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Foreword

The publication of  the 2nd German edition of  Avian 
Anatomy was met with great enthusiasm and acclaim by 
students and practitioners alike. The exceptionally vivid 
anatomical specimens, and their high-quality colour repro-
duction, were equally as well received as the incorporation 
of  applied clinical anatomy into the instructional material. 

It has thus been a long-held desire of  the authors, also 
from a scientific perspective, to make this book available 
to a wider audience in the form of  an English-language 
version. A further motivation for so doing was to draw 
attention to the existence of  German scientific publica-
tions in a field dominated by the English language. Amid 
a plethora of  scientific texts, German editions are largely 
restricted to parts of  Europe, as only relatively few fel-
low scientists are versed in the German language. This is 
regrettable, as it means that high-quality work published 
in German fails to find international resonance, purely due 
to the language of  authorship.

We are therefore all the more grateful to 5m Publishing 
for including Avian Anatomy in their international cata-
logue, and trust that the resulting worldwide distribution 
will capture the interest of  readers in a wide range of  edu-
cational and scientific contexts. 

The availability of  an English version alone, however, 
does not automatically mean that this objective will be 
achieved; it was a stroke of  good fortune for the publish-

ers and the authors to have found in Dr Corinna Klupiec a 
capable and technically competent colleague for the trans-
lation of  this book. Dr Klupiec, who commands both the 
English and German languages, combines excellent disci-
plinary knowledge with the ability to integrate anatomical 
concepts and their clinical application in an instructional 
context, drawing also on information from the contem-
porary literature. 

Through close cooperation between the authors and the 
translator, it was possible to supplement the Bibliography 
with recent publications, resolve discrepancies in the 
nomenclature and correct errors. This applies also to the 
clinical components of  this preparatory instructional text.

The result is therefore not merely a direct translation, 
rather an intensively revised and updated version of  the 
2nd German edition. For this, Dr Klupiec deserves the 
highest praise and recognition. At the same time, we 
express our thanks again to 5m Publishing for making, 
with the publication of  this edition, a significant contribu-
tion to the dissemination of  knowledge in the field of  avian 
veterinary science.

Horst Erich König
Rüdiger Korbel

Hans-Georg Liebich
Vienna and Munich

Spring 2016
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Translator’s note

The translation of  this unique and fascinating book was, 
in equal parts, a pleasure and a challenge. The avian 
anatomical literature is less prolific than its mammalian 
counterpart, with many seminal English-language works 
currently appearing only in their first or second edition. 
Thus, the level of  agreement and consistency in anatomi-
cal nomenclature that exists in the mammalian literature 
has not yet been reached in the avian realm, even among 
works published in the same language. Moreover, the 
German language – like other languages – contains specific 
terms of  common usage for which it is sometimes difficult 
to find a ready English equivalent.

One of  the major undertakings of  this translation, 
therefore, was to achieve alignment and corroboration 
with English language avian anatomy texts (particularly 
Nomina Anatomica Avium 2nd Edition [1993], King and 
McLelland [1980–1989] and Smallwood [2014]) while pre-
serving the intellectual, scientific and linguistic integrity of  
the original work. At the same time, the opportunity arose 
to incorporate recent advances in selected aspects of  avian 
anatomy and clinical practice, particularly with respect to 
the avian telencephalon and avian ophthalmology.

On a particular editorial note, it was necessary to deter-
mine a specific approach to Anglicisation of  anatomical 

terms. The consistent use of  Latin terms in the original 
work has been carried over into the translation. In the 
main, equivalent English terms have also been provided 
for each Latin term. For the muscles, however, only Latin 
terms have been used, as attempts to convert some names 
into English was deemed unnecessarily awkward, and a 
potential detractor from the reader’s experience. A small 
number of  exceptions also apply in other body systems, 
with terms appearing only in Latin or in English, although 
these have been kept to a minimum.

My sincere thanks go to 5m Publishing for the oppor-
tunity to translate this book and, in particular, to Sarah 
Hulbert and Alessandro Fratta Pasini for their support 
throughout the process. I am also very grateful to the 
authors, Professors Horst Erich König, Hans-Georg 
Liebich and Rüdiger Korbel, for their enthusiasm and 
cooperation in assisting with the fine-tuning of  selected 
aspects of  the work. This collaborative approach was piv-
otal in ensuring that the book achieves its considerable and 
significant potential to contribute to the avian scientific and  
instructional literature in an English language context.

Corinna Klupiec
Autumn, 2016
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Abbreviations and directional terms

ant., antt.	 anterior, anteriores (toward the front)
Art., artt.	 articulatio, articulationes ( joint)
caud., caudd.	 caudalis, caudales (toward the tail)
cran., crann.	 cranialis, craniales (toward the head)
dext., dextt.	 dexter, dextri (right)
dist., distt.	 distalis, distales (away from the trunk)
dors., dorss.	 dorsalis, dorsales (toward the back 

[dorsum])
ext., extt.	 externus, externi (outer, external)
For., forr.	 foramen, foramina (opening)
Ggl., ggll.	 ganglion, ganglia (cluster of  nerve cell 

bodies)
Gl., gll.	 glandula, glandulae (gland)
inf., inff.	 inferior, inferiores (below, lower)
int., intt.	 internus, interni (internal)
lat., latt.	 lateralis, laterales (toward the side)
Lc.	 lymphocentrum (lymphocentre)
Lig., ligg.	 ligamentum, ligamenta (ligament)

Ln., lnn.	 lymphonodus, lymphonodi (lymph node)
M., mm.	 musculus, musculi (muscle)
med., medd.	 medialis, mediales (toward the middle)
N., nn.	 nervus, nervi (nerve)
post., postt.	 posterior, posteriores (toward the rear)
Proc., procc.	 processus (sing. & pl.) (process)
prof., proff.	 profundus, profundi (deep)
prox., proxx.	 proximalis, proximales (toward the 

trunk)
R., rr.	 ramus, rami (branch)
Rec., recc.	 recessus (sing. or pl.) (recess, pocket, 

cleft)
sin., sinn.	 sinister, sinistri (left)
sup., supp.	 superior, superiores (above, higher)
supf., supff.	 superficialis, superficiales (superficial)
ventr., ventrr.	 ventralis, ventrales (toward the belly 

[venter])
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Introduction  23

The bellies of  the limb muscles are located proximally, 
as close to the body as possible, to facilitate the positioning 
of  the centre of gravity close to the middle of  the body. 
Consequently many of  the tendons of  the limb muscles 
are very long. These tendons are also particularly likely to 
exhibit evidence of  ossification (Figure 1.47).

Ossification of tendons also occurs in the long muscles 
of  the back. This provides additional stabilisation and is 
especially important in birds such as ducks and geese in 
which the thoracic vertebrae are not fused.

The diaphragm is absent in birds. Thus, the muscles 
of  the thoracic and abdominal walls are utilised for res-

piration. The driving force for breathing is the expansion 
or contraction of  the rib cage. During inspiration, this 
is achieved on the one hand by movement of  the ribs, 
and on the other by elevation of  the sternum at the ster-
nocoracoid joints (such that the body of  the sternum is 
displaced cranioventrally). These movements are reversed 
for expiration. It is crucial to take this into account when 
restraining a bird during physical examination to prevent 
asphyxiation (see also Chapter 20).
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32  Avian Anatomy

Muscles of the head
Many of  the muscles of  the head are associated function-
ally with organs, including the eye, middle ear, tongue, 
larynx and trachea. These are discussed in the context of  
the relevant organ systems. Only the muscles of the jaw 
are described here (Figure 2.17, Table 2.2). 

The muscles of  the jaw are grouped according to their 
action. Those that pull the mandible towards the skull 
serve to elevate the lower jaw. The muscles that draw the 
upper and lower beak together, by rotating the quadrate 
bone, act to close the beak. Elevation of  the upper jaw is 
the sole function of  the m. protractor pterygoidei et qua-
drati, while depression of the lower jaw is brought about 
by the m. depressor mandibulae.

Skeleton of the trunk

Vertebral column (columna vertebralis)
Compared with mammals, the segments of  the vertebral 
column of  birds are more difficult to differentiate. The 
transition from the cervical to the thoracic vertebrae in 
particular is the subject of  debate. Consequently there is 
variation in the literature reporting the number of  verte-
brae in each vertebral segment. 

Cervical vertebrae (vertebrae cervicales)
The typically S-shaped avian cervical vertebral column 
(Figure 2.18) is generally considerably more mobile, and 
contains more vertebra, than that of  mammals. There are 
14 cervical vertebrae in the chicken, 17 in the duck and 12 
in the pigeon.

The first cervical vertebra (atlas) (Figure 2.19) is a 
ring-shaped bone with a dorsal arch (arcus) and a ventrally 
located body (corpus). A recess on the cranial surface of  
the body, the condyloid fossa (fossa condyloidea) forms 
the articular surface for the occipital condyle of  the occipi-
tal bone. The dorsal surface of  the body bears the articular 
surface for the dens of  the axis. A further articular sur-
face for the axis (facies articularis axialis) is located on the 
caudal surface of  the body of  the atlas. Processes on the 
caudal aspect of  the arch of  the atlas articulate with cranial 
processes on the axis. 

The second cervical vertebra, or axis, (Figure 2.20) is 
notably larger than the atlas. Its elongated body (corpus 
axis) articulates caudally with the third cervical vertebra. 
Its cranial surface (facies articularis atlantica) forms a joint 
with the atlas that also incorporates the dens. The arch of 
the axis (arcus axis) features an unpaired dorsal spinous 
process (processus spinosus) as well as articular processes. 
Two cranial processes (processus articulares craniales) 

Table 2.2  Muscles of the jaw.

Name Innervation Origin Insertion Action

M. adductor mandibulae 
externus
Mandibular nerve

Postorbital process, 
temporal fossa

Lateral aspect of 
mandible, from 
quadrato-mandibular 
joint to angle of jaw

Elevate the lower jaw

M. pseudotemporalis 
superficialis
Mandibular nerve

Temporal fossa Lateral aspect of 
mandible

Elevate the lower jaw

M. pseudotemporalis 
profundus
Mandibular nerve

Orbital process of the 
quadrate bone

Mandible Close the beak

M. adductor mandibulae 
ossis quadrati
Mandibular nerve

Body and otic process of 
the quadrate bone

Lateral aspect of 
mandible, rostral to 
quadrato-mandibular 
joint 

Close the beak

M. pterygoideus
Mandibular nerve

Palatine bone, pterygoid 
bone

Medial process of 
mandible 

Close the beak

M. protractor 
pterygoidei et quadrati
Mandibular nerve

Interorbital septum In two parts:
pterygoid bone and 
quadrate bone (body, 
orbital process)

Elevate the upper jaw

M. depressor mandibulae
Facial nerve

Exoccipital bone, 
squamosal bone, 
basioccipital bone

Caudoventral aspect of 
mandible; medial process 
of mandible

Depress the lower jaw
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Table 2.3  Muscles of the vertebral column (excluding the tail).

Name Innervation Origin Insertion Action

M. biventer cervicis 
Dorsal branches of 
cervical nerves

Spinous process of 
2nd thoracic vertebra

Cranial and caudal belly 
(tendinous intersection);
supraoccipital bone

Elevate the head;
Extend (cranial third) 
and dorsiflex (middle 
and caudal thirds) the 
neck

Mm. craniocervicales

M. complexus  
Dorsal branches of 
cervical nerves 2 & 3

Articular processes of 
cervical vertebrae 3–5 

Supraoccipital bone Elevate the head and 
extend the cervical spine; 
unilaterally: turn the 
head

M. splenius capitis Dorsal 
branches of first cervical 
nerves

Arch and spinous process 
of the axis

Supraoccipital bone Elevate the head;
unilaterally: turn the 
head

M. rectus capitis dorsalis
Dorsal branches of 
cervical nerve 1

Via several muscle slips 
from lateral aspect of 
cervical vertebrae 5 to 3

Parasphenoid lamina Bow the head (flex the 
occipital joint)

M. rectus capitis lateralis 
Ventral branches of first 
cervical nerves

Via several muscle slips 
from ventral aspect of 
cervical vertebrae 5 to 2

Exoccipital bone Turn and elevate the 
head; extend cranial part 
of the neck

M. rectus capitis 
ventralis
Ventral branches of first 
cervical nerves

Ventral aspect of cervical 
vertebrae 6 to 1 (may 
be bisected by common 
carotid artery)

Both parts: parasphenoid 
lamina

Bow and turn the head; 
flex cranial part of the 
neck

Mm. cervicales dorsales

M. longus colli dorsalis 
Dorsal branches of 
cervical and thoracic 
nerves

Pars cranialis: spinous 
processes of cervical 
vertebrae 3–9 
Pars caudalis: spinous 
processes of cervical 
vertebrae 2–4 
Pars profunda: spinous 
processes of cervical 
vertebrae 8–11 
Pars thoracica: 
iliosynsacral crest and 
notarium

Partes cranialis and 
caudalis caudal aspect of 
axis; Pars caudalis also 
cervical vertebrae 7–14
Pars profunda: cervical 
vertebra - two vertebrae 
cranial to its respective 
origin (i.e. 6–9)
Pars thoracica: 
cranioventrally on the 
transverse processes up 
to thoracic vertebra 2

Elevate and extend the 
neck; unilaterally: flex 
the neck laterally

Mm. ascendentes:
Dorsal branches of 
cervical and thoracic 
nerves
M. ascendens thoracicus
M. ascendens cervicalis

Lateral aspect of thoracic 
vertebrae 1–3
Articular processes of 
cervical vertebrae 7–15

Craniomedially oriented 
on cervical vertebra 11 to 
thoracic vertebra 2
Craniomedially oriented 
on articular processes up 
to cervical vertebra 3

Elevate and turn base of 
the neck
Extend and straighten 
the neck;
unilaterally: turn the 
head

Mm. iliocostalis et 
longissimus dorsi
Dorsal branches of 
thoracic, lumbar and 
sacral nerves

Cranial margin of 
preacetabular wing of 
ilium

Transverse processes 
of thoracic vertebrae; 
proximal ribs

Fix the thoracic vertebral 
column; continued 
cranially by the mm. 
ascendentes 

Mm. intercristales Mm. 
interspinales
Dorsal branches of 
cervical nerves

Connect the spinous processes of adjacent vertebrae 
from the arch of the atlas to the first thoracic 
vertebra; mm. interspinales are less clearly defined 
than the mm. intercristales

Straighten the cervical 
vertebral column
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Table 2.4  Muscles of the thoracic wall.

Name Innervation Origin Insertion Action

M. scalenus
Ventral branches of 
cervical nerves

Pars cranialis: transverse 
process, cervical vertebra 
13
Pars caudalis: transverse
process, thoracic 
vertebra 1

Pars cranialis: first 
asternal rib
Pars caudalis: uncinate 
process of second rib

Inspiration: draw first rib 
cranially

Mm. levatores costarum
Dorsal branches, thoracic 
nerves

Transverse processes of 
thoracic vertebrae 2–5 
(7) 

Caudovetrally oriented 
on proximal ends of ribs 
3–6 (9) 

Inspiration: draw the ribs 
cranially

Mm. intercostales externi
Intercostal nerves

Span the intercostal spaces of the vertebral 
components of the ribs, fibres run caudoventrally

Inspiration: draw the ribs 
cranially

Mm. intercostales interni
Intercostal nerves

Span the intercostal spaces of the vertebral 
components of the ribs, fibres run cranioventrally

Expiration: draw the ribs 
caudally

M. costosternalis: 
Intercostal nerves
Pars major
Pars minor

Pars major/minor: 
craniolateral process of 
sternum

Pars major: sternal ribs 
2-6
Pars minor: first two ribs

Pars major: inspiration
Pars minor: expiration

M. costoseptalis
Intercostal nerves

Medial aspect of 
intercostal joints of ribs 
3–5 

Radiates into horizontal 
septum

Expiration: tensing of 
the horizontal septum

M. sternocoracoideus
Intercostal nerves

Medial aspect of 
craniolateral process of 
sternum

Coracoid bone, toward 
the shoulder

Fix the sternocoracoid 
joint

Table 2.5  Muscles of the abdominal wall.

Name Innervation Origin Insertion Action

M. rectus abdominis
Intercostal nerves,
ventral branches of 
lumbar nerves

Intermediate trabecula 
of sternum, caudally 
on last rib (sternal 
component)

Via an aponeurosis on 
the caudal third of the 
pubis

Expiration; compress the 
abdomen

M. obliquus externus 
abdominis
Intercostal nerves,
ventral branches of 
lumbar nerves

Uncinate processes; 
ventral borders of the 
ilium and pubis, fibres 
run caudoventrally

Via an aponeurosis on 
the median trabecula; 
blends with tendon of m. 
rectus abdominis

Expiration; compress the 
abdomen

M. obliquus internus 
abdominis
Intercostal nerve VI,
ventral branches of 
lumbar nerves

Ventral border of ilium; 
cranial half of pubis

Fibres run cranioventrally 
to attach to the last rib

Expiration; compress the 
abdomen

M. transversus abdominis
Intercostal nerves V/VI, 
ventral branches of 
lumbar nerves

Ribs 5–7;
ilium and pubis

Transverse fibre 
direction;
median aponeuroses 
attach to the sternum

Expiration; compress the 
abdomen
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On a systematic and topographical basis, it would be appro-
priate to describe the cloacal muscles here. Instead, taking 
a functional approach, these are addressed in Chapter 6 
‘Digestive system’ and Chapter 8 ‘Urinary system’, and in 
Chapters 9 and 10 (organs of  the genital system).

Clinical aspects
The premaxillary and maxillary region is a common site 
of  fractures and luxations of  the joints of  the upper beak. 
These may result from events such as head trauma, bite 
wounds and attacks (e.g., following unsuccessful mating 
attempts in cockatoos). Depending on the circumstances, 
euthanasia may be indicated as the patient’s bite strength 
can make it difficult to achieve satisfactory surgical fixation 
using cerclage wire or prostheses.

The proximity of  the orbits in most diurnal birds 
and the presence of  the sclerotic ring (anulus ossicularis 
sclerae; see Chapter 15 ‘The eye’) are predisposing fac-
tors for contre-coup injuries. These render the avian 
eye more susceptible to intra-ocular haemorrhage, typi-
cally occurring on the side contralateral to the trauma 
site. It is essential therefore to perform ophthalmoscopy 

in trauma cases (the incidence of  haemorrhage, usually 
originating from the pecten oculi, is more than 30 per  
cent).

In conducting an ophthalmic examination, it is impor-
tant to note that, due to the often thin or soft tissue nature 
of  the interorbital septum, the illumination of  one pupil 
with a point source of  light can result in retroillumina-
tion of the other eye. This effect may produce a consensual 
pupillary light reflex. The latter is not usually expected in 
birds due to the almost complete decussation of  optic 
nerve fibres in most avian species (60–70 per cent decus-
sation in owls), as opposed to the partial decussation 
observed in domestic mammals and humans.

The cranial and caudal margins of  the sternum serve 
as important landmarks for identifying the correct site 
for injection into the breast muscle (refer to Chapter 21 
‘Medication and blood collection techniques’). This is 
located in the cranial third of  a line passing between the 
two aforementioned margins, paramedian to the carina of  
the sternum.

If  the injection is given too far caudally, there is a risk 
that the needle may pass through the medial incisure of  

Table 2.6  Muscles of the tail.

Name Innervation Origin` Insertion Action

M. levator caudae: 
Dorsal branches of 
caudal nerves

Pars rectricalis:  
post-acetabular wing of 
the ilium

Pars rectricalis:  
caudal vertebrae, lateral 
rectrices

Elevate the tail and 
lateral rectrices

– Pars rectricalis

– Pars vertebralis Pars vertebralis: caudal 
border of ilium

Pars vertebralis:  
dorsal border of 
pygostyle

M. lateralis caudae
Pudendal plexus

Caudal border of ilium, 
caudal vertebrae 1/2

Lateral rectrices Draw rectrices laterally

M. depressor caudae 
Pudendal plexus and 
caudal plexus

Caudal end of synsacrum 
and ventrally on caudal 
vertebrae

Ventral aspect of base of 
pygostyle

Depress the tail

M. caudofemoralis: 
Caudal coxal nerve
– Pars caudalis

Ventral pygostyle Mid femur Depress the tail and 
draw tail laterally (see 
also muscles of the 
thigh)

M. pubocaudalis 
externus
Pudendal plexus

Distal pubis Follicles of lateral 
rectrices

Depress rectrices and 
draw rectrices laterally

M. pubocaudalis internus
Pudendal plexus

Caudal ischium, medial 
aspect of apex of pubis

Ventral aspect of base of 
pygostyle

Depress the tail and 
draw tail laterally

M. bulbi rectricium
Caudal plexus

Connects the lateral surfaces of the pygostyle with 
the last caudal vertebrae, encompassing the feather 
follicles dorsally and ventrally

Adjust the position of 
the rectrices

M. adductor rectricium
Pudendal plexus

Apex of pygostyle Ventrally on the calamus 
of all rectrices

Draw rectrices together
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Numerous individual muscles at the tip of  the wing act 
to adjust the position of  the digits, and thus the alular and 
primary remiges, as required during flight.

The major digit is capable of  limited movement in 
various planes. This is particularly important for fine 
adjustments of  the primary remiges. Correct placement 
of  the alula is of  similar aerodynamic significance. This 
is controlled by movement of  the alular digit, which can 
be flexed and extended, and also abducted and adducted. 

In this way the alula makes an important contribution to 
maintaining laminar air flow over the upper surface of  the 
wing throughout a range of  angles of  attack and air flow 
velocities. 

The nomenclature, innervation and attachments of  
individual muscles of  the pectoral girdle and wing are 
summarised in Tables 3.2 to 3.4 and in various schematic 
diagrams (Figures 3.17 to 3.22).

Table 3.2  Muscles of the pectoral girdle and wing. 

Name Innervation Origin Insertion Action

Tensors of the patagium

In addition to the muscle described here, various components of other muscles participate in tensing the 
patagium. This function is specified in the ‘action’ column for each relevant muscle. 

M. expansor 
secundariorum
Anconeal nerve

M. subcoracoideus
and m. scapulohumeralis

Follicles of the proximal 
secondary remiges near 
the elbow

Spread the secondary 
remiges in the 
outstretched wing 
by exerting proximal 
tension

Muscles of the pectoral girdle and wing

Mm. rhomboidei 
superficialis/profundus
Accessory brachial plexus

Spinous process of the 
caudal cervical and 
thoracic vertebrae

Dorsal border and medial 
surface of the scapula

Fix the scapula dorsally

M. serratus superficialis
Accessory brachial plexus

Vertebral components of 
the ribs

Ventral border of the 
scapula

Fix the scapula ventrally  
Pars metapatagialis: 
tense the metapatagium

M. serratus profundus
Accessory brachial plexus

Vertebral components of 
first ribs

Ventral border of the 
scapula

Fix the scapula ventrally

M. scapulohumeralis 
cranialis/caudalis
Subscapular nerve

Distally on the scapula Humerus, near the 
pneumotricipital fossa

Retract the humerus

M. subcoracoideus
Subcoracoscapular nerve

By two heads proximally 
on the coracoid bone 
and cranially on the 
scapula

Ventral tubercle of the 
humerus

Adduct and supinate the 
humerus

M. subscapularis
Subscapular nerve

Ventral border of the 
scapula

Ventral tubercle of the 
humerus

Adduct and pronate the 
humerus

M. coracobrachialis 
cranialis
Medianoulnar nerve

Proximally on the 
coracoid bone

Cranioventrally and 
proximally on the 
humerus

Protract humerus

M. coracobrachialis 
caudalis
Pectoral nerve

Lateral border of the 
coracoid bone

Ventral tubercle of the 
humerus

Retract and pronate the 
humerus

M. latissimus dorsi
Nerve of m. latissimi 
dorsi

Thoracic vertebrae and 
the preacetabular wing 
of the ilium

Caudodorsally and 
proximally on the 
humerus

Adduct and supinate the 
wing  
Pars metapatagialis: 
tense the metapatagium

M. pectoralis
Pectoral nerves
Pars sternobrachialis
Pars costobrachialis

Pars sternobrachialis:
carina of sternum;
sternoclavicular ligament 
Pars costobrachialis: 
clavicle; coracoid bone

Deltopectoral crest of 
the humerus

Depress and pronate the 
humerus (generate lift 
and thrust)
Pars propatagialis: tense 
the propatagium
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Name Innervation Origin Insertion Action

M. supracoracoideus
Supracoracoid nerve

Sternum; coracoid bone, 
sternocoracoclavicular 
membrane

Via the triosseal canal, 
on the dorsal tubercle of 
the humerus

Elevate and supinate the 
humerus

M. deltoideus
Axillary nerve
Pars major
Pars minor
Pars propatagialis

Pars major: acromion; 
neck of scapula
Pars minor: coracoid 
bone; acromion 

Together on the 
deltopectoral crest of the 
humerus

Pars major: elevate and 
supinate the wing
Pars minor: elevate the 
wing
Pars propatagialis: tense 
the propatagium

Table 3.3  Muscles of the pectoral girdle and wing: muscles of the elbow and carpus.

Name Innervation Origin Insertion Action

Muscles of the elbow

M. triceps brachii: Together on the 
olecranon

Extend the elbow

Radial nerve
M. scapulotriceps
M. humerotriceps
M. coracotriceps

M. scapulotriceps: 
scapula
M. humerotriceps: 
humerus, near the 
pneumotricipital fossa
M. coracotriceps:
coracoid bone 
(proximally)

M. biceps brachii:
Bicipital nerve
Caput coracoideum
Caput humerale

Caput coracoideum:
coracoid bone
Caput humerale: 
humerus

By a common tendon on 
the radius and ulna

Flex the elbow 
Pars propatagialis: tense 
the propatagium

M. brachialis
Median nerve

Humerus Proximally on the ulna Flex the elbow

M. pronator superficialis/
profundus
Median nerve

Both heads: ventral 
epicondyle of the 
humerus

M. pronator superficialis: 
distally and ventrally on 
the radius
M. pronator profundus: 
distally and caudally on 
the radius

Flex the elbow, pronate 
the wing

M. entepicondyloulnaris
Ulnar nerve

Ventral epicondyle of the 
humerus

Proximally on the ventral 
surface of the ulna

Flex the elbow

M. ectepicondyloulnaris
Radial nerve
(superficial branch)

Dorsal epicondyle of the 
humerus

Dorsocranially on the 
ulna

Flex the elbow and 
supinate the forearm

M. supinator 
Radial nerve

Dorsal epicondyle of the 
humerus

Proximally on the cranial 
radius

Flex the elbow and 
supinate the forearm

Muscles of the carpus

M. extensor carpi radialis
Radial nerve

Dorsal epicondyle of the 
humerus

Carpometacarpus Extend the carpus

M. extensor carpi ulnaris
Radial nerve

Dorsal epicondyle of the 
humerus

Carpometacarpus Extend the carpus

M. flexor carpi ulnaris
Ulnar nerve

Ventral epicondyle of the 
humerus

Ulnar carpal bone Flex the elbow and 
carpus 
Pars remigalis: rotate the 
remiges
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Name Innervation Origin Insertion Action

M. ulnometacarpalis 
dorsalis
Radial nerve 
(deep branch)

Distal extremity of the 
ulna

Minor metacarpal bone Flex the carpus

M. ulnometacarpalis 
ventralis
Median nerve (deep 
branch)

Proximally on the ventral 
surface of the ulna

Dorsally on the 
metacarpus

Pronate the manus

Table 3.3  continued.

Table 3.4  Muscles of the pectoral girdle and wing: muscles of the digits.

Name Innervation Origin Insertion Action

Muscles of the digits

M. extensor digitorum 
communis
Radial nerve (superficial 
branch)

Dorsal epicondyle of the 
humerus

In two parts: 1. caudally 
on the phalanx of the 
alular digit;
2. cranially on the 
proximal phalanx of the 
major digit

Adduct the alular digit;
Extend the major digit; 
also: extend the carpus

M. extensor longus digiti 
majoris
Radial nerve (deep 
branch)

By two heads, from the 
radius and ulnar carpal 
bone

Cranial edge of the distal 
phalanx of the major 
digit

Extend the major digit

M. interosseus dorsalis
Radial nerve (deep 
branch)

Dorsally on the 
carpometacarpus

Distal phalanx of the 
major digit

Extend the major digit

M. interosseus ventralis
Ulnar nerve (cranial 
branch)

Ventrally on the 
carpometacarpus, 
interosseous space

Dorsally on the distal 
phalanx of the major 
digit

Flex the major digit

M. flexor digitorum 
superficialis
Median nerve

Via the humerocarpal 
ligament, on the ventral 
epicondyle of the 
humerus

Cranially on the proximal 
phalanx of the major 
digit

Flex the major digit

M. flexor digitorum 
profundus
Median nerve

Proximal third of the 
ulna

Base of the distal 
phalanx of the major 
digit

Flex the major digit

M. abductor digiti 
majoris
Median nerve (deep 
branch)

By two heads, dorsally 
and ventrally on the 
carpometacarpus

Ventrally on the 
proximal phalanx of the 
major digit

Abduct the major digit

M. extensor longus 
alulae
Radial nerve (deep 
branch)

By two heads, on the 
radius and ulna

Cranial edge of the 
phalanx of the alular 
digit

Extend the carpus and 
alular digit

M. extensor brevis alulae
Radial nerve (deep 
branch)

Alular metacarpal bone Phalanx of the alular 
digit

Extend the alular digit

M. flexor alulae
Median nerve (deep 
branch)

Ventrally on the alular 
metacarpal bone

Ventrally on the phalanx 
of the alular digit

Flex the alular digit

M. abductor alulae
Median nerve (deep 
branch)

Radial carpal bone;
Alular metacarpal bone

Ventrally on the phalanx 
of the alular digit

Abduct the alular digit
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Contracture of  the patagium due to inadequate supportive 
therapy can be an indication for euthanasia on animal wel-
fare grounds, even if  fracture healing is successful. Thus, 
appropriate attention to the post-operative health of  the 
patagium warrants particular attention to avoid compro-
mising the outcome of  fracture management.

Open fractures of  the humerus are sometimes asso-
ciated with foamy haemorrhages (synchronised with 
respiration) at the fracture site. This results from damage 
to the diverticulum of the clavicular air sac, such that 
the patient breathes through the fractured bone. These 
patients must be treated with antibiotics with gram posi-
tive coverage, and possibly also with antifungals, to prevent 
microbial contamination of  the respiratory tract. Possible 
aspiration of  blood into the respiratory system via this 
route must also be considered.

The development of  synostoses can interfere with the 
normal longitudinal displacement of  the radius and 
ulna (‘drawing parallels’ action) (Figure 3.16). This mech-
anism is part of  the normal movement of  the wing and 
is therefore indispensable for flight. Synostoses can result 
from inappropriate fracture management, excessive callus 

formation following infection, and various other causes. 
They invariably compromise flying ability and may render 
the bird completely flightless. Depending on the bird’s cap-
tive environment, or its living conditions in the wild, this 
can represent grounds for euthanasia.

Amputation of the wing above the carpometacarpal 
joint is questionable in terms of  animal welfare, depend-
ing on the bird’s husbandry or natural environment, since 
amputation both precludes flight and affects the bird’s ther-
mal insulation. This, in turn, can lead to other undesirable 
consequences such as infection (e.g., aspergillosis).

Surgical intervention (‘pinioning’) for preventing flight 
(e.g., to prevent the escape of  zoo birds or pet birds kept 
outdoors) was once carried out routinely. This involves 
unilateral amputation of  the wing at the level of  the carpo-
metacarpus. By amputating on one side only, birds can no 
longer achieve balanced flight. The alular digit is preserved 
to protect the amputation site and prevent the develop-
ment of  excessive granulation tissue through repeated 
trauma to the exposed stump. This procedure is now pro-
hibited or restricted in some jurisdictions unless it can be 
justified for medical reasons. 
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Name Innervation Origin Insertion Action

M. iliofemoralis externus
Ischiadic nerve (muscular 
branches)

Dorsal to the acetabulum Outer side of the major 
trochanter

Abduct the thigh;  
extend or flex the hip 
joint (depending on 
posture)

Mm. femorotibiales 
lateralis/intermedius/
medialis
Femoral nerve (muscular 
branches)

Laterally, cranially and 
medially on the shaft 
of the femur, major 
trochanter

Lateral and cranial 
cnemial crests, patellar 
crest

Extend the knee joint; 
inwardly rotate the limb 
(medialis)

M. flexor cruris lateralis:
Caudal coxal nerve
– Pars pelvica
Tibial nerve
– Pars accessoria

Pars pelvica:
Dorsolateral iliac spine; 
caudal vertebrae
Pars accessoria: caudally 
and laterally on the 
femur, near the lateral 
condyle

Together proximally 
and medially on the 
tibiotarsus 
 
(together with m. flexor 
cruris medialis)

Extend the hip joint; flex 
the knee joint

M. flexor cruris medialis
Caudal coxal nerve

Laterally and caudally on 
the ischium

Proximally and medially 
on the tibiotarsus 
(together with m. flexor 
cruris lateralis)

Flex the knee joint; 
extend the hip joint

M. caudofemoralis:
Caudal coxal nerve
– Pars pelvica
– Pars caudalis

Pars pelvica: Lateral 
ilium  
Pars caudalis: Ventral 
pygostyle

Together on the caudal 
proximal third of the 
femur

Pars pelvica: Extend the 
hip joint
Pars caudalis: Depress 
the tail

M. ischiofemoralis
Sacral plexus

Laterally on the ischium Caudolaterally on the 
femur, distal to the 
major trochanter

Outwardly rotate the 
thigh; extend the hip 
joint

M. obturatorius lateralis:
Lateral obturator nerve
– Pars dorsalis
– Pars ventralis

Caudoventral to the 
acetabulum on the 
edge of the obturator 
foramen

Major trochanter and 
caudolaterally on the 
proximal extremity of 
the femur

Outwardly rotate the 
thigh

M. obturatorius medialis
Medial obturator nerve

Internal surface of 
the pelvis, covers the 
ischiopubic window and 
part of the ilioischiadic 
foramen

Tendon traverses the 
obturator foramen, 
inserts on major 
trochanter

Outwardly rotate the 
thigh

Muscles of the hip and knee joints

M. puboischiofemoralis:
Lateral obturator nerve
– Pars lateralis
– Pars medialis

Ventrolateral ischium 
and pubis

Caudally on the distal 
two thirds of the femur

Extend the hip joint; 
adduct the thigh

M. ambiens
Femoral nerve (muscular 
branches)

Preacetabular tubercle 
of the ilium, extends 
distally along a medial 
course; enters groove in 
patella to become more 
lateral 

On the aponeuroses 
of the mm. flexores 
perforati II–IV

Extend the knee joint; 
support flexion of the 
digits (via its insertion)

M. popliteus
Medial sural nerve (tibial 
nerve)

Flexor fossa of tibiotarsus Caudally on the head of 
the fibula

Fix the head of the fibula

Table 4.2  continued.
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Name Innervation Origin Insertion Action

Muscles of the intertarsal joint

M. tibialis cranialis:
Fibular nerve
Caput femorale
Caput tibiale

Caput femorale: Lateral 
femoral condyle
Caput tibiale: Cranial 
cnemial crest of the 
tibiotarsus

By a common tendon 
passing under the 
tibiotarsal extensor 
retinaculum onto the 
tarsometatarsus

Flex the intertarsal joint

M. fibularis longus
Fibular nerve

Lateral cnemial crest of 
the tibiotarsus

By a tendon on the tibial 
cartilage; merges with m. 
flexor perforatus digiti III

Extend the intertarsal 
joint; support flexion of 
digits

M. fibularis brevis
Fibular nerve (superficial 
branch)

By two heads on the 
craniolateral tibia and 
fibula

Proximal and lateral 
tarsometatarsus

Inwardly rotate the 
tarsometatarsus

M. gastrocnemius:
Lateral sural nerve
– Pars lateralis
Medial sural nerve (tibial 
nerve)
– Pars intermedia
– Pars medialis

Pars lateralis: near the 
lateral femoral condyle
Pars intermedia: near the 
medial femoral condyle 
Pars medialis: Patella,
patellar ligament

All three components 
combine within the 
Achilles tendon and pass 
over the tibial cartilage 
to reach the medial and 
lateral hypotarsal crests 
and the plantar surface 
of the body of the 
tarsometatarsus

Extend the intertarsal 
joint (strong action)

M. plantaris
Medial sural nerve (tibial 
nerve)

Proximally on the 
caudomedial surface of 
the tibiotarsus

Laterally on the proximal 
tarsometatarsus

Extend the intertarsal 
joint

Long muscles of the pedal digits

M. extensor digitorum 
longus
Fibular nerve

Proximal tibiotarsus 
(intercnemial groove)

Via the extensor 
groove of tibiotarsus, 
on phalanx II to distal 
(ungual) phalanx of 
digits 2 to 4

Extend digits 2 to 4; flex 
the intertarsal joint

M. flexor perforans et 
perforatus digiti II
Lateral sural nerve (tibial 
nerve)

Near the fibular trochlea 
of the femur, passes 
through canals in the 
tibial cartilage

Via a bony groove on the 
hypotarsus;
plantar aspect of base of 
phalanx II of digit 2

Flex digit 2; extend the 
intertarsal joint

M. flexor perforans et
perforatus digiti III
Lateral sural nerve (tibial 
nerve)

Lateral cnemial crest of 
tibiotarsus; laterally on 
patellar ligament; passes 
over surface of tibial 
cartilage

Via bony groove on 
hypotarsus;
plantar aspect of base of 
phalanx III of digit 3

Flex digit 3,
extend the intertarsal 
joint

M. flexor perforatus 
digiti II
Lateral sural nerve (tibial 
nerve)

By four heads: femur; 
tibiotarsus

Via the tibial cartilage 
and hypotarsus; plantar 
aspect of base of phalanx 
I of digit 2

Flex digit 2, extend the 
intertarsal joint

Long muscles of the pedal digits

M. flexor perforatus digiti 
III
Lateral sural nerve (tibial 
nerve) 

By two heads: femur, 
distal tibiotarsus

Via the tibial cartilage and 
hypotarsus; plantar aspect of 
base of phalanx II of digit 3

Flex digit 3; 
extend the 
intertarsal joint;
tendon of 
insertion receives 
tendon of m. 
fibularis longus
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Clinical aspects
Due to its rigid anatomical configuration, the pelvis is a 
relatively uncommon site of  fractures in birds. Hindlimb 
lameness is of  greater clinical significance. Causes 
include space occupying lesions in the body cavity (e.g., 

kidney tumours, egg binding) that press the lumbo-
sacral nerve plexus against the bony synsacrum. Such 
aetiologies need to be distinguished from other differen-
tial diagnoses, including fractures and luxations of  the  
hindlimb. 

Name Innervation Origin Insertion Action

M. flexor perforatus digiti 
IV
Lateral sural nerve (tibial 
nerve)

By four heads: femur, 
fibula; receives tendon of 
m. ambiens

Via the tibial cartilage and 
hypotarsus;
plantar aspect of base of 
phalanx II/III/IV of digit 4

Flex digit 4; 
extend the 
intertarsal joint

M. flexor digitorum 
longus
Medial sural nerve (tibial 
nerve)

Caudally on the shaft 
of the fibula and the 
proximal end of the 
tibiotarsus

Via the tibial cartilage and 
hypotarsus;
plantar aspect of distal 
phalanx and other phalanges 
of digits 2 to 4

Flex digits 2 to 
4; extend the 
intertarsal joint 
(also origin of m. 
lumbricalis)

M. flexor hallucis longus
Medial sural nerve (tibial 
nerve)

By two heads: distally on 
the caudal surface of the 
femur 

Via the tibial cartilage and 
hypotarsus;
plantar aspect of distal 
phalanx of digit 1

Flex digit 1; 
extend the 
intertarsal joint

Short muscles of the pedal digits

M. extensor hallucis 
longus
Fibular nerve (deep branch)

Dorsomedial 
tarsometatarsus

Extensor tubercle of distal 
phalanx of digit 1

Extend digit 1

M. flexor hallucis brevis
Parafibular nerve (tibial 
nerve)

Hypotarsus and 
caudomedial 
tarsometatarsus

Plantar aspect of base of 
proximal phalanx of digit 1

Flex digit 1

M. abductor digiti II
Fibular nerve (deep 
branch)

Medial and distal 
plantar surface of the 
tarsometatarsus

Medial aspect of base of 
proximal phalanx of digit 2

Abduct digit 2

M. adductor digiti II
Parafibular nerve (tibial 
nerve)

Distal plantar surface of 
the tarsometatarsus

Lateral aspect of base of 
proximal phalanx of digit 2

Adduct digit 2

M. extensor brevis digiti III
Fibular nerve (superficial 
branch)

Distal dorsal surface of 
the tarsometatarsus

Extensor tubercle of proximal 
phalanx of digit 3

Extend digit 3

M. extensor brevis digiti 
IV
Fibular nerve (superficial 
branch)

Laterally on the 
dorsal surface of the 
tarsometatarsus

Medial aspect of proximal 
phalanx of digit 4

Adduct and 
extend digit 4

M. abductor digiti IV
Parafibular nerve (tibial 
nerve)

Laterally on the 
plantar surface of the 
tarsometatarsus

Lateral aspect of base of 
proximal phalanx of digit 4

Abduct digit 4

M. lumbricalis
Parafibular nerve (tibial 
nerve)

Tendon of m. flexor 
digitorum longus

Plantar ligament of 
metatarsophalangeal joint of 
digits 2 and 3

Draw the  
plantar  
ligament 
proximally 
(protect flexor 
tendons against 
compression)

Table 4.2  continued.
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Tumours are a common cause of disease in birds. In 
the budgerigar (Melopsittacus undulatus), for example, 
they account for up to 12 per cent of  patient presentations, 
with kidney tumours (and cysts) as well as tumours of  the 
testes, spleen and liver being highly represented. A further 
species-specific example of  a disease resulting in visceral 
displacement is haemochromatosis (iron storage disease) 
in mynas (Gracula religiosa), which causes enlargement of  
the liver and coelomic effusion. 

In psittacines, dilatation of  the proventriculus, ventricu-
lus, and descending duodenum, together with excretion of  

undigested grain, are typical of  virus-induced proventricu-
lar dilatation disease (PDD).

In conjunction with clinical pathology techniques, 
identification of  abnormalities in the size and position of  
organs within the body cavity can also be useful in diag-
nosing other infectious diseases. Examples in chickens 
include avian tuberculosis, with granulomas occurring 
particularly in the liver and spleen, and lymphoid tumours 
associated with Marek’s disease. Lymphoid leukosis may 
also result in tumours in various organs.
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Laboratory findings indicative of  kidney disease include 
elevated blood urate (hyperuricaemia). Severe kidney 
disease occasionally leads to excretion of  uric acid by the 

crop mucosa resulting in decreased pH and inflammation 
(ingluvitis). Clinical signs include vomiting, and a crop 
swab may reveal the presence of  urate crystals.
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Disruption of  the microcirculation can lead to 
wingtip oedema in raptors, and also plays a part in 
other pathological processes such as fractures and infec-
tion. Increased perfusion of  the microvasculature can be 
achieved by warming the affected area.

Microvascular derangements caused by staphylococcal 
infection can result in an ascending necrosis of  the toes, 
particularly in finches. Other infectious aetiologies may 
also cause vascular pathology (e.g., petechial haemor-
rhages in bare areas of  the pelvic limbs in cases of  avian 
influenza and Newcastle disease).

Cardiac arrhythmias may be observed in birds of  
prey in association with prolonged inhalational isoflurane 
anaesthesia (around 50 minutes post-induction) and as a 
consequence of  lead poisoning.

While clinical investigation of  cardiovascular disease  
in birds is less developed than in mammals, imaging  

techniques such as radiography (Figures 11.30 and 11.31) 
and sonography (including power Doppler sonography, 
Figures 11.28 and 11.29) are nevertheless useful. Other 
modalities such as computed tomography (see Chapter 19 
‘Imaging techniques’) have limited application in routine 
diagnosis, particularly in view of  their cost.

Haematology is a valuable and efficient diagnostic tech-
nique in avian medicine. Haematocrit and total protein 
are routinely evaluated in pet, zoo and wild birds as well 
as raptors. At 45–55 per cent the reference range for the 
packed cell volume (haematocrit) of  birds is generally 
higher than in mammals. In commercial flocks, serology 
(measurement of  antibody titres) plays an essential part 
in the diagnosis and management of  numerous diseases  
(e.g., salmonellosis, avian influenza, tuberculosis).
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The sensory and motor mandibular nerve (V3) inner-
vates the masticatory muscles, the lower beak, tongue 
and the wattle. Its lingual branch is smaller than that of  
the glossopharyngeal nerve (IX). The chorda tympani of  
the facial nerve contributes parasympathetic fibres to the 
mandibular nerve. At the angle of  the beak, these fibres 
innervate the mucosa and glands as far as the lateral pala-
tine region, and the salivary glands located on the floor of  
the oropharyngeal cavity, lateral to the tongue. 

Abducent nerve (VI)
The somatomotor abducent nerve (n. abducens) (Figures 
13.12 and 13.13) arises ventrally from the rostral end of  the 
medulla oblongata.

It traverses a dedicated bony canal to enter the orbit, 
ventrolateral to the oculomotor nerve and medial to the 
ophthalmic nerve, through the foramen nervi abducentis. 
The abducent nerve innervates the m. rectus lateralis and 
the striated muscles of  the third eyelid, the m. quadratus 
and m. pyramidalis.

Facial nerve (VII)
The somatosensory and motor facial nerve (n. facialis) 
(Figures 13.12 and 13.13) emerges ventrolaterally from the 
medulla oblongata. Within the gently curved facial canal, 
it carries the very small (sensory) geniculate ganglion (ggl. 
geniculi). The major petrosal nerve and chorda tympani, 
arising at the level of  the geniculate ganglion, establish 
connections with the maxillary nerve (pterygopalatine gan-
glion, ggl. pterygopalatinum) and the mandibular nerve 
(mandibular ganglion, ggl. mandibulare). Upon exiting 
the facial canal, the facial nerve receives sympathetic fibres 
from the cranial cervical ganglion (ggl. cervicale craniale). 
It continues rostrally to innervate the hyoid muscles, the 
cervical cutaneous muscles and the large depressors of  the 
mandible.

Vestibulocochlear nerve (VIII)
The sensory vestibulocochlear nerve (Figures 13.12 and 
13.13) arises laterally from the medulla oblongata, caudal 
to the facial nerve. Located within the vestibular part of  
the nerve, the vestibular ganglion (ggl. vestibulare) receives 
fibres from the semi-circular ducts, the macula utriculi, 
the macula sacculi and the crista neglecta. The cochlear 
component is formed by the convergence of  the n. cochle-
aris and the n. lagenaris, each of  which has a separate 
ganglion. In birds, the cochlea and spiral ganglion are not 
helical. The ganglion lagenare is connected to the macula 
lagenae and is located near the tip of  the cochlea.

Glossopharyngeal nerve (IX)
The cranial nerves IX, X and XI arise close together as a 
group of  small rootlets on the ventrolateral margin of  the 
medulla oblongata (Figures 13.12 and 13.13). Proximal 

ganglia of  the glossopharyngeal and vagus nerves lie close 
together in a small excavation in the bone.

The glossopharyngeal (n. glossopharyngeus) and 
vagus (n. vagus) nerves exit the cranium through separate 
openings. After traversing the foramen nervi glosso-
pharyngeum, the glossopharyngeal nerve comes to lie 
– together with the vagus nerve – medial to the cerebral 
carotid artery, the external ophthalmic artery and the facial 
nerve. Enclosed between the glossopharyngeal and vagus 
nerves is the cranial cervical ganglion, from which both 
nerves receive sympathetic fibres. A small, barely visible 
distal ganglion is located within the glossopharyngeal 
nerve. Near this ganglion, a fibre bundle connects the  
glossopharyngeal and vagus nerves.

The glossopharyngeal nerve subsequently divides into 
three terminal branches, the ramus lingualis, ramus pha-
ryngeus rostralis and the ramus pharyngeus caudalis. 
The ramus lingualis primarily innervates the tongue and 
the larynx. Fibres of  the ramus pharyngeus rostralis pass 
to the pharynx and larynx. The ramus pharyngeus caudalis 
forms the continuation of  the glossopharyngeal nerve and 
passes caudally in the neck, parallel to the jugular vein, 
providing innervation to the oesophagus and trachea. 

Vagus nerve (X)
The vagus nerve (Figures 13.12 and 13.13) leaves the cra-
nium distal to the proximal ganglion through the foramen 
nervi vagi. It appears that connections between the vagus 
and glossopharyngeal nerves contain vagal fibres that 
come to join the ramus pharyngeus rostralis in innervat-
ing the larynx, pharynx and cranial oesophagus. 

Lying parallel to the jugular vein, the vagus nerve 
extends to the base of  the neck. The only branches 
detached in the cervical region consist of  small rami that 
supply the thymus. Caudal to the thyroid gland, the vagus 
nerve carries the distal ganglion, from which fibres are 
given off  to the thyroid gland, parathyroid glands, ultimo-
branchial body and carotid body.

Upon entering the body cavity, caudal to the distal gan-
glion, the vagus nerve gives off  the nn. cardiaci craniales, 
the ramus pulmonalis and, at the level of  the pulmonary 
trunk, the recurrent nerve (n. recurrens).

The left recurrent nerve curves around the ligamen-
tum arteriosum, while the right winds around the aortic 
arch. Both pass towards the head and supply the oesopha-
gus, trachea and the crop. Additional branches of  the 
vagus nerve include the rr. pulmonales and the nn. cardi-
aci caudales. The left and right vagus nerves approach one 
another on the ventral oesophagus, forming a trunk that 
continues caudally. This gives off  branches to the stomach, 
liver, spleen and pancreas. Ultimately the vagal branches 
join the sympathetic intestinal nerve.
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The intestinal nerve, also known as the nerve of 
Remak, arises from the plexus mesentericus cranialis et 
caudalis and the plexus aorticus and runs within the mes-
entery close to its attachment to the jejunum, ileum and 
large intestine. Parasympathetic fibres are usually also 
present within the intestinal nerve at its cranial and caudal 
ends. The nerve contains microscopic ganglia.

On its ventral aspect, the synsacral part of  the sympa-
thetic trunk is largely covered by the kidneys. Ventral to the 
caudal vertebrae, the right and left trunks merge to form 
the caudal part of  the sympathetic trunk, which contains 
small unpaired ganglia along its course to the pygostyle. 
The segmentally arising nn. splanchnici synsacrales form 
the plexus subvertebralis synsacralis, terminating in 
ganglia that lie along the aorta. These include the adrenal 
ganglia that form part of  the aortic plexus. Postganglionic 
fibres are distributed to the organs of  the urogenital tract, 
the adrenal glands and the cloacal bursa.

Parasympathetic system
Based on the location of  preganglionic cells, the para-
sympathetic system is divided into cranial (cell bodies 
located in the mesencephalon and rhombencephalon) and 
synsacral (cell bodies located in the synsacral spinal cord) 
components. Essentially, all visceral nerves that do not 
arise from the sympathetic trunk belong to the parasym-
pathetic nervous system (Figure 13.20).

The preganglionic parasympathetic fibres emerge 
from the brain in conjunction with cranial nerves III, 
VII, IX and X. Parasympathetic fibres of  the oculomo-
tor nerve (III) pass to the ciliary ganglion, from which 
fibres extend to the ophthalmic and abducent nerves. 
Postganglionic fibres pass within the n. iridociliaris (syn. cil-
iarus longus) to the m. sphincter pupillae and parts of  the  
m. ciliaris. 

Parasympathetic fibres of  the facial nerve (VII) project 
to the dorsal and ventral pterygopalatine ganglia (Figure 
13.12). Postganglionic fibres innervate glands of  the orbit 
and nasal cavity, and most of  the glands in the oropharyn-
geal cavity.

The chorda tympani arises from the facial nerve (VII) 
and passes to the mandibular ganglion. Postganglionic 
fibres innervate glands at the base of  the oropharyngeal 
cavity. Parasympathetic fibres detaching from the glosso-
pharyngeal nerve (IX) also supply glands in this region, as 
well as those near the larynx. 

The largest bundle of  parasympathetic fibres leaving 
the brain as part of  the cranial parasympathetic system is 
located within the vagus nerve. This supplies the organs 
situated between the cranial and sacral components of  the 
autonomic system. It exchanges fibres with the cranial cer-
vical ganglion and the glossopharyngeal nerve. Adjacent to 
the jugular vein, the vagus nerve gives off  rami laryngeales, 
pharyngeales, tracheales and thymici. Postganglionic rami 

glandulares innervate the thyroid gland, parathyroid gland 
and the ultimobranchial body.

A further branch arising from the vagus is the recur-
rent nerve. Its branches include the rami bronchiales, 
oesophageales, ascendens and descendens. The descend-
ing ramus of  the recurrent nerve joins with fibres of  the 
coeliac plexus, while branches of  the ascending ramus sup-
ply the oesophagus, crop, trachea, bronchi and the heart.

The two vagus nerves merge in the vicinity of  the pro-
ventriculus. Additional branches innervate the stomach, 
jejunum, pancreas and the liver. These are named accord-
ing to the organs they supply. Vagal fibres extend as far as 
the intestinal nerve.

Preganglionic fibres of the synsacral part of  the para-
sympathetic system emerge from the spinal cord together 
with the ventral roots of  spinal nerves 30–33, giving rise 
to the pudendal nerve (n. pudendus). This accompanies 
the ureter to reach the dorsal wall of  the cloaca. Together 
with fibres from the cloacal ganglia, it innervates the ure-
ter, the receptaculum (males) or oviduct (females) and the 
cloaca. Parasympathetic pudendal nerve fibres combine 
with sympathetic fibres of  the intestinal nerve in forming 
the cloacal plexus.

Clinical aspects
Due to the highly developed avian autonomic flight 
response, eliciting and evaluating reflexes as part of  a clinical 
neurological examination is challenging in birds, compared 
with mammals. Assessment of  reflexes is nevertheless an 
important component of  anaesthetic monitoring.

Presenting clinical signs such as opisthotonus (hyper-
extension of  the neck), torticollis (twisting of  the neck, 
Figure 13.21), functional deficits or abnormal positioning 
of  body parts and the absence of  the pupillary light reflex 
may be observed in association with numerous infectious 
or non-infectious disorders of  the central nervous system. 
Several of  these infectious diseases are potential zoonoses 
and are therefore also of  clinical significance for the owner 
of  the bird. These include salmonellosis, Newcastle dis-
ease (atypical avian influenza) and avian influenza. 

Avian paramyxovirus 1 (aPMV 1) infection, first 
described in the early 1980s, is particularly important 
in pigeon flocks, where outbreaks can have consider-
able economic consequences. In addition to the typical 
neurological signs such as torticollis, opisthotonus and 
lameness or ataxia, presenting signs of  paramyxovirus 
infection include polyuria. Prophylaxis is achieved through 
vaccination.

Proventricular dilatation disease (PDD, neuropathic 
gastric dilatation disease of  psittacines) is an important dis-
ease of  parrots. Its aetiology is incompletely understood, 
but it has been associated with paramyxovirus and, most 
recently, with bornavirus infection. The disease is char-
acterised by neurological abnormalities and excretion of  
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production by Leydig cells in the interstitium of  the testes. 
Prolactin (PRL) is responsible for initiating and maintain-
ing brooding behaviour. It promotes the development of  
the brood patch and secretion of  crop milk. In birds, pro-
lactin synthesis appears to be controlled directly by the 
hypothalamus.

Somatotropin (STH) directs skeletal growth as well 
as other metabolic processes. Melanocyte stimulating 
hormone (MSH) regulates melanin (pigment) synthesis 
by melanocytes, melanocyte expansion and distribution 
of  pigment.

The neurohypophysis is not a site of  hormone synthe-
sis. Rather, it stores the hormones vasopressin (antidiuretic 
hormone; increases blood pressure) and oxytocin (stimu-
lates smooth muscle in the oviduct) produced by neuronal 
cell bodies located in hypothalamic nuclei (see below).

The median eminence (eminentia mediana) of  the 
neurohypophysis forms the rostroventral portion of  the 
floor of  the third ventricle. It merges without a distinct 
boundary with the tuber cinereum.

Together, the infundibulum of  the neurohypophy-
sis and the pars tuberalis of  the adenohypophysis form 
the hypophyseal stalk. The infundibulum serves as 
the thoroughfare for the nerve fibres of  the hypo-
thalamo-hypophyseal tract. An extension of  the third 
ventricle projects into the infundibulum forming the 
recessus neurohypophysialis.

The lobus nervosus joins the caudal end of  the infun-
dibulum. The perikarya of  the axons reaching the lobus 
nervosus are situated within the hypothalamus, where 
they form the supraoptic nucleus (nucleus supraopticus) 
and paraventricular nucleus (nucleus paraventricularis). 
These are the sites of  vasopressin and oxytocin synthesis. 

Neurosecretory granules containing these hormones 
give rise to teardrop or bulb-shaped dilatations (Herring 
bodies) in the axons. The granules accumulate near the 
capillaries of  the neural lobe.

Epiphysis, pineal gland (glandula  
pinealis)
The epiphysis (Figure 14.1) develops as an unpaired 
evagination of  the caudal segment of  the roof  of  the 
diencephalon. It is bulb-like in shape and is attached to the 
roof of the diencephalon by a thin stalk. Communication 
with the third ventricle is lost post-hatching, with small 
vesicles forming the remnants of  the internal cavity. The 
epiphysis is particularly richly supplied with sympathetic 
nerve fibres.

With increasing age in chickens, lymphocytes accu-
mulate in the epiphyseal stalk and calcified concretions 
appear within the parenchyma.

As in mammals, the pineal gland produces the anti-
gonadotropic hormone melatonin, which is involved 
in the regulation of  circadian and circannual photope-

riod driven rhythms, particularly seasonal breeding. 
Melatonin also exerts a photoperiod dependent influence 
on chromatophores.

Thyroid gland (glandula thyroidea)
During embryonic development, the paired thyroid gland 
migrates further caudally in birds than in mammals. Each 
ovoid gland is located at the thoracic inlet at the base of 
the neck, in the angle between the subclavian and com-
mon carotid arteries. Its lateral border lies adjacent to the 
jugular vein (Figures 14.1, 14.3 and 14.4).

The thyroid gland exhibits seasonal variation in size and 
function. Its hormones, triiodothyronine and thyroxin, 
influence metabolic rate and participate in thermoregula-
tion. Other functions include regulation of  moulting and 
the development and function of  the gonads. 

Parathyroid gland  
(glandula parathyroidea)
The parathyroid glands are present in varying numbers of  
pairs (three in the chicken, two in other domestic species) 
and are partly fused to the thyroid gland. They are irregu-
larly spherical and are consistently darker than the thyroid 
gland (Figures 14.1 and 14.3).

The parathyroid glands produce parathyroid hormone 
(parathormone), which raises the calcium concentration 
in the blood by increasing calcium absorption from the 
gut and releasing calcium from the skeleton. This is of  
particular significance during the laying period when large 
amounts of  calcium are mobilised from the medullary 
bone for incorporation into the eggshell.

Ultimobranchial body  
(glandula ultimobranchialis)
The ultimobranchial body is a paired, translucent organ. 
It lies caudad of  the caudal pole of  the thyroid gland, near 
the parathyroid glands, the carotid paraganglion and the 
distal ganglion of the vagus nerve (Figure 14.3). The right 
ultimobranchial body lies further caudal than the left, and 
is frequently located near the aortic arch. Fusion of  the 
ultimobranchial body with the thymus or the parathyroid 
glands is frequently observed. Identification of  the ultimo-
branchial body is often difficult, due to its variable shape 
and transparent appearance. 

The ultimobranchial body is responsible for synthesis-
ing the hormone calcitonin, which prevents resorption of  
calcium from the bone. 

Adrenal gland (glandula adrenalis)
The avian adrenal glands lie caudal to the lungs on the 
medial edge of  the cranial pole of  the kidney, either side 
of  the descending aorta (Figure 14.1). Ventrally they are 
related to the testes in the male and, on the left side, to 
the ovary in the female. The adrenal glands are generally 
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Imaging is also used in ophthalmic examination. 
Radiography (Figures 15.60 to 15.63) and, in particular, 
sonography are valuable diagnostic tools (see Chapter 19 
‘Diagnostic imaging’). Radiographic findings specific to 
birds (and reptiles) include fractures of  the osseous scleral 
ring.

The most recent major advances in imaging in avian 
ophthalmology include Scanning Digital Ophthalmoscopy 

(SDO), 3D ultrasonography (Figure 15.64) and Optical 
Coherence Tomography (OCT) (Figures 15.65 and 15.66). 
The latter is a laser light based technique allowing visuali-
sation of  ocular structures of  the anterior and posterior 
segment of  the eye at almost histological resolution in  
living birds.
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of  minute (approximately 1µm) keratin granules. They are 
especially plentiful in pigeons. It is presumed that the pow-
der acts as a waterproof  coating for the plumage. 

Filoplumes are down-like feathers that lie immediately 
adjacent to the follicle of  contour feathers. The follicles of  
filoplumes are rich in free nerve endings and Herbst bod-
ies are found in the surrounding tissue. 

Bristles are located on the head. They line the base 
of  the beak and form the eyelashes. Bristles have a rigid 
shaft with few barbs and are associated with numerous 
mechanoreceptors. 

Feather replacement and moulting
Most birds replace their plumage once a year, typically 
following the breeding season. This process, known as 
moulting, is regulated by the hormonal products of  the 
thyroid gland. Chickens moult three times during the first 
six months of  life. The first two moults are complete while 
the third is partial. Newly developing feathers are initially 
encased in a feather sheath (vagina pennae) that subse-
quently ruptures from the feather tip, allowing the vexillae 
to unfurl.

The plumage of  hatchlings, known as natal down or 
neoptile, consists of  down feathers. In precocious spe-
cies, these are already fully developed at hatching, while 
in altricial birds they are formed in the first days of  life. 
The yellow colouring of  the feathers of  chicks is derived 
from carotenoids in the yolk. Replacement of  this first gen-
eration of  feathers is accompanied by the development of  
contour feathers. From the second generation onwards the 
plumage is referred to as teleoptile. 

Blood supply and innervation of the skin
Vascular networks are present in the subcutis, at the junc-
tion with the dermis and within the dermis itself. The 
dermal vascular system gives off  subepithelial capillaries 
that also supply the dermal papillae of  the feather follicles. 
Arteriovenous anastomoses are present in the toes, pads 
of  the feet and interdigital webs. With the exception of  the 
feather follicles, the skin is sparsely innervated. The beak 
is well vascularised and richly endowed with nerves that 
extend all the way to its tip. 

Clinical aspects
Due to the marked anatomical variation among avian spe-
cies, and a multitude of  possible aetiologies, disorders of  
the skin and cutaneous appendages pose a considerable 
diagnostic and therapeutic challenge in avian medicine. 
A sound understanding of  normal anatomy and a keen 
awareness of  the possible role of  species, breed, husbandry 
and season are indispensable, not least for avoiding serious 
errors in diagnosis and treatment. 

For various reasons, a fully intact feather coat is essen-
tial for all types of  birds, be they wild or domestic species. 

It is therefore a prerequisite for release of  wild birds back 
into their natural environment. Even individual damaged 
or broken feathers can compromise important functions, 
such as hunting ability in falconry birds (see Chapter 24 
‘Falconry and raptor medicine’) and performance in rac-
ing pigeons. More generalised feather loss can interfere 
with thermoregulation in pet and captive wild birds, 
potentially resulting in secondary disease (e.g., respiratory 
aspergillosis in parrots). In commercially raised poultry, 
bare patches of  skin are a significant stimulus for can-
nibalism. Damaged plumage can sometimes be replaced 
or repaired using previously moulted feathers (‘imping’ of  
falconry birds, see also Chapter 24).

As a result of  the considerable metabolic demands of  
moulting, birds are less immunocompetent – and thus 
more susceptible to infectious disease – during this period. 
Particularly in wild birds that are unaccustomed to humans, 
exposure to stress (e.g., due to inappropriate handling, 
see Chapter 18 ‘Clinical examination’ and Chapter 20 
‘Handling, restraint and anaesthesia’) can induce sponta-
neous shedding of  large quantities of contour feathers. 
In the wild, this may serve as a means of  escape from a 
predator. Simultaneous moulting of  certain feather types 
can also be part of  a normal moulting strategy. Loss of  
flight feathers during a wing moult may result in tempo-
rary partial or total flightlessness (e.g., goshawks [Accipiter 
gentilis] and Mallard ducks [Anas platyrhynchos]). In rap-
tors, this occurs at different times in males and females, 
typically during the rearing of  young. Consequently, the 
flightless adult taking care of  the offspring is dependent 
on its partner for obtaining prey, and death of  the flighted 
bird can result in the demise of  its partner and young. 
Physiological moulting strategies should not be confused 
with those used to evade predation. Importantly, the latter 
may be accompanied by a rapidly fatal Pasteurella infec-
tion, resulting from associated bite and scratch wounds. 

In captive wild bird species and pet birds, unilateral 
wing clipping is used as a minimally invasive means of  
restricting flight (some authors question the suitability 
of  this practice in pet birds on animal welfare grounds). 
The procedure is performed by cutting 8–10 primary and 
secondary remiges (at the transition from the vane to the 
shaft) of  one wing to bring about unbalanced flight. For 
cosmetic reasons, and to protect the alula, the first 3–4 
primaries are left intact (such that clipping is not evident 
when the wing is rested against the body).

The apteria (regions of  relatively bare skin between 
feather tracts) are useful sites for accessing superficial 
vessels for blood collection (see Chapter 21 ‘Medication 
and blood collection techniques’). Depending on species, 
breed and season, other areas may also be featherless and 
should not be confused with pathological changes. These 
include the bald patch under the crest in some cockatiels 
(Nymphicus hollandicus) and the hyperaemic brood patch 
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While the sex of  many birds is indistinguishable to 
human eyes, the ability of  birds to perceive light in the 
ultraviolet spectrum (see Chapter 15 ‘The eye’) enables 
them to appreciate certain gender specific features (e.g., 
strongly UV-reflective feathers on the legs of  canaries, 
UV-reflective patches around the beak of  toucans). These 
characteristics can be verified using specialised UV pho-
tography, which thus serves as an alternative to endoscopy 
and PCR in sexing.

Of  the many infectious and non-infectious (including 
husbandry- and behaviourally induced) diseases of  the 
skin and feathers, ‘stress marks’ or ‘hunger traces’ are 

included here as a particularly conspicuous example (Figure 
17.42). These are indicative of  chronic disease. In birds kept 
on their own, behaviourally induced abnormalities of  the 
plumage (feather picking) manifest as bare patches in  
body regions that the bird can access itself. Feather loss 
in inaccessible areas is suggestive of  a systemic disease 
process.

As an example of  the importance of  distinguishing 
between anatomical variation and pathological processes, 
the air pockets under the skin of  pelicans should not be 
confused with subcutaneous emphysema. 
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310  Avian Anatomy

are often a consequence of  inappropriate housing or hus-
bandry practices.

The most common cause of  fractures is trauma result-
ing from collision with an obstacle or vehicle, from a 
gun-shot/hunting injury or from bite wounds (often com-
plicated by infection with Pasteurella multocida).

Incorrect handling and restraint, including fixation 
of  the limbs away from the body, increases the risk of  
fracture. Appropriate techniques are described in detail in 
Chapter 20 ‘Handling, restraint and anaesthesia’. 

Various metabolic disorders, such as calcium and/or 
vitamin D

3
 deficiency, can also play a role in fracture aeti-

ology. In adult birds, these deficiencies may occur during 
times of  increased demand, such as the laying period, man-
ifesting clinically as osteoporosis with regression of  the 
cortex. Insufficient bone mineralisation in growing birds 
can also compromise bone strength, potentially leading 
to rickets. The equivalent phenomenon in adult birds is 
referred to as osteomalacia.

Increased risk of  spontaneous fracture may be observed 
in cases of  polyostotic hyperostosis secondary to an oes-
trogen secreting ovarian or Sertoli cell tumour. The latter 
is commonly observed in budgerigars (Melopsittacus 
undulatus) (see also Chapter 9 ‘Male genital organs’ and 
Chapter 17 ‘Common integument’).

Clinical principles
The principal aim of  avian fracture management is  
to restore the anatomical structure of  the bone, so  
as to avoid any loss of  function. This applies particularly 
to the forelimb and the pectoral girdle, as birds are able to 
compensate more readily for deformity of  the hindlimbs 
than the wings. Even small deviations in the alignment of  
the bones or the length of  the wings can interfere with 
flight. As the inability to fly severely curtails the bird’s pros-
pects of  survival in the wild, it can constitute grounds for 
euthanasia. 

The prognosis for a full return to function is variable 
and depends on the site of  the fracture. Long-term tele-
metric monitoring of  successfully rehabilitated fracture 
patients by the Raptor Centre, University of  Minnesota, 
identified minimum estimated 12-month survival rates in 
the wild of  just under 14 per cent.

Prognosis is also influenced by species-related anatomi-
cal variations. Forelimb fractures in swallows (Hirundo 
spp.), the common swift (Apus apus) and other birds with 
long, narrow wings are generally an indication for eutha-
nasia, as the wing aerodynamics cannot be restored with 
sufficient precision to rehabilitate the bird for release into 
the wild. 

In terms of  equipment (Figures 23.6A and 23.6B), surgi-
cal technique and control of  infection, the basic principles 
of  fracture management are similar for birds and mammals. 
However, in addition to the aforementioned peculiarities 

of  avian anatomy, a number of  other factors must be taken 
into account when treating fractures in birds. 

Fracture repair occurs primarily via secondary bone 
healing involving, in part, significant callus formation. 
This is particularly obvious radiographically (see Chapter 
19 ‘Imaging techniques’), compared with mammals. An 
extensive callus can result in bridging of  the gap between 
the radius and ulna, with formation of  a synostosis. This 
impairs the ‘drawing parallels’ action of  the antebrachial 
bones (longitudinal displacement of  the ulna and radius 
with respect to one another), rendering the bird perma-
nently unable to fly.

Primary bone healing occurs only when there is opti-
mal fracture reduction, compression across the fracture 
site and absolute stability – the three fundamental pre-
requisites for uncomplicated bone healing. However, for 
various anatomical and functional reasons, it is very dif-
ficult to achieve these outcomes simultaneously in avian 
patients. Primary bone healing is therefore uncommon in 
birds. 

Reference to a standardised system for classifying 
fractures in birds (Figures 23.3 to 23.5) is a useful basis 
for developing a surgical plan and formulating a progno-
sis. Selection of  an appropriate orthopaedic intervention 
depends in part upon whether the fracture is open or 
closed. Where possible, closed fractures should not be 
exposed, due to the risk of  complications such as infection 
and displacement of  bone fragments. External coapta-
tion may be sufficient for some patients. In the frequently 
encountered case of  comminuted fractures (Figures 23.4 
and 23.5), bone fragments should only be removed if  they 
are infected, desiccated or necrotic. Otherwise, incorpora-
tion of  bone splinters into the callus may aid in stabilising 
the fracture. Removal of  bone fragments contributes to 
loss of  bone mass, bone shortening and other associated 
consequences.

Fracture healing is relatively rapid, compared with 
mammals. In uncomplicated cases (e.g., metaphyseal 
fractures of  the tibiotarsus in raptors) with optimal post-
operative management (physiotherapy), full stability is 
restored in 3–4 weeks.

Commencing 3–4 days after surgery, physiotherapy 
should be performed 2–3 times per week under gen-
eral anaesthesia. In addition to flexion and extension 
of  the joints, attention should be given to stretching 
and relaxing the patagia (pro- and metapatagium). This 
overcomes the tendency for the joints to stiffen, and 
the patagia to undergo irreversible contracture, while 
the limbs are immobilised for the purposes of  fracture  
healing. 

Even in the presence of  optimal bone healing, inad-
equate post-operative management can lead to partial or 
total loss of  limb function. This can itself  be an indication 
for euthanasia.
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Falconry term Anatomical/clinical significance

Pellet or 
castings 

Indigestible components of the food (feathers, hair, bones) that are egested, or ‘cast’, 
after feeding (time between feeding and disgorgement of the pellet varies considerably).

Plume Feathers adorning the top of a hood; used to manipulate the hood.

Sarcel First (outermost) primary feather.

Seeling Historical practice (now considered inhumane) of temporarily sewing the eyelids 
together to eliminate visual stimuli and acclimatise the bird to a hood.

Stress marks, 
hunger traces

Intermittent lines running through the vane perpendicular to the feather shaft; found 
particularly in birds that have experienced disease or malnutrition during feather 
formation, thus an important clinical indicator of chronic illness (e.g., parasitism or 
Salmonellosis); recurrent stress marks on one or two feathers indicate damage to those 
follicles.

Swivel Metal joint for joining jesses to the leash.

Tercel Male falcon (based on the fact that male falcons are around one-third smaller than 
females).

Train Tail feathers (rectrices).

Table 24.2  continued.
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A
Alula 	  feathered first digit
Apteria (sing. apterium)  areas between contour feather 		
	 tracts; usually contain down 		
	 feathers or semi-plumes present

B
Barbae (sing. barba) 	  feather barb (ramus and barbule)  
Barbulae (sing. barbula)	 feather barbule

C
Calcar	 spur; present in males of  the 		
	 order Galliformes
Cava hepatica	 hepatic peritoneal cavity; formed 	
	 by the transverse septum and the 	
	 lateral ligaments of  the liver
Cavum intestinale	 intestinal peritoneal cavity; 		
	 contains intestine, ovary, oviduct 	
	 or testes
Cera	 soft, thickened portion of  the 		
	 rhamphotheca surrounding the 	
	 nostrils of  some species
Chalazae (sing. chalaza)	 twisted layer of  albumen that 		
	 suspends the yolk within the egg
Cloaca	 terminal portion of  the intestinal 	
	 tract into which the urinary and 	
	 genital tracts open
Collumella	 sole avian auditory ossicle; 		
	 equivalent to the stapes (stirrup) 	
	 of  mammals
Coprodeum	 first (proximal) segment of  the 		
	 cloaca
Coracoideum 	 coracoid bone; part of  the 		
	 pectoral girdle
Cor lymphaticum	 lymph heart; suction and
	 pressure pump for circulation of  
	 lymph, located near the 		
	 synsacrum

F
Filoplumae	 filoplumes
Foramen pneumaticum	 openings in bones for passage of  	
	 intraosseous diverticulae of  the 	
	 air sacs
Furcula	 ‘wishbone’, paired clavicles

G
Glandula uropygialis	 uropygial gland
Grit	 small stones in the ventriculus 		
	 (gizzard)

H
Hypotarsus	 bony structure on the 
	 proximoplantar tarso-		
	 metatarsus; formed mostly from 	
	 distal tarsal bones

I
Ingluvies	 crop

J
Jugale	 jugal bone; a bone of  the facial
	 portion of  the skull; forms the
	 jugal arch (arcus jugalis), 
	 together with the quadratojugal 
	 bone

L
Lagena	 vesicular expansion of  the
	 cochlear duct at the tip of  the 		
	 cochlea
Latebra	 white yolk; pendulous mass 		
	 within the yellow yolk

M
Meckel’s diverticulum	 remnant of  the yolk sac

N
Neopulmo	 in phylogenetic terms, the ‘new’ 	
	 (more recently developed) 		
	 portion of  the avian lung
Notarium	 rigid bony unit formed by the 		
	 fusion of  cervical vertebrae 2–5

O
Operculum auris	 skin fold that can close off  the 		
	 external acoustic meatus
Oropharynx	 oral cavity and pharynx
Anulus ossicularis sclerae	 scleral ring; ring of  bones located 	
	 at the boundary between the 		
	 cornea and sclera
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P
Paleopulmo	 in phylogenetic terms, the ‘older’ 	
Parabronchus	 portion of  the avian lung
	 tertiary bronchus; arises from 		
	 secondary bronchial system
Patagium	 skin folds of  the wing
Pecten oculi	 pecten, a derivate of  the retina
Penna	 feather
Pessulus 	 part of  the syrinx
Phallus	 copulatory organ
Pluma	 down feather 
Pneumocapillaris	 air capillary; site of  gas exchange 	
	 in the avian lung
Podotheca	 featherless thickened epidermis 	
	 of  the avian foot
Proctodeum	 distal portion of  the cloaca
Proventriculus	 glandular stomach
Pterylae (sing. pteryla)	 feather tracts; regions populated 	
	 by contour feathers
Pulvinus 	 pad
Pyga 	 caudal part of  the dorsal trunk
Pygostylus	 fused last 4–6 caudal vertebrae

Q
Quadratojugale	 quadratojugal bone; a bone of  	
	 the facial portion of  the skull; 		
	 forms the jugal arch (arcus  
	 jugalis), together with the jugal 	
	 bone
Quadratum	 quadrate bone; a bone of  the 		
	 mandibular joint, equivalent to 	
	 the incus (anvil) of  mammals

R
Ramphotheca 	 keratinous covering of  the beak 	
Rectrices (sing. rectrix)	 flight feather of  the tail
Remiges (sing. remex)	 flight feather of  the wing
Rostrum	 beak

S
Septum horizontale	 subdivides the coelomic cavity, 		
	 forms ventral border of  the lung
Septum obliquum	 subdivides the coelomic cavity, 		
	 extends from thoracic vertebrae 	
	 to lateral sternal margin
Synsacrum	 fused lumbar and caudal 		
	 vertebrae
Syrinx	 avian organ of  phonation, also
	 referred to as the caudal larynx 	
	 (larynx caudalis)

T
Tarsometatarsus	 product of  fusion of  the central 	
	 and distal tarsal bones and the 		
	 bones of  the metatarsus
Tectrices (sing. tectrix)	 covert feathers
Tela interdigitales	 interdigital web
Tibiotarsus	 product of  fusion of  the tibia and 
	 the proximal row of  tarsal bones

U
Urodeum	 middle portion of  the cloaca

V
Ventus	 vent; external opening of  the 		
	 cloaca
Vexillum	 feather vane

Z
Zona flexoria 	 flexible region between the
  craniofacialis	 cranium and the upper beak
Zygapophysis	 articular process of  the vertebrae
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