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Members of the ratidae (flightless birds with no keel on the sternum) have assumed an ever
increasing commercial importance and the ostrich, rhea and emu are farmed extensively
throughout the world for their skins, meat, feathers and fat (Gillespie and Schupp, 1998; Sales,
2007). Emu farming in South Africa is a relatively new enterprise and efforts to place this
emerging industry on a sound financial basis are hamstrung by a lack of basic knowledge on the
biology of this bird. Although a number of studies have been carried out on the digestive tract of
ratites, these have concentrated mainly on the gastro-intestinal tract (Owen, 1841, 1879; Gadow,
1879; Pycraft, 1900; Mitchell, 1901; Cho et al., 1984; Herd, 1985; Bezuidenhout, 1999; Potter et
al., 2006), with little detailed information being provided on the structure of the upper digestive
tract (oropharynx and oesophagus). This region is of considerable importance considering that it
is the first area for food selection and intake which is vital to the nutrition and growth of the

animal and therefore its commercial viability.

The gross morphology of the upper digestive tract of many species of birds has been extensively
studied (for a review of the earlier literature see McLelland, 1979). More recent studies on this
region have concentrated on relating structure to function and in providing more detailed
morphological descriptions using a wider variety of techniques including immuno-cytochemistry
and scanning and transmission electron microscopy (Gargiulo et al., 1991; Kobayashi et al.,
1998; Samar et al., 1999; Liman et al., 2001; Jackowiak and Godynicki, 2005). However, most
of this work has focused on specific areas or structures of the upper digestive tract, such as the
tongue (Lucas, 1896; 1897; Gardner, 1926, 1927; Kobayashi et al., 1998; Jackowiak and
Godynicki, 2005; Rossi et al., 2005). This organ has been studied in respect of its function
(McLelland, 1979; Bonga Tomlinson, 2000; Gussekloo and Bout, 2005) and classification
(Lucas, 1896, 1897; Gardner, 1926, 1927; Harrison, 1964; Iwasaki, 2002), whereas the structure
and secretion of the lingual salivary glands (Samar et al., 1999; Liman et al., 2001; Al-Mansour
and Jarrar, 2004) have also been investigated.
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Other studies have concentrated on the distribution and classification of the glands within the
oropharynx (Tucker, 1958; Warner et al., 1967; Bailey et al., 1997; Samar et al., 1999; Liman et
al., 2001) as well as of the taste end-organs of birds (Bath, 1906; Botezat, 1910; Moore and
Elliott, 1946; Lindenmaier and Kare, 1959; Gentle, 1971a, b). The avian oesophagus has also
been described for many species, generally as part of studies dealing with the digestive tract as a
whole (Calhoun, 1954; Ziswiler and Farner, 1972; Hodges, 1974; Nickel et al., 1977,
McLelland, 1979; Bailey et al., 1997; Bacha and Bacha, 2000; Gussekloo, 2006).

In contrast to the wealth of information available on this region in birds in general, studies on the
upper digestive tract of ratites are superficial, brief, fragmented and often difficult to interpret
(Sales, 2006). This situation is further compounded by the fact that only single specimens were

sometimes described, particularly in the earlier studies (see Faraggiana, 1933).

Much of the available information has centred on gross morphological descriptions of the ratite
tongue, the most extensive report being that of Faraggiana (1933) who compared the tongue and
laryngeal mound of the ostrich, rhea and emu. Descriptions of the ratite tongue have appeared in
numerous publications over the years (Meckel, 1829; Cuvier, 1836; MacAlister, 1864; Gadow,
1879; Owen, 1879; Pycraft, 1900; Goppert, 1903; Duerden, 1912; Faraggiana, 1933; Roach,
1952; Feder, 1972; McCann, 1973; Cho et al., 1984; Fowler, 1991; Bonga Tomlinson, 2000;
Gussekloo and Bout, 2005; Porchescu, 2007; Crole and Soley, 2008; Jackowiak and Ludwig,
2008; Tivane, 2008), the majority of which, however, are brief and superficial.

The shape of the tonsils, as with the tongue, is also reported to vary between the ratites. A brief
comparison is provided by Cho et al. (1984), which is vague and open to interpretation, giving
little information on the specific location or structure of the tonsils. The authors simply note that
“The ostrich tonsils and tongue are smooth, blunt and U-shaped. In the Darwin’s rhea both
tongue and tonsils have simple, pointed V-shaped tips. The tonsils in the emu are similar to the

rhea but have a small flap laterally” (Cho et al., 1984).

Brief descriptions, as well as illustrations, of the ratite oropharynx or parts thereof have been
supplied for the ostrich (Goppert, 1903; Faraggiana, 1933; Bonga Tomlinson, 2000), greater rhea
(Pycraft, 1900; Faraggiana, 1933; Bonga Tomlinson, 2000; Gussekloo and Bout, 2005), kiwi
(Owen, 1879; McCann, 1973) and emu (Faraggiana, 1933; Bonga Tomlinson, 2000). More

recent studies incorporating gross morphological descriptions, light microscopy (Porchescu,
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2007; Jackowiak and Ludwig, 2008; Tivane, 2008) and scanning electron microscopy
(Jackowiak and Ludwig, 2008; Tivane, 2008) have supplied more comprehensive data of this
region in the ostrich. Functional studies on the eating behaviour of ratites, involving structures of
the upper digestive tract, have been documented using the ostrich, emu and greater rhea (Bonga

Tomlinson, 2000) or greater rhea only (Gussekloo and Bout, 2005) as models.

Histological studies of the upper digestive tract of ratites include those of Feder (1972) on the
tongue and oesophagus of the greater rhea, Herd (1985) on the oesophagus of the emu, Crole and
Soley (2008) on the tongue of the emu, Jackowiak and Ludwig (2008) on the tongue of the
ostrich, and Porchescu (2007) and Tivane (2008) on the oropharynx and oesophagus of the

ostrich.

In respect of the emu, the tongue, and a description of its margins, surfaces and papillae have
been reported, based on a single specimen (Faraggiana, 1933). Cho et al. (1984) describe the
tongue as having a serrated edge and Bonga Tomlinson (2000) illustrates the tongue’s outline in
relation to surrounding structures and notes the presence of papillae. A brief histological
description of this organ is supplied by Crole and Soley (2008). As part of a study on the
anatomy and histology of the gut of the emu, Herd (1985) measured and briefly described the

histology of the oesophagus based on two specimens.

As is evident from the above review, very little information is currently available on the
morphology of the upper digestive tract of the emu, with only the tongue and oesophagus briefly
being described. In view of the lack of any detailed information on the morphology and
topographical relationships of the structures forming the upper digestive tract of the emu, this
study aims to provide essential baseline data on a previously neglected segment of the digestive
tract of this commercially important bird. The work will also provide additional data of academic
significance enabling more accurate comparisons to be made between members of this important

avian family.
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The aims of the study are the following:

e To provide a comprehensive gross morphological description of the upper digestive tract
(oropharynx and proximal oesophagus) of the emu,

e To describe the histological and surface morphological features of selected areas of the
oropharynx and proximal oesophagus,

e To link microscopic findings to the gross morphology and formulate postulations for
function,

e To critically appraise the existing literature on the topic and

e To gather base-line data for future studies.
The envisaged benefits arising from this study are the following:

e As morphology is so intimately linked to function, accurate, detailed morphological
descriptions of the areas studied will lead to postulation of function.

e A sound knowledge of normal gross anatomical and histological features, including
possible individual variations, will greatly assist in recognising pathology thus providing
more accurate diagnostics and will aid in accurate tissue sampling.

e The collection of base-line data on the emu will provide a greater platform for an
improved understanding of comparative ratite biology, will add to the data base of avian
biology in general, may lead to the discovery of novel structures and will be of
taxonomic value.

e A more accurate appreciation of the structure of the upper digestive tract will provide a
greater insight into food selection and feeding behaviour of this bird and may possibly

impact on feed formulation.
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