originates at the lateroventral edge of the pala-
tine. These fibers are caudally oriented to the man-
dible and are divided into two sets of fibers: one
set inserts as fleshy fibers at the medial process
of the mandible, laterally to the insertion of the
M. pterygoideus ventralis medialis; the other set
cnters, together with the fibers of the deep portion
of the M. pterygoideus dorsalis lateralis, at the
caudomedial surface of the mandible.
Comparison: In M. cruentatus and M.
griseocephalus insertion at the caudomedial sur-
face of the mandible includes a small portion of
its laterocaudal surfacc. In the Afrotropical spe-
cies, insertion in the medial process of the man-
diblc is by aponcurosis XIV (Fig. 85). In D.
Juscescens, this muscle is poorly developed. Only
in J. ruficollis is the point of origin fleshy.

2.53. M. pterygoideus dorsalis lateralis
(pter dor lat)

It is situated at the dorsolateral region of
the palatine; it is not connected with the ptery-
goid bone.

The superficial portion originates through
fleshy fibers on the dorsorostral surface of the pala-
tine. These fibers insert at the medial surface of
aponeurosis XV (Figs. 82 and 85) which inserts
itself at the caudomedial surface of the mandible.

The deep portion originates from aponcu-
rosis 12 (Fig. 81) which originates ventrally giv-
ing rise to the superficial fibers. The fleshy fibers
originate at the dorsal surface of aponeurosis 12
and are disposed caudally to the mandible where
they insert at two distinct surfaces: one at apo-
neurosis XVI (Figs. 82 and 85),which inserts at
the caudomedial surface of the mandible, ven-
trally to aponeurosis XV of the superficial por-
tion; and the other partially joins the fibers of the
M. pterygoideus ventralis lateralis to insert at the
caudomedial surface and at the medial process of
the mandible. Aponeuroses XV and XVI (Figs.
82 and 85) are near each other in their points of
insertion which is caudal to aponeurosis VI (Figs.
78 and 82) of the M. pseudotemporalis
superficialis and rostral to aponeurosis X V11 (Fig.
83) of the M. pterygoideus dorsalis medialis.
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Comparison: InJ. ruficollis (Fig. 83), aponcuro-
sis XV and X V1, respectively, from both the super-
ficial and the deep part of this muscle, meet before
insertion thus forming a single aponeurosis XV.

2.5.4. M. pterygoideus dorsalis medialis (pter dor
med)

M. pterygoideus dorsalis medialis is situ-
ated atthe dorsal region of the palatine bone and
at the dorsolateral region of the pterygoid bone. It
is ventrolaterally situated in relation to the M. pro-
tractor pterygoidei.

The superficial portion originates as fleshy
fibers at the rostrolateral surface of the ptery-
goid, including its rostral expansion (ExP - Fig.
49). The fleshy fibers are oriented ventrocaudally
and insert at the medial surface of aponeurosis
XVII (Fig. 85), which inserts at the caudomedial
surface of the mandible, caudally to the aponeuro-
ses of the M. pterygoideus dorsalis lateralis.

The deep part originates ventrally through
aponeurosis 13 (Fig. 81). The fleshy fibers origi-
nate at its dorsal surface and join with those of the
superficial portion to insert at aponcurosis XVII.
Comparison: In G. olivaceus the insertion of apo-
neurosis X V11 is near the dorsocaudal surface of
the mandible. In M. griseocephalus (Fig. 84) it is
dorsocaudal, rostral to the quadrate/mandible
articulation.

There is a distinct space between the
pterygoideus dorsalis medialis and pterygoideus
dorsalis lateralis muscles in C. flavescens (Fig. 65),
M. cruentatus (Fig. 66), C. melanochloros (Fig. 67),
C. abingoni (Fig. 70) and T namaquus (Fig. 73);
in the other species this characteristic was not ob-
served. However at dorsolatcral view, the muscular
fibers of P. flavigula (Fig. 64) werc observed to be
better developed in relation to other species. The
general disposition of the fibers of the prerygoideus
dorsalis medialis and pterygoideus dorsalis lateralis
muscles is oblique in most of the species except M.
cruentatus (Fig. 60), (5. olivaceus (Fig. 69) and 7.
namaquus (Fig. 73). In J. ruficollis (Fig. 74), the
M. pterygoideus dorsalis lateralis covers the M.
pterygoideus dorsalis medialis at lateral view, and
is more developed in this species.

2.6. M. depressor mandible (dm)
M. depressor mandible is situated at the
laterocaudal surface of the skull.

In woodpeckers it can be separated into

three parts: superficial, intermediary and deep.
The first originates from fleshy fibers on the
exoccipital region. The fibers are oriented
lateroventrally, to insert at the aponeurosis XVIII
(Fig. 85) which inserts at the angular vertex. The
intermediary fibers originate ventrally in relation
to the superficial fibers and enter at the medial
surface of aponeurosis XIX (Fig. 85), which in-
serts at the caudal surface of the mandible near
the angular vertex; parallel to these fibers, fleshy
fibers can be observed originating at the
suprameatic region; these fibers are associated with
the occipitomandibular lateral ligament. These fi-
bers enter at the medial surface of aponeurosis XX
(Fig. 85), which inserts at the lateral crest of the
mandiblc. Nevertheless the deep fibers are as-
sociated with the occipitomandibular medial liga-
ment, part |, where they originate; the insertion
is fleshy on the caudal surface of the mandible.
These three main aponeuroses are not well-devel-
oped if compared with those of other muscular
systems.
Comparison: Besides C. rubricollis, the M. de-
pressor mandible is also developed in M.
cruentatus (Fig. 66), C. melanochloros (Fig. 67)
and G. olivaceus (Fig. 69); it is poorly developed
in C. abingoni (Fig. 70) and D. fuscescens (Fig.
72). In the other species an intermediary condi-
tion is observed.

3. Ligaments

3.1. Postorbital Ligament (LPO) - Fig. 86

The postorbital ligament originates at the
lateral surface of the postorbital process; it runs
lateroventrally to the mandible and covers the jugal
bar/quadrate articulation. It inserts at the lateral
surface of thec mandible rostrally to the quadrate/
mandible articulation.

3.2. Medial Jugomandibular Ligament (LJM) -
Fig. 86

The medial jugomandibular ligament is a
narrow ligament which originates at the
laterocaudal surface of the jugal bar. It is oriented
according to the caudal surface of the man-
diblc and runs medially along the postorbital
ligament. It inserts ventrally at the dorsocaudal
region of the mandible’s medial process, up to
the insertion of parts | and 2 of the the medial
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occipitomandibular ligaments.
The lateral jugomandibular ligament was
not observed in the woodpeckers studied.

3.3. Medial Occipitomandibular Ligament, part
1 (LOM, 1) - Fig. 86

The medial occipitomandibular ligament,
part 1, is closely associated with the M. depressor
mandible; it originates partly at the ala timpanica
region where it covers a large portion and partly at
the exoccipital process. It is oriented rostroventrally
in relation to these regions to insert at the
dorsocaudal surface of the medial process of the
mandible, laterally in relation to part 2.

3.4. Medial Occipitomandibular Ligament, part 2
(LOM, 2)

The medial occipitomandibular ligament,
part 2, originates at the exoccipital process and
inserts itsclf at the dorsocaudal surface of the me-
dial process of the mandible. It is a short and stout
ligament existing in all the species studied.

3.5. Lateral Occipitomandibular Ligament
(LOML) - Fig. 86

The lateral occipitomandibular ligament
originates at the lateral surface of the suprameatic
region and inserts at the laterocaudal surface of
the mandible, caudally to the postorbital ligament.
Comparison: Among the species studied only J.
ruficollis does not have a well-developed postor-
bital ligament. This could be related to the incon-
spicuous postorbital process in this species (PrPO
- Fig. 24). In J. ruficollis and in P. cirratus, the
medial occipitomandibular ligament originates at
the exoccipital region, insofar as no exoccipital
process was observed.

The lateral occipitomandibular ligament
was observed in the Picinae and in the Picumninae,
although it is less developed in 7. cirratus. Burton
(1984), on the other hand, observed this ligament
only in the Picinae.

4. Tongue (Figs. 87-90)

The hyoid apparatus (Fig. 87) is formed by
the following bones: entoglossum, basihyal,
cceratobranchial, epibranchial and urohyal. The
horny entoglossum (ENT - Fig. 88) gencrally
has many sets of spines; it is connected caudally
1o the basihyal (BAS - Figs. 87 and 88) which is
the central unit of the tongue; it also articulates

with the ceratobranchials and with the urohyals
(URO - Figs. 87 and 88). The ceratobranchials
(CER - Figs. 87 and 88) articulate with the
epibranchials (EPI - Fig. 87); these are the only
two elements noticed in pairs in birds. The
epibranchials (EPI - Fig. 89 A-H) or horny hyoids
extend dorsally on the skull. All species of wood-
peckers here analysed had spines at the entoglossum
except P. cirratus and J. ruficollis: in these species
the spines of the entoglossum were not observed,
i.e., their tongues were smooth (Fig. 90 I).

Discussion
A. Aspects of the cranial osteology

After having analysed the osteological
structures of the skull in the woodpeckers studied,
seven characteristics became apparent, common
to all woodpeckers, - though some structures in
particular may not be well-developed in one de-
termined species: the dorsal process of the ptery-
goid, the ventral palatine fossa, the rostral
expansion of the pterygoid, the pseudocoronoid
I and pseudocoronoid 2 processes, the short me-
dial process of the mandible and the caudal fossa
of the mandible.

The first of the aforementioned character-
istics was described as peculiar to woodpeckers
(Hofer, 1945); it is also associated with the well-
developed M. protractor pterygoidei in these birds
in relation to other Piciformes (Beecher, 1953).
The ventral palatine fossa lodges the stout retrac-
tor of the fower jaw, M. pterygoideus ventralis
medialis. Although Gennip (1986) related this
muscle and its origin at the ventral palatine fossa
to the muscle’s partial development, others, study-
ing the same group of birds (Columbidae - Rooth,
1953; Merz, 1963) did not mention this kind of
relationship but described the extent of develop-
ment of this muscle.

The rostral expansion of the pterygoid can
also occur in the Indicatoridae as observed by Bur-
ton (1984), where “the pterygoid foot overlaps the
palatine extensively at its posterior end.” Besides
the pterygoid itself, this structure is also the point
of origin of the M. pterygoideus dorsalis medialis,
another important retractor muscle of the upper
jaw. Burton (op. cit.) confirms its occurrence in
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Figure 87, General scheme of'the tongue ofa woodpecker showing its bony regions and the extension of the ceratobranchials and of the
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Figure 88, General aspect in dorsal view of the tongue of Campephilus rubricollis showing its bony re
basyhyal; CER - ceratobranchial; ENT - entoglossum; Esp - spines; URO - urohy:
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the Picinae and Picumninae but it was also de-
scribed here forJ. ruficollis (Jynginae). Since this
structure is not formally described in literature,
the term Expantione Rostralis - rostral expansion
of the pterygoid - might be proposed in this case.

The caudal fossa is not as deep as its name
indicates, compared with the structure of other
Piciformes (Hofling & Gasc, 1984; Donatelli,
1992). On the contrary, it is a shallow fossa; it is
an important point of attachment of the muscular
fibers of the M. depressor mandible. According to
Burger (1978), the deeper this fossa, the greater
the muscular mass within it; consequently, the
greater the force of the depression, the greater the
speed of the depression. Thus, one could infer that
in Picidae, the M. depressor mandible is associ-
ated with a relative slower protraction of the up-
per jaw if compared to those groups of birds which
have a deep caudal fossa.

It was noticed that in the woodpeckers stud-
ied there is no frontolacrimal suture as seen in
Galbulidae by Donatelli (1992). The proeminentia
cereberalis, characteristic of the Galbulidae spe-
cies (Donatelli, op. cit.), is poorly developed in
these woodpeckers. In relation to the medial pro-
cess of the mandible, it can be said that in wood-
peckers it is less developed than in the
Ramphastidae (Hofling & Gasc, 1984) and in the
Galbulidae (Donatelli, op. cit.).

C. rubricollis is the only species that has a
long postorbital process, a lateral expansion of
the lacrimal bone and a deep groove in the angu-
lar region of the mandible nct seen in other
Piciformes (Burton, 1984); it is also unique in not
having a subcondylar process. The long postor-
bital process was described for the Bucconidae and
Capitonidae (Burton, 1984); in the Galbulidae only
Jacamerops aurea showed a short postorbital pro-
cess (Donatelli, 1992).

The temporal fossa is vertically longer than
horizontally in all species cxcept . namaquus.
Among the Piciformes a well-developed temporal
fossa can be observed in the Ramphastidac
(Hofling & Gasc, 1984), in the Galbulidae
(Donatelli, 1992) and in the Bucconidac
(Donatelli, manusc.). However in many other
groups of birds, this fossa is little developed (Rooth,
1953; Merz, 1963; Richards & Bock, 1973;
Gennip, 1986).

The squamosal process provides a greater

surface area for the aponeuroses and fibers of the
external adductor muscles. It is very distinctive in
woodpeckers, particularly in C. rubricoliis, C.
JSlavescens and T. namaquus; in other Piciformes
the squamosal process is rather distinct from that
described for the Picidae, mainly for the Galbulidae
(Donatelli, op. cit.) and for the Ramphastidae
(Hofling & Gasc, 1984). In these cases the squa-
mosal process is short and poorly developed.

The exoccipital process is relatively well-
developed in woodpeckers. Bock (1960) pointed
out that in woodpeckers the exoccipital process
is well-developed and runs parallel to the
basitemporal lateral process. In most of the wood-
peckers analysed, the exoccipital processs does not
run parallel to the basitemporal lateral process;
moreover, the latter is absent or poorly-developed
in woodpeckers.

There are significant differences between
the cranial osteological characteristics of J.
ruficollis and other woodpeckers. The orbital pro-
cess of the quadrate is turned upwards into the
orbitosphenoid region; there is no orbitosphenoid
crest, no C1 crest of the optic process of the quad-
rate and no occipitomandibular lateral ligament;
there are also poorly developed postorbital and
dorsal pterygoid processes. Moreover, there are
several differences related to the development of
many osteological structures. J. ruficollis and P.
cirratus share a poorly developed squamosal pro-
cess, short projection of the ectethmoid bone and
absence of the basioccipital process. However, P,
cirratus share many more osteological character-
istics with the Picinae than with the Jynginae rep-
resented here by J. ruficollis.

B. Aspects of the jaw musculature

The structural complexity of the jaw mus-
culature is shown in the literature where many syn-
onyms for a single muscle are found (Table 1).
Therefore, Baumel et al. (1979) presented a his-
tory of the synonyms and suggested one name for
each muscular component. However, in spite of
great structural variation in the jaw musculature
in several groups of birds, many authors usually
follow one determined author according to the
group he/she is working with. As a matter of fact,
this process occurred before and even after the pub-
lication of NAA. For instance, Burton (1974a) uses
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the nomenclature proposed by Starck & Barnikol
(1954) to describe the jaw musculature of the ad-
ductor mandibulae externus system in the
Charadriiformes and followed Lakjer’s proposal
(1926) to describe the same system in the
Coraciiformes and Piciformes (Burton, 1984). The
same could be said in rclation to the pterygoideus
system where many nomenclatural modifications
are observed (Table 1). For example, some authors
(Zusi, 1962; Merz, 1963 and Burton, 1974a), fol-
fowing Starck & Barnikol (1954), divided this
muscular complex according to threc main apo-
neuroses, while others followed Lakjer’s proposal
(1926). One author could cven use two different
terminologics for the same muscular system in
different groups of birds (Burton, 1974a and 1984),

Thesc cxamples show how complex it is to
unify the terminology of the jaw musculature. Ac-
cordingly, the excellent work of Baumel ef al.
(1979) is very important as a reference guide for
general terminologics, although it is not a pro-
posal for standardizing these terminologies.

As a conscquence, there arc many authors
who use their own terminologies or follow one de-
termined author to describe the jaw musculaturc:
Shufeldt (1890, apud Merz, 1963); Gadow (1891,
apud Merz, 1963); Lakjer (1926); Edgeworth
(1935, apud Merz, 1963); Hofer (1945; 1950);
Beecher (1951); Davids (1952); Starck & Barnikol
(1954); Bams (1956); Zusi (1962); Mcrz (1963);
Bock (1960; 1966); Berger (1966); Biihler (1970;
1981); Bock & Morioka (1971); Richards & Bock
(1973); Zweers (1974); Burton (1974a; 1974b;
1974c; 1977; 1984); and Hofling & Gasc (1984),
among others.

If on one hand, the terminology of the jaw
musculature offers a wide synonymy, its function
is well-defined and well-accepted by many authors.
It can be found in Zusi (1962), Burton (1974a)
and Biihler (1981).

The complexity of the jaw musculature
in the Picidac is notable when compared with
that of other groups of birds (Tablc 1). Therc arc
two casily distinguished components of the adduc-
tor manbibular system which were not described
in many groups of the Aves class: M. adductor
mandibulae externus rostralis medialis and M.
adductor mandibulae externus rostralis lateralis.
This is not only a matter of differences or diver-
gences in synonymy of the jaw musculature but

also a matter of standpoint on the development of
M. adductor mandibulae externus rostralis: it
shows independent points of origin and insertion
in the Picidae as well as in the Drepanididac
(Richards & Bock, 1973); it also joins others ad-
ductors to elevate the upper jaw when it is partly
clevated; and it also completes the action of other
adductors. The insertion far from the articula-
tion quadrate/mandible indicates that its main
function is to squeeze any object caught in the bilt.
However, these components are not peculiar to
woodpeckers as the M. etmomandibularis is to
Psittacidae (Burton, 1974c).

In general, it was observed that the man-
dibular adductors are relatively less developed in
the Picidae if compared with the description of
this system in other groups of birds (Zusi, 1962;
Zusi & Storer, 1969; Hofling & Gasc, 1984; Bur-
ton, 1984 and Donatelli, 1992). However, they are
relatively more developed if compared with the
description of the same system in the Columbidae
(Rooth, 1953; Merz, 1963 and Gennip, 1986) and
Psittacidae (Burton, 1974c).

Considerably strong mandibular adductors
were found in C. rubricollis and in G. olivaceus.
M. cruentatus, and D. fuscescens show greater
development in the M. adductor mandibulae
externus caudalis lateralis; G. olivaceus and
in the M. griseocephalus, in the M. adductor
mandibulae externus rostralis lateralis. Thus if
in the this system is investigated in terms of sub-
familics of the Picidac, according to Peters (1948),
the Picinae can be seen to be more developed if
compared to the Picumninae and to the Jynginae.
On the other hand if one compares the Neotropi-
cal and the Afrotropical Picinae, the difference
in aponcurosis 6 of the M. adductor mandibulae
externus caudalis medialis, apparent only in the
Afrotropical woodpeckers, will be evident.

Richards & Bock (1973: Table 3, p. 75)
compared the relative size of the jaw muscles of
four specics of Loxops. They established ranks for
relative sizce, the largest muscle given the rank of
“1” - the larger muscles were considered stron-
ger, i.e., they develop a greater maximum force.
They attributed larger or smaller development to
different ways of feeding: birds with the weakest
sct of jaw muscles fed on smaller, soft-bodied in-
sects and nectar; those with the strongest set of
jaw closers were mainly insectivores and ate food
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from the surface of crevices in the bark of large
branches and tree trunks. This kind of analysis
could not be made in relation to the woodpeck-
ers studied because they eat mostly insects and/
or insect larvae, caught in the crevices of tree
trunks or even found on the ground. Interestingly,
there may not exist any distinction between the
feeding behavior and the way the external man-
dibular system is developed in woodpeckers: two
species that forage in different ways could have
the same muscle development of these muscular
systems, as seen in C. rubricollis and in G.
olivaceus.

Among the woodpeckers studied, the A/
pseudotemporalis superficialis showed many
structural differences. In addition to its developed
muscular and aponeurotic structure, its general
form and origin are also outstanding. In general,
the M. pseudotemporalis superficialis originates
at the ventrocaudal part of the orbitosphenoid re-
gion confirming Burton’s observations (1984)
“...it never extends very high up into the orbit
wall.” If it is compared with the Bucconidae
(Burton, op. cit.) and with the Galbulidae
(Donatelli, 1992), it is much more developed in
woodpeckers, mainly in M. cruentaus and T.
namaquus. Zusi & Storer (1969) noticed that in
Podilymbus this muscle is composed of two parts
with distinct origins: the first pait originates lat-
erally on the skull whereas the second resembles
that of other groups of birds.

In general, the M. pseudotemporalis
superficialis has a simple unipennate arrange-
ment which elevates the mandible. In Rhynchops
nigra, Zusi (1962) observed that the A,
pseudotemporalis superficialis also plays an
integrated function with the A/ depressor
mandibulae, whereas it maintains the mandible
stable when the bird slips into the water with
its mandible. The author also emphasizes that
it is the main mandibular adductor that stabi-
lizes the mandible, whercas the other adduc-
tors of the external mandibular system have the
function of catching the prey and keeping it
between the bird’s jaws. In Podiceps cristatus,
Bams (1956) observed that its aponeurosis joins
that of the M. adductor mandibulae externus.
Gennip (1986), studying the Columbidae, de-
scribed dorsal and lateral insertions of this
muscle according to the spina of the

pseudocoronoid process. The lateral insertion
seems to have been noticed only by Gennip,
since Rooth (1953) and Merz (1963) did not
observe it when they studied species of the same
family.

Aponeurosis 8 of the M. pseudotemporalis
profundus was observed only in the Afrotropical
species. In the studies on jaw musculatures of
birds in literature, it was observed that in
Rhynchops nigra this muscle is unique in en-
tering caudally to the M. pseudotemporalis
superficialis (Zusi, 1962). Moreover, it is poorly
developed in this species, perhaps due to the lim-
ited orbital process of the quadrate, if compared
with some other groups of birds (Zusi & Storer,
1969; Burton, 1984). According to Rooth (1953)
and Merz (1963), this muscle varies greatly
among the species of Columbidae analysed. Merz
(1963) attributed the origin of the M.
pseudotemporalis profundus to the medial sur-
face of the mandible, whereas it entered the or-
bital process of the quadrate; it is interesting
that he did not make the same description for
the M. adductor mandibulae posterior which
also originates at the orbital process of the quad-
rate. Other authors considered this muscle and
M. adductor mandibulae posterior as a single
muscle, M. quadratomandibularis (Hofer, 1950;
Sims, 1955). In Psittacidae, the M.
pseudotemporalis profundus was not observed
by Burton (1974c).

The M. adductor mandibulae posterior
is short and poorly developed in the woodpeck-
ers studied. The same condition was attributed
to the Bucconidae (Burton, 1984) and to the
Galbulidae (Donatelli, 1992). On the other hand,
this seems not to occur with the Indicatoridae
and the Capitonidae (Burton, op. cit.) and with
the Ramphastidae (Hofling & Gasc, 1984).

The reason why many authors consider
the muscles, protractor quadrati and protractor
pterygoidei, as a single muscle subdivided into
two parts, M. protractor quadrati et pterygoidei,
is probably related to the proximity of their fiber
origins - if one considers structural aspects - or
even their integrated functions. This muscle was
described as a single unit by Bams (1956), Bur-
ton (1984) and Gennip (1986) among others
(Table 1). These considerations are shared by
Hofer (1950) and Sims (1955) who considered



65

Vol. 33(1), 1996

4ouaysod puo
40D SHOSI0p W

sounsod
syoquan W 12 +

40LIIUD SIDAIUIA N

snpunfosd
SnuiaIxs 20INGIPUDW
4019mppy W

syipaw puv (Lod)
snwiaxs W v W

(uod) sopifadns
SnUidIX2 avNglpuDw
Lopnppo W

4ouaisod puo iouajup
sipsiop snapro8iad
+ ‘W Jo uod

doLauD
syo.uan snaptoSdiard

sifpaaiv} SHpsiop ‘W fo uod

4ouagup snapro8diad
+ W Jo uod

+ -

suinqipuDw (uod) uousisod

yoaponk snaprodlund v
syviodwaropnasd aounsod
W Jo uod snaprodliad W
(W uvd) ouaisod
+ snaproSlind py
snpunfosd SO fo
snmwiarxs aopnqipuows  Lnd pug pup snipaid
401omppy Y supinqipuow uidps By
syopifiadns
Jouvdpur  uvd 57 ‘sypwifiadns
smpawi CawWvpy supnqipuvw Bidod Ty
sipowifiadns

snwiaxa aoinqipuow  snpunfosd pup snipatu
4o1nppo W suvinqipuow uidoo py

(uod) snwiarut
2DINqIpUDW 401oMPPD W

(upd) smuwiaruy
apnqipup d01onppD W

(upd) smuwaruy
20nqIpUDW 4019NPPD W

(upd) snuwizput
20NqQIpuUDW 401NPPD N

smp4ponb
o8duadouayds py

(upd) smipaw
aoInqipubI 4UIINPPY W

(uvd) smipaw
20]nqIpuD 401NPPD Iy

(uod) smpaw
apIngIpuUDIU 401NPPD W

(upd) snuwia)xs
20nqipubw donppy W

(pd) snwiaxs
DINgIpUDIL 40]OMPPD N

(upd) snwiaixo
aDNQIpUDIU L01MPPD

nIoLIS nSuas
snapro3diaid "py puv
yoiponb uopva304d W

snpunfosd snuiaxa
aonqipupw 401NppY W

SHDIpIU SMUIRXD
aonqIpuDw 401MppPY W

syowifiadns snuwiaixs
2DNQIpUDU 40IINPPD

tapro3diad Jy fo uod

topro3und y fo uvd

1oprofuard py fo upd
1pro8&and py fo uvd
snyoaponb-onqio

W pup sypiodwia;
W Jo qp puv oy suvd

supjow ojoiponb W

supjuwousyds

syoaodwar W fo uod

syviodwa; W fo ¢ uod

syos0dwia;
WS g puo 7 I suvd

syoiodwaryy
Jo g puo | suod

snwiaguy
snaproddand y fo uod

snwiauy
snapro8iand W Jo uod
snwizguy
snaproduand y fo uod

snwadpu
snapro8liard ‘W Jo uvd

smowpdwdos W fo uod
snuia)x2

snapro8iad y fo uod
waodwar W Jfo uod

oiodwa; y  fo uod

v40dwia;
pup 431255004 W Jo upd

paodwa;
pup aajassow W Jfo uod

stpiodiudy ‘W Jo uod

aonqipuptu 4ossaidap ‘W

Sijolpau
sypsop snaprodand W

sH4210]
sypsiop snaprodiad py

sp4210]
sypdiuan snaproSkund

Sipipout
sipaiusn snapto8iard ‘W

1wpro8kund
40100.4304d ‘W pup
yoaponb 401ovii04d W

snpunfoid
sypaoduiajopnasd

syowifiadns
sypiodwuaropnasd

aouzsod

20IMqIpuUDIL 40191PPD Y

Siyopnoy Snwia)xs
aoinqipupiu 4019nppo W

SHDAUIA SHUI2IXD
a0jnqipuDIu 40]2nppO W

S1D42]1D] S1]DAISO4 SNUIZIXD

2onqipudw 401oMpPD W

S{DIP2U SHDAISOL SHUIDIXD

a0nqipuDW 401oMPpPY W

stipsodwa;
SIDAISO4 SMUINXD
2DInqIpuUDI 401NppPY W

(1s61) dFHOAAA

(€961) Za=N

(0561) AFIOH pnde (Zv61) SINVAY

(€961) Z¥AN pnde
(se61) HI¥YOMIDQH

(9z61) ¥AMIV1

(€961) ZHAN
pnde (1681) mOavo

(€961) 74N

pnde (0681) LATHANHS

ladeq juasaig

2UNJBNOSNIA MEB[ 9Y} JO AWAUOUAS | 9[qeL



Arquivos de Zoologia

66

+

snpunfosd

snwiaixs aoinqipuD
403onppo
S1DIPaw04lso4 sivd
‘Snwiaixs  aoINqIpuUD
403omppo W

S1DIPoU04is04 Sand
‘Snwiaixs aoInqipuD
aotonppe W

syo4aiojopnos sivd
‘snwiaixs aoinqipuniu
4o1mppo W

+

snapro841a1d
‘Wjo o uvd
snapto84iard
Wjo o uod

S1ip421D] SUDSIOP
puv snapro8kiand
W o N uod

snapto8duard
WS N uod

Snwialxs aoNqIpUDW
4019nppo y fo g uod

uowuod pajusa
‘SNUidIX aDINQIPUDW
401onppo W fo y uod

uoyuod (pa1s04 p uod

uowuod [oaiso4 py uod

oioduwiay
pwiaxs py uod

+ snapo8diad py fo O uvod

+ snapro3und ‘W fo o uvd

Si|p42ID} SYDSLOp pUD
+ snapro3lund W fo y uod

+ snapro8liaid py fo N uod

+ Ypaponb 1o1op4104d W

Snuiayxa
snpunfoid snuwiaxa  spinqipubu 4019nppY W
apnqipuo 401onppo py  fo uowuod [oyusa ‘g jivd

snuialxa
SiDIpoW SMWidlXs  ADINGIPUDW JOLONPPD
apnqipupw 401nppp W fo uowiod [pajusa 'y od

SnUa21x?

spNqIpUDW 401NPPD

W ay1 fo uoniod

tosiop b uvd pup py uod

sypwifaadns snuwisixs
ao|nqIpuDW 401oMppPD W

syosiop  “drwTN

suowiod |p42ivj0siop
puv odjusa “dtuwoy

uopuod |pipawosuan
‘snapio3duard snuwiaguy
20inqIpUDW 40}IRPPD W

1aprodduaard
12 ypdponb aopvijoad ‘W

uod (p4is04
‘snpunfoid snuia1xs
apinqipuvd 401onppo W

sypaodwajopnasd
pUD snuwianul
aonqipupiu 401oMppo W

uod opnoo ‘snpunfoid

Snwia1xa 401onppo W

4oriz1s0d pup snuiaixs
apnqipubw d01nppo W

4oLiaisod pup snuialxa
aonqipUDW 401oMpYY W

4oria1s0d pup snuiaixs
a0nqipuDI 1019nPPD W

sypipaw syosiop W

S1{D42}D] SHDLUIA
‘W pup Sypiaiv] syosiop W

sqoipawt
Sipapusa puv (upd) snyvaao)
sjogyusa snapro3tiad W

syowyuadns
snwialxe apingipuD
40ponppy N ¢ do uouiod

syowiadns
SMWiaIXs aDINqIpUDW
a0ponppy W 7 do uoyiod

\-W.N.E.H.:
a3 fo) | dp uoguod

aonqipuow 40ssa4dap W

sioipous
siosaop snapjodliad ‘W

sipaa10]
sipsop snapro3lind

S1p42)0)
sypdjuoa snaptolliaid py

syoipou
sipaqusa snaptoSdiaid py

1apro8duard
401op4104d W pup
upaponb aopvijodd W

snpunfoid
sypaodwatopnasd py

syowifiadns
syviodwaiopnasd py

douasod
apnqIpUDW 4019NPPD WY

SHOPNDI SNUIAIXD
aonqIpup 4019MppPY W

SHDAUIA SNUIDIXD
aonqpup 403onppo W

s1jp4230]
S1D4ISOL SNULDIXD
aDnqipupI 40]OMPPD W

SHoipawt
SIDAIS04 STUId}XD
aDnqipupiu 401oMppY P

stpsodwa;
SIID4IS04 SNUI2}XD
apInqIpuUDW 401MPPY W

(bL61) SYFAMZ

(epL61) Noldnd

(€961) ZAAN (z961) 1SNZ

(9561) SWvd

(rs61)
TOMINYVE ¥ MOUVLS

Jaded uasaig




Vol. 33(1), 1996

67

PRESENT PAPER HOFLING & GASC (1984) BURTON (1984) ZUSI (1984) GENNIP (1986)
M. adductor mandibulae M. adductor mandibulae + + M. adductor mandibulae
externus rostralis exiernus superficialis externus superficialis
temporalis
M. adductor mandibulae - + + M. adductor mandibulae
externus rostralis externus superficialis,
medialis orbital portion
M. adductor mandibulae - + + -

externus rostralis
lateralis

M. adductor mandibulae
externus ventralis

M. adductor dibul,

M. adductor mandibulae
externus medialis

M. add mandibulae

externus caudalis

M. adductor mandibulae
posterior

M. pseudotemporalis
superficialis

M. pseudotemporalis
profundus

M. protractor quadrati
and M. protractor
plerygoidei

M. pterygoideus ventralis
medialis

M. pterygoideus ventralis
lateralis

M. pterygoideus dorsalis
lateralis

M. pterygoldeus dorsalis
medialis

M. depressor mandibulae

Captions:

ap: aponeurosis
M: Musculus

externus profundus

+

M. protractor quadrati

M. adductor mandibulae
externus ventralis

M. adductor mandibulae
externus caudalis

(absent in some species)

M. adductor mandibulae
externus, pars ventralls

M. adductor mandibulae
caudalis

M. am.e.s.: Musculus adductor mandibulae externus superficialis
M.am.i.p.: Musculus adductor mandibulae internus pterygoideus
M.cm.s.: Musculus capiti mandibularis superficialis
+: same nomenclature of the present paper

-: not described/not comparable

M. adductor mandibulae
externus medialis

M. adductor mandibulae
externus profundus

+

M. protractor quadrali et
plerygoidei

M. pierygoidens pars
dorsalis rostralis

M. pterygoldeus pars
dorsalis caudalis

+
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M. pseudotemporalis profundus and M. adductor
mandibulae posterior as a single unit, M.
quadratomandibularis. Burton (1984) subdivided
this muscle into two distinct parts according to
the origin: M. protractor 1 which originates at the
caudal portion of the interorbital septum; and M.
protractor 2 which originates at the ventromedial
wall of the orbit.

However, this structure was not the same
in the case of the woodpeckers: it was clearly ob-
served that there are two distinct protractor
nmuscles: M. protractor pterygoidei (treated else-
where as M. protractor pterygoidei sensu strictu)
and M. protractor quadrati. The first originates
as fleshy fibers at the rostral portion of the
interorbital septum; the second has two indepen-
dent points of origin - although near to each other
-in C. rubricollis, C. flavescens, G. olivaceus
and M. griseocephalus. Other authors also con-
sider them as two distinct muscles (Hofer, 1950;
Starck & Barnikol, 1954; Merz, 1963; Zusi &
Storer, 1969; Richards & Bock, 1973; Burton,
1974a and Zweers, 1974).

Among the woodpeckers studied, the M.
protractor plerygoidei is not well-developed in
D. fuscescens and J. ruficollis; the differences ob-
served in M. protractor quadrati are not related
to the development of its fleshy fibers but to the
points of origin and insertion: both are fleshy in
all species except in C. rubricollis and in G.
olivaceus.

The pterygoid system shows a great struc-
tural diversity not only among different groups of
birds, but also within the same group. Rooth (1953),
Merz (1963) and Gennip (1986) described this di-
versity in the Columbidae. This could be noticed
relatively among the woodpeckers studied. In the
M. pterygoideus ventralis edialis at least one
aponeurosis of origin can be observed in four spe-
cies; although the other points of origin are fleshy
in three species, two aponeurotic portions of this
muscle were noticed. Only in J. ruficollis were two
fleshy points of origin seen. In M. pterygoideus
ventralis lateralis of M. cruentatus and M.
griseocephalus it was described asa short portion
inserted on the laterocaudal surface of the man-
dible in addition to its comumon fleshy insertion at
the caudomedial surface of the mandible. Burton
(1984) described this structure as a “moderately
developed venter externus”, In J. ruficollis the ori-

gin is fleshy. The aponeuroses of insertion XV and
XVl1of the M. pterygoideus dorsalis lateralis in
J. ruficollis are connected to each other before
their insertion at the mandible.

Thus, in addition to the diversity among
the species of woodpeckers studied it seems that
J. ruficollis has many characteristics which are
distinct from the main pattern found in the ptery-
goid system of woodpeckers. Goodge (1972) also
observed that the Jynginae, among other groups
of woodpeckers, is very different in terms of limb '
musculature.

The only muscle responsible for the depres-
sion of the jaw is very conservative in the wood-
peckers studied, in the others Piciformes, and
also in a large part of the Coraciiformes (Burton,
1984). Different levels of development were ob-
served in several species; in general, those with
greater skull development also had better devel-
opment of this muscle. Its function in relation to
cranial kinesis, was very well investigated by
Zusi (1967). He showed that the association be-
tween this muscle and the postorbital ligament is
definite and efficient in separating the jaws; and
that the protraction of the upper jaw was less effi-
cient after the removal of this ligament.

C. Ligaments and tongue

The functions of the jaw ligaments are very
well described and discussed by Bock (1964).

The epibranchials can extend to the nasal
region and the nostril depending on the species
(Alabarce, 1981). Wallace (1974) observed indi-
vidual variations in the extensions of the
epibranchials, whereas Alabarce (op. cit.) de-
scribed the same aspect in relation to the number
and disposition of the spines of the entoglossum.
These variations can also be observed among
woodpeckers.
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