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Les recherches entreprises sur les caecums 
des Oiseaux m ’ont permis, sinon de fixer définitivement 
leur role physiologique, du moins de préciser 
quelques-unes de leurs fonctions..

J .Haumus, 1902.
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PART I
Avian Caecal Fimction; Literature Review and Discussion



SUMMARY

Literature relevant to the function of avian caeca was 
reviewed. The alimentary tract of birds and differences 
between it and the mammalian tract, including rates of 
food passage were considered. Observations on caecal 
form and presumed function from the early nineteenth 
century onwards were presented. Work on caecal anatomy 
and vascularization was outlined. Caecal flora and the 
effects of antibiotic feed and of caecectomy were consid
ered. A range of suggested caecal functions and absence of 
function were discussed.

Caeca of a relatively homogeneous sample of chickens 
were studied to provide a concept of intra-specific vari
ation and a basis for comparison. Variation in intestines 
and colorecta were measured. Sizes and structures of 
caeca and caecal linings were studied and illustrated. 
Experiments were made on the folds of Kerkring and their 
possible role in caecal distension. Linings of chicken 
”ileum” and colorectum were described and illustrated for 
purposes of comparison.

Statistics of caeca of flamingoes, wildfowl, moorhens 
and coots were recorded and standard deviations and 
coefficients of variation of caecal lengths and body 
weights determined. The ratios of mean caecal length to 
mean body weight for each species : were calculated and 
expressed graphically. Intra-specific distributions of



caecal lengths for European Whitefront geese, Barnacle 
geese. Mallards and European wigeon and body weights for 
the first three species were shown. Differences between 
healthy and diseased birds were shown and discussed.

The hind guts of nine tribes of waterfowl, of Red 
grouse, Black-headed gull and Tinamou were dissected. 
Drawings of their caeca, caecal mouth sections, caecal 
linings and colorectal linings were made and linings 
photographed. A selection of these was presented.Particle 
analysis of hind gut ingesta was made on four birds.
Caecal and colorectal lengths in wildfowl were compared.

The functional implications of gross caecal structure 
were discussed.



I INTRODUCTION

Flany birds have paired caeca arising at the junction 
of the small intestine and colorectum. In some birds 
they are small and possibly without use, but in others 
they are substantial, particularly in omnivorous birds. 
Species exist in which the sum of the lengths of the two 
caeca exceeds the total length of the intestines. That 
such organs should be functionless seems improbable. In 
works on the caecum of vertebrates (Bureau, 1877) and 
of birds (Maumus, 1902; Pinchon, 1942) the functions of 
the avian caecum have not been defined with clarity.
This is because the problem is inherently difficult and 
relevant information is scant and scattered. The physiology 
of birds has not been studied to the same extent as that 
of the mammals. There has been a tendency to extrapolate, 
uncritically, the discoveries made on mammalian gut to 
that of the bird, although there is evidence to show that 
there are significant differences in the physiology of the 
alimentary systems of the two groups of animals.

In this study, a review of the literature has been 
made. Information on avian caeca from a wide range of 
disciplines has been assembled and discussed. Suggested 
functions and the possibility of no function have been 
considered, but conclusions are sometimes negative and 
necessarily tentative through lack of evidence.

Statistics^ mainly supplied by courtesy of the
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Wildfowl Trust, Slimbridge, Gloucestershire, on the 
caeca of more than 800 birds, have been recorded and 
analysed. Alimentary canals from a relatively homo
geneous sample of chickens from a poultry processing 
plant have been examined in order to form some concept 
of ihtra-specific variation. The data derived from 
this study were used as a basis for comparison of inter
specific variations of gross morphology in the alimentary 
canal of wildfowl. Bird weights, intestinal lengths, 
caecal and colorectal form, size and linings have been 
compared. Correlation of these features with feeding 
habits has been attempted. Examples of complex (Tinamou), 
"vestigial" (Black-headed Gull) and very large (Grouse), 
caeca have been illustrated and studied. Results Of 
these investigations and information culled from the 
literature review are discussed.



II LITERATURE REVIEW 
The Avian Alimentary Canal

General Considerations
The digestive tract of birds differs substantially from 
that of mammals in many respects (Browne, 1922). Teeth 
are not found in any extant bird (Young, 1962). Although 
lamellar ridges which resemble, superficially, mammalian 
molars may be present, as in the goose, they are not used 
for mastication (Mattocks, 1971a). Food is swallowed as 
soon as claw, or bill has reduced it to a size which will 
permit it to pass down the oesophagus. Some birds such as 
the pigeon and hen, have a thin-walled dilated region of 
the oesophagus, the crop, in which food may be temporarily 
stored. When a crop is not present, as in the goose, the 
whole oesophagus may be sufficiently distensible to allow 
a substantial quantity of food to be retained (Mattocks, 
1971&). Accelerated pecking rates have been observed in 
the goose (Owen, 1972), as evening approaches. Thus the 
bird may have a reservoir of food to digest at night.
The proventriculus, though small in relation to the 
mammalian stomach, is considered to be an homologous 
organ (Earner & King, 1972). The proventriculus is not 
a dilated sac, however, and its histology also disting
uishes it from its mammalian counterpart. The oxyntic 
and peptic secretions are both derived from one type of

(Menzies & Fisk, 1963),



cell (Sturkie, 1965), whereas in the mammal,separate 
peptic and oxyntic cells are found. The pH value of 
the proventricular contents, 5*17 in live chickens

;Werp,(,l%6
(Vinget, Ashton & Cawley, 196^), is much higher than 
that found in the mammalian stomach and, although there 
is evidence that the pepsin of the proventriculus may 
be very similar to that secreted by the mammalian 
stomach (Harriott, 1941), no rennin is produced in 
birds. The correspondence between proventriculus and 
stomach is a limited one. A substantial muscular 
gizzard, or ventricuius, containing quantities of grit 
grinds and punctures the food. In the domestic goose, 
an average weight of 15g of stones and sand was found 
(Mattocks, 1971a). Gizzards of emperor geese, Anser 
canigicus, contained sand, but no large stones 
(Kistchinski, 1971)- The goose gizzard weighs about 
220g, commonly measures 11cm x 9cm x 9cm, and has $. 
tough lining of koilin.

The small intestine of birds is not differentiated 
macroscopically into regions, except in its mode of 
suspension from the mesenteries (Bradley & Grahame,1960; 
McLeod, Trotter & Lumb, 1964). In the pigeon, however, 
claim is made (Ve^ar & M cI)m<̂ 1Î1 936) that there is a 
marked differentiation into duodenum, jejunum and ileum 
on macroscopic and microscopic grounds and probably on 
functional considerations also. Histological divisions
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may be made {see Part II). A small Meckel’s diverticulum, 
which is the remnant of the yolk, stalk is present about 
half way along the intestine (McLeod, Trotter & Lumb,1964).
The remaining intestine is not differentiated into colon 
and rectum as in mammals, but is variously referred to as 
a colon (McLeod et al. 1964), a large intestine, or rectum 
(Calhoun, 1933; Sturkie, 1965). Colorectum is a more apt 
term, because it does not imply any homology with the 
mammalian organs (McLeod et al., 1964).

At the junction of the small intestine and the colo
rectum two blind tubes, or caeca,commonly arise in birds.
Their origin is dorso-lateral and they vary from very small

^ (Mar kaŝ  ̂19̂ 4-)dilations, 1 x 10~^m tall, as in the pigeon^to structures
almost 1m in length (Pinchon, 1942) in the capercaille,
Tetrao urogallus.

The passage of food through the main avian gut is not 
easy to monitor, for the use of markers presents difficulties 
Foreign materials may have a purgative effect (Soergel, 1968); 
methylene blue and gentian violet have been shown to act as 
purgatives (Kaupp & Ivey, 1923), addition of cellulose as a 
marker accelerates the passage of ingesta (Hillerman,
Kratzer & Wilson, 1953; Saito & Kibe, 1957). Excitement 
retards the passage time in chickens (Tuckey, March &
Biely, 1958), but accelerates it in rock ptarmigan, Lagopus 
mutus. (Gasaway, Holleman & White, 1975). For these reasons 
the literature (Crompton & Nesheim, 1976), shows a vide
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range of times. Oats, which leave recognisable traces 
in the faeces, may pass through hens in 6h, but the 
whole range is 5 - 20h (Browne, 1922). Slightly quicker 
times were recorded, 4 - 6h, with traces of marker appear
ing after lOh when chromium III oxide was used (Jensen,

jRecUy
Merrill/& McGinnis, 1962). Figures of 16 - 25h obtained 
by feeding barium sulphate and using radiography (Henry, 
Macdonald & Magee, 1933), may be discounted since the 
unusual density of the feed and the excitement caused, 
inevitably, by the handling of the birds were bound to 
retard (Tuckey et al., 1958) the food passage. The 
use of Eimeria nectrix and E.tenella as markers gave 
times in the range 2 - 3?h (Aylott, Vestal, Stephens & 
Turk, 1968), Cellulose, labelled with ^^C, fed to 
captive rock ptarmigan entered the caecum about 45min 
after ingestion and was nearly complete 130min later 
(Gasaway, Holleman & White, 1975). Transit times, defined 
as the interval between the administering of the marker 
and the defaecation of 59̂  of that marker (Grovum & 
Phillips, 1973), were 0.9 and 1.4h in the rock ptarmigan, 
using ^^CrEDTA and ^^^CeCl^ markers, respectively 
(Gasaway, Holleman & White, 1975)* Passage times of 
1 - 2h were found in the ring-necked pheasant, Phasianus 
colchlcus, using the soluble marker ^^CrCl^ (Duke,
Petrides & Ringer, 1968). Delay caused by entry into 
the caeca resulted in an average total passage time of 
35h. In mallard ducks, Anas nlatyrhynchos ̂ lycopodium



Table 1

Through-put times in geese

Initial (grass only) 1h llmin
Initial (meal only) 44min
Mid-feed grass to meal • 1h 59min
Mid-feed meal to grass 2h 17min

The intervals given are, in each case, the mean values 
of 10 timings, 5 on one bird and 5 on another.

The initial through-put time is the interval between 
the first feed in the morning and the releasing of the 
first food faeces. The mid-feed through-put time is the 
interval between the time of changing the food and the 
appearance of a change in the food-faeces produced.

(Mattocks, 1971a)
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spores added to water have been found in faeces 
1 — 3h after drinking and they continuedto appear in 
small quantities 25 - 27h later (Atkinson, 1971).
Captive brent geese, Branta branta nigrans. gavé 
through-put times of under 2h (Ranwell & Downing, 1959), 
when feeding on eel-grass which leaves recognisable 
residues in the faeces. Mean values of lyh have been 
recorded in Cape Barren geese, Cereonsis novaehollandiae. 
and estimates that 90^ of the food residues had been 
defaecated within 2 - 16h are given (Marriott & Forbes, 
1970). In domestic geese. Anser anser. the piston-like 
through-put has been commented upon (Dorozynska, 1962) 
and food-change techniques have been used (Mattocks, 1971a), 
to determine passage times (Table 1). The shortest and the 
mean passage times for barnacle geese, Branta leucopsis. 
fed on grass, have been determined using Ranunculus so. 
as marker and are 52, 78min respectively. Similar times 
were found in grass-fed red-breasted geese, Branta 
ruficollis. using grain as a marker (Owen, 1975). The 
average time for the initial through-put, that is the 
interval between the beginning of grazing in the morning 
and the first rectal defaecation, in a flock of barnacle 
geese was 57min (Ebbinge, Canters & Drent, 1975).

From the data given in table 1 and other sources, ..the 
following observations may be made:
1 . Through-put times in birds are very short compared
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with those of most monogastric mammals.

2. Timings for geese are significantly shorter than 
those for hens.

5. Markers, although they may alter the food-passage 
time, show that most of the food passes quickly 
through birds, but a small part may be delayed.

The hold-up (3) of some of the marker may take place in 
the caecum and could be caused by periodic retroperi- 
stalsis of the colon which squeezes fluid material into 
the caeca. These are emptied, partially or completely, 
some hours later. In the hen and other galliforms, food 
may be delayed in the crop when this organ acts as a 
temporary store for food, but little, if any, digestion 
takes place here (Bolton, 1965).

The relatively rapid food passage in birds (1) is 
consistent with the necessity for a high power-to-weight(ruckr,
ratio in flying animals^. Grazing birds consume large 
quantities of food; up to 600g per bird, per day in geese 
feeding naturally (Owen, 1971; Marriott & Forbes, 1970). 
White-fronted geese, Anser albifrons alblfrons Scopoli, 
graze selectively according to nutritional value, mechanical 
properties and digestibility of the vegetation (Owen, 1976). 
To obtain a high calorie intake, they have a special need, 
in the absence of cellulose digestion, to process herbage 
rapidly. By contrast, grass remains in the cow rumen for
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about 12h (EDangate, 1966) before it is passed into 
the intestines. Thus there are important differences 
between avian and mammalian alimentary systems and 
processes. As has been suggested (Bird, 1968),the 
extrapolation of the relatively large amount of infor
mation on digestive physiology available on mammals 
to birds, requires critical interpretation.
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Caeca

Historique
It was hot until the beginning of the twentieth century 
that the first major work (Maumus, 1902) on the avian 
caecum was published. Earlier studies on the subject 
were.cursory and tended to concentrate on gross 
morphology with some reference to comparative anatomy 
(Gestner, 1585; Salerne, 1767: Pallas, 1767).Inaccuracies 
in recordings were frequent and it is contended (Maumus,
1901) that,during anatomical studies of birds, the 
small caecum often escaped notice, and large caeca were 
confused with the intestines. Careful observers, however, 
not only recorded the presence of the caeca, but also 
noted the diverticulum which they referred to as the 
third caecum. Its derivation from the vitelline canal 
had been noted by Macartney (1811). The similarity 
between the avian caecum and the appendix of some tetra— 
pods, though superficial, was sufficiently obvious to 
attract attention (Bureau, 1877), as was the fact that 
flesh-eaters tended to have a short gut whilst herbi
vores had a long one together with conspicuous caeca 
(Butfon, 1770).

The extensive variation in the type and size of 
caecum found over a large range of bird species attracted 
early comment (Bureau, 1877; Gadow, 1882) and a correl-
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ation of caecal type with diet seemed obvious. In parrots, 
Psittacidae. caeca are totally absent, even in the embryo 
(Abraham, 1901)jand the falcons, Falconldae. and thé 
hawks, Accinitridae, have vestiges measuring less than 
0.05cm in some cases (Pinchon, 1942). The waterfowl, 
Anatidae and the game birds, Galliformes, however, have 
large caeca (î-laumus, 1902; Pinchon, 1942). The presence, 
or absence of caeca has been used as a character in 
classification, the Haeckelian terms Kenotyphla and 
Lep^totypKla being used (Bureau, 1877; Gadow^ 1882). The 
caeca have been classified according to:

Shape (Cuvier, 1835): cylindrical, club-shaped, or
spindle,

development (Bureau, 1877): rudimentary, vast, or
intermediate, 

number, length and shape (Magnan, 1911): absent, . 
single, paired short ovoid, or paired long

cylindrical, 
structure (Pinchon, 1942): sacculate, plain, or

transitional*
presumed function (Naik & Dominic, 196%): intestinal,

glandular, lymphoid, or vestigial, 
fundtion is too speculative a characteristic to use in the 
clasî>ification of caeca and, since the other properties 
suggested are related to those of structure, the system 
of Pinchon is the most appropriate, if intermediate is 
substituted for transitional.
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Caecal development was attributed, at first, to food 

scarcity (Home, 1814). The precise nature of the mechaa—  
ism which was believed to allow the caecum to tide the 
bird over periods of food scarcity seems not to have been 
defined, but presumably, it was to do with improved di
gestion rather than food storage. The theory,later referred 
to as the classical theory (Pinchon, 1942), that herbivores 
require long caeca, whereas those of the carnivores were 
short, or absent had been proposed much earlier (Buffon, 
1770). Belief in this theory persisted even though it 
had been known for a long while (Meckel, 1838; Owen, 1866) 
that carnivorous owls, Strigidae. had substantial caeca 
More recently it has been shown that mollusc-feeding 
members of the Charadriiformes also have well-developed 
caeca (Naik & Dominic, 1963) and tufte.d duck, Aythya 
fuligula (L) (= Nyroca fuligula), the food of which has
been shown to be almost entirely animal (Laughin, 1975),

—1has sacculate caeca, each 1 x 10~ m in length (Pinchon, 
1942). It has been postulated that the progenitors of 
modern birds possessed caeca, but that some species have 
now lost them (Gadow, 1882). Small caeca were claimed 
to be degenerate organs without use and to have diminished 
as the habit of rapid evacuation of food residues developed 
(Magnan, 1911). The fact that no trace of caecum is 
found even in the embryo of some birds such as parrots 
(Abraham, I9OI), discredits the theory, at least in terms 
of ontogenic caecal supression. The claim (Houssgy, 1907)
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that a new species of bird had been produced after six 
generations by adapting fowl to a carnivorous diet»., 
thereby converting their intestinal morphology to a 
form identical to that of the owls, has been cited as 
supporting evidence (Magnan, 1911). Such Lamarckian 
views seem wholly unacceptable today, especially when 
there is no evidence (Houssay, 1907) to show that any 
permanent genetical changes had occurred. The theory 
fails to explain why owl caeca have not disappeared 
entirely when such remarkable changes a.s those described 
had taken place in six generations. Pigeons and frugi- 
vorous parrots are regarded as carnivores which have 
recently become herbivorous (Magnan, 1911). If this is 
true, then the rapid acquisition of all the appropriate 
structures except the caeca is difficult to explain.

The lengths of the small intestines, the caeca 
and the colorecta of mallard ducks, Anas platyrhynchp^ 
are significantly shorter in captive birds than in their 
wild counterparts (Miller, 1975). Mean intestinal and 
caecal lengths of captive barnacle geese, Branta leucopsis. 
were 63.8^ and 62.7^. respectively of those of wild geese 
of the same species (Owen, 1975). Mallards fed on com 
had shorter and less heavy caeca than those fed on Turkey
Starter. Caeca in birds fed on alfalfa, however, were 
longer and heavier than those of the ducks fed on com. The 
lengths and weights of other parts of the guts were also



Table 2

Avérage lengths in 10~\i of gut parts in mallards 
fed on three diets

Diet 1 2 3
Small a ? c? ? <f • ?
intestines 123.5 131.3 129.8 116.9 150.7 151 .2
Caecum 27.8 29.6 29.8 24.2 39.6 37.1
Colorectum 8.5 8.2 8.3 7.7 10.4 9.8

1 = Turkey Starter
2 = Corn
3 = Alfalfa (Miller, 1975)
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modified (Table 2). Captive red grouse, Lagopus lagopus 
scoticus, bred from eggs obtained from wild stock, 
developed shorter caeca and small intestines than wild 
birds and the contraction of these organs continued 
progressively over four generations (Moss, 1972),(Table 
3). Decrease in fibrous matter and increased richness 
of diet are suspected as being the causal factors. The 
mechanism of the changes, however, is entirely unknown.
The most puzzling feature of the gut length alterations 
is the successive decrease from generation to generation.
It implies that some hereditary factor, possibly a cyto
plasmic one (Moss, 1972), is involved. Hormones are 
known to alter gut lengths in some circumstances, but 
not enough to be the main factor here. Change in para
site load has been considered as a possible cause, but 
was unlikely to apply in the red grouse, because, in the 
captive birds, infections of cestodes, strongyles and 
coccidia were greater than those of some of the wild 
birds and yet the wild birds studied had longer gut 
lengths. Caeca of conventional fowl have been observed to 
be greater than those of fowl raised gnotobiotically 
(Reynier, Wagner, Luckey & Gordon, I960),

The variations with age of organ weights and lengths
has been studied in captive ring-necked pheasants,Phasianus
cholchicus torquatus ̂ (Kirkpatrick, 1944). The lengths of

—■2the intestines reached a maximum, 105 X 10 m at IQOd and
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Table 3

Average lengths in 10~^m of gut parts in wild and 
in successive generations of captive red grouse

Wild birds 
1965

caeca*
$ ef
144

small intestine 
? o*
99

Captive birds 
1965 126 111 79 81
1966 113 108 73 81
1967 106 98 72 66
1968 96 87 72 67
* combined length 
of both caeca (Moss, 1972)



20__pshortened to become 85 x 10 m, at 260d. The caecal 
lengths followed a similar pattern of change; maximum 
16 X 10"*̂ m at 120d levelling off to 11 x 10~^m at 200d. 
Experimental evidence shows that the organs to do with 
digestion and assimilation of food have greatest size at 
the time of maximum body growth. This might be expected 
in birds fed on an artificially rich diet. If increased 
proportions of fibrous matter had been added to the food 
at certain seasons, as would occur in the wild state,the 
caecal and intestinal length maxima might not have co
incided with the period of greatest body growth.
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Caeca

Gross Anatomy
It is claimed (Pinchon, 1942), that Maumus (1902) was the 
first to investigate comparatively, the caeca of birds.He 
studied almost 200 bird species, but the observations were 
not listed completely, nor grouped. An earlier study 
(Bureau, 1877), had included, not only bird caeca, but also 
the appendices of mammals including man. The homology and 
analogy of the blind guts of the two groups of vertebrates 
were assumed with little justification. Birds of the heron 
group, Ardeidae. are unusual in having single caeca. Al
though these birds have been studied (Corti, 19238), no 
reason for this abnormality was suggested* An attempt to 
relate caecal form in birds to their phylogeny has been 
made (Kostanecki, 1924), but with little success.

In the important work on gross anatomy of the 
caeca of birds (Pinchon, 1942), 684 species were
investigated. Plain caeca were recognised as having 
relatively thick walls containing much lymphatic tissue 
and a lumen, either occluded or too small to permit the 
entry of ingesta. Vascularization and innervation are 
reduced. Simple, globular caeca are found which do not 
exceed 1.3 x 10"*̂ m and can be as short as 0.5 x 10~^m 
in Aegithalos caudatus (L). In Cinnyris domesticus .(Shaw)
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they are 1.0 x 10" m long and in Passer domesticus (L) 
and P. mont anus (L), 3 and 2 x 10~ m,rGSpectively. More 
often, plain caeca are cylindrical, but their dimensions 
are small, those of Coloeus monedula (L) varying from 
5 - 12 X lO^^m in length and not exceeding 1 x 10~^m in 
thickness. The maximum length found in this type of 
caecum is 26 x 10~^m in Uria aalge (Pontoppidan).

The sacculate type of caecum is recognised as 
having a lumen, well enough developed to contain ingesta. 
The caecal walls are thinner, generally, than those of 
the plain type and contain less” lymphatic tissue* The 
vascularization and nature of the walls are similar to 
those of the intestines# The shortest length of sacculate 
caecum recorded, 6 x 10~^m, is found in Pisobia minuta.
In the Tetraonidae, the caeca are particularly well 
developed, the combined length of the two caeca of one 
bird, Tetrao urogallus L, is given as 2120 x lO^^m 
(Pinchon, 1942). The only other birds with sacculate 
caeca of comparable length are the very much larger birds 
of the Ratites.

A third type of caecum, usually about 20 x 10*"̂ m 
long, is recognised and, because it is intermediate in
its characteristics between the other two types, inter
mediate is a better term to use than that used by Pinchon 
(1942), transitional.

Generally, groups of related birds have the same
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type of caecum, but notable exceptions are found.
Tringa nebularia (Gunnerus) and T. gl areola L. Jbaye 
plain caeca 3 ~ 8 x whereas the other members
of the same genus have sacculate caeca 26 - 56 x 
in length (Pinchon, 1942). The diet of the exceptional 
birds (Witherby, Jourdain, Ticehurst & Tucker, 1949) 
shows no significant difference from that of the rest 
of the genus. In the family Alcidae. all three types of 
caeca are known (Pinchon, 1942), although fish and 
invertebrates are the common diet (Witherby et al.,
1949). Many birds, including whole families such as 
Bucerotidae and Psittacidae, have a total absence of caeca.
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Caeca

Vascularization
The blood systems of birds,even domestic ones, have not 
been investigated with the same thoroughness as those of 
mammals (M'Ealla, 1971). Standard works (Sissons & Gross
man, 1964; Bradley & Grahame, I960) give sketchy and even 
contradictory accounts of the blood system of the hen 
(K’Halla, 1971). A definitive work on the hen (Bell & 
freeman, 1972) gives very little information on the 
blood supply to the gut. A study (Nishida, Paik & Yasuda, 
1969) of the blood supply to the proventriculus and 
gizzard of the hen has been made and some indication of 
the main blood vessels of the alimentary system is given, 
but the arterial system, as a whole has been investigated 
with some thoroughness (VTestpfahl, 1 961 ).

Detailed investigations have been made of the renal- 
portal system of the domestic fowl (Akester, 1964; 1967; 
Sykes, 1966). This system is of special interest, for It 
differs, fundamentally, from the non-portal renal blood 
supply of the mammals and, because the intensive breeding 
and rearing of poultry has resulted in an increased 
susceptability to renal failure (Siller, 1959a; b; Blair, 
Bolton & Duff, 1969). Renewed interest in fois gras 
production in France, Israel and certain Danube countries
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(Salichon, 1968), has led to work at the Ecole Nationale 
Vétérinaire de Toulouse, on the histology and. biochemistry 
of the goose liver (Labxe & Tournut, 1970 and the vascular 
systems (Jolly, 1968; Eavaux & Jolly, 1968; DeJean, 1969; 
Pavaux, 1969), of the livers of the pigeon, chicken, 
turkey, guinea fowl and goose. An inter-specific compar- 
tive study of the intestinal drainage and its intra-specific 
variations has been made in the same group of bird species 
at Toulouse (M*Halla, 1971). This work has demonstrated, 
clearly, the venous drainage of the caeca of the goose,
Anser cinereus vulgaris (Pig.1). The technique used in this 
study involved the injection of 70 x lO^^m^of 49̂  formaldehyde 
in aqueous solution, coloured and made radio-opaque (Baryx 
colloidal), into the portal hepatic blood system via the 
coccygeo-mesenteric vein in each of about twenty geese.
Xray radiographs show clearly that three main vessels' drain 
the caecal region. The blood from most of the right caecum 
flows, together with some from the small intestine, into the 
ventral ileo-caecal veins and passes via the gastro-pancreato- 
intestinal vein into the right portal hepatic vein. Blood 
from the small intestine, both in the caecal vicinity and 
from some few centimeters beyond, joins that from most 
of the left caecum and flows via the dorsal ileo-caecal 
vein into the communal mesenteric and from thence into 
the right portal vein. Drainage from the proximal end of 
both caeca and of the colon is via the coccygeo-mesenteric 
vein, which, in turn, connects with the right portal vein
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via the communal mesenteric. Within the species,slight 
variations are found in the points at which some of the 
veins join their counterparts, hut little significance 
can be given to this, because the blood circulation is 
not altered, fundamentally.

The chicken, guinea fowl, turkey and duck^ Anas 
platyrhynchos L were also examined in the same way. 
Whilst the caecal blood-drainage of the duck resembles 
very closely that of the goose, substantial differences 
are found in the other species. In all these birds, 
however, the venous return from the caeca passes into 
the right portal hepatic vein and thus goes to the liver 
before being returned to the general circulation.
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Caeca

In nervation
The intestinal nerve of the fowl passes along the 
dorsal surface of the cloaca and colorectum to the 
ileum. On each side, the proximal part of the caecum 
is directed rostrally and lies close to and parallel 
with the ileum. The distal part of each caecum doubles 
back to lie adjacent to its proximal counterpart, the 
caecal tip being close to the point of origin of the 
caecum (Tindall, 1976a). In the ileal region, factors 
of the intestinal nerve pass laterally so as to innervate 
proximal and distal parts of the caecum (Fig. 2), In 
the pigeon, sympathetic and parasympathetic nerves jetss 
from the CMS directly to the dorsal surface of the 
posterior end of the ileum and travel rostrally (Sturkie, 
1965). The caeca of the pigeon are very small and no 
innervation is indicated. Separate parasympathetic 
fibres arising from allegedly unpaired ganglia (ganglion 
impar) innervate the colorectum and cloaca (Sturkie,
1965), Experiment indicates that the intestinal nerve 
is a^ixed one (Tindall, 1976a). Caecal responses to 
electrical stimulation in the grouse.*Lagopus lagopua 
are sufficiently different from those of the fowl (P.32), 
to suggest that there is a fundamental difference in 
innervation (Tindall, 1976b).

* Also called willow ptarmigan (P.36).
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Table 4 
Domestic Fowl

Activity and responses of colorectal and caecal muscles 
to acetyl choline, noradrenaline and electrical stimul
ation of the intestinal nerve

Muscles Spontaneous activity Response:aclch. norad. el.<10Hz el.>30Hz

Colonl.m. St. cont. relax. U-relax. 
S.cont.

cont.
c.m.

Caecum
St. sl.resp. relax. X X

tip l.m. St. cont. relax. u.relax, 
s.cont » cont.

tip c.m. St. cont. little,or 
no resp.

X X
base l.m. wk.or

none
cont. little,or 

no resp.
relax. cont.

base c.m. wk.or
none

cont. little,or 
no resp.

X X

st.= strong wk.= weak cont.= contraction si,reap.=
slight response relax.= relaxation u.= usually s = 
sometimes. l.m.= longitudinal muscle c.m.= circular 
muscle. X = not applicable since innervation removed.

(lindall, 1976a)
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Nervous mechanisms
The gastro-intestinal tract of mammals has adrenergic 
inhibitory nerves (Tindall, 1976a). The nervous 
mechanisms of the tract of the domestic fowl (White 
Leghorn cocks) have been investigated in situ (open 
abdomen), in vitro (organ bath) and in vivo (implanted 
electrodes, or transducers), (Tindall, 1976a). No 
differences were found between the nervous mechanisms 
studied in Leghorns eind in bantams. The results are 
summarized (Table 4).

The following observations are of particular 
interest:

1 Contractions of the colorectum and relaxation 
of caecal base was observed on some occasions.

2 The cutting of mesenteries joining the ileum 
and caecum increased caecal activity, suggesting that 
inervation of the caecum is mainly inhibitory.

3 Stimulation of the peripheral end of the vagus 
nerve in the neck region caused inhibition of color
ectal and caecal tip activity.

4 Stimulation of the intestinal nerve adjacent 
to the colorectum was inhibitory and often defaecation 
occured immediately after stimulation,

5 Colorectal activity was very susceptible to 
disturbance such as the blowing of air on to the head 
of the bird.

6 Cutting the intestinal nerve both anteriorly.
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near the ileo-colorectal junction and posteriorly, 
near the cloaca, effected neither the gut activity, 
nor response to disturbance.

7 No correlation between the activities of the 
posterior colorectum, the anterior colorectum, the caecal 
base and the caecal tip was found, although both caecal 
and colorectal defaecation was observed.

8 No differences were found in the occurrence of 
defaecation at night and during the day.

Experiments on the grouse (Tindall, 1976b),similar 
to those performed on the fowl (Tindall, 1976a), have shown 
that grouse caeca behave differently from those of the fowl, 
Spontaneous activity was seen in all parts of the hind gut. 
The longitudinal muscles of the grouse caeca contracted 
when acetyl choline was applied. With small dojses (about 
0.01 X 10~^gl~ ), only the circular muscles of the caeca 
contracted, but with larger doses (about 0.02 - 0.09 x 10~^ 
gl“^), there was an increased frequency of spontaneous 
contraction involving little increase in the tension of 
the circular muscles of the caecal base, but contraction 
in those of the caecal tip and of the colorectum. The 
longitudinal muscles all showed a normal relaxation with 
noradrenaline (0.003 - 0.02 x 10 ^gl~^), but the circular 
muscles of all three parts of the hind gut showed no 
response until the concentration reached 0 .0 3 x lO~^gl*“  ̂, 
Electrical stimulation (10Hz, pulse widths 0.2 - 1 x 10~^s)
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caused contraction of the longitudinal muscles of the 
colorectum. At higher frequencies (50Hz), the colo
rée turn contracted, hut the longitudinal muscles of 
caecal base and tip remained unaffected. The reaction 
of circular muscles to electrical stimulation was not 
examined for technical reasons.
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Caeca

Flora
The presence In the avian sacculate caecum of large 
numbers of bacteria is well known. Originally designated 
as Bacillus coli. they were considered so abundant in the 
caecum that the suggestion was made that they be renamed 
B. caeci (K5hlbrugge,1901 ). Proliferation of the organisms 
was thought to be aided by the incomplete emptying of the 
caecum (Kostanecki, 1924) y a residuum, of bacteria would 
thus remain which would inoculate the fresh ingesta.
Later workers realized that the caecal flora comprised 
many species (Kostanecki, 1924). The importance to the 
bird of the checal flora was a matter of speculation 
(Pinchon, 1942).

The hen and related species of birds which are of 
commercial Importance have been the subject of most of 
the research on avian caecal flora. Total counts of 10^^ 
organisms have been determined from Gram-stained 
preparations of chicken caecal contents (Barnes & Shrimpton, 
1957), but, unlike the ungulate rumen, avian caeca do not 
appear, normally, to contain a. fauna. Using a limited range 
of media, these authors recovered lactobacilli, streptococci,

g *clostridia and coliform organisms at 10 organisms g“ .

The caeca of Id and 3d bantam chicks are said not to
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contain bacteria, but they are present in 14d birds 
(hooper & hooper, 1929). If this is so, then the 
acquiring of a caecal flora is a post-hatching 
phenomenon, inoculation taking place per os. More 
recent work on chickens (Ochi, Mitsuoka & Sega, 1964> 
Smith, 1965) has shown that the gut is well infected 
with bacteria 24h after hatching. The caeca of newly- 
hatched chicks taken directly from the incubator and 
allowed neither food, nor drink contained clostridia 
and E.coli (hev & Briggs, 1956). Spore counts of 
Clostridia as high as lO^organisms g""̂  dry wt of caecal 
contents were found. The caecum is thought to be the 
main source from which infection spreads in the intest
ines of chicks (Barnes, 1972).

A more complete picture of the composition of 
the bacterial population had to wait the realisation 
that the caecum contains strict anaerobes. Techniques 
developed for the investigation of anerobes of the ox 
rumen (Hungate, 1950) made possible the Isolation of 
avian caecal anaerobes. Using a medium containing ethyl 
violet and sodium azide (Barnes & Goldberg, 1962; Drasar, 
1967), bacteroides have been isolated from the

o _ ̂hen caecum at 10 organisms g . Total counts of the 
bacterial population made from Gram-stained preparations
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from the willow ptarmigan, Lagopus lagopus, were

11 —1found to exceed 10 organisms g“* , hut viable counts
gave only of this figure (McBee & West, 1969)- The 
inevitable delay in bringing the birds in from the 
field where they were shot, together with the difficult
ies of culturing strict anaerobes, may, perhaps,account 
for the low viable count. As in chickens, no protozoa 
were found.

The identification of Isolates from birds with
existing descriptions of species of Bacteroides has
proved difficult (Goldberg, Barnes & Charles, 1964).
Bacteroides-like organisms occur in large numbers in
the alimentary tract of man and other animals (Hungate^
1950; Drasar, 1967; FinegoId, 1969)- In man these
bacteria may be associated with necrotic lessiona
(Barnes, Impey & Goldberg* 1966). In the bird caecum,
however, the bacteria are far too plentiful to be
regarded as pathogens (Barnes.& Goldberg, 1965; 1968).
Because of the difficulty of isolating strains of
Bacteroides. comparatively little is known about them
and, until recently, there was no generally-accepted
scheme for their classification. It was suggested that
four organisms might be considered to be representative
of some of the major groups in the caecal Bacteroides: 
Fusobacterium nolvmorphum. Fusobacterium biacutum.
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Bacteroides convexus (= Ristella convexa = Eggerthella 
convexa) and Sphaeronhorus necrophorus(Barnes et al..
1966). The methods of numerical taxonomy have been 
used to compare strains of organisms of the Bacteroid- 
aceae from hens, ducks and turkeys with named strains 
of Sphaerophus, Fusobacterium and Bacteroides (Barnes 
& Goldberg, 1968). The strains were found to fall into 
four phenons. The results have been discussed (Mattocks, 
1971a). The observations indicate that, unlike the 
coliforms, the bacteroides may show a certain host 
specifity. Work on the systematics of the Bacteroid— 
aceae (Buchanan & Gibbons, 1974), has justified the 
renaming of the bacteria as follows:
Fusobacterium polymorphum Fusobacterium nucleatum
Fusobacterium biacutum Bacteroides biacutus
Bacteroides convexus Bacteroides fragilis
Sphaeromorphus necrophorus Fusobacterium necrophorum

With improved anaerobic techniques and a number of 
different media, proportions as high as.25# of the 
total caecal flora of chickens and turkeys have been 
isolated (Barnes & Impey, 1970). Gram-negative non- 
sporing anaerobes, Gram-positive non-sporing rods and 
bifidobacteria constituted about 80# of the isolates and 
were in almost equal proportions. Peptostreptococci 
(Megasphaera) constituted most of the remaining organisms.
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Curved rods, not yet characterized,were seen. In the 
goose caecum similar clusters of curved rods have 
been described (Mattocks, 1971a).

A transition in the caecal flora of chickens from 
2 - 6  weeks of age has been demonstrated (Barnes, Mead, 
Bamum & Harrj, 1972). Whereas peptostreptococci 
predominated In the caecum of the 2 week-old bird, 
Gram-negative non-sporing anaerobes appeared in the 
4th and 6th weeks, only. Strictly anaerobic budding 
bacteria, not previously studied, were found. . Tests, 
using the method of Mann (1968) on suspensions of caecal 
contents, established the absence of cellulolytie 
bacteria in 4 week-old chickens. Of the total bacterial, 
count of the caeca, 10̂  ̂ organisms 10^ - 10*^
organisms g""̂  were found to have the capacity to 
decompose uric acid. These included peptostreptococci, 
Gram-negative non-sporing anaerobes. Gram-variable, or 
Gram-positive anaerobic non-sporing rods and several 
species of Clostridium. Uric acid decomposing bacteria 
have also been found in the caeca of turkeys, ducks, 
pheasants and guinea fowl (Barnes & Irapey, 'iSlIh) in 
numbers comparable with those in the chicken. The 
characteristics of 35 strains present in high numbers 
in the chicken caecum have been determined (Barnes & 
Impey, 1974). They include Bacteroldes. Fusobacterium.
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Clostridium, Peptostreptococcus, now renamed 
Megas'phaera (Buchanan & Gibbons, 1974), Bubacterium 
and Streptococcus. None of them had an obligate 
requirement for uric acid.

The bacterial content of the goose caecum has hot 
been investigated to the extent that might be expected 
in view of the fact that, of all birds, geese probably 
graze the most (Kear, 1956). Work (Mattocksj197in;b) 
on thé domestic goose, Ânser anser. using a habitat- 
simulating medium, has revealed a general bacterial 
count of 10^^organisms g^^wet wt of caecal contents. 
Niche simulating media under anaerobic conditions, gave 
counts as shown (Table 5 )î

Table 5
Counts of goose caecal bacteria using niche-simulating

media

Bacterial type Order of count in organisms
wet wt

7Streptococci 10
Lactobacilli 10^
Bacteroldes 1o"̂
Clostridia 10^
Peptostreptococci 10^

(Mattocks, 1971a;b)
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No cellulolytic activity was shown when goose 
caecal contents were incubated for lOd under strict 
anaerobic conditions in roll tubes containing filter 
paper as the sole carbon source. Control experiments 
using inocula of ox rumen contents gave extensive cellulo- 
lysis. .

Other types of bacteria observed in, but not 
isolated from,the goose caecum included sarcina arranged 
in regular plates in ”window-pane” form resembling 
Lampropedia merismopedloides (Hungate, 1966), or Î. 
hyalina(Hungate, 1966; Pangbom & Starr, 1966; Buchanan 
& Gibbons, 1974), organisms resembling Selenomonas 
ruminantium (Moir & Masson, 1952; Hun.gate, 1966; Hobson 
& Stewart, 1970; Buchanan & Gibbons, 1974), an ovoid 
Gram ••positive form similar to Quints oval (Woodcock &
La page, 1915; Moir & Masson, 1952) and clusters of 5 - 9 

crescentic Gram-positive bacteria of a form not described 
in Bergey^s Manual (Buchanan & Gibbons, 1974), but bearing" 
some resemblance to those found in chickens (Barnes, & 
Impey, 1970). As in chickens, no fa,una was found in 
the caeca.

Work done on the caecal flora is restricted to a
few species of grain-eating and browsing galliforms and
to the domestic goose. These birds all have a caecal *

1 n —bacterial count of 10 organisms g** , or more. The flora 
has been shown to vary with the species, age and. diet
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of the bird. Not enough is known yet to.build a 
clear picture of the ecology of the avian caecal 
flora (Barnes, 1972), but there is mounting evidence 
(Barnes & Impey, 1974) that a high proportion of the 
caecal bacteria can utilize uric acid as a nitrogen, 
but not as a carbon source (P.38).

An association of bacteria with the epithelial 
cells of the crop,ileum and caecum of hens has been 
demonstrated (Fuller & Turvey, 1971; Fuller, 1972).
The bacteria are mainly Gram-positive rods (Lactobacilli)̂  
with only the occasional Gram-positive coccus, or Gram- 
negative rod. In the crop, a layer of Gram-positive rods 
2 - 3  cells thick is found and in the ileum^ a few 
bacteria are attached in depressions in the brush border 
of the tips of the villi. The caecum, however, has a 
layer of cells about 200 thick. Work done on the attach
ment of bacteria to chicken crop epithelia in vitro has 
suggested that carbohydrate might be the determinant 
involved in the adhering of the bacteria (Fuller, 1975).

There was no evidence (Fuller & Turvey, 1971 ; Fuller, 
1972) to suggest that bacteria penetrate beyond the 
epithelial membranes. The transport of bacteria from the 
gut lumen to the liver and other tissues is known to 
occur however (Fuller & Jayne-Williams, 1968; 1970).
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Caecum 

Flora and Antibiotics
The use of antibiotic supplements in the feed of 
poultry in commercial production has been widespread.
Many Investigations have been made to try to determine 
the changes in the microbiology of the gut in order 
to explain the cause of the increased growth-rate 
accompanying the use of antibiotics (Eyssen & De Somer,
1967). Suppression of Gram-positive organisms jjn the 
gut flora is the only effect common to all antibiotics«
This occurs mainly in the small intestine and only 
minimally in the caecum (Barnes, 1974; Jenkins, Walton & 
Griffin, 1977).

Physiological changes in the host have been shown 
to accompany the feeding of antibiotics. The intestinal 
walls in chickens become thinner when penicillin is 
used, but the caecum and rectum remain unchanged (Jukes, 
Hill & Branion, 1956). The experiments did not confirm 
earlier reports (Siebî th, Jezeski, Hill & Carpenter,
1954) that the mesenteric blood vessels becsjae dlls>ted 
and prominent. Slight, but not statistically signific
ant, increase in caecal weight and slight reduction in 
the weight of the small intestine was observed when 
aureomycin was fed to chickens (Pepper, Slinger &
Motzok, 1955).
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Caeca

Filling and emptying
There is little evidence as to the precise nature of the 
filling and emptying mechanisms of sacculate caeca,except 
for those of the rock ptarmigan Lagouus mutus.(Gasaway, 
Holleman & White, 1975> Gasaway, White & Holleman, 1976). 
Peristalsis observed in hens has been presumed to cause 
suction, thereby filling the organ (Browne, 1922)»
Muscles are incapable of active expansion and so the walls 
of the caeca could not cause the increase in volume 
necessary to create a negative pressure. A bolus, once in 
the caecum, could, however, be moved by peristalsis. Xray 
techniques have shown that this is so in the appendix 
of man (Mangold, 1928). Barium sulphate meal Injected 
by syringe into the oesophagus of Japanese quail,
Coturnlx cotumix. and Xray contrast radiography have 
shown (Fenna & Boag, 197̂ -), how the caeca may be filled 
in the galliforms. Peristaltic contractions fill 
intestine and colorectum. Subsequent simultaneous intest
inal peristaltic and colorectal retro-peristaltic contract» 
ions create a pressure at the ileo-caeco-colic junction, 
which forces the adulterated meal into the caeca. &fo 
valves have been found at the junction, but the mechan
ism of caecal filling described does not require any 
valve action. The contents, once inside the caecum lost 
some of their Xray opacity. From this it was
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inferred that the newly-entered material was 
well mixed with the contents already present in 
the caeca.

Anti-peristaltic movements in the colorectum 
(waves from coprodaflim to caecal opening) have been 
observed in the hen (Yasukawa, 1959; Tindall, 1976a)  

and it is well known that uric acid of renal origin 
passes in^to the colorectum as far as the caecal 
openings by anti-peristalsis (Koike & McFarland, 1966;  

Akester, Anderson, Hill & Osbaldiston, 1 9 6 7 ) .  It 
seems likely, therefore, that caecal filling is 
accomplished by the squeezing of colorectal fluid by 
retro-peristaltic action (Sturkie, 1965; Ridpath, 1970), 

into the caecum against the peristaltic action of the 
jejunum (Fenna & Boag, 1974-). Some form of selective 
filtering evidently takes place at the caecal mouth, 
for the caecal content is quite different from that 
of the colorectum (McBee & West, 1969; Marriott & 
Forbes, 1970; Ridpath, 1970; Mattocks, 1971a; Gasaway, 
Holleman & White, 1 9 7 5 ) .It was suggested that the 
meshwork of long int er digit at ing villi found at the 
proximal ends of the caeca in Japanese quail act as 
filters (Fenna & Boag, 1 9 7 3 ), Small particles such 
as chromium III oxide (McNab, 1 9 7 5 ) ,  Lycopodium spores 
(Atkinson, 1 9 7 1 ) ,  protozoan spores, Eimeria necatrix 
and E.tenella (Aylott, Vestal, Stephens & Turk, 1968)^



45
the eggs of the brine shrimp, Artemia salina. (Malone, 
1965g) and ^^^CeCl^ (Gasaway, Holleman & White, 1975; 
Gasaway, White & Holleman, 1976) which have been intro
duced into the food, enter the caeca freely. Suspensions 
of barium sulphate evidently do not always enter the 
caeca in all birds. Hens fed the suspension voided 
all of it within 16 - 2.6h (Henry, Macdonald <St Magee,
1953). Geese which had been fed barium meal did not 
pass any of it into their caeca, for no Xray shadows 
were visible in the caecal region on radiogxaphs 
(Rybicki, 1965). Japanese quail have been shown to 
admit barium sulphate into their caeca (Fenna & Boag,
1974-) Peristaltic waves have been observed in. the 
chicken, which begin at the caecal apex s.nd may cease 
at the proximal end of the caecum, or may proceed 
along the colorectum. In the latter ea.se, the waves 
in left and right caeca occur simultaneously and are 
propagated along the colorectum as a single wave to 
propel the c&ecal bolus to the cloaca (Yasukawa, 1959), 
where it is voided as caecal faeces. Ratios of caecal 
to rectal droppings, 1 ; 10, 1 : 7  and 1 : 11.5 have
been determined (Mangold, 1928) in hens fed wheat, 
barley, or maize respectively. The last two ratios 
have been confirmed (RBseler, 1929). In the willow 
ptarmigan, however, the caeca emptied once per day, 
a large dark caecal dropping of about 20 x 10~^I being
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produced at night (McBee & Vest, 1969)« The average 
time interval between caecal droppings in the rock 
ptarmigan is 8.6h, 2 - 4  defaecations of caecal 
faeces occurring per 24h (Gasaway, Holleman & White,
1975), but captive barnacle geese produced averages 
of 7 caecal droppings and 128 rectal droppings per 
bird during the hours of daylight (Ebbinge, Canters & 
Drent, 1975). The mean number of droppings per bird 
per day was 135 and the average dry weight per drop
ping was 0.66g. The mean time interval between suc
cessive defaecations was 3*4min. Comparable times 
and weights have been recorded (Owen, 1975) in wild 
barnacle geese, i.e. 3.5min and 0.786g dry wt.
Evidence that the frequency of caecal emptying varies 
according to diet has been found in the mallard duck 
(Miller, 1976). The average numbers of caecal droppings 
per bird per day were 1.5, 1.2 & 4,5 for males and 
1.33, 1.33 & 4.00 for females fed on Turkey Starter, 
maize and alfalfa, respectively. In mallards fed on 
alfalfa the VFA production was found to differ from that 
in those birds fed on maize, or Turkey Starter. The 
inference that caecal filling takes place once a day 
also does not seem to be a valid one. Filling could 
be a slow continuous process, or a series of small ones. 
Continuous filling of the caecum of the rock ptarmigan 
has been hypothesized (Gasaway, Holleman & White, 1975). 
There is no evidence to show that all the matter entering
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the caecum from the colorectum must necessarily leave 
via the caecal mouth. Absorption of water, existing 
solutes and the products of caecal digestion, if it 
occurs, might take place into the blood stream. Some 
evidence suggests that such absorption can occur. The 
difference in the rates of passage times of ^^^CeCl^ 
and ^^CrEDTA markers used in rock ptarmigan have been 
explained by supposing that the chromium compound is 
delayed by absorption into the blood stream and subsequent 
excretion via the kidneys (Gasaway, Holleman & White, 
1975). The turn-over rate of the chicken caecum is 
thought to be about once a day (Shrimpton, 1963) and 
the dropping rate is high prior to and following sleep, 
but, unlike the willow ptarmigan (Harwood, 1937), and 
the rock ptarmigan (Gasaway, Holleman & White, 1975; 
Gasaway, White & Holleman, 1976) no caecal faeces are 
produced at night. Similar observations have been made 
on the domestic goose (Mattocks, 1971a). In mallard 
ducks, Anas platyrhynchos. caecal emptying is very 
regular (Malone, 1965b).

Claims have been made that caeca are never 
completely empty (Beattie & Shrimpton, 1958), that the 
bacterial flora may persist with relatively little 
change in composition (Kostanecki, 1924) and the both 
caeca are never empty at the same time (Kohlbrugge,
1.901). Calculations based on the use of ^^CrEDTA,
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and markers in rock ptarmigan have

indicated that 54 - 59^ of the total caecal contents 
were voided at each defaecation (Ga,saway, Holleman & 
White, 1975)» One domestic goose has been found to 
have both caeca empty (Mattocks, 1971a). Although 
the bird was killed by injection of nembutal, it may 
have been subjected to some stress during capture.
Wild geese are found sometimes with both caeca empty 
(Dr.M.Owen, Wildfowl Trust, Sllmbridgc,. Glos.,pers. 
comm.). There are bound to be microbes remaining to 
infect the contents of the freshly filled caeca; the 
layer of bacteria some 200 cells thick which is 
associated with the caecal epithelium. (Fuller &
Turvey, 1971) will ensure this.

Caecal defaecation in. the rook ptarmigan ie pot 
thought to be triggered by the voluune of ingesta in 
the organ, for , contents immediately prior to void
ing were found to be very variable (0.36 - 1.29g dry 
wto)(Gasaway, White & Holleman, 1976). If either, 
available space in the caecal lumen, or distension of 
the caecal walls were the controlling factors, the 
volume prior to caecal discharge would be expected to 
be constant. Caecal distension, pH, and electrolyte 
concentration in the caecal contents have been suggested 
as triggering influences for caecal discharge, because 
they have been shown to effect caecal contractions 
in vitro (Hill, 1971).
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Caeca

Caecectomy
The effect on an animal of the removal of an organ might 
be expected to reveal the function of that organ. Although 
caecal ablation in birds was carried out almost a hundred 
years ago (Bureau, 1877), neither this operation, nor the 
many caecectomies performed since, have given any clear 
indication of the rCle of the caecum in normal birds.

Ligature of poultry caeca at their bases (Corti, 19233..bj 
was said to cause serious disorders in defaecation. Faeces 
produced at night were solid, but those formed in the 
morning, after the birds had had a drink, were fluid. 
Confirmation of water-uptake function, in caeca was 
obtained (Olson & Mann, 1935) when caecal ablation in 
chicks made the intestinal contents more fluid and the 
passage time less. Some experimenters, however, claim 
that caecectomy has no permanent effect upon hens 
(Lamoreux & Schumacher, 1940; Annison, Hill & Kenworthy,
1968) and that live weight and egg production are not 
permanently affected (Mayhew, 1934). Others claim that 
caecectomized chickens grow as well, or slightly better 
than control birds do (Sunde, Cravens, Elvehjem &
Halpin, 1950; Beattie & Shrimpton, 1958). Caecectomy 
in chemically caponized birds (Thornburn & Willcox,
1965a) was reputed to reduce faecal dry matter, overall
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digestibility including dry fibre,and cellulose 
digestion. There was no change in the digestion of 
pentosan, nor starch. Caution must be exercised in 
the interpretation of these results, not only because 
of the caponization, but also because only two birds 
were used, one of which did not show a reduction in 
cellulose digestion after caecectomy.

Food supplied to captive birds usually contains 
an ample supply of vitamins and readily assimilable 
carbohydrate and protein. In the wild state, food 
might be scarce, especially in some seasons, and 
severe nutritional problems might be presented to 
birds living in these conditions. Whether the caecum 
has survival value in such circumstances has not been 
determined. Work done (Kill, Evans & Lumsden, 1968), 
on the luffed grouse, Bonasa umbel lus, and the willow 
ptarmigan, (McBee & West, 1969), suggests that this 
may be so. These birds have very large caeca and there 
is some evidence that cellulose is digested in them.
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Caeca

Fiinction
The form and structure of the plain and sacculate types of 
avian caecum (Pinchon, 1942) are so distinct that, except 
for*^lymphatic function^ common, or similar functions seem 
highly unlikely.. The small, or almost non-existent lumen 
of the plain type does not contain any of the intestinal 
contents and so many of the functions proposed for the 
sacculate type of caecum, such as digestion, water absorp
tion, vitamin synthesis, etc. cannot apply to the plain 
type of caecum. The walls of the plain type, of caecum, 
however, contain much\ymphatic tissue (Calleja, 1902; 
hooper & hooper, 1929) and it is probable that their

ff I)function is predominantly, if not solely, lymphatic (Mangold, 
1929; Pinchon, 1942). Whether, during the course of the 
evolution of birds, the plain type of caecum developed 
from the sacculate type, or vice versa, is not known, 
because soft, rapidly autolysing gut tissue does not leave 
fossil remains. The frequent occurrence of both plain and 
sacculate caecal types in birds of the same family and 
even in the same genus (Pinchon, 1942) suggests that each 
type can evolve into the other in times, relatively short 
by comparison with those required for many evolutionary 
changes to occur. The claim is made that plain caeca 
ought not to be regarded, solely as degenerate sacculate
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caeca, but as organs of defence (Pinchon, 1942). Caeca of 
the intermediate kind may also contain much lymphatic 
tissue (hooper & hooper, 1929 ; Sissons & Grossman, 1964) 
and thus, at least part of their function is lymphatic# 
The transitional type of caecum (^umus, 1902) has been 
regarded as being in the act of changing from one type to 
the other, nevertheless, even this transition seems un
likely. The use of the term ’’transitional" is unfortunate 
in as much as it implies that the caecum is in the act of 
changing. There is no evidence to suggest that any change 
is taking place.

The function(s) of the sacculate caecum have been the 
subject of much conjecture and the failure to find a simple 
unequivocable answer (Pinchon, 1942), prompts the sugges
tion that there might be no function to discover. Some 
types of caecum have been called non-functional, or vest
igial (Naik & Dominic, 1963) - The presence of a sacculate 
caecum, however, represents a considerable risk for the 
animal possessing it. As in the vermiform appendix of 
man, disease can easily set in. Although on theoretical 
grounds, at least, the energy requirements of parasites in the 
alimentary canal are unlikely to have any serious effect upon 
the energy budget of the host, indirect effects may be severe 
(Crompton & Nesheim, 1976). The bird is taxed by the need to 
compensate for the effects of tissue damage and haemorrhage.
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Caeca

Vitamin synthesis
The microbial flora of some parts of the alimentary 
tract of birds and maiamals is rich and abundant (Pinchon, 
1942). The gut flora of some animals, particularly those 
with a rumen-like digestive apparatus are known to 
release vitamins (Moir, 1965). It has been suggested 
that the main benefit to an animal of the possession of 
a rumen-like digestive apparatus is not cellulose 
digestion, but other functions including vitamin 
synthesis (Moir, 1965). There is similarity between 
the rumen and caecal "bacteria and the possibility that 
some birds benefit from vitamins synthesized by their 
caecal microflora must be considered.

Much has been discovered about the rôle of the
caecal flora of the chicken in vitamin synthesis (Coates,
1962; Coates & Jayne-Williams, 1966; Jayne-V/illiams &
Coates, 1969). High levels of biotin, pantothenic acid,
riboflavin, nicotinic acid and folic acid occur in the
caeca of hens (Couch, German, Knight,Parkes & Pearson,
1950). Vitamin  ̂ been investigated (Chin, Anderson,
Miller, Norris & Heuser, 1958). This vitamin and other
cobalamines are known to be present in the faeces of Gregory,
hens (Coates,|Porter & Williams, 1963), but the quantity
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depends upon the diet of the birds (Najjar & Barrett, 
1945). Riboflavin is found to increase by lOÔ 'o when 
Leghorn cockrel faeces are incubated at room temperature 
for 24h (Lamoreux & Schumacher, 1940). After a week, 
the increase is 500%, or more. The authors do not say 
whether the faeces to which they refer are caecal, or 
rectal, but evidently caecal flora is not essential for 
the synthesis, because caecectomy had no appreciable 
effect upon the riboflavin content of the faeces. The 
microbiology of deep poultry litter and the decomp- 
position of uric acid has been studied (Schefferle, 1965 
a;b). Rectal and caecal droppings were present in the 
litter, for the chickens were not caecectomized. JTo 
attempt was made, however, to evaluate the effect of 
each kind of faeces upon the microbial activity in the 
litter. The presence of vitamin in faeces does not 
constitute proof of synthesis in vivo (Jayne-Williams 
& Coates, 1969). Nevertheless, large quantities of 
vitamin B-like factors were found in the faeces of 
conventionally-raised birds, but none was detected in 
germ-free birds (Herpol& Grsmbergen, 1967).

Vitamin B̂  2 * although present in the caeca of 
hens, is not directly absorbed by the host bird 
(Carpenter & Duckworth, 1951a;b). Chickens kept on 
wire to prevent coprophagy, required more vitamin 
to maintain health than did birds raised under control
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conditions (Shrimpton, 1954). An advantage of deep 
litter is the extra vitamin ^ which it provides 
(Beer, 1969). Experiments using chickens raised 
conventionally and gnotohiotically showed that al
though both groups suffered equally from vitamin de
ficiency when certain vitamins were omitted from their 
diet, the conventionally raised birds had quantities of 
many of the vitamins in their caeca (Coates, Ford & 
Harrison, 1968). Goslings, on wire netting and thus 
unable to take up vitamins by coprophagy, were found to 
need choline, folic acid and nicotinic acid for health 
(Briggs, Hill & Canfield, 1953).

The vitamin K needs of man are supplied by intestinal 
bacteria. Both coliforms and bacteroldes are capable 
of synthesizing the vitamin (Finegold, 1969), which 
must be absorbed directly into the blood stream. The blood- 
clotting time was found to be shorter in birds fed on a 
basal diet low in vitamin K with 2.5% autoclaved faeces 
added, than in birds fed on̂ the saime basic diet without 
supplement (Stephens & Tugwell, I960). Vitamin K was 
shown to be synthesized in voided chicken faeces.

Gut bacteria in birds appear to be capable of 
synthesizing a number of vitamins, but there is little 
evidence to indicate that these vitamins are absorbed 
either in the caecum, or in the colorectum. Coprophagy,
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however, may allow the bird to benefit from some, at 
least, of the vitamins present in the faeces.

In geese, fresh forage has been shown to be 
necessary for hatchability (Salichon, 1968; Delpech, 
Rousselot & Monachon, 1969). Vitamins, especially 
fat-soluble ones, were thought to be the factor(s) 
present in the fresh forage which were required for 
hatchability.
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Caeca

Digestive Function
The requirements of digestive function in the caecum 
include: adequate capacity, absorptive tissue and 
time (Mangold, 1928). Enzymes and a pH range suitable 
for them to operate are also needed. Secretion of 
enzymes by the caecal wall is not an essential 
requirement, for enzymes secreted by another part of 
the gut wall could enter the caecum during filling. 
Enzymes of bacterial origin might also be involved 
in digestion in the caecal lumen.

The capacity of the lumen ©f the caeca in all 
but the browsing galliforms (Leopold, Î955) and the 
ratites (Pinchon, 1942) is small. Estimates of the 
fresh weight of caecal contents in the chicken are 
2 - 8g (Shrimpton, 1963) and the capacity of each 
caecum of the goose is about 2.8 x 10~^m^(Hallsworth 
& Coates, 1962). Fevr estimates of the amount of 
absorption in the caecum have been made, but the 
structure of the caecal walls (Calhoun, 1933; Bradley 
& Grahame, I960) indicates that there is a relatively 
large area through which absorption might occur. The 
amount of time the contents is retained in the caeca 
in chicks , about 24h (Shrimpton, 1963), is more than 
adequate for most digestive activity to be completed.
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Estimates of the pH value of the caecal contents vary.
A range of 5.9 - 6.2 for the hen (Beattie & Shrimpton, 
1958), 6.7 (Lehrner & Malaciriski, 1976) and of 6.9 - 
7.1 according to age in young chickens (Timms, 1968), 
has been determined, but post mortem changes may 
explain why these figures are lower than in vivo 
determinations in fistulated chickens, 8.6 - 6.7 
(Beattie & Shrimpton, 1958). A pH value of 6.9 has 
been considered to be near the optimum value for 
most digestive enzyme activity (Herpol & Grembergen,
1967).

The conditions of the caecum do not exclude the 
possibility that digestion may take place in that 
organ. The small volume of most avian caeca and the 
long retention time, however, indicate that there is a 
severe limit to the proportion of the food of the bird 
which could be subjected to hydrolysis in the caecum.
The combined length of the two caeca (Crompton & Nesheim, 
1976) in browsing galliforms, 50% longer than the 
intestines In the grouse, Lagopus scoticus may permit 
substantial amounts of hydrolysis to occur. The time 
spent by ingesta in the caeca of grouse in wild 
condition in winter seems not to have been determined, 
but when food is scarce, it may be long.
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Protein Digestion
A trypsin-like proteolytic enzyme was claimed to have 
been found in the caeca of chickens, ducks and geese 
(Maumus & Launoy, 1901; Maumus, 1902). More recent 
work, however, has failed to show any proteolytic, 
activity in the mucusf of chicken caeca (Herpol &
Grembergen, 1967 ). Bacteria showing proteolysis have 
been isolated from the caeca of chickens and pheasants
(Barnes & Impey, 1972), but their numbers were below
*5 — 110^ organisms g~ wet wt of caecal contents and so were

considered not to be significant. A protein-digesting 
function by caecal bacteria was thought unlikely (Barnes, 
1972). Birds raised gnotohiotically were found to 
digest proteins as well as did normal birds (Salter & 
Coates, 1971). Very little protein absorption is 
thought to occur beyond the jejunum in chickens, 4 - 1 0  
weeks old (Imondi & Bird, 1965). There is, however, 
some evidence to suggest that when birds are fed heat- 
damaged protein of either soya beans (Nitsan & Alumot, 
1965), or fish (Nesheim & Carpenter, 1967), not much 
digestion of it takes place in the intestines, but that 
the nitrogen loss is less than might be expected, because^ 
it is presumed, caecal protein-digestion takes place*
A protein-digesting rOle of the caecum under normal 
conditions seems unsupported by present evidence.

Starch Digestion
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Amylase and sucrase have been detected in the caecal 
liquor of fistulated turkey cocks (Maumus & Launoy,
1901). The starch added was converted completely to 
reducing sugars in 48h. In the rumen secretions, 
amylases are not found (McAnally & Phillipson, 1944) 
and it has been suggested that starch is broken down 
in ruminants by their gut flora (Baker & Harriss,1947). 
Potato starch is less easily digested than cereal 
starch (Baker, Nasr & Morrice, 1949) and it has been 
found in the chicken caecum in quantities (Masson,
1954). Caecal ablation in chickens, however, did not 
affect the digestion of starch to any appreciable 
extent (Thornburn & Willcox,1965a). In the Tasmanian 
native hen, Tribonvx mortierii. raw starch grains which 
have resisted digestion in the small intestines have 
been found to undergo digestion in the caecum (Ridpath, 
1970).

The relative concentrations of sixteen isozymes 
of C<- amylase in the lumen if the chicken gut have 
been investigated (Lehrner & Malacinski, 1976).
Twelve of the isozymes were detected in the caecal 
lumen, but, except for three which were present through
out the gut in traces only, all were found to be in 
lower concentrations in the caecal lumen than in that 
of the ileum, or the colorectum. The chicken caecum 
seems unlikely to be a major source of cK - amylase 
secretion and the isoenzymes may have entered the caecum
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from other parts of the gut. At least two amylolytic 
isoenzymes are produced by the pancreas of fowl and an 
amylase is found in the saliva, bile and intestinal 
mucus (Crompton & Nesheim, 1976).

Cellulose Digestion
Cellulose and starch are both D glucan polymers, but 
whereas the glucose units of starch are bonded by 
1 - 4  linkages, those of cellulose are of the |3 1 - 4 
type. Because of these differences, the properties 
of the two polymers are distinct. Starch is hydrolysed 
easily, but the ^ 1 — 4 bonding of the cellulose 
molecule has steric effects which result in a helix 
(Manley, 1964). Hydrogen bonding is thought to hold 
the helix in a folded conformation which tends to pre
vent enzymes from causing hydrolysis.

Some invertebrate animals have evolved mechanisms 
which produce enzymes that can hydrolyse cellulose 
(Mansour & Mansour-Bek, 1934; Galli & Giesa, 1959). There 
is no evidence to show that any vertebrate can secrete 
cellulase (MeAnally & Phillipson, 1944; Marshall, I960; 
Moir, 1965; Gasaway, 1976a; Crompton & Nesheim, 1976).
A wide range of mammals from the marsupial quokka (Moir, 
1965), to the colobus monkey (Lrawert,Kuhn & Rapp, 1962) 
are thought to depend on anaerobic bacteria, or other 
micro-organisms, for cellulose digestion. The rôles of
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the cow rumen (Hungate, 1966), the horse colon (Davies,
1968) and the rabbit caecum and appendix (Eden, 194-0), 
are well known. The avian caecum has been thought to 
resemble in some respects the rumen (Gasaway, White & 
Holleman, 1976). This similarity, together with a degree 
of correlation between herbivorous diet in birds and 
possession of a sacculate caecum, prompted the suggest
ion that bacterial cellulolysis took place in the organ 
and was its principal function. Careful scrutiny is 
required.

Few birds, if any are exclusively grazers (Witherby, 
Jourdain, Ticehurst & Tucker, 1949; Kear, 1966), but 
domestic geese have earned the epithet "vache a deux 
pieds" (Calet, 1970) and can be raised satisfactorily 
on grass alone (Wright, 1942; Snyder, Pepper, Slinger & 
Orr, 1955; Marshall, 1960; Bogre, 1967). Many close 
relatives of the domestic goose, such as the white- 
fronted goose, Anser anser albifrons, have similar diets 
(Owen, 1972;i97'̂ .If caecal cellulose digestion occurs in 
birds, it seems most likely to be in the goose and its 
relatives. Unfortunately, there are few references to 
geese in scientific literature (Poczopko, 1967; P’îarriott 
& Forbes, 1970). Work has been done on the anatomy and 
pathology of force-fed geese (Labie & Tournut, 1970), 
particularly in connection with the liver vascularization 
(DeJean, 1969; Pavaux, 1969; Pavaux & Jolly, 1968) and 
the biochemistry of livers intended for pât^ (Terroine
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& Clement, 1953; Cornatzer & Valser, 1964; Szlit,
Leclerq & Ivorec-Szylit, 1968). The anatomy of the 
goose alimentary system and caecal digestion has 
received some attention (Hallsworth & Coates, 1962; 
Mattocks, 1971a;b,PP.6, 25, 39 & 63).

Caeca of domestic geese are thin-walled tubes
__4about 2.5 X 10 m in length with an almost uniform

diameter of a little less than 1 x 10” m (Pig.3).
In certain pathological conditions, however, they may

—2swell to reach a diameter of 2.5 - 3.0 x 10'” m and, in 
this condition, contain pieces of grass looking 
charred and with a foul smell (G.Monachon, Pers. Comm.). 
Normally the caecal contents consist of a dark green, 
almost black paste with no recognisable plant tissue 
except for an occasional xylem annulus. Ordinarily, 
grass does not enter the caecum. Bacteria often in 
excess of 10^^organisms g~^wet wt are found here (Mattocks, 
1971a). No trace of cellulolysis was detected, however, 
when a cellulose-containing medium was inoculated with 
caecal contents of geese and incubated under strict 
anaerobic conditions (Hungate, 1950), for lOd (Mattocks, 
1971a). Extensive cellulolysis occurred when an inoculum 
of ox rumen was used in control experiments. Attempts 
to raise geese on silage have not been successful (Isajef, 
1956). Silage contains quantities of volatile fatty 
acids and is used for cattle feed. If there were a
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rumen-like digestive apparatus in geese, then they 
might be expected to thrive on silage.

The high rate of food passage (Dorozynska, 1962), 
the small capacity and long retention time of the caeca, 
and the occurrence of large quantities of recognizable 
grass tissue in the faeces (Rybicki, 1965; Kuyken, 1969; 
Mattocks, 1971a; Owen, 1971), indicate that little, if 
any, of the cellulose contents of grass is digested in 
geese. This view is supported by the observation 
(Kistchinski,1971 ), that emperor geese, Anser canigicus 
and black brent geese, Branta bernicla orientalis, graze 
the top 10 - 15 X 10"^m of shoots and avoid older parts 
in which cellulose is more plentiful. The failure to 
demonstrate the presence of cellulolytic bacteria in 
goose caecal contents (Mattocks, 1971a) is further 
support. The coreopsis goose, Cereopsis novaehollandiae 
Latham, related, but probably not closely to the domestic 
goose (Sibley & Ahlqulst, 1972), is a grazer, but is 
thought not to digest cellulose (Marriott & Forbes, 1970). 
The mean passage time of this bird is 1.3h and the rate 
of digestion of crude fibre is 0.8^. Cellulose has been 
used as a food marker in barnacle geese (Ebbinge, Canters 
& Drent, 1975). Analysis, using ballistic bomb calor
imetry, of grass and faeces has suggested an over-all 
digestibility in barnacle geese of 34 and 21 .7?̂  for tame 
and wild birds respectively, (Ebbinge, Canters & Drent,
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1975). Estimates of metabolizable energy intake in 
these geese were 205 - 239 koal d”^per bird.

In spite of an obvious inefficiency in grass 
digestion (Owen, 1975), geese grow very fast (Milby & 
Henderson, 1937; Briggs, Hill & Canfield, 1953; Snyder 
& Orr, 1953; Robertson & Francis, 1965; Veller, 1972). 
Calculations made from data obtained (Owen, 1971), on 
white-fronted geese, a species closely related to the 
domestic goose, show that faeces are produced at the 
rate of 550g wet wt per bird, per day. Each dropping 
is likely to represent more than 8O9G of the food 
material from which it was derived. Mean daily intakes 
of food are estimated to be 670 - 750g wet wt per bird.
A comparable figure, 600g, was obtained from calculations 
based on metabolic rate, energy dissipation, calorific 
value of food and over-all digestive efficiency (Owen, 
1972). Estimates of the daily intake of wild barnacle 
geese have been calculated from data obtained between 
late December and early March (Ebbinge, Canters & Drent, 
1975)- They were 255 - 338g dry wt per bird. Starch Is 
digested thoroughly by geese. This, and the ability to 
consume large quantities of food may explain the quick 
growth and liver fattening which occurs when geese, in 
captivity, are fed on crushed maize. When force fed, 
their maize consumption may exceed 1kg per bird per day 
(Bielinski, Bielinska & Kaszynski, 1968) and the maximum
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growth rate, occurring in goslings at 6 - 8 weeks 
can he over 500g per bird, per week (G.Monachon,
Pers. Comm.).

Chickens are naturally granivorous and are very 
different from geese in their eating habits. Although 
chickens are smaller than geese, their gut capacities 
are higher, 305 x 10 m , as compared with 245 x 
10~^m  ̂ (Hallsworth & Coates, 1962). Caecal function 
in the two bird species are not necessarily the same.

Early attempts to demonstrate cellulose utilization 
in birds, including chickens, were unsuccessful (Veiser 
& Zeitscheck,1902). Some cellulose is reputed to 
disappear as it passes through the gut of the domestic 
fowl (Earner, I960), but the conclusion was based, 
mainly on work done in Germany (Mangold, 1928; 1931;
1934; Henning, 1929). The term Rdhfaser was used and 
appears to have been understood to mean cellulose. A 
literal translation is raw fibre and so the term may 
include long-chain carbohydrate polymers such as xylans 
in addition to cellulose. Cellulose, as estimated by 
the method of Crampton & Maynard,(1938), was found to 
be so completely and consistently indigestible in adult 
Brown Leghorn cocks that it has been used as a marker 
in feeding experiments (Bolton, 1954; Bolton & Dewar, 
1965). Crude fibre, which is often referred to in 
feeding experiments, is not a definite component, nor
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group of components, nor is its composition constant 
as between one food and another (Norman, 1935).
Feeding experiments carried out on 1,000 White Plymouth 
Rock birds (Potter, Matterson, Arnold, Pudelkiewicz & Singsen, 
i960), gave negative values for the productive energy 
of Of cellulose, the inference being that the normal 
digestive and absorptive processes were hampered by 
the presence of Ol cellulose. A reduction in the amount 
of non-cellulose food digested when d cellulose was 
added to the diet has been shown in ruffed grouse,
Bonasa umbellus  ̂ the chukar partridge, Alectoris 
chukar, and in the bobwhite quail, Colinus virginianus 
(Inman, 1973). Some evidence supports the claim that 
crude fibre is digested in chickens (Hainan, 1949).
Certain digestibility trials (Thomburn & Willcox,
1965a;b) conducted with normal, caecectomized and 
fistulated domestic fowl is often quoted as evidence 
that caecal cellulose digestion takes place. Cellulose 
placed in the fistulated caeca of one bird dissolved, 
but that in the other of the two birds used did not.
Cotton was used to clamp the bag and hold it in place, 
but no mention is made of any bacterial attack on this 
form of cellulose, nor that it was waxed, or in any 
other way protected from dissolution.

Attempts, using the method of Mann (1968), to 
demonstrate cellulolytic bacteria in 10  ̂ dilutions
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of suspensions of caecal contents from .4 week-old
chicks were unsuccessful, although incubation was
continued for 4 weeks (Barnes, Mead, Barnum & Harry,
1972). It is claimed that bacterial cellulosis in
chicken caeca cannot be expected since cellulolytic
bacteria, though sought on many occasions, have never

3 —1been isolated in numbers exceeding 10 g” wet wt of 
caecal contents (Barnes & Impey, 1972). Results were 
negative when amorphous cellulose was used as a 
carbon source.

There is evidence, therefore, that some components 
of raw fibre may undergo caecal digestion in hens, but 
very little, if any, cellulose is attacked in the caeca.

A group of galliform birds referred to as browsers 
(Barnes, 1972), differ from their granivorous relatives 
not only in their diet, but also in the relative lengths 
of their caeca (Leopold, 1953), although these may vary 
seasonally and be altered with change of diet in captiv
ity (Moss, 1972; Miller, 1975)(Tables 2 & 3)* Their 
natural food is less rich in easily digestible starch. 
Wild spruce grouse, Ganachites canadensis, have a diet, 
79^ of which (dry wt), consists of conifer needles.
When the ground is snow-covered, the percentage rises 
to 99 (Prendergast & Boag, 1971)- The needles, when 
compared with prepared poultry feed, are low in nutii- 
ents; the protein content is less than îo (dry wt).
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It was concluded that lignin was not digested, for only 
25^ (dry wt), of the pine needles was absorbed. It nmy 
be that the relatively long caeca in these browsing 
birds have an important digestive function (Farner &
King, 1572). Experimental evidence suggests that the 
innervation of the hind gut and caeca in at least one 
of the browsers, the grouse Lagonus lagonus. is. fund
amentally different from that of the domestic fowl 
(Tindall, t976a;b), (PP. 29 & 32).

The crop contents of willow ptarmigan in winter 
consists of little more than willow buds and dry twig 
tips (McBee & West, 1969). No evidence was found of 
any appreciable bacterial action in the crop, nor in 
any other part of the digestive tract except the caecum. 
The total length of the two caeca in each bird exceeda 
the length of the whole of the rest of the intestines
and the total bacterial count of the caecal contents

11 —1was in excess of 10 organisms g” wet wt. The authors
were not able to isolate more than 1^ of the total 
count. Earlier attempts to demonstrate the hydrolysis 
of shredded wood cellulose by bacteria from the gut 
and caecum of the willow grouse (willow ptarmigan), 
Lagopus lagopus L. were partially successful (Suomalainen 
& Arhimo, 1945). Samples from the caeca were, clearly, 
the most effective. Gizzard samples from the hazel 
grouse, Tetrastes bonasia (L) and both gizzard and
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caecal samples from the capercaille, were shown 
to be cellulolytic. The rate of cellulolysis was 
low, but relatively high in caecal inocula.
Regulation of the oxidation-reduction potential was 
dependent, in these experiments, on the exceptionally 
large amounts of ascorbic acid present. The use of 
anaerobic techniques developed since this work was 
done (Hungate, 1950) might have provided more conclusive 
evidence as to the extent of caecal cellulose digestion 
in these birds, for it has been shown that most of the 
gut bacteria which are cellulolytic are strict anaerobes. 
The ruffed grouse, Bonasa umbellus, feeds in winter on 
male flower buds of the trembling aspen, Ponulus 
tremuloides. Experiments have shown (Hill, Evans & 
Lumsden, 1968), that, when fed on the flower buds as a 
sole food source, the grouse lose weight rapidly. The 
nature of the faeces indicated that little digestion 
had occurred. Colorimetric determinations showed that 
the average metabolized energy of the aspen buds was 
0.88 kcal g^^dry wt. It was suggested that the low 
figures might be attributable to the changes in caecal 
flora induced by the diet and artificial conditions of 
captivity. Large variations in the cellulose and aspen 
bud digestibility of individual grouse was apparent.

It has been shown that red grouse, Lagopus lagronus 
scoticus (Lath.), are able to thrive on the foliage of
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ling, CallTina vulgaris (L.) Hull, particularly when 
the plaht crop was improved by strip-burning, or by 
phosphatic manuring (Watson & O'Hare, 1973).

The digestion of cellulose has been demonstrated 
in the chukar partridge, ruffed grouse and the bob- 
white quail (Inman, 1973). A diet containing 9.6^ 
solka flock (almost 100^ cellulose), fed to these 
birds gave 10.3, 19.6 and 13-39̂  absorption respect
ively. On increasing the flock content to 15.45b, 
absorption values of 48.3, 51.3 and 54.0# respectively 
were obtained. The method of Crampton and Maynard 
(1938) was used for cellulose determination and it 
was assumed that all cellulose digestion was caecal.
The relative sizes of the caeca in the three bird 
species appeared to have little relationship to the 
amounts of cellulose digested.

The recovery of ^^COg in the gases expired by 
captive rock ptarmigan, Lagopus mutus, fed on a regimen 
containing 6# and 30#  ̂ — labelled cellulose indic
ates clearly that cellulose digestion takes place in 
these birds (Gasaway, 1976a). No significant differ
ence in cellulose digestability was found in the birds 
fed with low and with high cellulose regimes. The 
total quantity of cellulose digested in each of the 
bird groups (0.4 and 3.7g d ^per bird) was nearly
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proportional to the intake quantities. Entry of 
labelled cellulose iqto the caecum* began about 45mia 
after ingestion and was nearly complete 130min later 
(Gasaway, Holleman & -White, 1975). The time inter
val (15 - 25min) between the ingestion of the label-

14.led cellulose and the detection of expired COg 
indicates that some of the cellulose digestion,is 
pre-caecal (Gasaway, 1976a). The most likely sites of 
fermentation anterior to the caecum are thought to be 
the crop and the ileum (Gasaway, 1976a). Samples of 
gizzard contents from hazel grouse and from capercaille 
showed cellulolytic activity (PP. 70 & 71). The cellu- 
lase was, presumably, of bacterial origin. In the willow 
ptarmigan, however, no appreciable bacterial action was 
found in any part of the gut other than the caecum 
(McBee & West, 1969)* The form of cellulose used in 
the experiments on rock ptarmigan, methyl cellulose, 
ground and purified, is substantially different from 
that found in willow buds. Little is known about the 
susceptibility to enzyme activity of raw celluloses as 
compared with that of modified forms of cellulose (Siu, 
1963; Mattocks, 1971a). Most work oa cellulo
lysis in birds has been done on processed cellulose. 
Filter paper is considered more readily degradable 
than the cellulose in cell walls (Halliwell & Bryant, 
1963). Even so, experiments (Fenna, 1972), in which 

processed cellulose (Alpha Pipe), was fed to Japanese, 
quail indicated that cellulose digestion is not a major
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function in the caeca of these birds.

Until more is known about cellulolysis and the 
various forms of substrate, caution must be exercised 
in extrapolating results of experiments on cellulolysis 
using processed celluloses to digestion by birds of 
cellulose in itS raw state.
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Caeca

Nitrogen Recycling Function
There is evidence that uric acid from the urodaeum 
reaches the caecum by retroperistalsis occurring in 
the colorectum (Yasukawa, 1959; Koike & McFarland,
1966; Akester, Anderson, Hill & Osbaldiston,1967; 
Skadhauge, 1968). This may be beneficial to the bird 
in some way. To maintain a bacterial population as 
high as 10^^organisms g“^wet wt in a caecum, which is 
emptied about once a day, must require much nitrogen.
Most of the readily-digestible nitrogen in the food is 
absorbed before the ingesta reach the caecal region 
(Imondi & Bird, 1965). Only two sources of nitrogen 
are available for the caecal bacteria; epithelial cells 
which are reputed to contain much nitrogen (Imondi &
Bird, 1966; Bird, 1968), shed from the intestine, and 
uric acid of renal origin. Bacteria capable of utiliz
ing uric acid have been isolated in significant numbers 
from the caeca of chickens, turkeys, guinea fowl, ducks 
and pheasants (Barnes, 1972; Barnes, Mead, Barnum &
Harry 1972).

Ureolytic bacteria are present in the sheep rumen 
(Wyk & Steyn, 1975) and amino acids are synthesized in 
the rumen from ammonia derived from urea (Loosi, Williams, 
Thomas, Ferris & Maynard, 1949), which is secreted by 
the salivary glands of the ruminant (Hungate, 1966).
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The camel recycles nitrogen in urea by a similar 
process, particularly when protein food is Scarce 
(Schmidt-Nielsen & Osaki, 1958). Birds, such as the 
goose, might recycle nitrogen similarly. Bacterial 
proteins, formed by the uric acid-utilizing strains, 
might become available in the form of amino acids, 
or short-chain peptides,to the bird when the bacteria 
lyse. The system would be of great advantage to graz
ing animals. It is possible, however, that the uric 
acid benefits the bird, only in as much as it allows 
the caecal flora to flourish. Some activity of the 
flora, such as vitamin synthesis would then contribute 
to the well-being of the bird.
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Caeca

Water Absorbing Function
There is general, but not unanimous, agreement that 
caecectoray, or caecal ablation, in galliform birds 
is accompanied by changes in the water balance.
Faeces become more wet and the birds drink more.
Accounts of the extent of the changes vary from 
insatiable thirst and rapid emaciation in birds with 
ablated caeca (Bureau, 1877), to no significant 
differences either in the drinking, or faecal water 
content in caecectomized turkeys (Dziuk, Scheiber &
Duke, 1970). The introduction of aseptic surgical 
techniques may account for some of these differences. 
Most experiments show, however, that water loss via 
the faeces increases and. that birds in captivity are 
able to compensate by drinking more (Corti, 1923^;tf 
Mangold, 1928: Roseler, 1929; Olson & Mann, 1935;
Beattie & Shrimpton, 1958).

The effect of caecectomy on the water balance of 
birds other than granivorous galliforcs, has not been 
investigated. Information on the subject in birds in 
the wild, and particularly in the browsing galliforns, 
seems likely to be of value. Attempts were made to 
carry out investigations on water absorption in owls, 
Strigiformes. (Pinchon, 1942), but, because of the war.
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the work was not completed.

Estimates of caecal water absorption have been 
made in captive rock ptarmigan, Lagcopus mutus. using 
^^CrEDTA as a marker (Gasaway, White & Holleman, 1976). 
Calculations showed that, assuming that the water enter
ing the caeca contained the same concentration of marker 
as that present in the colorectum and allowing for the 
water present in caecal faeces, 163.1 x 10 1 of water
were absorbed from the caeca per bird, per day. Thus 98# 
of water absorption from the hind gut occurred in the 
caeca. It is difficult to avoid the conclusion that in 
these birds the caecum is the main site of water absorp
tion.

There is no obvious correlation between caecal 
size and type and the need to conserve water in birds. 
Swans and ducks including non-migrants, have large 
sacculate caeca, whereas many birds, non-aquatic 
(falcons and hawks), marine (puffins), or desert-dwell
ing (vultures), have small caeca, or none (Pinchon, 1942).



79
Caeca

Chemical Activity.
Very little work seems to have been done on the 
chemical components and chemical activity of the 
microbes of the caecum.

The solids of fowl caecal contents comprise about 
20# of the total fresh weight and the nitrogen content 
is 1.6# (Shrimpton, 1963). Uric acid (P.75) and some 
ammonia (Beattie & Shrimpton, 1958), are known to be 
present and positive xanthoproteic and Millon's tests 
confirm that proteins are present (Maumus & Launoy,
1901). Bacteria ( 10^^organisms g~^wet wt), mucus and 
epithelial cells shed from the tips of the villi in the 
small intestine (P.75), may contribute to, or account 
wholly for, this protein. Caecal juice from fistulated 
turkeys gave negative results with the biuret test 
(Maumus & Launoy, 1901).

In fistulated hens, gas has been shown to be 
produced at the rate of 3 x 10 ^1 h”^(Beattie & 
Shrimpton, 1958). The proportions, related to CO^ , 
content of this gas have been determined (Table 6). 
Evidence that the relative proportions of some of the 
gas components, CH^ and HgS, can be altered by 
decreasing the crude fibre content of the food has
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been found.

Table 6
The composition of gas from the caeca of chickens 
showing the volumes related to the GOg volume

Substance Relative
Proportion

“ 2 100 100
NH^ 1 HgS 1
C2H5SH 0.6 CgH^CHO 0.07
C2H^(CH^)CHSH 0.02

(Beattie & Shrimpton, 1958)
In the rock ptarmigan, Lagopus mutus, however, total 
methane production, although variable, was found to 
average 0.8 x 10“^1 h ^per bird (Gasaway, 1976b). No 
significant differences in the rate of methane production 
between groups of birds fed on regimes of high (30#) 
and low (6#), cellulose content were found.

Evolution of HgS continues, post mortem, in 
uneviscerated birds at 15°C. The gas is conveyed to 
the breast muscles (Nickerson & Fitzgerald, 1939) and 
causes greening in poultry meat by converting the muscle 
haem to a green pigment, sulph-haemoglobin (Barnes & 
Shrimpton, 1957). Experiments indicate that there are 
"flavour compounds" which are transferred from gut to
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muscle. Such compounds, 15 in all, have been 
tentatively identified in the breast muscles of birds 
as well as in the caeca of canulated chickens (Shrimpton 
& Grey, 1965).

Volatile fatty acids are present in the fowl 
caecum, 0 .2 - 1#, and the relative proportions of the 
aliphatic acids has been determined (Table 7).

Table 7
Analysis of volatile fatty acids in chicken caeca 
showing the relative molecular proportions

Acid Relative
Proportion

Acid Relative
Proportion

CH^COOH 53 C Æ C O O H  2 5 27
C^H^COOH 11 Higher acids 8

(Including iso- 
butyric acid 3)

(Mainly valeric 
and iso-valeric acids)

(Beattie & Shrimpton, 1958)

High concentrations of VFAs, mainly acetic and 
propionic acids, are claimed to have been found in the 
caecum (Hill, Annison & Noakes, 1965; Annison, Hill & 
Kenworthy 1968). These acids were also detected in the 
portal blood, but the peripheral blood contained mainly 
acetic and formic acids. In germ-free birds, the VFA



82
content of the blood was found to be the same as in 
conventional birds, which suggests that it was not 
of bacterial origin. Caecal bacteroidea, in vitro, 
however, have, been shown to convert glucose to 
acetic and propionic acids (Shrimpton & Stevens, 1965) 
and there is an almost complete absence of VFAs in 
the tract contents of germ-free birds (Annison et al>. 
1968). In the willow ptarmigan acetic, propionic 
butyric and lactic acids, together with alcohol .have
been detected (McBee & West, 1969), the rate of form-

—6 —1 —1 ation being 10” moles h” g” wet wt of caecal contents.

In domestic geese, the lactic acid concentration 
of the caecal contents was found to vary, 1 - 2 x 10“^ 
moles l~\over a 12h period after feeding (Clemens, Stevens 
& Southworth, 1975). This concentration was lower than 
that in the crop, posterior part of the small intestine, 
colorectum, or cloaca. The VFA level, however, was higher 
in the caeca, 70 x 10“^moles 1~| after 8h, as compared with 

10 X 10*”̂ moles l“^in the tract up to the caecal mouth. 
Thus the caecum was considered to be the main site of VFA 
production in geese.

The microbial activity of the avian caecum is 
fermentative rather than putrefactive (Beattie & Shrimpton, 
1958). The suggestion has been made that gas production 
in the caecum is an index of such activity. Methane pro
duction, however, was shown to be of little use as an 
index of total fermentation rate in the rock ptarmigan 
(Gasaway, 1976b).
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III DISCUSSION

The Caecum as an Organ without Function
In seeking the functions of avian sacculate caeca, 
the possibility that they are functionless must be 
examined.

The growth and maintenance of any organ represents 
an expenditure of nutriment and energy. If no useful 
function can be attributed to that organ the expenditure 
elicits no return. Selection pressure might, therefore, 
be expected to operate against animals with functionless 
caeca.

There is no evidence to show whether the animals 
from which birds originated had caeca, or not, for soft, 
readily autolysable tissue seldom leaves fossil remains. 
If bird progenitors were caecate, then the many extant* 
bird species which have no caeca must have lost them 
during the course of evolution. It is difficult to 
explain why all bird species have not lost their caeca 
unless there is some kind of advantage in the possession 
of caeca in those birds which have retained them. A 
function is thus implied.

If bird progenitors were acaecate, then the evolu
tion of sacculate caeca in many bird species can be 
explained by supposing that these organs contribute in 
some way to survival and thus have function.
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List of

Table 8

parasites found in the caecum of domestic fowl

Protozoa
Chilomastix gallinarum 
Histomoaas meleagridis 
Tetratrichomonas gallinarum 
T> eberthi 
Entamoeba gallinarum 
Eimeria acervulina 
E. brunetti 
E. mitis 
E. mivati 
E. necatrix 
E. tenella

Platyhelminths 
Echinostoma revolutum 
Postharmostomum galllnarum 
Catatropis iohnstoni 
Raillietina echinobothrlda

Nematodes
Stroagyloides avium 
Capillaria collaris 
0 . columbae
TricbLOstrongylus tenuis 
Heterakis gallinarum 
Subulura brumoti

(Crompton, 1976)
Table 8a

List of parasites found in the caecum of wildfowl

Rematoda
Capillaria anatis 
Trichostrongylus tenuis 
Heterakis dispar

Pla ty h elminths 
Notocotylus attenuatus

(Avery, 1966a;b),
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À functionless caecum not only represents an unwarranted 
expenditure of nutriment and energy, but it constitutes 
a risk to life, because of the disease hazard. A blind- 
ended sacculate structure is a site where organisms may 
live and proliferate. The lumen is connected with the gut 
and so organisms in egg, spore, or encysted form have 
ready access. Many parasites are known which can occupy 
the caecum (Crompton & Nesheim, 1976) and some can cause 
disease. Coccidiosis,Eimeria spp., is often fatal in 
domestic poultry and, even when not, the disease is 
known to impair digestion (Turk & Stephens, 1967a;b;
Aylott et al.. 1968). Although the incidence of coccidi
osis is not eliminated by caecectomy, It is much reduced 
(Mayhew, 1934). Blackhead, Histbmonas spp., in turkeys 
is frequently fatal, but caecal ablation has been shown 
to control the disease (Durrant, 1929). Numbers of 
individual parasites in one bird can be high. Over 3,000 
nematodes, Heterakis gallinarum, were collected from the 
caeca of one fowl (Owen, 1951). The number of species of 
parasites known to occur(Avery, 1966a; Crompton, 1976)in bird 
caeca is also large (Table 8 ). Such organisms are 
thought to damage the tissues and cause enteritis, haemo
rrhage, diarrhoea and lesions (Crompton, 1976). The effects 
upon the physiological processes of the gut must be 
considerable. Villous surface area can be reduced by 50# 
by attacks of Eimeria spp.(Pout, 1967). Intestinal 
mobility, nutrient intake, mucosal structure and perme
ability, luminal pH and absorption are all affected, as is
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enzyme activity in the mucosa and lumen (Crompton,
1976).

Although observations indicate that the alimentary 
tissues possess both morphological and physiological 
resilience and infection in captivity is not always 
fatal, a pronounced debilitating effect, at least, 
must result from high infections of caecal parasites.

Food consumed by gut parasites must be derived 
either from host tissues, or the luminal contents.
The resulting deprivation may be serious for the host, 
particularly in conditions of food scarcity. This and 
the health risk make it seem probable that there is 
in sacculate caeca some function which compensates for 
the inherent disadvantage.

Sacculate caeca are not structurally simple, nor 
passive. The present work has shown that the histology 
of caeca is of a complexity comparable with that of the 
intestines. The existence of a mechanism involving 
simultaneous intestinal peristalsis and colorectal anti
peristalsis which fills the caecum periodically has 
been demonstrated (Fenna & Boag, 1973; Yasukawa, 1959).
A selective filtering mechanism at the caecal mouth 
(McBee & West, 1969; Marriott & Forbes, 1970; Ridpath, 
1970), aided by the large villi in this region, is 
present. Peristaltic action in the caecum empties it.
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If the caecum were no more than a vestigial organ, 
the existence of the complex structure and the filling 
and emptying mechanisms would he unexplained.

Among the many adaptations to flight in carinate
birds are those connected with the reduction of weight*

(Tucker, 1973)
Lightness is necessary for performance in the aii^ Non- 
essential structures such as the faecal-storing rectum, 
the urinary bladder, the right ovary and oviduct and 
the left systemic arch etc. (De Beer, 1936; Sturkie,
1965) have disappeared during the course of evolution 
of birds. The inference is that caeca, too, would not 
be present in any flying bird unless the weight could 
be justified by use.

The supposition that sacculate caeca are in the 
process of regressing (Magnan, 1911), their usefulness 
having come to an end, seems untenable. Birds of differ
ent species of one genus,e.g. Tringa (Pinchon, 1942), 
are known which have radically different types of caeca 
(P. 23). It is difficult to accept that some species 
have lost their functionless sacculate caeca, whereas 
the others, of the same genus are still doing so. It 
seems more likely that where the sacculate caecum 
been retained,, or has developed, it is because it 
fulfils a need. It is not clear, however, what that 
need is in Tringa, especially when the natural diets of
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birds of this genus with sacculate and asacculate 
caeca are the same (Witherby et al., 1949).

Immunological studies on transferrin, albumin, 
lysozyme and cytochrome c, from a wide range of birds 
indicate, cogently, that protein evolution in these 
animals was much slower than in extant reptiles and 
mammals (Prager, Brush, Nolan, Nakanishi & Wilson,
1974). In spite of these indications of slow evolution 
at molecular level, birds, generally, have evolved 
anatomical, physiological and behavioural systems 
which fit them very adequately for their life styles 
(De Beer, 1936; Young, 1962). It seems unlikely that 
adaptation of their caeca, alone, should remain in
complete. The existence of widely differing caecal 
types in birds of the same genus suggests that caeca 
can evolve in times which are, in evolutionary terms, 
relatively short. All species of one bird genus must 
have had a common ancestor comparatively recently. 
Although many families of birds have, consistently, one 
type of caecum, others exist.e.g.Alcidae (Pinchon,1942), 
which have a variety of caecal types within each family. 
This suggests that caeca have become suppressed, or have 
developed at many stages in bird evolution, absence, or 
presence of caecal function having provided the necessary 
selection pressure.
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These arguments make it seem improbable that 

avian sacculate caeca are without function.
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Caecal Function
Plain Caeca
Caeca, as found in the sunbirds (Nectarinildae) and 
titmice (Paridae), contain little, or no ingesta 
(Pinchon, 1942). Digestive, absorptive, excretory, or 
vitamin-producing functions, therefore, seem impossible. 
The caecal walls, however, contain muchlymphatic 
tissue” (Calleja, 1902; Looper & Looper, 1929) and it 
seems probable that these caeca function as structures 
providing accommodation for*lymphatic tissue” (Mangold, 
1929; Markiis, 1964). That plain caeca ought not to be 
regarded solely as degenerate sacculate caeca, but as 
organs of defence (Pinchon, 1942), seems justified, 
provided the possibility of some undiscovered function 
is not excluded.

The lymphatic systems of birds differ from those 
of mammals (Hodges, 1974). In the fowl the lymphatic 
vessels are sparse and very fine (Dransfield, 1945). 
Lymphatic nodes (ganglia) are absent in gallinaceous 
birds (Siefried, 1927; Josifoff, 1930; Kavez, 1935; 
Dransfield, 1945) and are restricted to some swamp, 
shore and sea birds (Further, 1913), including the 
Anatidae(Jolly, 1909). The nodes are restricted to 
cervical and lumbar sites and are more simple than 
mammalian lymphatic nodes. Lymphoid nodules, smaller
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and less complex than nodes are associated with the 
walls of the lymph vessels in many species of bird 
including the hen (Biggs, 1957). It is considered 
by some (Biggs, 1957) that these mural lymphatic 
nodules are normal organs. Ectopic lymphoid nodules, 
however, are widely distributed in the fowl (Hodges, 
1974) and are thought to be associated with the 
disease lymphomatosis (Lucas, 1949). The character
istics of mural and ectopic lymphoid areas have been 
compared (Hodges, 1974). Lack of investigation of

H Hthe inter-specific distribution of lymphatic tissue 
in birds and the problems of differentiating normal 
and pathological lymphoid areas make it difficult 
to decide whether plain caeca represent an extra, or 
an alternative site for lymphatic accommodation.

No common feature linking those birds which 
possess plain caeca has been suggested and the reason 
why these birds should need caecal ̂ lymphatic tissue** 
is not evident. Correlation of diet with the possess
ion of plain caeca is not found. It seems unlikely, 
therefore, that plain caeca have evolved in response 
to the need to defend the bird against any special 
invasion of the gut tissue by bacteria entering the 
blood stream as a result of mechanical damage incurred 
by passage of unusually abrasive components in the
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ingesta. If this were the case, sunbirds, which 
feed principally on the nectar of flowers would 
not need plain caeca.

Intermediate Caeca
Very little investigation has been undertaken of 
intermediate caeca and their function, but their 
structure and occurrence is known (Maumus, 1902; 
Pinchon, 1942). Birds raised commercially for meat, 
or eggs have caeca of the sacculate type. No evidence 
has been produced to suggest that intermediate caeca 
have any function other than the accommodation of 
lymphatic tissue.

Sacculate Caeca
The presence of a capacious lumen differentiates 
sacculate caeca from other types. The caecal mouth, 
where the intestine and the colorectum meet, makes 
possible the entry of components of the ingesta into 
the caecal lumen. Here it remains for a while (P.4 5), 
before it is expelled via the colorectum and the 
cloaca. The mechanism of filling and emptying has 
been described (P.44). The hen, Japanese quail and 
other galliforms were the experimental birds used. The 
rate of expulsion of matter from the caeca of rock 
ptarmigan has been determined as 0 .042g dry wt d~^per 
bird (Gasaway, Holleman& White, 1975),(P. 45).
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There is no reason to believe that the mechanisms of 
other birds with sacculate caeca differ in any important 
way. No feasible alternatives have been proposed.

The function of the colorectum may be principally, 
or even entirely, that of providing retroperistalsis to 
create a back pressure for caecal filling and peristalsis 
for evacuating caecal and faecal discharge. An observation 
attributed (Pinchon, 1942) to Cuvier is that, in birds 
which have "degenerate” caeca, they must be sought nearer 
to the cloaca than in other birds. The accuracy of this 
observation has been confirmed (Pinchon, 1942). The Colo
rectum is thus, shorter and in some cases almost non
existent, in acaecate birds. The supposed caecal-filling 
role of the colorectum is supported, for a capaceous 
colorectum would not be necessary in birds with non-lumin- 
ate caeca.

Except in certain pathological conditions (P. 64) 
the caecum of the goose contains a chocolate-coloured 
pultaceous paste with no obvious trace of particulate 
plant matter of food origin (Mattocks, 1971a). Microscopic 
examination reveals epithelial cells sloughed from the 
intestine, particles of plant origin such as rings from
xylem cells and very large numbers of bacteria, often in

1 n —1excess of 10 organisms g~ wet wt (P. 59). Similar
observations have been made in Cape Barren geese and in 
the Tasmanian Native hen (P. 60).
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By contrast, the latter part of the intestine contains, 
food residues with much fibrous material and, in graz
ing geese, lengths of grass blade. Fragments of grass 
tissues with their cells intact remain and the species 
of grass in waterfowl faeces can be. identified by micro
scopic examination of the sheets of leaf epithelium 
(Owen & Kertoes, 1971). There seems little doubt that 
in most birds with sacculate caeca, a rigorous filter
ing occurs (P.44), in which the large villi at the 
caecal mouth. (P.44), permit the passage of liquid and 
small particles during filling, but exclude fibrous 
matter. The caecal valve mentioned by writers (Sturkie, 
1965), is more accurately called a sieve. Weight is 
saved, evidently, by evacuating unwanted residues as 
soon as possible. Liquid and small particles are 
extracted by antiperistaltic squeezing in the colo
rectum and are passed under pressure into the caecal 
lumen. The inference is that this liquor, together 
with uric acid crystals from the urodaeum is required 
by the bird. The extraction of the liquor by squeezing, 
takes from the colorectal ingesta all that is needed.
The residue is evacuated,subsequently.

Water Absorption in Caeca
Mammals, except those which have post-intestinal cellu
lose-digesting mechanisms, e.g.horses and rabbits (p.62 ) ,
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have a colon into which the ingesta from the small 
intestine pass. Water from the ingesta is taken up 
into the blood stream via the walls of the colon, 5 .51  

d~^in man (Bell, Davison k Scarborough, 1968), a process 
which is relatively slow and so requires the retention 
of the ingesta more than 6h.

At the same time, excretory 
products such as calcium sulphate and phosphate are 
thought to pass from the blood stream into the colonic 
lumen. From the colon, food residues and the excretory 
products pass into the rectum where they accumulate 
prior to evacuation. The convenience to the mammal of 
this method of v/ater-extraction, excretion and faecal 
storage to obviate the need for frequent defaecation, 
is possible because weight is not as important as it is 
in birds. Most mammals are ditrematic and so the 
excretory nitrogen, urea, cannot enter the colon. In 
true ruminants and the camel, however, urea passes from 
the blood stream via .the salivary glands into the gut 
lumen (P.75) and may be secreted by the rumen wall.

The avian colorectum is short, even in birds 
with sacculate caeca (Table 9) and ingesta pass through 
quickly (Estimates I k II):
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Table 9
Colorectal and total lengths in the chicken and the goose

Length in 10 m 
Entire tract Colorectum

Colorectal 
length as a /age 
of the total

Chicken 210
(Calhoun, 1953)
Goose 286
(Mattocks, 1971?)

11.25

15.9

5.4

5.5

Estimate I of average time spent by ingesta in the goose 
colorectum.

Length of colorectum 16 X 10 m (approx) 
(Mattocks, 1971a)

— P
1 x 10 in (approx) 
(Mattocks, 1971a)

•y A  *2Calculated external volume(2TTr l) 11.5 x 10 ci (approx)

Diameter of colorectum (external)

Wt of food consumed daily 600g
(Owen, 1971 ; 1972 ;Marriott & ?orbes,19T0)

Volume of food consumed daily 600 x 10"^m^
(Food density assumed to be iOOOkgm”^)

Proportion of feed remaining in the faeces Q0%
(Owen, 1971)

Average time spent by _ 11.5 x 100 x 24 x 60 .
ingesta in colorectum 600 x 80

= 54.5 min

Estimate II of average time spent by ingesta in the goose 

colorectum
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Food passage time in goose 2h(P.10)
Entire length of gut 286 x 10"

(Mattocks, 1971a)
Length of colorectum 16 x 10 m(Mattocks, 1971a)
Time spent in colorectum = min(assuming a uniform speed) 286 .

= 6 .7 min

Estimate I is high because: (1) The internal diameter is
less than 1 x 10*”^m,

(2) Geese do not have full 
alimentary tracts through
out the 24h period.

(3) The density of grass is 
less than l,000kgm~? for 
it floats on water

(4) The estimate of QOfo x 600g 
total feed d”^in grazing 
geese may be low: average 
figures of 940g of faeces 
d~^in domestic geese have
been found (Mattocks, 1971 a).

Estimate II is low because: (1) The food passage time is not
necessarily 2h throughout 
the day.

(2) The speed may not be Uniform.
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A reasoned estimate of the average time spent by the 
ingesta in the colorectum of the goose is,, thus, more 
than 6.7, but less than 34.5min. Times within this 
range are low compared with those pertaining to the 
mammalian colon (Bell, Davidson & Scarborough,- 1968), 
where water-absorption function is generally accepted 
(Breazile, 1971). In the goose, the temperature , 41,3^

—.I-C (Parner & King, 1972) and the metabolic rate, 56Cal kg~ 
h"^ (Benedict & Lee, 1937), as in birds generally, are 
higher than in mammals. A higher rate of water absorp
tion is expected. The relatively high surface.to volume 
ratio resulting from the comparatively small diameter 
of the colorectum is also expected to increase the rate 
of absorption. It is difficult, however, to accept that 
ingesta remain in the avian colorectum long enough to 
allow much water absorption to take place there. Experi
mental evidence (Gasaway, White & Holleman, 1976) shows 

— —«1that 3 .3 X 10 "’ id"* of water and no dry matter were 
absorbed from the colorectum in captive rock ptarmigan.

In grass-eating birds, geese (barnacle, brent, 
cereopsis, domestic and red-breasted) and mallard duck, 
passage times of about 2h are common. The ingesta in 
the hind-gut of these birds contain à high proportion 
of cellulose-containing fibre (P. 94), which is spongy 
and so soaks up much water. Absorption occurs via the. 
villi and thus in the peripheral region of the ingesta.
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only. If the ingesta remained in the gut for a long 
time, liquid held night diffuse to the periphery and 
be absorbed. Evidence (P. 98) shows that the ingesta 
in geese and mallards are not retained for any. appreci
able time and so diffusion, alone, seems unlikely to 
transfer much ingestal liquid to the absorption site.
The muscular activity of the caecal filling mechanism 
(P. 44) expresses most of the liquid into the caecum 
where it stays long enough (P. 45) to be absorbed. Thus 
the roug;hage, having been squeezed relatively dry, can 
be voided.,

Caecectomy in geese might be expected to cause 
diarrhoea and abnormal thirst. No record of caecectomy 
in geese has been found in the literature. In carnivor
ous birds and to a lesser extent in granivorous ones, 
ingesta contain little fibre and so might be expected 
to remain in the gut longer and soak up water less readily. 
Thus caeca are not needed in these birds as organs to 
receive and absorb expressed liquid.

The average time interval between defaecations in 
geese has been measured: 26.1min (d), and 2 1.1min (j), 
(Mattocks, 1971a). These intervals are within the range 
6.7 - 34.5 min estimated for colorectal retention and 
are consistent with the emptying of the colorectum at 
each defaecation. The supposed colorectal function of
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squeezing liquor from the ingesta and their subsequent 
rapid evacuation is supported.

Birds without sacculate caeca have shorter colo- 
recta than others (Pinchon, 1942). The opportunity 
for colorectal absorption to occur in these birds is 
thus less. Presumably they have an alternative site 
for water absorption, but its location remains un
resolved.

Caecectomy deranges the water balance of birds 
(P. 77) and suggests that they are less able to extract 
water from the alimentary canal than normal birds. The 
effect is not drastic, however, and it is evident that 
caecectomized birds kept in captivity and supplied with 
water ad lib, grow and lay as well, or better than birds 
do when kept under control conditions (Hayhew, 1934;
Sunde et al., 1950; Beattie & Shrimpton, 1958). Any 
loss of water absorption incurred by the removal of 
caeca must be compensated elsewhere. Whether the 
intestine, or the colorectum, or both come into extend
ed water-absorbing use is not known, nor has work been 
done to find out how caecectomized birds can compete in 
the wild state. The capacity in normal birds to extract 
water from the ingesta prior to defaecation is expected 
to be of advantage in reducing the need for water intake 
thus saving weight and freeing the bird from the need 
always to be near a water supply. These advantages seem



101

to be less important t-o waterfowl, particularly if 
they are non-migratory. Waterfowl, however, have large 
sacculate caeca (Pinchon, 1942). Sacculate caeca are 
absent in many birds living in arid environments (P.78), 
where efficient water absorption might be expected to 
be of high survival value. These birds must be capable 
of absorbing water from some other part of their gut.

Water absorption is a function, evidently, of the 
avian sacculate caecum and in one species, the rock 
ptarmigan, it may be the principal water-absorption site 
(P. 78), but it is not the sole one, nor are birds 
dependent,entirely, upon the caecum for the maintenance 
of water balance.

Vitamins and. the caecum
Birds have an undoubted requirement for vitamins (Lillie, 
Olsen & Bird, 1949), (P. 53), including those of the 
vitamin B group (Crompton & Nesheim, 1976). Many vitamins 
are present in the normal diet of birds and, because a 
complete complement of vitamins is present in the food 
of carnivorous birds, it seems likely that they will have 
no need to synthesize their own vitamin supply. Few, if 
any birds in the wild state are completely herbivorous 
(Kear, 1966), but for some, the animal content of their 
diet will be very low. Any insect, mollusc etc., taken 
either deliberately, or incidently, while grazing will



constitute but a small proportion of the total diet 
of birds such as geese. Herbivorous birds are un
likely, therefore, to obtain from dietary sources a 
sufficiency, of vitamin because plants do not
contain significant quantities of it (Lillie et al.,
1949).

The caecal flora of chickens, as with the rumen 
flora of sheep (Moir, .1965), have been shown (PP. 55 &
54), to release vitamin 6 - 7 x 10 per g dry
wt of caecal contents(Jackson,Mangan,Machin & Denton,1955) 
It is present in fresh chicken faeces (Coates et al.. 
1963). The microbial synthesis of vitamin some
others of the B group occurs in the caecum (Couch et 
al., 1950) and continues in the faeces (Lamoreux & 
Schumacher, 1940). Vitamin B.. ̂  of caecal origin is 
not directly absorbed in any significant quantities 
by the bird (Carpenter & Duckworth, 1951 a; b; Shrimpton. 
1954; Coates et al., 1968). The use of radio active 
techniques and ^^Co has confirmed this in chickens 
(Jackson, Kangan, Machin & Denton, 1955).

In inaminals it is known that before vitamin B^^ 
can be absorbed into the blood stream, it is necessary 
for a complex to be formed with an intrinsic factor 
secreted by the gastric mucosa (Breazile, 1971). The 
jejunum and anterior parts of the ileum are the sites 
of the active transport mechanisms. Direct absorption
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in birds of caecally synthesized vitamin B ^2 would 
not be expected if a transport mechanism similar to 
that found in mammals and an intrinsic factor of 
proventricular origin were needed.

There seems no reason to doubt that the caecal 
flora in all birds with sacculate caeca synthesize 
and release vitamin Birds, such as those of the
galliforms and geese which feed in flocks on the ground 
must consume by contamination, if not by design, a 
quantity of faecal matter. The absorption of some* of 
the vitamin synthesized in the caecum, or faeces is 
thus made possible. The success of raising birds on 
deep litter is attributed, at least in part, to the 
increased availability of vitamins (Beer, 1969).

In mammals, including man (Finegold, 1969), 
vitamin K needs are obtained by direct absorption of 
that synthesized and released by the gut flora. Birds 
have not been investigated in this respect as thor
oughly as mammals, but there is some evidence that 
the vitamin is synthesized microbially and voided in 
chicken faeces(Stephens & Tugwell, I960). Vitamin K 
can be absorbed from autoclaved faeces fed to birds
(r. 55).

Vitamin synthesis, alone, does not explain the 
possession of a sacculate caecum in all birds which
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have this organ. The food of owls (P. 15), small 
mammals and birds, contain the B group and K vitamins 
and the habit of carrying their prey to trees, posts, 
rafters, etc.for swallowing, seems to preclude 
contamination of this food by their own faeces. Herons 
swallow their food, fish including eels, amphibians, 
etc. (Witherby, et al., 1949), while standing on the 
ground, or in shallow water. Any significant amount 
of faecal contamination seems unlikely, partly because 
the water would tend to wash, or dilute and partly because 
herons are solitary in their feeding habits and thus 
the total quantity of faeces at the feeding site would 
be small. The single caecum found in herons and their 
relatives, Ardeidae, (Pinchon, 1942), may contain 
vitamin-releasing microbes, but, as in owls, it is 
unlikely that use is made of these vitamins via 
coprophagy. A requirement for this form of vitamin 
uptake seems unnecessary because the prey must contain 
vitamins, both in its animal tissues and also in the 
ingesta. The habit of swallowing the prey whole in
volves the passage of ĝJit microflora derived from the 
food through the alimentary canal of the predator. 
Regurgitated pellets contain bones, feathers and fur 
only.

Where coprophagy occurs, sacculate caeca and 
the contained flora seem to have a vitamin-producing 
function of value to the bird, at least in respect
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of vitamins K, and" possibly others of the B-group
(PP.5 3 & 5 4 ). There is little evidence to indicate 
that other vitamins are produced by the caecal flora 
which could be used by the host bird.

Antibiotics
Much work has been done on the effect of antibiotic 
supplements in poultry feed (P.42). The results, 
however, do not contribute much to the understanding 
of caecal function. The caecal flora is little 
affected by dietary antibiotics (Barnes, 1974) and. 
experimental work has been confined almost entirely 
to birds of commercial importance maintained in 
artificial conditions.

The main effect of antibiotics is to tend to 
suppress the growth of Gram-positive bacteria, 
particularly in the intestine. The total count is not 
altered very much (Barnes, 1972). The lack of effect on 
the caecal flora may be explained, perhaps, by supposing 
that the antibiotics fed to the animal are absorbed, or 
are decomposed before they reach the organ. The 
accompanying histological changes are also predominant
ly in the intestine region (Sieburth.et al., 1954) and 
so slight in the caecum (Pepper, et al., 1955), as to 
be questionable. Vitamin release is not necessarily 
dependent upon Gram-negative microbes and so antibiotic
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supplement cannot be presumed to result in a diminution 
of vitamin release in the caecum. The growth and egg- - 
laying responses cannot be caused by the direct absorp
tion and action of antibiotics on the hen itself, 
but are connected with the effect on the gut flora,for 
no growth increase takes place when antibiotics are 
fed to gnotobiotic birds (Barnes, 1974).

Birds raised in captivity are provided with a 
balanced diet. They are not subjected to stress and 
deprivation of required food components as wild birds 
might be in certain seasons. If the function of the 
sacculate caecum is in some way connected with survival 
under extreme conditions, the experimental work which 
has been done on the effect of anti-biotic feeds is 
not likely to give indication of any survival facility.
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Nitrogen Recycling
It is not known if all birds with sacculate caeca 
pass uric acid crystals of renal origin from the 
urodaeum by retroperistalsis into the caecum. In 
waterfowl and some galliforms such as the hen and 
turkey, there is clear evidence that the phenomenon 
occurs (P. 7 5)* The possibility that this intake of 
an excretory product is without significance seems 
remote (Barnes, 1974). Two functions are suggested:
(1) the provision of a nitrogen source for the bacteria 
proliferating in the caecum, (2) the contributing of 
nitrogen to the bird. Uric acid is not the sole
nitrogen source entering the caecum, for epithelial 
cells which contain nitrogen, sloughed from the intestine 
(Imondi & Bird, 1966) are known to be present in the 
caecum (Imondi & Bird, 1965; Mattocks, 1971a). A high 
proportion,^50/, of the caecal bacteria of chickens, 
turkeys,guinea fowl, ducks and pheasants have been 
shown to be able to utilize uric acid in vitro (Barnes, 
1972; Barnes, MeaxJ, Barnum & Harry, 1972). There is no 
evidence either to confirm, or refute the supposition 
that caecal bacteria utilize uric acid in vivo. They 
have no obligate requirement for this form of nitrogen 
source (Barnes, Mead, Barnum & Harry, 1972). It is 
reasonable to suppose that some, at least, of the caecal 
flora utilizes the uric acid present in the caecum.
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If the microbial synthesis of vitamins is a possible 
function of the caecum, then the provision by the 
bird of a nitrogenous source would be of advantage to 
the animal. In ruminants urea secreted by the salivary 
glands is taken up by the rumen flora (P.75). The rumen 
is in front of the small intestine in the alimentary 
tract,and so the rumen bacteria pass through the region 
where protein digestion occurs. Ruminants can utilize 
the bacterial protein and thus their nitrogen is recycled. 
In birds the position of the caecal mouth prevents 
bacteria from the caecum from being digested in the 
small intestine and so they cannot recycle nitrogen in 
the same way. Caecal faeces contain high proportions 
of bacteria and these could be used by birds if, as in 
rabbits (Eden, 1940), a substantial amount of coprophagy 
takes place. There is no evidence that it does. Some 
lysis of bacteria may occur in the caecum, for they are 
thought to remain in the caecum in chickens as long as 
Id (Shrimpton, 1963) and those bound to the epithelial 
surface (Fuller & Turvey, 1971) may be presumed to remain 
longer. The products of lysis will include amino acids 
and these could be absorbed by the caecal villi and 
used b y  the bird.

The quantities of amino acid likely to be absorbed 
in t h i s  way seem to be very small under normal circum-
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-stances. Recirculation of nitrogen via the caecum 
is unlikely to play a major role in normal nutrition 
in birds. Scarcity of dietary protein resulting from 
the vicissitudes of winter, or other,factors may 
induce unusually prolonged caecal retention and allow 
more extensive bacterial lysis within the caecum and 
so increase amino acid uptake. A system of this 
kind would be of high survival value in birds likely 
to be subjected to periods of low protein intake. A 
constant reservoir of caecal bacteria with uric acid- 
utilizing potential would have a value evident only 
under conditions of stress. A decrease in cloacally 
excreted nitrogen and long periods of cloacal closure 
have been demonstrated in hens when the protein intake 
has been drastically reduced (Tasaki & Okumura, 1964). 
Such evidence tends to support s nitrogen recycling 
function of the caecum when nrotein is deficient in 
the diet.

Birds, e.g. geese and penguins, relying on their 
stored fat, or oil during food shortage, or long 
migration flights might recycle nitrogen in order to 
maintain their protein levels. The caeca of geese seem 
suitable for this purpose, but those of penguins are 
scarcely adequate. Spheniscus ma^ellanicus with a 
total gut length of S820 m x 10~^, has plain caeca 
35m X 10  ̂in length(?inchon, 1942). S. minor also 
has short plain caeca, 20m x 10 with a total gut
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length of 2040m x 10“ .̂ Oil storage, long migration 
flight and susceptibility to periods of food depriv
ation do not correlate with the possession of large 
sacculate caeca in birds generally. Owls, the food 
of 'which is rich in protein, do not undertake long 
migration flights and do not experience particular 
periods of food shortage, but have sacculate caeca 
which are long in proportion to their total gut length 
(Table 10 ).

Table 10
Caecal and total gut lengths in five owl species

Owl species
Length in m x 
Total gut

10-3
Caecum

Strix aluco silvaticus 
(Tawny owl)

640 87

S. nebulosa
(Great grey owl)

800 100

Asio lotus
(Long eared owl)

500 58

Surnia ulula
(Hawk owl)

530 60

Tyto alba
(Barn owl)

410 45

(Pinchon, 1942)
There seems to be no requirement for a nitrogen- 

recycling function in the caeca of owls. Their function
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remaiijns unexplained.

Incubation stress
Sitting birds are subjected to stress during incubation. 
They feed and defaecate spasmodically and are deprived of 
exercise for long periods. Whether the caecal flora 
changes during incubation, or not, does not appear to 
have b>een investigated. The unusually long intervals 
between successive feeds and between successive defaeca- 
tions> must interupt the normal filling and emptying 
routime of the caeca of the incubating bird. Changes in 
the caecal flora might be expected during this time of 
stress. There seems to be a requirement for an unusually 
efficient digestion and for nitrogen economy in birds on 
the nest. The sacculate caecum may have some part to 
play in tiding the bird over the stress which accompanies 
incubation. Two factors suggest, however, that sacculate 
caecial function and incubation are not closely linked:

{1) There is no sexual differentiation to be found 
.in birds in respect of caecal occurrence and structure 
(Pinchon, 1942), whereas in many species incubation 
is performed by one sex only,
(2) Cuckoos do not incubate, but have well-developed 
sacculate caeca. Guculus canorus L. has caeca of 
length 33 (left) and 42 (right m x 10 as compared 
with a total gut length of 386 m x 10~^(Pinchon, 1942)
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Digestion in the Caecum
Conditions in the avian sacculate caecum do not preclude 
digestion(Parhon & Barza, 1967; Handcock & Neal, 1977), ,
(p.58). The ability to make use of cellulose as a food 
source would be a valuable asset in herbivorous birds 
and so a cellulose-digesting mechanism might be expected, 
particularly in grazers (Lorenz, 1952). If cellulolysis 
occurs in birds, it seems likely to be effected by sym
biotic bacteria, because cellulases of vertebrate origin 
are unknown (P.6l). Avian sacculate caeca commonly contain 
in excess of 10^^bacteria g^^wet wt (P.34). The conditions 
as in the rumen, are anaerobic (Cambell, 1931) and so the 
caecum seems a likely site for cellulose digestion.

In birds generally, cellulolysis has not been 
investigated thoroughly. Chickens, geese and some members 
of the grouse group, however, have been examined for cellu
lose digestion. Crude fibre (Rohfasser). was shown to be 
degraded in chickens (Mangold, 1928; 1931; 1934; Henning, 
1929), but this substance is not composed of cellulose alone. 
The presence of cellulolytic bacteria in the caecum of 
hens was not demonstrated. Thornburn & Willcox (I965a;b) 
claimed to have shown that chickens utilize cellulose, but 
their work is not very convincing (P. 68). work on 1,000 
Plymouth Rock chickens gave negative digestibility 
coefficients for 0! cellulose (P.68). The evidence, although 
contradictory, suggests, on balance, that whereas some 
components of crude fibre are digested by hens, cellulose
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is not.

Work done on geese and their relatives shows that 
they do not digest cellulose in their caeca. No cellulo
lytic bacteria have been isolated from them, the through
put time is very short, 2h or less, and cells do not enter 
their caeca, normally (P. 64 & 65).

Many species of grouse and near related birds have 
been investigated for cellulose digestion. Cellulolytic 
bacteria have been found in their caeca and cellulose 
digestion demonstrated (PP. 69 - 72). The niches occupied 
by these birds are different from those of both chickens 
and geese and their caeca are relatively much larger.

Protein digestion may take place in the caeca of birds 
when heat-damage has occurred, but not under normal cond
itions (p. 59).

The digestibility of starch varies very much with 
its condition. Normally, most starch is digested before 
it reaches the caecum, but potato starch when raw may 
persist and grains of it have been found in the caeca of 
a number of bird species and may be digested there (P. 60).
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The Caecum as a Heating Agent
Sacculate caeca contain large numbers of bacteria 
(Barnes, 1972; Mattocks, 1971?). In spite of periodic 
caecal discharge (Mangold, 1928; Owen, 1975; Gasaway, 
Holleman & White, 1975),the bacterial population is 
maintained. Growth and replication must be rapid and, 
as a consequence, heat is generated. The maintenance of 
body temperature is vital to birds and the activity of 
caecal bacteria must tend to raise the temperature, but 
whether the amount of heat generated in the caecum is 
enough to be of importance in the maintenance of homoio- 
thermicity is not known. When food is scarce and the 
ambient temperature low, heat production by caecal bacteria 
from material which is not digestible by the bird, might 
enhance the survival chances. Many birds which have large 
sacculate caeca, such as wildfowl and some galliforms, 
inhabit cold regions. Caeca tend to increase in length 
when food is scarce (Leopold, 1953; Petersen, 1973). The 
advantage to the bird of such caecal increase might be 
temperature maintenance rather than supplementary digestion, 
for food scarcity usually coincides with the cold season.
The fact that in most experiments caecectomy shows no 
adverse effects may be because the birds are not kept at low 
temperatures, Japanese quail kept at 2^0 developed longer 
caeca than those kept at 23^C (Fenna, 1972) and the re
generation of caeca in caecectomized quail was substantially 
greater in those birds subjected to the lower ambient temp
erature.
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I INTRODUCTION

The literature reviewed in Part I, although extensive, 
has failed to reveal caecal function in definitive terms. 
Conclusions based on the review have tended to be 
negative: geese do not derive any appreciable benefit 
from caecal celullolysis, sacculate caeca are unlikely 
to be functionless etc.

A close relationship between form and function is
found, generally, in living things. Function can exist,
only if form allows it to do so and thus selection press-

tho%
ure will tend to make extinct^forms which are not adapted 
to useful function. The comparative gross anatomy of 
avian caeca has been explored (Kaumus, 1902; Pinchon,1942), 
but this, alone, has been of little help in determining 
caecal function. Work is needed on caecal histology and 
its inter-specific variation,together with an intra
specific comparison of the histology of parts of the rest 
of the alimentary canal. It seems likely that such comp
arisons may reveal evidence of structural relationships 
and therefore of functional ones.



II LITERATURE REVIEW 

Caecal Histology
The dependence of function upon structure makes histo- 
logi cal study of the avian caecum important In the con
sideration of its function. The principal functions of 
the small intestine, although not as well studied as in 
the mammals (Bird, 1968), are known. A study of the histo- 
logy of this organ seems likely to be useful in the 
interpreting of caecal function from structure. Workers 
on birds have tended to concentrate upon the galliforms

(Farner & King, 1972), presumably because of their econ
omic importance.

'The small intestine of birds is less readily divisible 
intg regions than is the mammalian small intestine.
Brunner's glands are not present in birds (McLeod et al..
1964-), except at the junction of the gizzard and the duo
denum (Bradley & G-rahame, I960), Although the small intestine 
has been considered to be one undifferentiated organ (Calhoun, 
1933), it is generally agreed (Lemke, 1954; Bradley &
Grabarne, I960; McLeod, et al. , 1 964-; Sturkie, 1965), that 
the first part, the duodenum, is distinguishable from the 
rest. It is not suspended from the body wall by the great 
mesentery as is the remainder and claims are made (Bradley 
& Grahame, I960), that the duodenal villi are shorter 
and the amount of lymphatic tissue is less than in
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Table 11

Region of small 
intestine

Average distance from 
crypt to villus tip

in 10”^m

Average percentage 
of distance 
covered in 48h

duodenum 1.279 43.1
Jejunum 0.562 87.5
ileum 0.437 53.8

Tritiated thymidine was injected intra-peritoneally in 
2d-old chicks. The birds were sacrificed and microscopic 
sections were prepared. The labelled nucleoside was 
absorbed and incorporated into the DNA of the newly 
synthesised nuclei of the epithelial cells in the crypts 
of Lieberkuhn. The distances travelled by these cells in 
48h towards the tip of the villuS was determined from 
autoradiographs of the prepared sections and expressed as 
a percentage of the total length of the villi (Imondi & 
Bird, 1966).
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the other part. In mammals histological differences 
allow a jejunum and ileum to be distinguished. No such 
differences are readily apparent in birds (Demke, 1954; 
Earner & King, 1972). The suggestion has been made that 
the whole of the small intestine of the fowl should be 
regarded as one and called the mesenteric part (McLeod 
et al.. 1964). It is claimed, however, that differences 
in the rate of migration of epithelial cells warrant the 
recognition of a distinct ileum (Imondi & Bird, 1966).
The cells of the intestinal epithelium originate in the 
crypts of Lieberkuhn and migrate up the sides of the villi 
to the extrusion zone at the tip where they are shed into 
the lumen of the intestine. By injecting, intra-peritone- 
ally, a tritiated nucleoside, thymidine-H , the DNA of 
the nuclei of the newly-formed cells become labelled. The 
progress of the cells in chicks injected at 2d old, was 
monitored by taking microradioautographs of the sections 
of the intestines at periods up to 48h after injection. 
The results (Tablell), show that the migration rates in 
the duodenum ̂ the intestine anterior to the most posterior 
attachment of the pancreas and in the jejunum  ̂ the 
intestine from the duodenum to Meckel's diverticulum,are 
appreciably greater than those in the ileum ̂ the intestine 
from the jejunum to the ileo-caecal-colic junction. Even 
so, no abrupt division is apparent and Meckel's divert
iculum is suggested as a convenient, if somewhat arbitrary, 
reference point.
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In mammals, the migration times of the epithelial 
cells from crypt to extrusion zone show inter-specific 
differences. The rat, an omnivore, has a renewal time of 
1.57d in the duodenum and 1.35d in the ileum (Leblond & 
Stevens, 1948), whereas in the cat, a carnivore, the 
corresponding times are 2.25d and 2.75d (McMinn, 1954). 
These differences might be a result of diet, or of gut 
flora. There is some evidence to suggest that the migrat
ion times of the epithelial cells of the ileum is twice 
as long in germ-free mice as in normal ones (Lesher, 
Walburg & Sacher, 1964). If the gut bacteria of birds 
have a similar effect, then the differences in migration 
times recorded along the intestine may be a result of 
regional variation in gut flora rather than differences 
in histology.

There is general agreement on the nature and 
arrangement of the histological layers which comprise 
the intestinal wall (Calhoun, 1933; Bradley & Grahame, 
I960; McLeod et al., 1964; Sturkie. 1965). In order, from 
the luminal surface outwards, they are:

1 Mucosa containing crypts of Lieberkuhn and villi
lined with columnar epithelium. A tunica propria 
fills the villi and the spaces between the crypts

2 Muscularis mucosae comprising an inner layer of
longitudinal muscle which has, in places, fibres 
running into the villi (Calhoun, 1933) and an 
outer layer of circular muscle which fuses
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frequently (Bradley & Grahame, I960) with the
circular muscles of the lamina muscularis.
3 Submucosa which is thin, ill-defined and absent in

places. A few blood vessels, lymph vessels, 
nerves and some connective tissue are found in 
the layer,

4 Lamina muscularis consisting of two muscle layers^
the inner circular muscles being about three 
times (Bradley & Grahame, I960), as thick as 
the outer ones. Between the two, connective 
tissue, blood vessels, lymph vessels and nerve 
plexuses are found.

5 Subserosa which is a thin layer containing white
and yellow elastic fibres, blood vessels, lymph 
vessels and nerves.

6 Peritoneum a thin lubricated layer.

The mucous membrane is lined with columnar epithelium 
interspersed with mucuB — secreting goblet cells (Calhoun, 
1953; Bradley & Grahame, I960; Sturkie, 196^). The surface 
area is increased by the folds of Kerkring, (Verzai* & 
McDougall, 1936), or valvulae conniventes (Bradley & 
Grahame, I960) and by the villi.

The luminal surface of the small intestine has a 
velvety appearance, particularly when a piece of the gut 
wall is placed under water (Bradley & Grahame, I960).
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The villi have been described as tongue-shaped (Calhoun, 
1933), finger-like (Sturkie, 196^) and flattened and leaf
like (Farner, I960). They branch, sometimes twice 
(Calhoun, 1933; McLeod et al.,1964), or several times, as 
in the turkey (Malewitz & Calhoun, 1958). The claim is 
made that branching does not occur in that portion of the 
small intestine beyond the duodenum (McLeod et al., 1964). 
Villi are more numerous in the duodenum (Calhoun, 1933), 
but the literature gives little quantitative information 
on their number and size. Along the small intestine of 
the 2d old chick, the villi become progressively shorter: 
1.070, 0.494 and 0.434 x 10 ^m are the average heights 
for the villi of the duodenum, jejunum and Ileum respect
ively (Imondi & Bird, 1966). In the pigeon, the heights 
of the villi are 0.84, 0.84, 0.42, 0.36 and 0.27 x lO'^m 
in the duodenum, 1st, 2nd and 3rd parts of the jenunum 
and the ileum respectively (Verzar & McDougall, 1936). 
Changes occur with age (Bujard, 1906; Calhoun, 1933), 
but these are not specified.

nach villus may be regarded as a prolongation of the 
submucosa and contains a lacteal, arterioles, venules, 
capillaries and smooth muScle (Calhoun, 1933; Bradley & 
Grahame I960). Fibroblasts, argentphilic cells and 
lymphocytes have also been described. The epithelium 
consists of columnar cells, each with a cuticular border
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(Verzar & McDougall, 1936), once believed to be ciliated,
or even to exhibit amoeboid movement for the absorption of
food globules. Electron micrography shows that the cell
structure is similar to that of mammals and the apices are
covered with microvilli (Toner, 1965 ), measuring 1 x lOT^ 
m (Wilson, 1962). There is some evidence that ingestion
by pinocytosis of proteins and colloidal materials by 
columnar epithelial cells takes place in the small 
intestine of rats and mice (Clark, 1959). Numerous ribo
somes and elongated mitochondria surrounded by ergasto- 
plasmic cisternae are present in the cytoplasm. Golgi 
bodies and an endoplasmic reticulum are also present in 
each cell. Irregularly shaped bodies containing ferritin
like particles occur in the supra-nuclear zone (Hugon & 
Borgers, 1969). The cells are mounted on a basement 
membrane of argentiphilous fibres (Bradley & Grahame, I960). 
Crypts of Lieberkuhn occur between the villi and are lined 
with columnar epithelial cells similar to those of the 
villi, but somewhat smaller (Sturkie, 1965). The crypts 
vary in depth and are coiled (Bradley & Grahame, I960) 
and , in turkeys, branch (Malewitz & Calhoun, 1958). On 
the aides and in the deeper parts of the crypts, cells of 
Paneth are found. These have eosinophilic granules in 
their cytoplasm (Bradley & Grahame, I960), which are said 
to diminish in number during digestion (Wilson, 1962).
The function of the Paneth cells is unknown. Russell's 
bodies occupas large cells with very clear cytoplasm
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(Bradley & Grahame, I960).

The cells of the intestinal epithelium are said to 
have an absorptive function and to arise from progenitor 
cells in the crypts of Lieberkuhn, from whence they migrate 
up the sides of the villi until they reach the extrusion 
zone in the tip when they are shed into the lumen (Imondi 
& Bird, 1966). These desquamated epithelial cells 
contribute endogenous nitrogen to the digestive tract. 
Copious quantities of shed epithelial cells have been noted 
in the intestines and caeca of the domestic goose starved 
over night (Mattocks, 1971a).

The shedding of epithelial cells in the intestine is 
not thought to be the immediate result of the wear and 
tear caused by the passage of food. Lengths of rat ileum 
Isolated, surgically, from the rest of the gut and their 
ends sutured to form a closed loop, but with their 
mesenteric blood supply left in-tact, continued to exhibit 
turn-over of epithelial cells (Hooper, 1956).

A marked pumping action which moves the contents of 
the lacteals has been observed in the long duodenal villi 
and also in the villi of the region of the jejunum, but 
not in the shorter, allegedly tongue-shaped, villi (Verzâr 
& McDougall, 1936). Muscle fibre strands are considered
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to be the source of the pumping movements (Wilson, 1962).

A major unusual feature is claimed in the fowl. It 
is said that no central lacteal is present in the capillary 
bed of the villus and that the lymphatic system is so 
poorly developed that lipids are absorbed, directly into 
the portal blood (Hill, 1971). Lacteals have been noted, 
however, as present in the small intestine of the chicken 
(Calhoun, 1933: Bradley & Grahame, I960).

Caecal Histology
The general structure of the chicken caecum is said to 
correspond to that of the small intestine (Calhoun, 1933).

The caecum has been recognized (Bittner, 1924; Otte,
1928), as being comprized of three parts;

(1) a neck,constricted and with many villi,
(2) a middle part with few villi,
(3) a blind end, vescicular, thin walled and without 

villi.
The distal part (3), has been described as having fairly 
thick walls (Bradley & Grahame, I960).

The amount of "lymphoid tissue” is said to increase 
with age, lymphatic nodules occuring about 2 x 10*"̂ m from 
the caecal mouth at about the age of 14d (Looper & Looper,
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1929).
The submucosa is occupied, or obliterated by 

lymph nodules in parts Of the tunica propria. Circular 
layers of muscle are displaced by lymphoid tissue in 
the caecal tip (Looper, & Looper, 1929). The mucosa of 
the caecum beyond the neck region is thought to degener
ate with age.

The serous coat is said to have many nerve plexuses 
(Bradley & Grahame, 1960). Glandular crypts between 
prominent folds at the base of the caecum have epithelium 
composed of columnar and goblet cells (Bradley & Grahame, 
I960). Argentaffin cells are found and cells of Paneth 
and Russel's bodies are plentiful. Circular folds are 
claimed to characterize the mucous membrane of the middle 
part of the caecum.
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III MATERIALS and METHODS

Identification of Specimens 
Numbers (bold type) have been assigned to diagrams etc. 
and referred to as Specimen Numbers. They are unique to 
the bird, but, where the viscera of one animal have been 
used for more than one investigation, or diagram, there 
may be two, or more specimen numbers. Details are given 
(Table 24).

Macroscopic Structure of Caecum and Intestines 
Measurement
The mesenteries and fat were cut away from the gut which 
was laid out on a board. Each length of gut measured was 
straightened by using light pressure and then released.
A ruler was placed along side and the following measure
ments made:
Small Intestine

length (i) Caecal base to Meckel's diverticulum
(to the nearest 1 x 10~ m) 

(ii)Meckel's diverticulum to the gizzard
(to the nearest 1 x 10""̂ m), 

width (i) Average,as estimated visually, of the
part (i) above

(to the nearest 1 x 10" m) 
(ii)Average, as estimated visually of the 

part (ii) above
(to the nearest 1 x 10"̂ m).
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Beginning of the dilatation of the 
coprodaeum to the caecal insertion 

(to the nearest 1 x 10" m)
Average, as estimated visually, 
horizontal distance from side to side 

(to the nearest 1 x 10~'̂ m).

Caecal base to tip. Left and right caeca 
were distinguished by identifying the 
dorsal aspect of the colorectum by the 
presence of the posterior mesenteric 
blood vessels.
Caecal base to the beginning of the first 
dilatation. Colour differences were 
evident in most specimens 
The sites of narrowest and widest parts 
were determined,visually, and measured as 
the horizontal width of the tube resting 
under its own weight
The differences in readings of water levels 
in a 100 X 10” m measuring cylinder before 
and after the immersion of the whole 
caecum. Care was taken to expel all air 
bubbles (to the nearest 0.5 x 10”^m^) 
Caeca were cut along the distal edge (a line 
furthest from the small intestine end para
llel to the long axis of the caecum). The
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The caecum, opened and washed, was 
pinned on cork with a strip of graph 
paper for scale and immersed in normal 
saline. The negative of a photograph was 
projected emd a line drawing made. The 
crests of the folds of Kerkring were 
represented as single lines. The total 
length of the lines was estimated by using 
dividers set at 1 x 10” m as measured from 
the enlarged scale. To allow for the 
curvature of some of the lines, lengths 
exceeding an integral number of units, or 
an integral number of units plus a half 
unit, were counted to the next half unit, 
or unit, respectively.

Areas of
wall lining The area occupied by lymphatic tissue,

villi(neck region), folds and plain tissue
were estimated by using a transparent grid
marked off in 1 x 10”^m^. Where one type
of lining was in two, or three separated
patches, this is indicated by the use of
a + sign. (Lymphatic tissue - to the near- 

—A Pest 0.1 X 10” m ,other areas - to the
nearest 0,5 x 10”^m )̂.
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Structure of Caecal Mouth Region 
The caecal mouth region was cut from preserved (4 
formaldehyde), chicken guts so as to retain about 1 x 10*"̂ m 
of small intestine and the same length of colorectum.
The caeca were cut off close to their origins and the 
remains were truncated by cuts in the 
sagittal plane (Fig. Ij. ). The ingesta 
were washed out and the luminal aspect 
displayed (Fig 9 ). Line drawings were 
made from projected photographs-(Sp.no.
37 & 38)' A longitudinal section at 
right angles to the sagittal plane was also made (aa* Sp.no. 
37).

Similar parts of gut were excised (Sp.no. 55 & 56), 
but the caeca were cut off about 1-5 x 10" m from their 
origin. Horizontal cuts were made at right angles to the 
sag&kal plane so as to truncate the caeca and intestinal 
parts. These were photographed and line drawings made 
(Fig. 9 ).
Gross External Caecal Structure
Guts from the beginning of the small intestine to the
coprodaeum were laid out so as to display the caeca and
their relationship to the gut. Mesenteries were intact and
a ruler was added for stale. Photographs were taken(Fig. 7 ).

Sections of preserved caeca (4^ formaldehyde) were cut
—2by hand at intervals of 1 x 10" m from tip to mouth. Drawings 

were made from photographs and displayed so as to relate them 
to the drawing of the caeca from which they were cut (Fig. 10 ).
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Artifical Caecal Dilatation
Three sets of chicken guts (Specimen numbers 6o, 63 & 66). 
were taken within five minutes of death and evisceration
and one caecum of each set was ligatured. About 10 x 10"^ 

of 4 96 formaldehyde solution was injected with a hypo
dermic syringe into the caecal lumen distal to the ligature

—6 ?in Sp.nos. 63 & 66 and about 20 x 10" m of the solution 
was injected^similarly, into Sp.no 60. After withdrawal 
of the needle, the guts were stored in 4 96 formaldehyde 
solution, the ligatures remaining in place. All six caeca 
were slit open 3d later, their contents washed out and 
the caecal linings displayed pinned to cork board and 
photographed with a scale under normal saline solution.

Artificial Distension of Caecal Wall
mmOA cylinder of wall, 2 x 10" m long was cut from the centre 

of a fresh chicken caecum beyond the neck region. It was 
slit longitudinally, washed thoroughly in saline solution 
and placed between the partly open jaws of a small vice. 
Both jaw-pieces of the vice had been unscrewed slightly.
On one side the edge of strip of tissue was tucked into 
the gap between jaw-piece and vice and the screws tightened 
so as to hold the tissue firmly. On the other alée^ the 
opposite edge of the tissue was tucked into the gap between 
the vice and jaw-piece and a strip of metal was tapped 
lightly into the gap so as to trap the second edge of the 
tissue. It was not possible to screw up the second edge
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because the tissue prevented the screw-driver from 
reaching the screws. The main direction of the folds 
of Kerkring, parallel to the longitudinal axis of the 
caecum, was parallel to the line of the jaws of the vice.

The vice was opened to pull the tissue flat, with
out distension. It was photographed (Pig. 13.1 ).
The vice was opened further until the folds of Kerkring 
were flat emd a photograph taken (Fig. 13. Z ). The vice 
was closed to the position occupied in the first photograph 
and photographed again (Fig. 13.3 )• In all photographs 
a scale was placed across the vice jaws so that the stretch 
could be measured.

SECTION SHOhJ/lŸ& VICE anA TiSSUg STRIP

(Not to sca(ê
folds of Pcrcclibrv of st̂ elcK
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Villi
Caeca were opened by a longitudinal cut, the contents 
washed out with normal saline solution and the inner 
surface painted with a freshly prepared solution of 
nigrosine. After five min, the surfabe was irrigated 
with saline solution so as wash off most of the nigrosine 
from the villous tips, but to leave the pigment which 
had penetrated between the villi. The caecal Strips were 
cut into convenient lengths and pinned out on cork sheets 
so as to display the linings and photographed with a 
paper scale immersed in normal saline solution in a tank 
made of perspex sheet. The nigrosine adhering to the 
tissues between the villi did not dissolve.

Measurements of the villi were taken from the photo
graphs and their average number per determined by
using a transparent grid scaled to the enlarged photograph 
of the paper scale. The width and length of the villi 
in the neck region was measured at the edge of the caecal 
strip where it had curled between the securing pins, thus 
presenting a transverse section of the caecal wall to the 
camera. It was not possible to measure the width and length 
of the villi of the caecal sac region by this technique.

— PLengths (about 2 x 1 0 ” m), of small intestine were cut 
out anterior to the caecal mouth and at intervals (about 
5 X anteriorly. They were slit open, washed and
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stained with nigrosine etc.as for the caecal neck. The 
arrangement pattern, width along the major and minor 
axes, length and density were determined.

Colorecta (whole lengths), were subjected to the 
same techniques as the intestinal lengths, but villous 
length could not be determined using this method, because 
they were too short to be clearly visible at the edges.

Analysis of Caecal Contents
Volume
The caecum was cut off at the mouth and as much of the 
caecal contents as possible was expressed by digital 
pressure into a 10 x 10~^m^ measuring cylinder. It was 
impossible to press out all the caecal contents from the 
tinamou caeca, because the complex nature of the caecal 
walls prevented the lumen from being completely flattened 
and the papillary cavities retained some contents. Visual 

_ estimation of the contents remaining gave about 0 .3g per 
caecum (about 3?̂)
Weight
The wet weight was determined by expressing the caecal 
contents into a glass phial of known weight and reweighing. 
For dry weight determination the pbial was placed in an 
oven at 100^0, cooled in a desiccator and reweighed. This 
was repeated until the weight was constant.
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P a r t ic le  F ra c t io n s

The c a e c a l c o n te n ts  were expressed in t o  a n e s t o f  s ie v e s

th e  s id e s  o f  th e  square h o le s  o f  w hich w ere: 0 .4 ,  0 .2 ,  &
—*50 .1  X 10 m. The co n te n ts  o f  each s ie v e  and o f  th e  bottom  

c o n ta in e r  were washed in to  s e p a ra te  Buchner fu n n e ls  and 

f i l t e r e d  under p re s s u re . The f i l t e r p a p e r s  were rem oved, 

d r ie d  and photographed. A drop o f  d e te rg e n t , te e p o l,  was 

added to  reduce th e  s u rfa c e  te n s io n  o f  th e  c a e c a l co n te n ts  

enough to  a llo w  passage th ro ugh  th e  s ie v e s .

T e s ts  f o r  L ig n in  and S ta rc h  . .

One h a l f  f i l t e r  paper o f  each f r a c t io n  was f lo o d e d ,c a re 

f u l l y ,  w ith  p h lo ro g lu c in o l and conc. h y d ro c h lo r ic  a c id  and 

th e  o th e r  h a lv e s  w ith  a lc o h o lic  io d in e  s o lu t io n .  C o lo ur  

photographs were taken  a f t e r  th e  excess l iq u id  had been 

d ra in e d  and th e  h a lf -p a p e rs  d r ie d .
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D ata  o f  W ate rfo w l and R e la te d  B ird s  

Three groups o f  b ird s  were s tu d ie s :

Flam ingoes (C ic o n i i f ormes) (S p .n o s . 10 0 -1 2 5 )

W a te rfo w l ■(Anse r i f ormes) (S p .n o s . 126 -918  & 9 4 2 -9 5 9 )  

Moorhens and Coots (G ru ifo rm es) (S p .n o s . 9 1 9 -9 4 1 )  

B in o m ia l L a t in  names o f flam in g o es  (K e a r, 1 9 6 9 ) , w a te r

fo w l (S c o t t ,  1965) and moorhens and coots (W ith e rb y , 

J o u rd a in , T ic e h u rs t  and Tu cker, 1949) a re  g iv e n , w ith  

su b -sp ec ies  added where a p p ro p r ia te . A d u lts , o n ly , as  

determ ined  in  most b ird s  by plumage, have been l i s t e d  

from  rec o rd s  k e p t 1968 -  1976. The b ird s  d ie d , o r were  

k i l l e d  a t ,  o r  n e a r th e  W ild fo w l T r u s t ,  S lim b r id g e ,6 1 o s ., 

o r a t  a s s o c ia te d  e s ta b lis h m e n ts . A l l  th e  fla m in g o es  and 

many o f  th e  w a te r fo w l were c a p tiv e  b ir d s ,  p in io n e d , o r  

caged. Some w a te r fo w l were w ild  m ig ra n ts  w hich w in te re d  

a t  th e  W ild fo w l T r u s t .  None o f  th e  moorhens and coots  

was c a p t iv e , b u t a l l  l iv e d  in ,  o r  n e a r th e  T ru s t e s ta b l is h 

m ents.

Sex was de term ined  by plum age, o r  re p ro d u c tiv e  

system a t  post mortem. Diagnoses o f  cause o f  d e a th , o r  

o f th e  c o n d it io n , p a th o lo g ic a l ,  o r  t ra u m a tic , w hich made 

th e  k i l l i n g  n ecessary  were made by D r .J .V .B e e r  and M r .M .J .  

Brown under th e  co nsu ltancy  o f  D r.P .N .H u m p h re y s ,M .R .C .V .S .

B ird s  were weighed to  th e  n e a re s t 10~^kg f o r  th e  

s m a lle r  an im a ls  and to  10~ f o r  th e  la r g e r  ones. G iz z a rd s ,  

in c lu d in g  c o n te n ts  were weighed to  th e  n e a re s t 10""^kg.
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I n t e s t i n a l  measurements were made by d is e n ta n g lin g  

th e  g u t s u f f i c ie n t ly  to  t ra c e  th e  le n g th  w ith  a p ie c e  

o f  s t r in g  and th en  m easuring i t .  Gut le n g th  I  i s  

measured from  th e  b e g in n in g  o f  th e  duodenum to  th e ,  

c a e c a l mouth and g u t le n g th  I I  from  th e  c a e c a l mouth  

to  th e  b eg in n in g  o f  th e  coprodaeum; b o th  measurements a re  

to  th e  n e a re s t 10“  m. The c a e c a l le n g th  s ta te d  f o r  

each b ir d  is  th e  mean o f th e  two c aeca . Each caecum was 

p la c e d  on la m in a te d  graph paper and was s t ra ig h te n e d ,  

b u t n o t s tre tc h e d . The average le n g th  was expressed  to  

th e  n e a re s t 10“ ^m.

D a ta  A n a ly s is  o f  W ate rfo w l and R e la te d  S pec ies  

S t a t is t ic s  were computed f o r  each s p e c ie s , o r  s u b -s p e c ie s ;

U n it  D ec im a l p is .

Body w e ig h t; mean 10~^kg 2

stan d ard  d e v ia t io n  10” ^kg 2

c o e f f .o f  v a r ia t io n  d im ension - 2
less

/Standard déviation^v 
'mean weight

mmO
Caecum; le n g th  10”  m 2

—2stan d ard  d e v ia t io n  10 m 2

c o e f f .o f  v a r ia t io n

/Standard deviation^\ dimension- 
'mean length less ^

R a tio  o f  mean c a e c a l le n g th  to
mean body w eigh t 10“ ^mkg~



137
IV RESULTS 

Chicken Caeca; Macroscopic Structure
The ch icken  caeca a r is e  l a t e r o - v e n t r a l l y  from  th e  p o in t

W e  12)
o f  ju n c t io n  o f  th e  in t e s t in e  and co lorectun^. The d o rs a l 

and v e n t r a l  a s p e c ts  o f  th e  c a e c a l mouth re g io n  tru n c a te d  

a lo n g  th e  m id - l in e jb f  th e  caeca show ( F ig .  6 ,  S p .n o s . 55 

& 56 ) t h a t  th e  in t e s t in e  is  cu t o f f  on th e  v e n t r a l ,  but 

i n t a c t  on th e  d o rs a l p a r t .  The c a e c a l mouth has a  f la p  

o f  t is s u e  ( F i g . 6 , s e c tio n  a a * , S p . n o . 5 7 ) .  No s p e c ia liz e d  

s p h in c te r  m uscle i s  seen in  gross s e c t io n .

The mean le n g th  o f caeca was 1 6 .8  x 10“ m ( s . d . = 1 .7 0 ,  

T a b le  13) and from  th e  o u ts id e  appeared to  have a c o n s tr ic te d  

neck t y p ic a l l y  6 x 10“ ^m lo n g  (mean le n g th  o f  34 specimens 

= 6 .0 2  X 10~^m, s .d .=  1 .36  , Tab le  1 3 ) .  The mean neck
mmO

d ia m e te r  o f  th e  same specimens was 0 .3  % 10“ m, s . 0 . 04 .  

The lumen o f  th e  neck as measured in  s e c t io n  r a r e ly  exceeded 

0 .1  X 10“ ^m (F ig .  10 ) .

A t th e  hase o f  th e  c a e c a l neck, ahou t 2 x  10~^m from  

th e  c a e c a l mouth (F ig s . 6 , 7 , 1 0 , 1 !  & IP )^  s w e ll in g  was u s u a lly  

p re s e n t. T h is  r e s u lte d  from  an e c c e n tr ic ,th ic k e n e d  patch  

o f  t is s u e  in  th e  neck w a l l  h av in g  a  mean s u rfa c e  a re a  o f

0 .4  X 10“ ^m^. These were presumed to  be ly m p h a tic  t is s u e  

( P . 124 ) and a re  o f te n  c a lle d  caeca l to n s i ls  (Mangold, 1928) .

The d i s t a l  p a r ts  o f  th e  caeca were t h in  w a lle d , sac- 

l i k e  s t ru c tu re s  c o n ta in in g  a d a rk  brown p u lta c e o u s  paste
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Table  12 

Gut le n g th s  in  chickens

Specimen P ro v e n tr ic u lu s M ecke l' 8 d i v e r t - Colorectum
number to  Mecke l *8 icu lum to

d iv e r t ic u lu m coprodaeum

le n g th a v .w id th  le n g th à v .w id th le n g th  a v .w id th
8 58 0 .5 50 0 .5 6 .0 0 .8
9 60 0 .7 86 0 .5 6 .4 1 .0

10 72 0 .4 92 0 .4 8 .0 0 .5
11 61 0 .4 84 1 .0 8 .0 0 .7
12 70 0 .7 81 1 .0 8 .3 0 .8

13 61 0 .7 84 0 .9 7 .5 0 .8
14 50 0 .7 82 0 .8 5 .3 0 .6
15 65 0 .7 95 1 .0 8 .0 0 .6
16 57 0 .5 86 0 .6 6 .0 0 .5
17 74 0 .5 86 0 .6 9 .0 0 .6

18 66 0 .6 93 1.1 9 .0 1.1
19 63 0 .4 88 1 .0 6 .5 0 .8
20 69 0 .5 100 0 .5 6 .5 0 .9

Mean 65.5 0 .5 6 8 5 .2 0 . 7 6 7 .27 1.22

Standard 6 .7 0 .1 3 11.911 0 .2 5 1.21 0 . 1 9
d e v ia t io n
C o e f f ic ie n t i  0.29& 23*29» 13.989632.8996 16 .64#  15.579^
o f  v a r ia t io n
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T ab le  13

C a e c a l Maasiirem ents in  C h ickens in  m % 10-2

Specim en volume le n g th  neck  w id e s t  n a rro w e s t
number (m^xlO” ^) le n g th

8 R
5 .0
5 .0

1 5 . 2
1 5 . 0

4 . 4
7 . 5

1 .1
1 . 2

0 . 3
0 . 3

9 Ï
7 . 0
7 . 0

1 7 . 0
18.1

7 . 5
6 . 3

1 . 5
1 . 3

0 . 3
0 . 3

18 R
1 5 . 8
1 6 . 0

6.1
7 . 5

1 . 5  
1 . 7

0 . 3
0 . 4

1 1 :
6 . 0
5 . 0

1 8 . 6
17 .4

5.1
5.1

1 . 7  
1 . 2

0 . 2
0 . 2

12 :
6 . 0
6 . 0

17 .5
17 .5

7 . 5
7 . 4

1 . 6  
1 . 0

0 . 3
0 . 3

1 3 :
6 . 0
5 . 0

15 .5
1 5 . 8

5 . 0
5 . 0

1 . 4  
1 . 0

0 . 3
0 . 3

1^ :
6 . 0
5.5.

19 .2
1 8 .0

4 . 0  . 
5 . 2

1 . 0
0 . 9

0 . 3
0 . 3

15 : — 18 .2
18 .5

. 5 . 4
6 . 9

1 . 2  
1 . 8

0 . 3
0 . 2

18 : — 1 4 . 2
1 5 .3

6 . 0
3 . 8

1 . 7  
U 1

0 . 3
0 . 3

17 : 1 4 . 0  
1 5 . t

5 . 0
4 . 9

1 .1 
1 . 0

0 . 3
0 . 3

18 :
18 .5
17 .5

5 . 5
9 . 0

1 . 3  
1 . 4

0 . 3
.0 .3

19 : — 1 9 . 0
2 0 .0

6 .8
6 .7

1 .6  
1 .9

0 .3
0 .4

: 2 0 1 — 17 .2
1 7 .3

7 . 2
5.1

0 . 9
1 . 3

0 . 3
0 . 3

37 I 5 . 0
6 . 0

19 .3
17 .5

9 . 0
7 . 5

1 . 3
1.1

0 . 3
0 . 3

3 8 :
6 . 0
6 . 0

15.1
15 .7

7 . 0
5 . 2

1.1 
1 . 2

0 . 4
0 . 4

58 : 5 . 0
4 . 0

16 .7
16 .7

5 . 4
5 . 7

1.1
0 . 9

0 . 3
0 . 2

5 9 :
5 . 0
5 . 0

14 .2
14 .0

4 . 0
5 . 0

1 . 5  
1 . 4  •

0 . 3
0 . 3

Mean
S .d .
C o e f . o f  V .

• 5 . 5 7  
0 . 7 5  

1 3 . 4 6 #

16 .76  6 .0 2  
1 .7 0  1 .3 6  

1 0 . 1 4 ^ 2 . 5 9 #

1 . 2 9  
0 . 2 8  

2 1 .7 0 #

0.30
0 . 0 4

1 3 . 3 3 #
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T a b le  14

D is t r ib u t io n  by a re a  o f  c a e c a l, l in in g s  o f  c h ic k e n s

Specim en Lym phatic V i l l i F o ld s  o f P la in
num ber ■ t is s u e K e r k r in g

22 0 .5 5 .5 1 8 . 5 0
23 0 . 2 . 4 . 0 18 0
24 0 3 . 5 11 0
25 2 . 0 1 . 0 14 0
26 0 . 6 5 . 0 18 0

27 0 . 5 4 . 0 1 9 .5 0
29 0 . 5 1 . 5 3 + 1 7 +  1
30 0 . 2 2 . 5 4 1 3 . 5
33 0.1 3 . 0 2 22 +  2
34 0 4 . 0 8 +  4 11

35 0.1 4 . 5 2 15
36 0 . 4 5 . 0 5 . 5 19
39 0 . 3 4 . 0 1 + 4 . 5 19
41 1 .0 4 . 0  1 + 0 . 5  *+ 3 5 +  5
42 0 . 4 4 . 0 18 . 2

43 1 .0 4 . 0 10 8 , 5
47 0 . 5 3 . 0 7 8 + 4
48 0 . 4 4 . 0 10 11
49 0 4 . 0 11 3 +  3
50 0 4 . 0 5 +• 5 . 5 3 +  2

53 0 4 . 0 2 +  14 4 +  1

Mean 0 .4 1 3 . 7 4 1 0 . 5 2 8 .0 5
S . d . 0 . 4 7 1 .0 7 -5 -86 7 . 2 7
C o e f . o f V.  1 1 4 .6 3 # 2 8 . 6 1 # 5 5 . 7 0 # 90.315

+ shows a  s e p a ra t io n  o f  a re a s  o f  th e  
same k in d

A l l  a re a s  a re  expressed  i n  1
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Table

T o t a l  le n g th  p e r  caecum o f  th e  fo ld s  o f  K e rk r in g  i n  C hickens

Specim en number le n g th specim en number le n g th

22 72 35 10
23 69 36 19
24 66 39 24
25 52 41 19
26 - 66 42 42

27 57 43 27
29 19 47 16
30 22 48 28
33 6 49 20
34 38 50 38

51 38

Mean le n g th  =  3 5 . 6 2  S tan d ard  d e v ia t io n  =  2 0 . 6 3  

C o e f f ic ie n t  o f  v a r ia t io n  = 57»92#

-2Lengths a re  exp ressed  in  10 m.
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s u f f i c i e n t l y  v is i b l e  th ro ugh  th e  w a lls  to  im p a rt a

d a rk e r  c o lo u r w hich  c o n tra s te d  w ith  th e  p in k  re g io n

o f  th e  n e ck . The w id e s t d ia m e te r  o f  th e  sac v a r ie d
— p

betw een 0 .9  and . 1 .9  x  10”  m and had a  mean v a lu e  o f

1 . 29 X 10” ^m, s . d .  = 0 .2 8  x 10"^m (T a b le  1 3 ) .  The 

base o f  th e  sac im m e d ia te ly  d i s t a l  to  th e  n e c k ,u s u a lly  

showed a  t w is t ,  v a ry in g  from  ju s t  p e rc e p t ib le  ( F i g . 6 

Sp.No .8 )  to  a  com plete 3 6 0 ^ tu rn  (F ig ,6 a ,S p .N o . 45)-* The 

d ia m e te r  o f  th e  tu b e  and th e  lumen was n a rro w e r in  th e  

t w is t  re g io n  th an  in  th e  r e s t  o f  th e  sac r e g io n . The 

c a e c a l t i p  was c lu b - l ik e  and th e  te rm in a l s w e ll in g  was 

o f te n  th e  re g io n  o f  la r g e s t  d ia m e te r . A l i n e  ru n n in g  

fro m  th e  neck to  th e  t i p  where th e  m esentery jo in e d  

th e  sac tended to  be s h o r te r  than  th e  le n g th  o f  th e  

w a lls  in  th e  r e s t  o f  th e  sac as though th e  t is s u e s  a lo n g  

t h i s  l i n e  were le s s  d is te n s ib le .  T h is  appeared to  

im p a rt a  c u r l  to  th e  m ain c a e c a l sac and to  cause th e  

c a e c a l t i p  to  be hooked (F ig s .  7,15 & 16 ) .  No ev id en ce  

was found to  su pp ort th e  com plete r e f le x in g  o f  th e  sac 

end as shown ( F ig .  2) by T in d a l l  ( 1 9 7 6 a ) .

The in t e r n a l  s t ru c tu re  o f  th e  caecum re v e a le d  by  

s l i t t i n g  one s id e  o f  th e  caecum and p in n in g  o u t ( F ig ,  12 ) 

u n d e r s a lin e  s o lu t io n  ( 2 . 5 # w / v )  showed fo u r  d i s t i n c t  ty p e s  

o f  lin in g ,s u m m a riz e d -

(1 )  Lym phatic t is s u e :  One, o r  more o v a l patch es
—P —Pm easuring  about 1 x  10 m by 0 .5  x  10“  m. A lth o u g h  u s u a l ly
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found a t  the  base o f the  neck (F ig s . 6, 10 & 11) th e y  

were sometimes absent (F ig . 11, Sp.No. 24 ) .

( 2 )  Long v i l l i :  l in in g  th e  neck re g io n . They were 

about 1 X 10“ ^m in  le n g th .

(3 )  Fo lds o f  K erkrin g ;. These o f t e n  l in e d  the  

e n t ir e  sac re g io n  (F ig . 11 , bp .Nos .22,  23 & 24 ) ,

b u t sometimes were co n fined  to  the m idd le p a r t  ( F ig .1 l a , 30; 

F ig . 11b, 43 & 47 ) .  In  o th e r  caeca ( F ig . 11a,

29 & 33) there were two, or more regions with folds of
Kerkring separated by a plain region.

( 4 )  P la in  l in in g :  Th is  showed no fo ld s  except those  

a r t i f a c t s  caused by a tte m p tin g  to  co n fin e  w ith  p in s  a 

th re e -d im e n s io n a l shape to  two dim ensions.

V i l l i ,  a ltho ugh  p re s e n t, were v e ry  s h o r t .

An a n a ly s is  o f th e  types o f c a e c a l l in in g  in  

chickens is  g iven  (T ab le  14 ) .

The fo ld s  o f  K e rk r in g  were about 1 x 10“ ^m i n  h e ig h t  

.and about th e  same w id th  (F ig .  1 5 ) .  Most o f  them were 

arranged p a r a l le l  to  the  lo n g itu d in a l  a x is  o f  th e  caecum

but in  some caeca (F ig . 11 b ,  Sp.Nos 47 & 48) the fo ld s  

had a r e t ic u la t e  p a tte rn .
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Artificial Caecal Dilatation
When injected each of the ligatured caeca became extended 
(Figs. 15 & 16 ), very little pressure being necessary.
After three days storage in formaldehyde solution the 
three distended caeca were slit open along the distal 
margins. Although the pressure was released, very little 
contraction of the caecal walls occurred. Each of the 
distended caeca remained substantially larger than its 
non-injected counterpart. Folds of Kerkring appeared 
as normal in the non-injected caeca and in those parts 
of the injected caeca proximal to the ligature. The 
caecal linings of the extended caecal region, however, 
were plain with almost no trace of folds of Kerkring 
(Figs. 15 & 16 ).

The increase in volume which accompanied the injection 
was a result of increase in circumference with almost no 
increase in length of the caecum.

Artificial Distension of Caecal Wall
The original length of the strip of chicken caecum wall 
was 20  ̂10~^m (Fig. 14.1). At 54 x IO“^m length, the 
folds of Kerkring had flattened, but portions of the lines 
of the folds were still identifiable by colour (Fig. 14.i).
On releasing the tension by screwing the vice to the original 
position, the folds formed (Fig. 14'?),but not readily. It was 
necessary to lift the sagging strip with a seeker to restore 
the original shape.
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Distension of the Caecal Vail of Chickens 
The linear distension (P.159), necessary to cause the 
folds of Kerkring to become flat was 40 - 45?̂  (44^ in 
Fig.13), A similar linear distension is found by comparing 
the caeca distended by injection and the control caeca 
(Fig, 1 5), The average number of folds per cross section 
of non-distended caecal linings determined,randomly, by 
drawing,arbitrarily, a line down the centre of the pages,
■was 4,3 and the average widths of the same caecal linings 
on the line was 2.0 x 10“ m̂. If the folds on stretching 
contribute 2 x 10”^m each to the circumference of 
lining, then the average stretch vas 8.6 x 10"^m per 2.0 x 
10” m̂, or 43.09̂ .

Calculation thus supports the suggestion that when 
caeca are distended, the columnar epithelium lining of the 
lumen is not stretched, but that the folds of Kerkring are 
pulled flat. A linear increase of 45f® in the sac circum
ference, with no increase in length would increase the 
capacity of the caecal sac by a little more than 100^:

gNon-extended volume = 2ÎT r 1
Extended volume = 2TT (r -f ^^)^1

= 2lV(r2 + 22_ +
Percentage extension= 90 + ^

* 109
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Increase in diameter rather than in length in 
caecal distension is consistent with the preponderately 
longitudinal orientation of the folds and with the fact 
that the caecum is attached to the intestine via a short 
mesentery. Any appreciable increase in caecal length with
out a corresponding increase in Intestinal length in the 
caecal region might cause a rupture of the joining 
mesenteries and consequent loss of blood into the peri
toneal cavity.

In Japanese quail (Fenna, 1972),the "ridges" were 
said to be "lower" in the caeca of birds reared in an 
ambient temperature, 2^C, than those kept at 23°C. Dilat
ation was presumed to have occurred.

The mean total area of the two sides of the folds 
of Kerkring of caeca with no plain area (Sp.no. 22 - 27, 
Table 14). is about 127.4 x ( s.d. of total fold
length per caecum = 7.6). For purposes of estimation the 
folds are assumed to be 1 x 10 m tall and rectangular in 
section. The mean total surface area of the same caeca 
is about 16.5 x 10""̂ m (s.d. = 3.3)

Percentage mean total of
surface area increase added ^

1 2 7  X 10 X 100by the presence of the folds =
16.5 X 10"'̂

'  7.7
The estimate is larger that the real figure because the 
folds are not all 1 x 10 tall (Fig. 10 ) and are rounded
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in section.
An increase in area of less than suggests that 

the main function of the folds of Kerkring is not likely 
to be increase in surface area of the caecum. -Thus, there 
seems to be no fundamental difference between the ridged, 
narrower mid-zone (Fenna & Boag, 1974b) and the ridgeless 
wider zone. Descriptions of caeca comprized of two zones 
only, i^e. neck and sac (Fitzgerald, 1969), may be explained 
by supposing that the sac was in the distended condition 
when examined, whereas a partially distended sac makes 
the caecum appear to be in three parts.
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I k c - fb W g  of Kcrkn'ng are dlmost c o m p f a k ^ m f - F r o M f A e  

cfisteAoLdrl n^htoi^uM.



162

Linings of the Small Intestine and Qolorectum of Chickens
The villi of the posterior end of the small intestine
("ileum”) of the chicken (Figs.17 & 18) were different
in shape and arrangement from those of the caecal neck
(Figs. 12 & 13) although they were about the same height,
1 X 10” m̂. The major axis of the cross section of the
villi was about 0.8 x lO^^m and the minor about 0.2 x 10 m̂.
There ŵ s a tendency for the villi to be in rows at right
angles to the long axis of the intestine. The villi of
each row tendalto have their major cross sectional axes
parallel to each other and at an angle of 30 - 45° to the
line of the row. The slope alternated from one row to the

2next. The density of the villi was about 22 villi per 
10-4n,2.

Colorectal villi in the chicken (Fig.19) were shorter 
(about 0.5 X 10”^m) than intestinal and caecal villi.
The shape of their cross section was variable. Some were 
like triangles, or polygons with rounded corners and 
others were round, or flattened. The tops of the villi 
tendelto be flat and the spaces between them tended to be of 
uniform width. The long axes of the villous cross section 
(up to about 4 X 10” m̂) tended to be transverse. The 
luminal surface of the colorectum had longitudinal rijdges.
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Caecal Statistics of Flamingoes, Waterfowl,‘Moorhen & Coot 
The caecal lengths of 147 species of birds (Appendix II, 
Table ^5 ) were plotted (Fig.20) as average lengths for 
each species (Table 16). Six flamingo species, arranged 
in sequence (Kear, 1969)show a wide range of caecal length 
The waterfowl were grouped in tribes sequentially arranged 
(Scott, 1965) and the moorhen and coot added.

The magpie goose is alone in its tribe and has a 
caecal length just within the lower range of the caecal 
lengths of the true geese. The whistling ducks, swans, 
geese, shelgeese & shelducks, eiders, pochards and stiff- 
tails have a relatively narrow spread of caecal length.
The dabbling ducks and perching ducks & geese, although 
showing a trend, have some species with caecal lengths 
which are well outside the general band for the group. 
Three of the scoter group, the common scoter, the smew 
and the hooded merganser have very much shorter caeca 
than the other birds of their group.

The ratio of mean caecal length to mean body weight 
(Table 16) was computed from the data (Appendix II, Table 
Ẑ ). The relation between this ratio and the mean body 
weight of the species was shown (Fig. 21). It was 
difficult to see any trends for the plots representing 
flamingoes and swans, but plots for geese and ducks 
tend to lie along the lines: y = and y = •—  .



166

Since X = bol'y"weTght~  ^ = body weight, thus
xy = caecal length. Hence the graph shows that there
was a tendency for the geese and ducks to have caecal 
lengths of 20 X 10” m and 10 x 10” m respectively,
irrespective of body weight.
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Table H

Data Analysis of Body wt and Caecal lengths

Specimen
Numbers Mean body wt Ig)

Standard
Deviation Coeff: of 

Variation(^) Ratio of 
length to wt

Number of Birds
Mean caecal Standard 
l e n g t h y D e v i a t i o n Coeff: of 

Variation (5̂)
(10-5mg-1)

100/2
3 1165

2.73 184.5
0.75

15.86
27.47

2.35

104/10
7

17133.57
314.1
0.64

18.34
17.93 2.08

lit
1

2380
7.5

0
0

0
0 3.15

112/4
3

2273
9.53

912.21
1.52 0.04

0.16 4.19

115/23
9

2343
11.9

400.492.06 17.09
17.31 5.08

124/52 2305
5.1

134.35
1.13

8.8322.16 2.21

1261 2440
13.4

0
0

0
0 5.53

127/9
3

550
7.27

31 .22 
0.64

5 .68
8.80 13.22

130/8
9

560
7.38

91 .73 
1 .05

16.38
14.23 15.18

1391 10259.0 00 0
0 8.78

140/4
5 5406.78 29.151.42 5.40

20.94 12.56

145/57
13

611
7.86 71 .28 

1.65 11.67
20.99

12.86

158/92 2037
23.75

590.43
0.49

28.992.06 11.70

160/1
2 4365

33.45
615.18

9.26 14.09
27.68 7.66

162/98 9979
37.35

2219.21
3.88 22.24

10.39 3 .74

*■ For names of bird species see Appendix II



Table 16 (cont.)
Data Analysis of Body wt and Caecal lengths
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Specimen
Numbers

Mean body wt (g; StandardDeviation Coeff: of 
Variation Ratio of 

length to wt
( 10-5mg-1 )Number of Birds

Mean caecal 
lengtb(,o_2a

Standard 
J Deviation Coeff: of 

Variation(^)

170/2 9978 948.9 9.513 21 .5 2.16 12.14 8.83
173/9 4437 746.14 16.827 21 .26 3.68 17.31 4.79
180/2 5667 1578 27.853 17.57 1 .46 8.31 3.10
183/5 2850 524.31 18.403 18.4 0.95 5.16 6.45
186/91 2008 471.27 23.476 21 .8 5.82 26.10 10.86
192/6 1964 730.84 37.215 22.26 3.80 17.07 11.33
197/253 231 1 317.11 13.7257 28.38 4.40 15.50 12.28
254 1600 0 01 13.5 0 0 8.44
255 2300 0 01 19.9 0 0 8.65
259/67 1158 386.17 33.358 15.23 2.79 18.32 13.15

268/84 2844 341.53 12.0117 20.11 2.59 12.88 7 .0 7

285 6200 0 01 20.9 0 0 3 .37

286/7 1485 374.77 25.242 14.9 4.10 27.52 10.03

288/92 1822 552.29 30.315 26.26 3.45 13.14 14.41

293/4 1247 569.22 45.65
2 18. ; 2.97 16.41 14.51

295/7 1833 204.29 11.153 17.9 4.81 26.87 9 .77



Table 16 (cont.)
Data Analysis of Bodv wt and Caecal lengths

173

Specimen
Numbers

Mean body Vt (g)
Standard
Deviation

Coeff: of 
Variation(^) Ratio of 

length to wt
Number of Birds

Mean caecal 
length

Standard 
J Deviation

Coeff: of 
Variation(^)

298/300 1175 322.5 27.453 19.1 2.19 11 .47 16.26
301/4 3646 1313 36.014 24.2 4.92 20,33 6.64

305 3600 0 01 23.0 0 0 6.39

306 4560 0 01 22.6 0 0 4.96
307/9 1500 295.97 19.733 13.77 4.13 29,99 9.18
310 1640 0 01 23.7 0 0 14.45

311/2 3560 141.42 3.972 18.4 1 .84 10.00 5.17
313 1220 0 01 13.2 0 0 10.82
315/41 1448 408.88 28.24' 27 20.42 3.09 15.13 14.10
342/363
+ 942/58 1762 400.18 22.7139 23.87 5.38 22.54 13.55

364/74 1277 182,53 14.2911 17.45 2.32 13.30 13*66
375/3 1070 150.04 14.025 13.94 11.41 13.03

380/389 934 178.29 19.0910 14.59 1 .85 12.68 15.62

390 1290 0 01 17.0 0 0 13*18
391 1062 0 01 10*0 0 0 9*42
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Table 16 (cont.)

Data Analysis of Bodv wt and Caecal lengths

Specimen
Numbers Mean body wt (g) Standard Coeff: of «-#>

Deviation Variation(^o) i ?v, 4-
Number of Mean caecal 
Birds lengthy ̂ 0'*̂ m)

Standard
Deviation Coeff: of

Variation(^)

length to wt

392/3 1670 579.82 34.72
2 11 .25 1.77 15.73

394/5 1020 0 0
2 17.2 0,14 0.82

396 840 0 01 6.5 0 0
397/8 2219 312.54 14.082 24.15 5.86 24.26
399/401 3445 876.97 25.46

3 23.43 1 .94 8.28
402 1280 0 0

1 11 .0 0 0
403/4 790 56.57 7.162 11 .0 1 .41 12.82
405/7 715 54.08 7.56

3 8.63 4.23 49.01
408/13 753 181.98 24.176 14.88 2.01 0.135
414 2600 0 0

1 13.7 00 0
415/8 654 266.94 40.82

4 11 .55 1 .89 16.36
419/21 377 167.22 44.36

3 8.6 1 9 22.09
422/24 845 186.35 22.05

3 10.33 1.616 15.64
425/8 183 28.39 15.514 5.17 0.69 13.35
429 265 0 01 7.2 0 0

6,76

1 6,86

7.74

10,88

6,80

8,59

13,92

12.07

19,76

5,27

17.66

22,80

12,22

28,25

27,17



Table (cont.)
Data Analysis of Bodv wt and Caecal lengths
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Specimen
Numbers

Mean body wt (g) StandardDeviation Coeff: of 
Variation(^) Ratio of 

length to wt
Number of Birds

Mean caecal 
length

Standard
Deviation Coeff: of 

Variation (5!̂)
(lOT^mg^l)

430
1

230
10.6

0
0

0
0 46.09

431/3
3

351 . 10.8
42.58
1.11 12.1310.28 30 .77

434/7
3

388
8.97

45.68
0.54

11 .80 
6.02 23.09

438/40
3 447

8.23
111.52.48

2 5 .0
30 .13 18.43

441/2
2

480 
■ 8.95

176.77
7.07 36.83

78.91 18.65
443/5210 617 11 .0

190.82
2.94

30,9726.70 17.04

4531
2758.10

0
0 0

0 29.45

454/596
290

8.68 97.67 
1 .52 33 .68

17.51 29.93

460/2
3

222
9.93

30.55.0.6. 13.76
6 .04 44.73

4631 4237.30
0
0

0
0 17.26

464/8
5

508
12.08 143.292.38

28.20
19.70 23.78

469/70
2

250
9.15

13.44 1 .06 5,38
11.58 3 6.6

471/4
4

41910.02
79.62 
1 .69

19.00
16.87 23.91

4751
510

8.30
0
0 0

0 16.27
476/542
67

982
12.6

202.26 
1 .87

20.60
14.84 12.83



Table 16 (cont.)
Data Analysis of Bodv wt and Caecal lengths
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Specimen
Numbers

Mean body wt (g) StandardDeviation Coeff: of 
Variation(^) Ratio of 

length to wt
Number of Birds

Mean caecal 
length(^Q-2^)

Standard
Deviation Coeff: of 

Variation(^) (10-5mg-1)

5431
790
18.0

0
0

0
0 22.78

544
1

1000
9 .4

0
0

0
0 9 .4 0

545/9
5

761
12.22

175.37
0 ,52

22.454.26 15.65

550/53
4

612
10.97

201.62 
1 .80

32.94
16.41

17.92

554/561
8

513.6
10.85

109.02
2.08

21 .23
19.17 21.13

562/6 
5

4077.48
92 .03
0.73

22.61
9.75 19.38

567/9
9

5858.07
83.22 
1 .00

14.23
12.40 13.79

570/1 685
11.4

56.570.71
8.26
6.20 16.64

572
1

730
13.6

0
0

0
0 18.63

5731
645
8.9

0
0

0
0

13.80

574/6
3

756
8.67

240.33
3.15

31 .79 
36.33 11.47

577/81
5

77311.6
196.61

3 .32
25.42
28.62 15.00

582/85
4

649
10.4

132.37
1.63

20 .40
15.67 16.02

586/92
7 759

18.89
268.80

3.11
35.44
16.46 24.90

593/61321
691
18.92

136.39
4 .15

19.74
21 .93

27.38



Table 1 6 ( cont. )
Data Analysis of Bodv wt and Caecal lengths
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Specimen
Numbers

Mean body wt (g) StandardDeviation Coeff: of 
Variation(^) Ratio of 

length to wt
Number of Birds

Mean caecal 
length(,0-2^)

Standard
Deviation Coeff: of 

Variation (5̂)
(10-5mg-1)

593/768
176 22.96 17.03 74.17

-

769/774
6

518
14.48

110.69 
1.35

21 .41 
9 .3 2 27.95

775/6
2

740
11.7

63.64 
0.57

8,6
4.87 15.81

777/9
3

297
6.3

99.29 
1.47

33 .4323.38 21 .21

780/2
3

262
6.73

63.31 0.66
24.16

9 .8 8 25.69

783/42 305
5.05

28.28
0.49

9 .2 79.80 16.56

785/6
2

291
7.07

94.04
0.57

32^32
7 .35 26.46

7871
600
9.10

0
0

0
0 15.17

788/9
2

470
9.35

183.850.636
39.12
6.79 19.89

790/3
4

374
10.65

22.45
0.69

6.00
6 .52 28.48

794/80
8

4739.22
154.08 

1.84
32.58
19.96 19.49

802/98
2677.21

72.56
0.66

27.18
9 .15 17.00

810/4
5

114510.02
215.70
0.85

18.84
8.48 8.75

815
1

1410
9.1

0
0

0
0 6.45

816/7
3

867
11.1

180 
1 .56

20.76
14.05 12.80
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Table 16 ( cont,)

Data Analysis of Bodv wt and Caecal lengths

Specimen
Numbers Mean body wt (g) StandardDeviation Coeff: of 

L VariationC#,) Ratio of 
length to wt

Number of Birds
Mean caecal Standard Coeff: of 
lengthy,jq-2jjj) Deviation Variation(^)

818 655 0 01 12.50 0 0 19.24
819/20 705 205.06 29.09 20.712 14.6 0.57. 3.90
821

1 8559.0 0
0 0

0 10.53
822 .700 0 01 9.2 0 0 13.14
823/4 822 166.17 20.222 10.65 3.32 31.17 1 2.96

825/9 800 105.53 13.195 14.48 7.29 50.35 18,1

830/1 427 194.45 45.542 7.40 0.14 1 .98 17.33
832/3 547 109.60 20.042 9.90 2.69 27.17 18.10
834/6 468 129.05 27.57

3 12.47 2.84 22.77 26.65

837/49 581 138.38 23.82
13 10.04 2.29 22.81 17.28

850/3 534 318.77 59.594 11.25 4.72 41 .96 21.07
845 325 0 0 19.081 6.20 0 0
855/6 470 141 .42 30.09 22.772 10.7 0.57 5.33
857/61 484 76.86 15.88 18.684 9.04 6.15 68.03
862/68 513 95.02 18.537 8.50 2.39 28.12 16.57



Table ] 6 ( cont. )
Data Analysis of Bodv wt and Caecal lengths
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Specimen
Numbers

Meanwt body
(g)

StandardDeviation Coeff: of 
Variation(^) Ratio of 

length to wt
Number of Birds

Mean caecal longth(,Q_2^) Standard
Deviation Coeff: of 

Variation(^)

869/2
4

166 
3.82

43.08
3.47

25.9590.72 23.04

8731
1200
8.10

0
0

0
0 6.75

874/52
547

7.45
173.24
0.07

31 .67 
0.95 13.62

876/8
3

135310.03
41 .63 3.98

3.08
39.68 7.41

879/81
3

1707
10.47

1111.50
2.75

65.11
26.27 6.13

882
1

4620
15.0

0
0

0
0 3.25

883/5
3

558
2.00

111.84
0.14

20.047.00 3.58

886
1

980
9.70

0
0

0
0 9.90

887/8
2

390
9.30

0
0

0
0 23.85

889/90
2

437
9.60

81 .32 

0.14
18.60 
1 .46 21 .97

891/3
3

595
6.53

26.84
0.75

4.51
11.49 10.97

894/52 562
8.15

10, 61 
1.20 1 .89 14.72 14.50

896/8
3 2475.30

29.30
0.5

11 .86 
9.43 21.46

899/900
2 520 

1 .10 42.430
8.16
0 2.12

901/5
5 39i 1 ,86 141.64

0.65 35.95
34.95 4.72



Table 16 (cont.)
Data Analysis of Body wt and Caecal lengths
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Specimen
Numbers

Meanwt body St&ndard
Deviation Coeff: of 

Variation(^^ Ratio of 
length to wt

Number of Birds
Mean caecal 
length(,o_2m)

Standard
Deviation Coeff: of Variation(^)

(10-5mg-1)

906/8
3

802
6.90

287.50
0

35.850 8.60

909/10
2

4657.30
49.50
0.71

10.659.70 15.70

911/16
6

402
7.18 32.132.21 7.9930.78 17.86

9171
625*6.10

0
0

0
0 9.76*

918
1

460
5.60

* = water-

0
0

logged bird

0
0 12.17

919/31
13

346
10.84

102.472.81
29.62
25.92 31 .33

932/4110
936
17.9

3.034.46
0.32
24.91 19.12
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Statistics of Healthy and Diseased Wildfowl 
The numbers of birds of each species from which data 
have been collected (Table 16 ) were, in most instances, 
small and many of the birds had died of, or had been 
killed because of, disease. Both the sample size and the 
incidence of disease should be taken into account in 
inferences made from the statistics gathered. .

The data of European Whitefront geese, Barnacle 
geese, European Wigeon and Mallard ducks listed are more 
meaningful than those of the other species, because there 
are more birds. Intra-specific variation can be measured. 
The four species include captive, diseased birds and wild, 
healthy birds and so comparison can be made of the two 
conditions. It can be used to assess the extent to which 
data of captive, diseased birds of the other species is 
likely to apply to their wild, healthy counterparts.

Generally the mean caecal lengths and body weights 
of diseased birds are less ( about 58 - 89^ and 76 - 77̂ », 
respectively. Table 17 ), than those of healthy birds.
Whether this results from shrinkage after the on-set of 
the disease, or failure to attain normal sizes before, is 
not clear. The variation found in caecal length and body 
weight is, with the exception of Wigeon caecal lengths, 
higher in diseased birds than in healthy ones (Table 17 ).
The disparity in the numbers of diseased (4) and healthy
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Table lY
Comparison of Mean Caecal Lengths and Body Weights In 

Healthy and Diseased Birds

Species Feature Diseased Healthy Dia/H'thy^

European
Whitefront
geese

mean caecal 
length

20.0(4.18)
C of V = 21.

body weight 1612 
(282.4) 

C of V = 17.5'/'̂

29.3(3.42)
11.7/,

2378 (230.1) 
9.1%

68.3/5

67.8#

Barnacle
geese mean caecal 19.9length (2.56)

C of V = 12.8%
body weight 1527 

(367.47) C of V = 24.1%

29.2
(2.78)
9.5%
2052
(199.13)9.7%

68.3%

74.4%

Mallard
ducks

mean caecal 11.5
length (1.76)

C of V = 15.3%
body weight 804

(183.67)
C of 7 = 22.9?at

12.9 
(1.79) 13.8%
1049(169.40)
16.2%

88.9%

76.6%

European
Wigeon

mean caecal 12.8
length (0.74)C of V = 5.8%

body weight 487(129.90) 
C of V = 26.6%

21 . 9  
(3.48) 
15.9%

739 (86.21) 
11.7%

58.3%

66.2%

Linear measurements are expressed in 10” m and weights in g 
Figures in brackets are Standard Deviations 
C of V = Coefficient of Variation = s.d./ mean length, or wt
The data from which the figures above were computed are

in Table
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wigeon (172), seems likely to explain the exception. 
The varying effects of the diseases upon birds seems 
likely to produce variation in caecal lengths and body 
weights. Tuberculosis is debilitating and lowers body 
weight, but kidney disease may increase it by causing 
retention of fluid. Diseases which impair nutrition 
may reduce caecal length, but coccidiosis is likely to 
interfere with the normal emptying processes of the 
caecum and so cause distension.
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Dissection of Hind G-uts of Twelve Groups of Birds

The Wildfowl specimen!? were grouped according to their 
tribes (Scott, 1965), because food and habits of the 
birds within each tribe are similar. For.purposes of 
comparison, a wild galliform with sparae winter feed and 
very large caeca. Red Grouse, a wild omnivorous scavenger 
with very small caeca, Black-headed Gull, and an exotic 
plant-eater with complex caeca. Tinamou, were dissected.

Group Bird Specimen
Number

Family Sub-family
'ribe

Order ANSERIFORMES
Magpie goose 1 Anatidae Anseranatinae

Anseranatini

II Cuban whistling 967 
duck AnserinaeDendrocygnini

III Coscoroba swan 82 
Mute swan 966
Blacknecked swan 94

Anserinae
Anserini

IV Swan goose
Emperor goose
Hawaiian goose
Barnacle goose
Dark-bellied

goose
Light-bellied

goose

95
77
74
2,3,84 & 968 
78,79,80 & 96 
81

Anserinae
Anserini

V Paradise shelduck 969
Radjah shelduck 85 & 89 
Ruddy-headed 83

Anatinae
Tadorini
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(Continued)
Group Bird Specimen

Number
Family Sub-family

Tribe
VI Bronze-winged 90 & 974 Anatinae

duck Anatini
Northern 99Pintail
Baikal Teal 970
Australian 75Grey Teal
Chestnut Teal 97
Hawaiian duck 76
Gadwall 964
American 963wigeon
Cinnamon Teal 960
Argentine Red 961

ShovelerCommon 86Shoveler
Ringed Teal 971

European 972 Anatinae
Eider Somateriini

Spectacled 973Eider

Carolina duck 962 Anatinae
Muscovy duck 88

Cairinini

Smew 87 Anatinae
Hooded 965

Mergini
Merganser 965

Order GALLIFORMES Sub-order GalliX Red Grouse 91,92 & 93Tetraonidae

Order CIIARADIIFORMES Sub-order Lari 
XI Black-headed 98 Laridae

gull



190
(Continued)
Group Bird Specimen Family Sub-family

Number Tribe
Order TINAMIFORMES

XII Elegant 71,72 & 73 Tinamidae
Crested Tinamou

Gut measurements were taken as for the chicken specimen 
(PP 126-128).

Where appropriate, the following have been made for 
each specimeni-

1 Line drawing of caeca, posterior part of the 
intestine and colorectum, in-tact, but with mesent
eries and fat removed.
2 Line drawings of longitudinal sections passing 
through both caecal mouths.
3 Line drawings and photographs of caecal linings.
The caeca were cut open along a line parallel to the 
caecal axis and the caecal content washed out. Each 
caecum was pinned out on a cork sheet so as to display 
the luminal surface and immersed in 2.5% w/v saline 
solution in a plastic tank. Line drawings were made
of each caecum and selected parts photographed,
4 Colorecta were slit open, drawings made and photo
graphs taken after treatment as for the caeca (3).

There was not enough ingesta remaining in the guts of most
of the specimens to make a particle analysis. AnalysesfPP.Aéf'S),
were possible, however, for the ingesta of the caecum of 
Sp.No.71(Tinamou) of the intestine and caecum of Sp.No.91



Î91

(Red Grouse) and the intestine, caecum, and colorectum 
Sp.No.966(Kute swan). The technique was the same as 
that used for the chicken (P. 134).

The mean caecal length and mean caecal neck length 
for each species dissected (Table 20) was calculated 
from the data of individual birds (Table 19) and plotted 
(Fig. 29). The birds were arranged in sequence in the 
twelve groups (P. 168) and a line, dotted in the neck 
region, represents caecal length. Trends were less easy 
to find than in Fig. 20, possibly because the numbers 
of birds were much smaller. Caecal neck lengths tend to 
be the same in all the birds dissected except for the 
mute swan and groups IX (smew & hooded merganser), XI 
(black-headed gull) and XII (tinamou).
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yi g-oĵ oool( I

f\rncir fCikt\ iz>îeot\ 
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Table 19
Caecal Statistics etc. bn Wildfowl
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Specimen Species Caecum Intest, Color,
number length width ex.vol. cont.vol. 1. w. l.w.

74 Hawaiian L 
(juv?)® ^

20.5 
21 .0

2.0 
1.7

24.5
25.0

11.5 81 1 .1 11 .0 0.8

75 Australian L 
Grey Teal ^ 6.5

5.7
0.4
0.4

0.4
0.3

empty
empty 129 0.4 5.0 0.6

76 Hawaiian L 
duck

13.0 
11 .0

0.8
0.6

7.1
7.0

1.5 
1 .5 135 0.4 6.0 0.9

77 Emperor L 
goose % 18.7 0.8 7.0 empty - 0.4 - 1 .2

78 Dark-bellied L 
Brent goose ^

15.0
14.0

1 .0 
1 .0

3.0
3.0

empty
empty - 1.3 9.5 1 .2

79 Dark-bellied L 
Brent goose ^

15.0
14.6

0.7
0.6

1 .0 
1 .5

empty
empty - 1 .2 11.5 1.3

80 Dark-bellied L 
Brent goose ^ 13.5

14.0
0.7
0.7

4.5
5.0

almost
emptyw - 11 .0 1 .4

81 Light-belliedL 
Brent goose 15.7

14.2
0.4
0.4

1 .1 
1 .0

empty
empty 128 0.7 9.0 1.1

82 Coscoroba L 
swan

29.0
28.0

1 .2 
1.1

1 1 .0 
10.0

almost
emptyIt 253 0.6 15.0 1 .5

83 Ruddy-headed L 
goose 11.5

13.0
1 .4 
1 .4

4.0
4.5

nearly
empty»« 105 1 .0 6.0 1 .2

84 Barnacle L 
goose

20.0
19.5

1 .0 
0.9

5.5
5.0

nearly
emptyIt 151 0.6 8.0 0.9

85 Radjah Shel- L 
duck ^

6,6
5.5

0.4
0.4

0.4
0.4

almost
emptyII 93 0.5 6.0 1.5

86 Common L 
Shoveler duck̂ ^ 10.5

9.5
0.5
0.6

1 .4 
1.4

half
fullti 224 0.5 6.0 0.7

Linear dimensions are expressed as 10
ex. = external cont. = contents

2 'Xm and volumes as 10 m



Table 19(cont.)
Caecal Statistics etc. on Wildfowl
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Specimen Species Caecum Intest. Color,
number length width ex.vol. cont.vol.

87 Smew L
R

1.0 0.2 
no trace of any caecum 114 0.4 6.0 1.0

88 Muscovy duck L
R

18.4
16.0

0.6
0.9

3.2
4.8

-
178 1 .0 11.5 0.8

89 Radjah Shel
duck

L
R

6.5
5.5

0.4
0.4

0.4
0.4

—
101 1 .1 6.0 1 .0

90 Bronze-winged
duck

L
R

10.5
10.4

0.6 
0.6

—
112 0.6 6.0 0.9

91 Red grouse L
R

51
53

0.7
0.7

13
18 10 12.0 0.9

92 Red grouse L
R

49
50

0.8
0.8

18
18 - 0.6 12.5 0.6

93 Red grouse L
R

51
.49

0.8
0.8

-

94 Black-necked
swan

L
R

21
22

0.4
0.4

3
3

- 283 0.6 8.0 1 .1

95 Swan goose L
R

14.5
15.5

0.4
0.5

2
2

- 148 0.7 9.0 1 .2

96 Dark-bellied 
Brent goose

L
R

10.5
9.5

0.6
0.5

1 .4 
1 .7

126 0.6 3.0 0.9

97 Chestnut
breasted teal

L
R

6.5
6.5

0.4
0.4

0.4
0.4

- 101 0.4 5.5 0.8

98 Black-headed
gull

L
R

0.9
0.5

0.2
0.2

calculated 
cont. vol,* 7  
0.5 X 1 0 " V

57 0.4 2.7 0.5

99 Northern
pintail

L
R

9.0
8.5

0.5
0.4

- - 112 0.6 6.5 1 .1



Table 19(cont.)
Caecal Stastics etc. on Wildfowl

195

Specimen Species 
number

Caecum
length width ex.vol. cont.vol.

Intest. Color.

960 Cinnamon teal L 7.0 0.4 0.6 - 124 0.5 5.5 1 .1
R 5.5 0.4 0.3 -

961 Argentine red L 7.0 0.4 0.6 _ 159 0.4 4.5 0.7shoveler R 6.5 0 .4 0.6 -
962 Caroline duck L 6.5 0.3 0.3 - 103 0.5 6.0 0.7

R 6.0 0.2 0 .3 -
963 American L 17.0 0.5 3.5 * 0.7 6.5 0 .7wigeon R 17.5 0.5 4.0 -
964 Gadwall L 15.5 0.4 2.0 - 133 0.4 6.5 0.8

R 14.0 0.4 1 .5 -
965 Hooded L 2.5 0.3 — — 4.5 0.6merganser R 2.0 0.3 - -
966 Mute swan L 41 .0 0.8 15.0 - 495 1 .3 19.5 2.3

R 39.5 0.9 19.0 -
967 Cuban L 7.3 0.5 1 .0 97 0.5 4.5 0 .6

Whistling duckĝ 8.7 0.6 1 .4 -
968 Barnacle L 20.5 0.8 6.0 — 186 1 .2 9.5 1 .1goose R 19.0 0.7 5.0 -
969 Paradise L 13.5 0.9 4.0 — 182 0.5 11 .0 1 .4shelduck R 11.5 0.9 4.0
970 Baikal teal L 5.5 0.3 0.2 - 54 0.7 5.5 0.5

R 4.5 0.2 0.3 -
971 Ringed teal L 7.5 0.3 0.3 - 89 0.4 4.5 0.7

R 6.5 0.4 0.2
972 European L 13.0 0.6 4.0 159 0.9 6.0 1 .0Eider duck R 12.0 0.5 3.0 1 .0
973 Spectacled L 1 1 .5 0.3 0.6 180 0.5 0.7Eider duck R 12.0 0.3 0.8 - ( » = incomplete)
974 Bronze L 9.0 0.5 0.8 122 0.7 7.0 1 .1

winged duck R 10.0 0.5 1 .0



Table 20
Mean Caecal values for each Bird Species

Name of Specimen Caecum Caecal Caecal Villineck lining
bird number 1,. w. 1. w. Ixwxb den.

Magpie g.* 1 12 0.7 3.5 0.3 P 10x3x3 28
Cuban wh.g. 967 8 0.5 1 .5 0.2 h 5x5x2 24
Mute s. 966 40 0.8 20 1 .2 P 20x12x5 1 1
Coscoroba s. 82 28 1 .1 4.5 0.5 w 20x17x17 20
Blk-necked s. 94 21 0.4 3.0 0.4 f 5x6x2 20
Swan g. 95 15 0.4 4.5 0.3 P 4x3x3 22
Emperor g. 77 19 0. 4.0 0.5 p(f) 5x5x2 13
Hawaiian g. 74 21 1 .8 5.0 0.4 P 6x3x2 30
Barnacle g. 2,84 20 0.9 4.0 0.4 fp 6%3x3x 1 2
Dk-bellied g. 968

78,79 13 0.8 3.5 0.4 f 4x4x3 20
It-bellied g. 96

81 15 0.4 3.5 0.3 f 3x3x2 11
Paradise sd. 969 12 0.9 3.0 0.3 pw 6x5x2 13
Radjah sd. 85,89 6 0.4 2.5 0.2 h 3x2x1 27
Ruddy-headed sd . 83 12 1.4 3.0 0.4 P 6x4x2 32
Bronze-wg d. 90,974 10 0.6 3.0 0.2 p(f) 4x5x1 20
Nthn pintail 99 9 0.4 3.0 0.4 p(f) 4x2x2 32
Baikal teal 
Australian^grjy

970
75

5
6
0.4
0.4

3.0
3.0 0.4

P
p(f ) 4x2x2 26

Chestnut teal 97 6 0.4 2.0 0.3 P 5x2x2 34
Hawaiian d. 76 12 0.7 3.5 0.3 p(f) 3x2x2 30
Gadwall 964 15 0.4 2.0 0.3 p(f) 2x2x2 32
Am.wigeon 963 17 0.5 3.0 0.4 w(f ) 4x3x2 30
Cinnamon t. 960 6 0.4 2.5 0.2 pw 4x5x2 26
Argent.red shov .961 7 0.4 0.7 0.2 p 1 x3x1 32

* Abbreviations were made for space economy. Key P.197
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Table 20 (cont.)

Mean Caecal Values for each Bird Species
Name of 

bird
Specimen
number

Caecum 
1. w.

Caecal 
neck 
1. w.

Caecal Villi liningIxwxb den

Common shov. 86 10 5.5 1.5 0.3 P 3x2x2 24
Ringed teal 971 7 0.4 3.0 0.2 P 5x4x3 20
European Eider 972 12 0 .6 3.0 0.2 P
Spectacled Eider973

Carolina d. 962 6 0 .2 2.5 0 .2 f n.v.
Muscovy d. 88 17 0.7 n., V. w - -
Smew 87 1 0.2 - - - - -
Hooded Morganser965 2 0.3 1 .0 0.2 f - -
Red grouse 91,92

93
98

50 0 .8 6,0 1 .0 vn 10x1 x1 32
Black-headed g 0 .7 0.2 - - f - -
Crested tinamou 71 

72,73
8 1 .3 - - c

■

P1 = length (10_.m, caeca) 
/iCTpK* villi) 10%.m, caeca)V = width

d = duck f = furred ’’ ^
g = goose h = honeycombed
sd= shelduck wy = warty - _
t = teal p = pitted i10”^m, villi)shov. = shoveler Vh = whispy villi b = breath (I0“’̂ m, villi)

(f) = some furringC = complex ^ ^den.= density of^villi in n.v. = not recordable no per 10“ m.
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^ 0
Scale..
!0 ^

I ) oi'5a.l pa.f't



210

Fig. 42 uHiHQs 4  H M i m  m e .
B̂rûntcL sttndvicei\sis)

p̂ ihans of 
securinj pA5vi/lotis urea
left
cMcm

I___
fcWs o f  

Kerkriry

Fy. 4fH FLHW AREA cf CfiEC/̂ ^SKUHit̂Q of KAiJ/!f(AN00056,



211

10 'VW

Ozec&/̂ ̂  outK

»; p^e 194)
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Note on the Systematics of Tinamou
There is general agreement (Reichenow, 1913; Peters,
I93I; Brendt & Meise, 1962; Gruson, 1976), that all 
tinamou belong to one family, the Tinamidae. Because 
of their short tail, they are called Steisshuhner, or 
Rump hens. Genus and species are less clearly defined 
(Berlioz, 1950). Galodromas elegans (Portmanri, 1950) is 
probably the Elegant Crested Tinamou, Eudromia elegans 
(Gruson, 1976). The illustration of the caecum of 
Galodromas elegans (Portmann., 1950) is very like those of 
the specimens studied in this work, Eudromia eleeans 
and is probably the same species. Five varieties of 
E. elegans are\Listed (Peters, 1931): intermedius. (Dabbene 
& Lillo); formosa, (Lillo); albida, (Wetmore); morenoi. 
(Chubb), and elegans. d'Orbigny & Geoffroy. It seems 
probable that specimen numbers 71, 72 & 73 are Eudromia 
elegans elegans.
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Caeca of Tinamou (Eudromia elegans)
In the three tinamou investigated,the caeca arise at the 
junction of the small intestine and colorectum and pass 
latero-ventrally (Fig. 35 ), as in most birds which have 
paired caeca. The caecal structure, however, is unlike 
that seen in any of the other birds. There is no neck 
region comparable with that in chickens, nor is there a 
twist in the caecum. The caecal length is about 7.5 x
10“ m and the diameter is about 1.3 x 10~ m from within

—p — p1 X 10* m of the mouth to about 2 x 10” m from the end.
where it tapers to a rounded tip. Externally, about 115
rounded, papillate swellings occur which look slightly
pedunculate in the proximal third of the caecal length
and hemispherical, or nearly so, in the middle region.
In the distal third of the caecum., the papillae are less
prominent and absent in the tip region(Fig. 85 ). The
average external diameter of the papillae is about 0 .4 x
10~^m. The volume of the whole caecum is about 7 x lOT^
(Table 21 ).

Internally the tip region of the caecum is smooth 
and the wall thin. The rest of the caecal wall, including 
the mouth region,has polygonal apertures 2 - 6 x 10"^m 
wide, i.e. measured along the caecal circumference, and 
and 1 - 2 X 10~^m along a line parallel to the longitud
inal axis of the caecum. Many of the polygons are rhomboid 
(Fig. 86 ). They open into spherical cavities, each
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occupying a papilla. Short villi (^0.3x 10" m in 
length) are found on the epithelium of the tissue 
between the polygonal apertures (Fig. 89 ). The lumen 
of the caecal mouth region is less than 1 x 10"^m in 
diameter.

The caecal contents occupy the lumen and the 
cavities of the papillae. It is a brown paste containing 
mucoid material and small particles derived, presumably, 
from the food. Phloroglucinol and concentrated hydro
chloric acid turned many of the particles, particlarly 
the larger ones, puce, indicating that lignin was present 
and that they were of vegetable origin. Iodine solution 
showed that little, if any,starch was present.
The expressed contents from each caecum had a volume of 
about 3 X 10 m-̂ , but it was not possible to remove all
of it from the papillate cavities. The solid matter (dried 
at 100°C to constant weight), was O.l^g per caecum, or 
A •Afo of the wet weight. No particle exceeded 2 x 10"^m 
in the longest diameter and most of the solid matter 
passed through a sieve with holes of 0.1 x 10"^m diameter. 
The fractions >0.4, 0.2 - 0.4, 0,1 - 0.2 and <0.1 x 10"^m 
are shown (Fig. 91 )• Recognizable pieces of leaf were not
found.
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Table 21

Caecal y Intestinal and Colorectal Measwements in Tinamou
Specimen caecum intestine colorectumnumber

71
R

ex

ex

length
width
volume
length
width
volume

6.0 
1 . 2 
6.0
7.5 
1 .3 9.0

length 57 
width 0 .4

length 4 .5  
width 0 .6

72

73

R

R

length 8 .2  
width 1 .4  

ex. volume

ex
length
width
volume

ex

8.5 
1 . 2

length 
width 

ex. volume
length

7.6
I

width
volume

7.4 
1 .3 
7.6

length 61 
width 0 .4

length 52 
width 0 .4

length 5 .7  
width 0.5

length 3.9 
width 0,6

mean
(s.d.)

R

length width 
ex. volume

length 
width 

ex. volume

7.3 (1.14)
1 . 3 (0 .1)

7.8 (0.58)
1.3 (0.79)

length 5 6.6(2 .1) 
width 0 .4 (0 )

length 4 .7(0.9) 
width 0 .6 (0 .0 5)

71 expressed caecal contents volume 2.4wet weight 2.9gdry weight 0.1 3g
dry/wet weight 4.48#

papillae mean diameter 0.4mean number per caecum 115
Linear.measurements are expressed in m x 10“ ,̂ volumes 
in m^x 10“6, Figures in brackets are standard deviations
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Sie\/e5. ÊxcA fr&c6ôn £oÆi Uioshê l ,n.̂ a. 6ur.A.ne/-'fü.nA<̂|ar̂ paper cji}^la^ec{ wkfa c(f̂ 
F /ju res f t r  eaeA.'fraaZ/oi-) r-^prcsenfrmesh dfonete-f î i /û
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Particle Analysis of Hind Gut Ingesta 
In all four of the birds on which a physical analysis 
of the ingesta was made, the caeca contained many 
particles which passed through the finest sieve used 
(0.1 X 10"^m diam.). The filterpapers (<0.1 fraction ). 
(Figs. 91-94) were covered completely with a mud-like 
coating, but the other fractions of the caecal ingesta 
contained far fewer particles. The intestine of the 
mute swan contained many particles in the largest (> 0.4), 
second largest (0.2-0.4) and smallest (< 0.1) fractions 
(Fig. 92) and the colorectum contained about the same 
quantities, proportionately, except that the <0.1 
fraction was less thick. This fraction dried quickly and 
the "mud" layer cracked. The intestinal contents of the 
red grouse contained very few small (< 0.1) and second 
sized (0.1-0.2) particles.

The particle analysis of the gut of the mute swan 
suggests that intestine and colorectum contain many large 
particles, but that very few of them enter the caeca. There 
are many small particles in the caeca and so a filtering 
seems to take place. Evidence from the analysis of the 
Hawaiian goose, red grouse and tinamou support, but do 
not prove, a caecal filtering.
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F̂ urcj>'̂ c>r̂ clri fr̂ ûtibn. ̂ epre,seaC diaîtter' in lO"^,



266

PlQ. s o u p  m t

of cne cMox^ wgre voashe.d W((A veg ddutZ t̂ p&l so/uî cn 
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Colorectal Lengths and Linings
The colorectum of the chicken and the Japanese quail 
have been shown (P.44) to fill the caeca by retro- 
peristalsis. The fluid is squeezed from the colorectum 
ingesta and passes into the caecum. If such a role 
exists in the caeca of wildfowl, or other birds with 
sacculate caeca, then a relationship between caecal 
and colorectal sizes might be expected. The lengths 
of these organs were plotted (Pig. 95) and a clear 
almost linear relationship shown (Coefficient of 
Correlation =Q’U) • Thus the caecal filling function 
of the colorectum in wildfowl is supported.

The colorecta of birds, in contrast to the 
colons and recta of mammals, have villi. In swans 
and geese(Table 2 3) they are usually fingerlike, or 
slightly flattened, but in most of the shelducks, 
eiders and perching ducks they have a very distinctive 
shape and arrangement. Each villus is thin and flat 
and is bent in the mid-line so that in transverse section 
it has a chevron, or V-shape. All the villi of this 
shape were arranged in lines (Table 23) with the point 
of the chevrons directed posteriorly. Some branching 
and joining of the rows was seen. - The villi of the 
Muscovy duck colorectum were arranged in rows with little 
space between them. There was no point,as in the 
chevron-shaped villi, but each was rounded so as to 
resemble a chair-back.
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Table 22

Mean Caecal and Colorectal Lengths of Wildfowl

Species
Caecal
length

Colorectal
length

Cuban whistling duck 8 4.5
Mute swan 40 11 .0
Coscoroba swan 28 20.0
Black-necked swan 21 20.0
Swan goose 15 22.0
Hawaiian goose 21 11.0
Barnacle goose 20 8.7
Dark-bellied goose 13 8.0
Light-bellied goose 15 9.0
Paradise shelduck 12 6.0 Muscovy duck 17
Ruddy headed duck 12 6.0 Smew 1
Bronze-winger duck 10 6.5 Hooded Merganser 2
Northern pintail 99 6.5
Baikal teal 5 5.5
Australian grey teal 6 5.0
Chestnut teal 6 5.5
Hawaiian duck 12 6.0
Gadwall 15 6.5
American wigeon 
Cinnamon teal

17
6

6.5
4.5

Argentine red shoveler? 4.5
Common teal 10 6.5
Ringed teal 7 4.5
European eider 12 6.0 -
Carolina duck 6 6.0

6.0
4.6-

^  0'^55
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V DISCUSSION.
The Functional Implications of Gross. Caecal Structure 
Chicken Caeca (Gallus domesticus)
The structure and arrangement of the neck villi (PP,|153 & 154)
is such as to enable them to act as a filter. This
supposed function is supported by the evidence that the
contents of the caecal sac is liquid and small particles.
The ingesta of the small intestine and the colorectum is
comprised, mainly of large particles and so an effective
filtration occurs. The only caecal structures which could
do this are the villi of the neck. It is possible that

—  Pthe neck lumen diameter ( * 0.1 x lO” m) as seen in 
section is larger than it is in vivo when the tone of 
the circular muscles of the caecal neck may squeeze the 
villi inwards so as to make the luminal cavity disappear, 
or nearly so. The photographs of the caecal villi (Fig.13) 
were taken with the neck wall pinned flat. Thus the 
spaces between the villi are greater in the illustration 
than they are when the caecum is in situ and cylindrical.
The v i l l i  a re  n o t a rra n g e d  in  r e g u la r  l in e s  and so th e y  

a r e  l i k e l y  to  form  an e f f e c t i v e  f i l t e r .  C a e c a l filling 
b y  s im u ltan eo u s  p e r i s t a l s i s  i n  th e  in t e s t in e  and r e t r o -  

p e r i s t a l s i s  i n  th e  c o lo re c tu m  seems w e l l  e s ta b lis h e d  

(P P . 43 & 4 4 ) .  I f  th e  c o lo r e c t a l  c o n te n ts  i s  squeezed  

each  tim e  i t  becomes f u l l  a n d ^ if  each f i l l i n g  becomes one 

( r e c t a l ) ,d r o p p in g ,  th e n  7 -  11 c o n tr ib u t io n s  to  th e  c a e c a l
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contents are made between successive caecal emptyings. ïh© 
ratio of rectal to caecal droppings is ? - 11 depending up
on diet (Mangold, 1928). Clogging of the neck filter would 
be cleared by the expulsion of caecal matter.

The compound caecum of the tinamou has a very 
short functional neck, although it may be that the 
main part of the caecum is homologous with the chicken 
caecal neck. The tinamou caecal lumen has no long, narrow 
villous-lined passage as in most of the other birds 
studied. It seems unlikely that the tinamou caecal 
mouth could be a very effective filter. Analysis of the 
caecal contents, however, show that the entry of 
particles is selective and that a kind of filtering 
has occurred. This suggests that the chicken caecal 
neck villi may not be so essential for filtering as 
has been supposed. It is possible that the particles 
of the colorectal ingesta may act as a filter in the 
same way that wet chopped straw does when squeezed in 
the hand to yield expressed liquid mainly free of 
large pieces. The flat-topped villi of the chicken 
colorectum may hold the fibrous material when retro- 
peristalsis occurs, but allow the liquid with small 
solids in suspension to flow through the inter-villous 
spaces to the caecal mouth.

The total surface area of the villi of the neck ia 
large and absorption of water, electrolytes and amaiT 
organic molecules ia possible here. This may be a contin—
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UOU3 process. The liquid in contact with the villi is 
continuous with the liquid in the sac part of the caecum 
and as the villi abstract the liquid, so more takejpits 
place by capillary attraction even if there is no pressure 
exerted by the sac as a result of slight muscular tension, 
or by the pressure in the visceral cavity. The small 
particles in the sac might tend to be left behind, because 
flow towards the neck resulting from villous absorption 
would be slow. This might explain the paste-like condition 
of the sac contents, the pronortion of particulate matter-

increasing as more is added with each filling and as the 
water is abstractad.

A patch of lymphatic tissue in the wall of the neck 
near the caecal mouth is present in most chickens (Figs. 
10^11&12)c Its regular occurrence suggests that its 
position is functional rather than fortuitous. The 
bacterial population of the caecum is very high (PP.34 ~ 
41). Some of these bacteria are likely to invade the

caecal tissues and the defence mechanisms of the chicken 
would be mustered to eliminate pathogens. The total . 
surface area of the heck lumen is large and it is in this, 
region where the ingesta are forced through the very 
narrow lumen during filling and emptying. Tissue damage 
seems more likely here than in the caecal sac. and so 
lesions and bacterial invasion might be expected to be
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more frequent in the neck region. Thus the position of the 
lymphatic patch might be explained. Lymphatic vessels 
from the whole caecum may pass via the neck region into 
the general lymphatic drainage system of the bird. If 
this be so, then the patch would be suitably placed 
to perform its function. In older birds, lymphatic 
tissue develops much more extensively in other parts of 
the caecal wall, suggesting that the susceptibility- of 
caecal tissue to invasion by pathogens increases with the 
age of the bird. The presence of the lymphatic patch 
distorts, to some extent, the neck lumen (Fig.10) and 
filtration may be aided as a consequence. This seems 
unlikely, however, to be the sole explanation for the site 
of the lymphatic patch.

There is a small flap at the mouth of the chicken 
caecum (Fig.9). Ingesta moving by peristalsis from the 
small intestine into the colorectum would tend to press 
the flap so as to close the caecal mouth. Fluid moving 
rostrally by anti^peristalsis in the colorectum 
(Yasukawa, 1959), would tend to be directed by the 
flaps into the caeca.

A twist distal to the caecal neck is such a constant 
feature in chicken caeca (Figs* 6, 15, 16 etc.). as to 
prompt the suggestion that it might have function. A 
helical motion imposed upon ingesta by the twist when



276

the sac is filled, or emptied seems likely to provide a 
stirring effect. This might serve a useful purpose when 
the caecum is being filled, but it is less easy to attribute 
function to the mixing effect when emptying occurs.

The prevention of premature caecal emptying is a 
possible function of the twist. The thoracico-abdominal 
cavity (birds have an incomplete diaphragm), is compressed 
spasmodically by respiration and flying movements. The 
viscera will be under pressure sometimes. Liquid in the 
caeca might tend to be expressed, even by light pressure 
but a twist in the soft-walled tube might tend to be 
flattened and thus have a retaining effect upon the caecal 
ingesta. Peristaltic waves from tip to mouth in the caecal 
wall, however, would pass along the twist and so little, or 
no opposition would be offered by the twist to the processes 
of normal caecal evacuation.

Caecal sac linings of chickens have no villi. The 
surface area of the lining is small and, although the folds 
of Kerkring increase the area, measurements and calculations 
(Pc 157) show that it is by about 4^, The folds function to 
increase caecal volume by about 100# (P.156). and so it 
seems likely that the sac is a container, little, if any 
absorption, or secretion taking place through the sac wall.

The large number of folds of Kerkring found in the
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chickens may have resulted from the fact that the 
birds had not been fed on the day they were killed and 
so the caeca were seldom full.

The intestinal ("ileum”) villi of the chicken are
flat and have alternate slopes in adjacent rows(PP. 163-
164)6 Liquid moving in the intestine relative to the 
villous surface would tend to come into contact with the 
villous surface and so provide opportunity for absorption.

Wildfowl
The caecal neck of the wildfowl resembles that of the
chicken and its functions may be the same. With some
exceptions e.g. the mute swan, the caecal neck length

— Ptends to be about 3 % 10~ m (P.192). Caecal mouths of 
wildfowl seem to have no flap comparable with that in 
chickens (P.148). The density of the neck villi is very
variable (Fig. 29a), but tends to be higher in the
shelducks (Gp V) and dabbling ducks (Gp VI) than in swans 
(Gp.IIl) and geese (Gp. VI).

Caecal linings in wildfowl usually have a pitted 
appearance (Fig. 29a) and sometimes there is a ridge 
around each pit which may be sufficiently raised to give 
a somewhat honeycomb look to the lining. Some linings 
appear.furred (Figs. 44 & 45). They look as though the 
epithelial cells which are normally shed into the lumen
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had remained loosely attached as an amorphous mass.
The significance of this is not clear, but it is 
possible that it might be associated with an abnormal, 
perhaps pathological condition.

The smew and merganser have very small, but luminate 
caeca. Their diets are mainly composed of fish (Witherby 
et al.. 1949). Digestion, or water absorption seem 
unlikely functions for s u c h  small organs.

The villi of the colorecta of shelduck, dabbling 
ducks, eider and perching ducks in arrangement and 
shape are different from those of the other birds 
studied. The unusual characteristics are the chevron 
shape and the linear arrangement. Villi of the small 
intestine of albino rats fuse together to form a 
transverse zigzag sheet (Clarke, 1967; 70). It is 
not known whether the chevron villi in ducks are derived 
from one villus, or from fusion of a number of villi. If 
duck caeca fill in the way that chicken caeca are thought 
to, then the lines between the rows of villi may act as 
a channel down which liquid may flow to the caecal mouth 
during filling. The convex side of the chevron villi are 
all directed posteriorly. Thus they may act as valves 
which let liquid flow rostrally, but prevent it moving 
in the other direction. The food of the birds of this 
group seems likely to contain less fibre than that of 
swans and geese and so the need for channels and valves.
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Red grouse
Grouse caeca are very long (about 5 x 10~^m) and the large

they
number of folds of Kerkring suggests that^can distend much, 
The caecal neck is constricted and has densely packed 
finger-like villi(Fig. 77). The sac lining (Fig. 76) has 
many whispy structures which may be villi. The grouse 
dissected, however, were not fresh and autolysis may have 
altered the lining. The caecal mouth (Fig. 75)is very 
different from that of chickens and wildfowl. Raised 
patches of tissue near the aperture are covered with 
large rounded villi (Fig. 79). Whether these have a role 
in caecal filling is not clear. The caecal structures 
of the birds dissected suggest that the grouse is the 
most likely to digest cellulose in the caecum. This 
supports other work done on the grouse and related 
galliformes (P. IIJ).

Black-headed gull
The food of this gull, although very variable, is 
usually over 80# animal matter. Its caecum is very small 
(Fig. 80) but luminate. As with the smew, digestion and 
water absorption on any significant scale seem improbable.
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Elegant Crested Tinamou
Tinamou inhabit Central and South America and occupy 
niches similar to those of the galliformes; partridge, 
pheasant and grouse of Europe and North America. Although 
mainly cursorial, tinamou can fly, but, like the galliformes 
they have a limited range (Parker & Haswell, 1962). The 
elegant crested tinamou.Eudromia elegans.has a vegetable 
diet similar to that of the galliformes, but it has a very 
different caecum. There is no proximal, narrow neck as in 
the domestic fowl (P.149), or the red grouse (P.243). It is 
possible, however, that in spite of its width, the -main part 
of the tinamou caecum is homologous with the constricted 
neck-region of the galliform caecum, for both are lined 
with villi. The relatively short thin-walled, distal part 
of the caecum of S.elegans may be the homologue of the long 
sac part which constitutes most of the galliform caecum. There 
is no twist present in the caecum of E.elegans. Whatever the 
homologies, both caecal types have effective filtering 
mechanisms as is shown by physical analysis of the caecal 
contents (Fig.91 & P.264). The lumen at the caecal base of 
E.elegans is very narrow (Fig.85) and although much wider 
2 X lOT^m from the base (Fig.86), the rigity of the wall with 
its papillate cavities may allow effective filtration even 
though the length of the filter is much shorter than that 
found in the thin-walled galliform caecum. • Any pressure 
tending to disterd the caecal lumen near the mouth during 
caecal filling seems likely to be resisted because of the 
rigidity resulting from the structure of the papillate walls.
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Thus the short villi lining the tinamou caecal mouth may 
he as effective as the longer ones of the galliform 
caecal neck.

Cellulose digestion in the tinamou caecum seems 
unlikely to to be a major function. The total quantity of 
solid matter, some of which may be cellulose, which enters 
the caecum is very small (Fig. 91 ). The timamou caecum 
cannot have a function comparable with that of the rabbit 
caecum and appendix, or ungulate rumen. Nevertheless, 
there is no evidence to deny that some caecal cellulelysis 
may occur and that this may have survival value in augment
ing calory intake when food is scarce. Such a function 
seems likely in the grouse.

Little is known about the filling mechanism of the 
tinamou caecum, but the absence of any flaps juch as '■

those found in the chicken (Fig. 9 ), prompt the suggestion
that there may be differences in the filling mechanisms 
of the two kinds of birds. Caecal emptying by peristaltic 
wave action as in the galliforms also seems unlikely, except 
in the thin-walled tip region of the tinamou caecum.

The cavities of the papillae of the tinamou caecum 
increase the total surface area;

Estimated inner surface area
of papillae per caecum = 4ÏÏ where r = radius

n = number 
p PGr c.= 4tT X 0.2^x 115 

* 58 X 1 0 ~ V
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Estimated inner surface area
of caecum without papillae = 27Trl where r = radius

of c.
1 = length 

of c.
=2 7Tx 0.6 X 7.3 
* 28 z 10“V .

When account is taken of the holes in the papillae where 
they communicate with the main caecal lumen and the decrease 
in size of the lumen resulting from the presence of the 
papillae, the increase in area attributable to the papillate 
structure is about x 2.

A doubling of the caecal internal surface area could 
have been achieved in tinamou simply by doubling the caecal 
length and retaining the thin-walled structure of the kind 
found in most birds with sacculate caeca. It seems unlikely, 
therefore,that the value to the. tinamou of having its 
peculiar caecal wall structure is a result of the increase 
in inner surface area. Some other value must apply which 
has resulted in the development and retention of the papill
ate structure. The extent to which the cavities of the 
papillae empty when the caecal contents are discharged is 
not know, but it seems likely that a proportion, at least 
of the papillar content would be retained. If this be true, 
it might serve some useful function. Two seem possible;

1. the retaining of enzyme(s) which might act on 
substrates present in material freshly entering

2. the retaining of bacteria for "seeding".
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An enzyme-retaining function seems improbable, because
i t  would im p ly  d ig e s t io n  w it h in  th e  caecum. The sm allness

o f  th e  q u a n t ity  o f  s o l id  m a tte r  in  th e  caecum b r in g  in to

q u e s tio n  th e  use fu l ln e s s  o f  such d ig e s t io n .  B a c t e r ia l

"s e e d in g " , however, m igh t seem to  be more e f f e c t i v e .  The

v a lu e  to  th e  b ir d  o f  m a in ta in in g  a  h ig h  p o p u la t io n  o f

b a c te r ia  m ight be: ( 1) v ita m in  s y n th e s is  ( p ro b a b ly  v ita m in

B^g), (2) nitrogen recycling, (3) self-vaccination, or
( 4) h e a t p ro d u c tio n . I t  seems u n l ik e ly  th a t, c a e c a l ly

s y n th e s ize d  v ita m in  B^2 absorbed d i r e c t l y ,  b u t c o p ro -

phagy, in c id e n ta l ,  o r  a p p a re n tly  d e l ib e r a t e ,  co u ld  en ab le

th e  b i r d  to  absorb th e  v ita m in  by u s in g  an i n t r i n s i c  f a c t o r

produced in  th e  a n t e r io r  p a r t  o f  th e  a lim e n ta ry  c a n a l.
— ?

The co lorectum  is  v e ry  s h o rt ( 4 .7  x  10~ m ), in  th e  tinam ou  

and so u r ic  a c id  m igh t e n te r  th e  caecum e a s i ly .  N itro g e n  

r e c y c l in g  seems a p o s s i b i l i t y ,  p a r t ic u la r ly  i f  u r ic  a c id  

u t i l i z i n g  b a c te r ia  a re  p re s e n t in  th e  tinam ou caecum as 

th e y  a re  in  many o f  th e  b ird s  in  which th e y  have been  

lo oked  f o r .  S e l f  v a c c in a t io n  as a  p r o te c t io n  a g a in s t  th e  

sudden e n try  o f  pathogens v ia  m inor le s io n s  in  th e  g u t w a l l  

(M a tto c k s , 1971 a ) i s  p o s s ib le , b u t th e re  is  l i t t l e  su p p o rt

in g  e v id e n ce . I f  such p r o te c t io n  e x is ts  i n  b ird s  w hich  

have a  v e g e ta b le  d ie t  and a  r a p id  passage o f  fo o d , th e  

la c k  o f  th e  need f o r  a  s a c c u la te  caecum in  many c a rn iv o ro u s  

b ird s  m ight be e x p la in e d  by supposing th a t  t h e i r  s lo w e r  

passage o f  food a llo w s  a s u b s ta n t ia l  b a c t e r ia l  f l o r a  co 

d eve lo p  in  th e  in t e s t in e s .  Thus a u to v a c c in a tio n  co u ld  o ccu r
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in  th e  in t e s t in e  o f  a v ia n  c a rn iv o re s . Even i f  th e  food  

passage r a t e  is  to o  h ig h  in  c a rn iv o ro u s  b i r d s ,  th e  

b a c t e r ia l  f l o r a  o f  th e  gu t o f  th e  p rey  m igh t serve  to  

induce a u to v a c c in a tio n . Owl caeca rem ain  u n e x p la in e d . 

The in o c u la t io n  o f  in g e s ta  by b a c te r ia  r e ta in e d  in  th e  

p a p i l la e  o f  th e  tinam ou caecum would f a c i l i t a t e  th e  

r e le a s e  o f  th e rm a l en ergy.
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wisdom, understand ing  and f r ie n d l in e s s .  D r.R .G .B o ard  

f o r  th e  second tim e , has ex erc is ed  h is  shrewd, but 

k in d ly  c r i t i c a l  f a c u l t ie s  on my e f f o r ts  and guided me

w ith  h is  s k i l l  and knowledge. I  thank bo th  my tu to r s  most 

g r a t e f u l ly .
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Tab le  24 
Summary o f Specimen D ata

pecimen Species Sex Aspect conditionnumber Age Source

1 Magpie Goose 0 (A.semipalmata)
2 B a rn a c le  Gooseo 

( B rant a  le u c o p s is )
3 B arn ac le  Goosey

caeca form aldehyde a d u lt  S lim b rid g e

caeca form aldehyde a d u lt  S lim b rid g e

caeca form aldehyde a d u lt  S lim b rid g e

A ChjLcken p 
(G a llu s  dom esticus)

whole a lc o h o l 10% 
caecum

2y Farm , W li ts h ir e

5 C hicken ? opened norm al s a lin e  
caecum

4

8 C hicken $ caeca fre s h 56d H in to n  P k rs .

9 C hicken ? caeca f re s h 56d H in to n  P k rs .

10 Chicken 9 caeca f r e s h 56d H in to n  P k rs .

11 Chicken ? caeca f re s h 56d H in to n  P k rs .

12 C hicken ? caeca fre s h 50d H in to n  P k rs .

13 Chicken Î caeca fre s h 50d H in to n  P k rs .

14 Chicken ? caeca fr e s h 50d H in to n  P k rs .

15 Chicken ? caeca form aldehyde 50d H in to n  P k rs .

16 Chicken Î caeca form aldehyde 50d H in to n  P k rs .

17 C hicken ? caeca form aldehyde 50d H in to n  P k rs .

18 Chicken Î caeca fre s h 56d H in to n  P k rs .

19 Chicken i caeca fre s h 56d H in to n  P k rs .

20 C hicken ? caeca fre s h 56d H in to n  P k rs .

22 C hicken ? 1 . caecum 
opened

18

23 C hicken ? r.caecum  
opened

18

24 Chicken ? 1 . caecum 
opened

19

25 C hicken ? r.caecum  
opened

19

26 Chicken Î 1 . caecum 
opened

20
27 .Chicken $ r.caecum  

opened
20

28 C hicken ? caeca form aldehyde  
in je c te d

56d H in to n  P k rs .
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Table 24(cont.)

Specimen Species Sex Aspect c o n d itio n  Age Source 
number

29 Chicken 0 caeca form aldehyde  
in je c te d

56d H in to n  P k rs .

31 Chicken p caeca form aldehyde  
in je c te d

56d H in to n  P k rs .

32 Chicken p caeca form aldehyde  
in je c te d

56d H in to n  P k rs .

29 Chicken p 1 . caecum 
opened

28

30 Chicken p r.caecum  
opened

28

33 Chicken p 1 . caecum 
opened

31

34 Chicken 0 r.caecum  
opened

31

35 Chicken p 1 . caecum 
opened

32

36 Chicken 0 r.caecum  
opened

32

37 Chicken 0 1 .& r .
c a e c a l m o u th .fres h

( 2) s e c tio n  o f 1 . 
ca e ca l mouth

( 3)p in  in  ca ec a l 
mouth

56d H in to n  P k rs .

38 Chicken p 1 . & r .  fre s h  
c a e c a l mouth

56d H in to n  P k rs .

39 Chicken p 1 . caecum 
opened

37

41 Chicken p r.caecum  
opened

37

42 Chicken p 1 . caecum 
opened

38

Chicken43 p r.caecum  
opened

38

47 Chicken 0 1 . caecum 
.. opened

44

48 Chicken p zi. caecum 
opened

44

44 Chicken p caeca form aldehyde  
in je c te d

56d H in to n  P k rs .

45 Chicken
/

ÿ  caeca form aldehyde  
in je c te d

56d H in to n  P k rs .

46 Chicken p caeca form aldehyde  
in je c te d

56d H in to n  P k rs .

49 Chicken b 1 . caecum 
opened

45

50 Chicken p r.caecum  
opened

45

53 Chicken p 1 . caecum 
opened

46
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Table 24(cont.)

Specimen Species Sex Aspect Condition Age
number Source

54

55

56

57

58

59

60 

61 

62

63

64

65

66
67

68
69

70

71

72

73

74

C hicken

Chicken

C hicken

C hicken

Chicken

C hicken

C hicken

C hicken

C hicken

C hicken

Chicken

C hicken

C hicken

Chicken

Chicken

Chicken

Chicken

p  caecum 56d H in to n  P k rs .
s e c tio n e d  fo rm aldehyde  

Q c a e c a l m thform aldehyde 56d H in to n  P k rs . 
tru n c a te d

Ô c a e c a l m thform aldehyde 56d H in to n  P k rs . 
tru n c a te d

Q c a e c a l n k ,fo rm a ld e h y d e  56d H in to n  P k rs . 
l i n i n g

Ç caeca f r e s h  56d H in to n  P k rs .

?
$
Î 
$
?
$
?
?
$

caeca

caeca  1 . in je c te d  1 . caecum 
opened 
r.caecum

fr e s h  56d H in to n  P k rs . 

fo rm ald ehyde 56d H in to n  P k rs .

60 
60

caeca . fo rm a ld eh yd e  56d H in to n  P k rs . 1 . in je c t e d  
r.caecum  
opened
1.caecum
opened
caeca

63

63

form aldehyde 56d H in to n  P k rs .

66
66

f r e s h  56d H in to n  P k rs .

Tinamou 
(Eudromia 
elegans) 

Tinamou p 
(E.elegans)

r.caecum  
opened 

p 1 . caecum 
opened 

p c a e c a l 
w a l l

p co lo rec tu m  form aldehyde56d  H in to n  P k rs . 
opened
caeca fo rm aldehyde a d u lt  U n iv . o f  

e tc .  C a l i f o r n ia$

Tinamou p 
(E.elegans)

caeca
e t c ,

caeca
e tc

Hawaiian g.j" caeca (Branta etc,
sandvicensis)

fo rm aldehyde a d u lt  U n iv . o f
C a l i f o r n ia

form aldehyde a d u lt  U n iv . o f
C a l i f o r n ia

deep f r e e z e  ju v .  S lim b rid g e  
d ie d  o f  a s p e r g i l lo s is
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Table 24(cont.)

Specimen Species Sex Aspect Condition Age Source 
number

75 Australian q caecum deep freeze adult Slimbridge
Grey Teal etc. (5y ?)(Anas gibberifons 

albogularisY
76 Hawaiian S caecum deep freeze adult Slimbridge

duck etc. (3y ?)
(Anas platyrhynchos 

wvviliiana)
77 Emperor o caecum deep freeze adult Slimbridge

goose etc.
(Anser canagicu's) '

78 Dark-bellied Brent deep freeze adult Slimbridge
goose p caecum 

(Branta bernicla etc.
bernicla)

79 Dark-bellied o caecum deep freeze adult Slimbridge
Brent goose etc.

80 Dark-bellied p caecum deep freeze juv. Essex 
Brent goose etc. Coast

81  ̂Light-belliedp caecum formaldehyde adult Slimbridge
Brent goose etc.
(Branta bernicla

hrota)
82 Coscoroba swan <f caecum formaldehyde ad.Slimbridge

(Coacoroba etc.
coscoroba)

83 Ruddy-headed cf caecum formaldehyde juv.Slimbridge
goose etc.

(Chloenhaga rubidiceps)
84 Barnacle o caecum formaldehyde juv.Slimbridge

goose etc. killed because of injured
leg85 Radjah shel- cf caecum formaldehyde juv.Slimbridge

duck etc. renal failure
(Tadorua tadornoides)

86 Common shoyeler cf caecum formaldr juv.Slimbridge
(Anas cyneata) etc. bacterial infection
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Table 24(cont.)

Specimen Species Sex Aspect Condition Age Source
number cause of death

87 Smew (? caecum formaldehyde adult Slimbridge
(Mergus albellus) aspergillosis

88 Muscovy $ caecum fresh adult Bristol
duck etc. killed,healthy suburb

(Cairina moschata)
Domesticated bird

89 Radjah shel- caecum formaldehyde juv. Slimbridge
duck S etc. renal failure & aspergillosis

90 Bronze-winged caecum formaldehyde juv. Slimbridge
duck _ a etc. renal failure, aspergillosis
(Anas specularis) & acuaria

91 Red Grouse d* caecum formaldehyde juv. Derbyshire
(Lagopus scoticus) healthy: shot

92 Red Grouse <f caecum formaldehyde adult Derbyshire
etc. healthy: shot

93 Red Grouse ê caecum formaldehyde adult Derbyshire
etc. healthy; shot

94 Black-necked o caecum formaldehyde juv. Slimbridge
swan (Gygnu3 etc. healthy: trauma
melanoqryphus)

95 Swan goose g caecum formaldehyde adult Slimbridge
(Anser caerulescens) healthy: trauma

96 Dark-bellied p caecum formaldehyde adult Slimbridge
Brent goose etc. visceral gout

97 Chestnut Teal p caecum formaldehyde adult Slimbridge 
(Anas castaneaT etc. amyloid disease

98 Black-headed p caecum formaldehyde adult Slimbridge
gull (Parus etc. healthy: shot
ridibundus ridibundus)

99 .Northern p caecum formaldehyde adult Peakirk
pintail etc. trauma; contusions of the head

(Anas acuta acuta)
For Specimen Numbers 100 - 959 see pp.
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Table 24(cont.)

Specimen Species Sex Aspect Condition Age Source
number cause of death

960 Cinnamon o caecum formaldehyde adult Peakirk
teal etc. egg peritonitis

(Anas cvanoptera)
961 Argentine p caecum formaldehyde adult Peakirk

Red Shoveler peritonitis- gizzard punctured by 
(Anas platalea) wire

962 Carolina p caecum formaldehyde adult Peakirk
duck etc. tuberculosis

(Aix sponsa)
963 American g caecum formaldehyde adult Peakirk

wigeon etc. cause of death undetermined 
(Anas americana)

964 Gadwall â caecum formaldehyde adult Peakirk
(Anas strepera etc. "wet feather"& aspergillosis

strepeiS]
965 Hooded caecum formaldehyde adult PeakirkMerganser etc. tracheal obstruction

(Mergus cucullatus)
966 Mute swan o caecum fresh adult Nailsea,

(Cygnus olor) etc. electrocution on Avon
over-head wires

967 Cuban p caecum formaldehyde juv. Slimbridge
whistling duck etc. trauma, predated.
(Dendrocygna arborea)

968 Barnacle p caecum formaldehyde adult Slimbridge
, goose etc. trauma, cerebral haemorrhage

969 Paradise S caecum formaldehyde adult Slimbridge
shelduck etc. cause of death undetermined.
(Tadorna variegata) moderate haemorrhagic enteritis

970 Baikal teal p caecum formaldehyde adult Slimbridge
(Anas formosa) etc, trauma, predated

971 Ringed teal i caecum formaldehyde adult Slimbridge
(Anas etc. pulmonary congestion

leucophrys) pneumonia
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Table 24(cont.)

Specimen Species Sex Aspect Condition Age Source
number cause of death

972

973

European p caecum formaldehyde 
Eider duck etc. acuaria
(Somateria mollissima mollissima)

JUT, Arundel

Spectacled p caecum formaldehyde juv. Slimbridge 
Eider duck tuberculosis & acuaria
(Somateria fischeri)



Key to Abbreviations in Table 25
amido amidos- 
amyloid arth .artero arteroscler
asp asperg -
atr
caec
c'brlcirrho
con
cong
degen degen-
ent enter enterit
ero eros
f fail
eat
gen
gizz
hae haemo haemor hd
hepatit
ht
imp impact impact- 
incoordinat- 
in inf . infs 
intest 
kbo 
liv
ml mal malfunct- 
muscul
nep nephr nephrit 
obstruc- 
oed oed- , 
pt
pneu pneum
predat
preventric
pul
ren
rup
septic
staph staph 
starv- starvat- 
sus
t tb tuberc
trau
wnd

n

amidostomiasis
amyloidosisarthritisarterosclerosis
aspergillosis
atrophy
caecal
cerebral
cirrhosis
condition
congestion
degenerated
enteritis
erosion
failure
eaten
general
gizzard
haemorrhagic
head
hepatitis
heart
impaction
incoordination
infestation
intestinal
killed because of
liver
malfunction
muscular
nephritis
obstruction
oedema
part
pneumonia
predation
proventricular
pulmonary
renal
ruptured
septicaemia
staphylococcus
starvation
suspected
tuberculosis
trauma
wound

= freeze stored



294
APPENDIX I I  

Table 25
Body weights. Gizzard weights and Gut lengths

Specimen Bex Cause of death Body Gizzard Gut Is. Caecal 
number wt wt I II length

Lesser Flam ingo P hoenloopterus m inor

100 â renal malfunct^ 1320 27.0 305 8.3 3.5101 9 pul.cong.&liv.inf.960 —» 245 43.8 2.7102 <r staph.septicaemial 210 22.0 188 4.9 2,0
James Flamingo Phoeniconarrus iamesi
104 2 trauma & liv.inf .2025 26.8 358 7.6 3.3105 aspergillosis 1817 22.8 371 6.4 4.0106 asperg.A pul.con 1400 28.4 376 13.7 3.9107 pneumonia 2040 46.9 358 11.2 2.3108 cf . no diagnosis 1400 29.1 345 8.4 4.0
109 cf trauma 1950 39.2 340 6.9 3.4110 ? nephritis 1360 36.0 338 10,0 4.1
Greater Flamingo Phoeniconterus ruber roseus
111 ? kbo foot inf. 2380 34.0 222 9.5 7.5
Rosy Flamingo Phoenicopterus ruber ruber
112 septicaemia 2200 35.1 296 11.1 9.6
113 <f kbo broken leg 3220 50.0 251 7.8 7.9114 ? tuberculosis 1400 26.0 266 15.5 10.9
Chilean Flamingo Phoenloopterus ruber chilensis
115 cf peritonitis 2430 31.9 291 11.0 13,1116 i kbo trauma 2620 30.4 260 10.0 11.6117 2 anaemia & sus.p. 1440 18.1 232 5.0 10.8118 ? kbo broken leg 2230 23.4 270 7.3 9.9119 ? trauma trampled 2490 31.2 254 2.3 11 .4
120 cf asperg & pneum. 2430 46.3 312 4.4 14.8121 d* nephritis 2600 37.0 277 15.0 12.5122 2 _ trauma 2060 32.2 224 2.5 8.5123 trauma 2785 42.0 372 14.2 14,5
Andean Flamingo Phoenlcoparrus andinus
124 2 _ trauma 2210 20.0 375 9,9 5.9125 pericarditis 2400 21.0 453 12.6 4.3
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Table 2^ (cont)
Body weights.Gizzard weights and Gut lengths

Specimen Sex Cause o f death  Body G izza rd  Gut I s .  C aecal 
number wt wt I  I I  le n g th

Magpie Goose Anseranas sem inalm ata

126 <f aspergillosis 2440 42.9 148 11 13.5
Byton's Whistling Duck Dendrocygna eytoni
127 d* pneumonia 525 13*1 69 5 8.0
128 p pneumonia 585 12.1 75 5 6.8
129 g brain haemorrhage540 10.9 69 5 7.0
Fulvous Whistling Duck Dendrocygna bicolor
130 9 tuberculosis 615 15.4 86 5 8.3
131 9 pneumonia 388 12,4 85 6 7.1132 9^ tuberculosis 535 14.9 86 6 7.0
133 Pb p. & nephritis599 15.1 88 7.4 9.4134 ? tuberculosis 620 15.9 102 7.1 7.8
135 d* haemo. enteritis 480 22.5 97 4.2 6.9136 2 trauma & prolapse699 13.0 — 6.0 7.5
137 % caseated enterit .515 13.5 66 3.3 5.7138 caseated enterit .595 12.2 89 6.0 6.7
Cuban Whistling Duck Dendrocygna arborea
139 Pb poisoning 1025 27.2 94 7.8 9.0
White Faced Whistling Duck Dendrocygna viduata
140 tuberculosis 535 12.0 70 5 6.3
141 9 tuberculosis 495 16.3 72 6 4.8142 <r tuberculosis 545 17.8 101 4 7.9143 cf trauma & liv.con.575 18.1 91 4 6.5144 Î tuberculosis 550 19.3 101 7.6 8.4
Red Billed Whistling Duck Dendrocygna autumnalis discoli
145 9 nephritis 645 16.4 92 7 7.9146 cT Pb poisoning 680 17.8 102 6 6.2
147 cf pneumonia 580 18.4 88 5 7.8148 9 trauma 697 17.0 91 6 8.1
149 ? brain haemorrhage585 15.2 87 4 6.9
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Body weights. Gizzard weights and Gut lengths
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Specimen Sex Cause of death 
number

Body Gizzard 
wt wt

Gut Is. 
I  I I

Caecal
length

Red Billed Whistling Duck(cont.)
150
151
152
153
154 Î

155
156
157

cT

$

trauma 660 20.4 108 4.5 6.9tuberculosis 560 14.7 86 7.8 7.9pneumonia 640 12.5 103 6.8 6.7trauma & tuberc. 605 19.3 94 5.9 6.9
trauma 515 14.1 92 4.8 6.6
brain haemorrhage530 14.3 136 5.4 9.7haemo. enteritis 510 11.9 95 4.4 8.2trauma 730 22.5 139 5.9 12.4

Coscoroba Swan Coacoroba coscoroba
158 2 art eriosclerosisl 620 39.2 243 14.0 23.4
159 % tubercrulosis 2455 58.5 239 11.0 24.1
Black Swan Cygnus atratus
160 2 trauma 3930 127 283 6 26.9161 tuberculosis 4800 131 234 — 40.0
Mute Swan Cygnus olor
162 9 trauma 8600 157 34.2
163 Pb poisoning 7300 200 30.5164 â caseated enter. 9300 180 366 8 38.5
165 caseated enter.12300 200 406 10 43.5166 <f not diagnosed — 301 454 16 3 6 .3

167 <f trauma 13600 420 530 18 40.1
168 cf trauma 10000 179 490 10 3 8 .2
169 cf trauma 8750 360 354 12 37.5
Black Necked Swan Cygnus melanocoryphus
170 2 gizzard impact. 3520 110 279 9 24.6
171 % tuberculosis 1760 104 279 18 21.7172 ¥ aspergillosis 2025 90 296 11 18.8
Bewick's Swan Cygnus columbianus bewickii
173 cf enteritis,oil 4880 273 273 14.3 19.6
174 cf enteritis,oil 5500 145 237 9.7 19.7175 cf enteritis,oil 4860 128 225 13.2 20,5176 cf enteritis,oil 4600 132 233 12.2 18.9177 ? tuberculosis 4200 100 232 14.7 17.8
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Table Z) (conk)

Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body 
number wt

Gizzard Gut Is. Caecal 
wt I II length

B ew ick 's  Swan (c o n t . )

178
179

gizzard impact tuberculosis 33803640 96
94

212
212

13.8
14.0

Trumpeter Swan 
6

b u c c in a to r

180
181
182

caec. imp. Amido 8^385 0 
tuberculosis 6450
Pb poisoning 6700

Swan Goose Anser cygnoides

183
184
185

â aspergillosis 3080
cf trauma (?) 3220
cf nephritis 2250

124
119
153

65
69

Bean Goose (W estern ) Anser fa b a l i a  f a b a l ia

23.9
28.4

250 15 16.2292 15.4 19.1192 11.4 17.4

169 7 19.5185 12 17.9
131 10.3 17.8

186 (? starvation 2470 100 22.0
187 4arth.gout,atero.2400 69 161 14 25.7188 silicosis,Amido.1420 108 188 11 31.2
189 kbo toxaemia 1560 42 153 7 19.0
190 â pericarditis 1800 67 177 8.5 16.0
191 amidostomiasis 2400 95 121 9 16.9
Pinkfoot
192

Goose Anser brachyrhyncus 
o lung congestion 3270 64 17.5193 gizz,erosion 1660 63 181 8 27.5194 S amidostomiasis 1600 45 170 10 21.5195 liv. tuber cuJLos is 1610 51 169 9 20.5196 gen.debilitationi680 13 161 9 24.3

European Whitefront Anser albifrons albifrons 
197 d* trauma,shot 2325 124 38.6198 «d-

trauma, shot 1800 99 » — 20.8199 trauma,shot 2670 153 — — 27.3200 (f trauma,shot 2640 170 200 13 32.2201 cf trauma,shot 2540 159 222 14 29.8
202 trauma,shot 2130 143 190 13 28.0203 trauma,shot 2320 155 - 31.7
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Body weights. Gizzard weights and Gut lengths
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Specimen Sex Cause of death Body number . wt Gizzard Gut Is. 
wt I II Caecal

length

European Whitefront Goose 
204 d trauma,shot

(cont.) 
2520 152 201 17 25.1

205 cf trauma,shot 2320 mm mm 3 0 .0
206 trauma,shot 2360 133 189 16 3 4 .9207 trauma,shot 2540 138 185 14 28.6
208 d trauma,shot 2790 163 211 16 2 5 .5

209 d trauma,shot 2110 132 220 14 31.1210

I

trauma,shot 2440 134 —  — • 3 1 .4211 trauma,shot 2210 142 — 2 4 .9212 trauma,shot 2310 140 mm mrns 27.5
213 trauma,shot 2210 160 — 26.2
214

h
trauma,shot 2330 136 mm mm 27.3

215 trauma,shot 2680 141 mm mm 3 1 .9216 â trauma,shot 2420 137 •mi 3 1 .0
217 cf trauma,shot 2580 150 201 13 2 9 .0218 Î trauma,shot 2370 151 182 13 3 2 .2

219 trauma,shot 2270 129 •i* r» 2 2 .9220 * trauma, shot 2510 150 183 14 27.9221 ^ d trauma,shot 2420 138 241 14 3 2 .5222 *
%

trauma,shot 2230 128 223 14 28.1
223 * trauma,shot 2040 119 205 14 26.0
224 * â trauma,shot 2360 149 184 15 3 1.6
225 * d trauma,shot 2460 153 243 19 28.4226 ♦ d trauma,shot 2500 144 213 16 33.1227 * trauma,shot 2570 125 227 17 3 4 .3228 trauma,shot 2270 151 209 16 3 1 .3

229

4
trauma,shot 2300 152 217 14 29.2

230 trauma,shot 2040 101 161 12 2 3 .4231 nephritis 1805 57 —  « 1 7 .4232 * $ trauma,shot 2080 - 170 19 3 1 .5
233 ? trauma,shot 2380 128 214 14 2 5 .0

234
235 
256
237
238

o trau m a , shot 
Q tra u m a ,s h o t  

() tra u m a , shot 
trau m a, shot 

Ç tra u m a ,s h o t

21102330
2700
2780
2180

127
152
155
180
139

190
233
277
301
279

12
14
1.8
19
17

2 8 .5  22.0
31.6
3 2 . 3
2 5 .2
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Specimen Sex Cause of death Body 
number wt

Gizzard Gut Is. Caecal 
wt I II length

European Whitefront Goose (cont.)
239 ? trauma,shot 1850 .121 176 12 28.3240 * 4trauma,shot 2240 141 191 15 28.4
241 « trauma,shot 2330 183 290 12 32.8
242 * trauma,shot 2690 156 226 13 31.4
243 * trauma,shot 2560 151 268 16 32.4
244 * d trauma,shot 2590 181 229 15 24.8
245 * trauma,shot 2490 151 222 11 28.6
246 trauma,shot 2250 138 219 15 29.7
247 * trauma,shot 2850 168 247 12 30.7
248 * ? trauma,shot 2510 139 260 — -
249 *

::
trauma,shot 2140 123 216 15 29.3250

251
asphyxia 1885 kbo degen& ovary1740 11378

180 16 
138 7 23.419.2

252 tuberculosis 1400 63 130 7 25.0
253 aspergillosis 1260 46 174 8 14.9
Pacific Whitefront Goose Anser albifrons frontalis
254 renal malfunctn.1600 59 132 7 13.5
Greenland Whitefront Goose Anser albifrons flavirostris

255
256
257258

trauma,shot trauma,shot 
trauma,shot 
nephritis 2300

128
125146
83

Lesser Whitefront Goose Anser erytt^onue
259260 
261 262
263
264
265266 
267

cT tuberculosis 1700
o renal failure 1100o t.b.caseated ent.850

nephritis 1830
d t.b* renal malf.1105

?

nephritis 1300
tuberculosis 700
tuberculosis 895
tuberculosis 940

145

20.8
23.8 
26.6
19.9

30 — <» 17.2
35 144 10 15.3
38 110 T 17.9
52 109 10 12.5
38 156 11 17.1
51 98 9 17.4
29 137 7 12.4
82 164 8 17.0
26 112 5 10.3
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Table ZJ" (cont)
Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body number wt Gizzardwt I Gut Is. 
I II

Caecal
length

Greylag Goose (Western) Anser anser anser
268 S trauma,shot 115 20.3
269 ? trauma,shot - 156 — — 19.5270 <? trauma,shot 167 mm — 20.6271 $ renal f,gizz,imp2600 76 Mk — 19.4272 Î Pb poisoning 2520 86 - — 17.0
273 P renal failure 2200 101 » 18.5
274 brain haemo. 3080 86 170 8 16.2
275 P peritonitis 3280 80 155 6 19.4276 ruptured liver 2840 65 170 6 15.6
277 â nephritis 2980 105 182 13 21.8
278 Ô amidostomiasis 3115 77 192 4 19.7
279 â t.b.& amido. 2740 96 185 12 21.6
280 P tubeculosis 2745 77 177 8 20.5281 kbo arthritis 3540 43 222 9 26.1
282 â nephritis 2800 159 10 20.2
283 d nephritis & gout2840 110 _ 10 24.0
284 â nephritis & amid2540 64 157 8 21.4
Domestic Goose Anser anser
285 d infe thyroid 6200 187 237 13 20.9
Bar-headed Goose Anser indicus
286 2 teb^renal malf. 1220 29 121 9 12.0
287 S 1750 62 139 7 17.8
Emneror Goose Anser canagicus
288 P. not diagnosed 920 42 182 9 22.6
289 renal malf. 2420 60 204 — 31.4290 2^ Pb poisoning 1830 56 162 11. 26.8
291 nephritis 2020 81 211 10 26.9292 ¥ Pb poisoning 1920 47 127 12 23.6
Lesser Snow Goose Anser coerulescens coerulescens
293 renal malf. 1650 50 131 7 16.0294 d gizz. erosion,pneu345 • 40 130 9 20.2
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Table ̂ 5(Cont.)
Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause o f  death  Body G izza rd  Gut I s .  C aecal 
number wt wt I  I I  le n g th

G re a te r  Snow Goose Anser coeru lescens a t la n t ic u s

295 s killed,healthy 1920 72 165 6 21.3
296 d brain, haemo. 1600 76 131 8 12.4
297
Ross'a

d
Snow

nephritis 1980 
Goose Anser rossii

65 143 6 20.0

298 nephritis 825 38 116 8 21.6
299 nephritis 1460 44 96 8 18.7
300 caseated enter. 1240 33 133 5 17.3
Canada G o o s e (B r it is h /A t la n t ic )  B ra n ta  canadensis canadensis

301
302
303304

cf
?

trauma 5100 166 
not diagnosed 1970 134 
renal atrophy 4095 158 
not diagnosed 3420 131

200
173
234
175

97 11
8

21.520.0
31.124.2

Moffitt's Canada Goose Branta canadensis moffitti
305 cf Pb poisoning 3600 97 183 9 23.0
Giant Canada Goose Branta canadensis maxima
306 cf aspergillosis 4560 140 188 10 22.6
Taverner'' 8 Canada Goose Branta canadensis tavemi
307
308 
309

d.
d
d

tuberculosis 1700 159 
killed,healthy 1640 94 
tuberculosis 1160 40

116
161
107

8
11

7

16.316.0
9.0

Dusky Canada Goose Branta canadensis occidentalis
310 Î aspergillosis 1640 40 163 9 23.7
Vancouver Canada Goose Branta canadensis fulva
311
312

nephritis 3660 120 
tuberculosis 3460 77

152
155

5
7

17. t 
19.7

Aleutian Canada Goose Branta canadensis leucopareia
313 cf t^b.&renal malf. 1220 34 122 6 13 .2
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Body weights.Gizzard weights and Gut lengths
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Specimen Sex Cause of death Body 
number wt

Gizzard Gut Is. Caecal 
wt I II length

Cackling Goose Branta canadensis minima
314 trauma 1505 
Hawaiian Goose Branta sandvicensis

38 121 5 16.4

315 <f arterosclerosis 1200 36 146 5 19.8316 d anaemia & amido. 970 43 137 4 18.3317 t.b.& amidoc 1190 38 114 6 18.0318 liv. necrosis .1080 50 171 8 21.7
319 <f amidostomiasis 1150 56 146 5 22.2
320 d amidostomiasis 1290 49 159 7 22.1321 d trauma,heart con2480 82 145 7 17.7322 d tuberculosis 1240 41 133 4 24.4323

s*
trauma & amido. 1360 . 40 125 8 19.0

324 trauma 1700 58 152 6 18.4
325 d tuberculosis 1380 50 160 5 25.0326 d avian pox 1140 40 145 5 23.5327 trauma 2180 68 158 5 20.8328 amyloidosis 1105 43 120 7 18.9329 cf bruising of neck1430 47 137 4 18.3330 Î egg peritonitis l720 30 134 4 18.3
331 tuberculosis 1212 33 137 5 17.5332 avian pox 1220 51 119 4 21.3333 S t.b.& obesity 2540 68 117 6 23.8
334 cerebra haemor.1398 .59 138 7 17.0
335 asperg, gizz. eroal 440 50 126 5 16.2
336 d kbo incoordinat^l 610 95 6 21.0337 d»

t.b. of liver 1470 105 143 4 17,0338 amido. & avi.poxISOO 74 138 7 30.0339 2 trauma 1600 73 125 8 19.5340 Î asperg,amido. 1005 45 118 6 19.5
341.
Barnacle

ÿ amidostomiasis 1200 
Goose Branta leuconsis

62 123 6 22.2

342 tuberculosis 900 26 19.1343 renal malf unetS 1175 45 » 24.3344 cf proventric. inf.1300 112 6 17.0345
c^

Cyathostoma inf.1200 28 147 6 19.8346 nephritis 2085 52 124 5 23.0
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Table (CDTit.)

Body weights, Gizzard weights and Gut lengths

Specimen Sex Cause of death 
number

Body
wt. Gizzard Gut 

wt I
Is.
II

Caecal
length

Barnacle Goose (cont.)
347 â killed,healthy 1560 31 133 7 17.4348 9 cerebral haemor .1465 37 108 5 14.5
349 tuberculosis 1140 37 145 12 21.8
350 d tuberculosis 1230 39 - 6 20.6
351 ? nephritis 1790 37 129 9 iQ.e
352 d tuberculosis 1625 42 124 9 19.4
353 d arterosclerosis 1810 61 145 9 19.5
354 d arterosclerosis 2085 53 180 11 18.2
355 9 t.b. & amido. 1270 42 139 8 22.6
356 ? artero & amido. 1730 90 198 11 24.0
357 9 asperg.& amido. 1910 53 144 8 16.8
358 aspergillosis -f 54 172 10 16.3359 d^ tuberculosis 1620 34 112 7 19.4360 9 poisoning(?) 1640 70 145 8 22.0
361 ? amido & pul.oedml105 65 143 8 21.5
362 9 amido.& gizz.erol220 55 131 7 19.0
363 d^ enter,some amido2200 77 210 7 20.5 ..
Dark Bellied Brent Goose Branta bernicla bernicla
364 9 kbo lame 1100 61 13.3
365 $ nephritis 1020 45 - - 18.1
366 renal parasites — 44 161 8 18.8
367 renal parasites - 29 165 11 19.4368 r pul cong,renal fl280 — 169 11 19.4
369 d trauma,shot 1180 48 177 9 16.5370 d trauma & renal f1397 55 198 8 16.4
371 d tuberculosis - 46 131 10 14.7372 d enteritis 1220 60 189 11 17.3
373 d trauma,shot 1500 93 213 13 16.5
374 d trauma,shot 1520 107 213 10 21.5
Black Brent Goose (Pacific Brent) Branta bernicla orientalia
375 9 pneumonia 1140 53 148 8 13,7376 <T trauma 1260 49 160 8 15.5
377 0 tuberculosis 955 48 155 5 11.4378 (T nephritis 1110 64 156 9 15.0379 S renal atrophy 885 40 128 5 14.1
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Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body Gizzard Gut Is. Caecal
number wt wt wt I II length

Red Breasted Goose Branta ruficollis
380 tuberculosis 770 29 110 7 15.4381 ^d trauma 1260 36 113 6 14.4382 6 t.b.& nephritis 1040 40 73 9 14 .8
383 9 amido & nephritis850 40 129 10 14.8
384 ? tuberculosis 1035 44 123 7 15.4

385 d mite infestation 610 45 127 6 17 .9386 d nephritis 1060 49 125 8 15.5387 . d nephritis 880 45 89 8 13.3388 d nephritis 910 28 131 6 10.7
389 d tuberculosis 925 39 121 8 13.7

Egyptian Goose Alopochen aegyptiacus
390 â gen .congestion 1290 70 167 7 17.0
Orinoco Goose Neochen .iubatus
391 ÿ gape worm & pneui060 27 130 9 10.0
Abyssinian Blue Winged Goose Cyanochen cvanopterus
392 d* caseated enter. 2080 42 42(?)8 10.0
393 g drowned 1260 40 121 5 12.5
Ashy Headed Geese Chloephaga poliocephala
394 0 t.b.& musculcOedm - 39 111 6 17.1
395 d amidostomiasis 1020 53 128 6 17.3
Ruddy Headed Goose Chloephaga rubidlceps
396 d peritonitis 840 1 119 5 6.5
Greater Magellan Goose Cliloephaga picta picta
397 d t.b.& asperg. 1998 71 33 5 20.Ô
398 ÿ tuberculosis 2440 59 1841 9 28.3
Cereopsis Goose Cereopsis novae-hollandiae
399 o
400 <T
401 o

not diagnosed 2440 70 134 5 23 .9kbo early t.b. 4055 104 178 8 25.1nephritis 3840 77 151 8 21.3



305

Table l ^ C C û n t )
Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body Gizzard Gut 
number wt wt I Is.

II
Caecal
length

Ruddy Shelduck Tadorna ferruginea
402 d congestion 1280 28 180 - 11.0
Paradise Shelduck Tadorna variegata
403 0 tuberculosis 750 22 175 10 12.0
404 Ç stress 7 starvatR830 17 124 8 10.0
Black-backed Rajah SheHuck Tadorna radiah rad1ah
405 d septicaemia 730 12 92 " 5 . 5.9406 0 pneumonia 655 13 95 4 13.5407 g tuberculosis 760 16 106 6 6.5
Common Shelduck Tadorna tadorna
408 d pericarditis 910 16 144 5 12.6
409 d pul. congestion 950 20 168 8 15.3410 p pul. congestion 550 9 205 10 16.1
411 0 enteritis 515 15 178 9 16.0
412 g amyloidosis 810 19 123 7 12.2
413 d predated 785 17 244 11 17.1
Falkland Island Flightless Steamer Duck Tac^eres pteneres
414 d .aspergillosis 2600 53 353 11 13.7

Crested Duck (Andean) Lophonetta specularioides alticola
415 Q aspergillosis 650 11 150 4 12.2416 p tuberculosis 430 8 132 5 10.8
417 p coccidiosis 505 16 190 9 13 .8418 d arteriosclerosisi 030 20 123 6 9.4
Marbled Teal Anas angustirostris
419 d tuberculosis 292 10 75 6.5420 d asperg. amyloid. 270 13 104 7 10.2421 p drowning 570 15 100 6 9.1
Bronze Wing Duck Anas specularis
422 o nephritis 630 19 105 9 10.6
423 d nephritis 960 25 136 8 11.8
424 d heart f.renal mal945 23 122 6 8.6
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Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body Gizzard Gut Is. Caecal 
number wt wt I II length

Hottentot Teal Anas punctata
425 p aspergillosis 160 5 78 3 6.2
426 p pneumonia 157 7
427 tracheal obstrucH205 6

66 5 4.978 3 4.9428 cf pneumonia 210 7 90 3 4.7
Versicolor Teal (Northern) Anas versicolor versicolor
429 g aspergillosis 265 7 115 6 7.2
Versicolor Teal(Southern) Anas versicolor fretensis
430 g renal failure 230 8 113 10 10.6
Puna Teal Anas versicolor puna
431 9 aspergillosis 348 9
432 cf not diagnosed 310 9 217 6 11.8

158 7 9.6
433 Ç amyloidosis,pneu.395 14 142 5 11 .0
Red Billed Pintail Anas erythrorhvncha
434 d pneumonia 430 10 61 4 8.9435 9 heart cong.,nephr.325 9
436 p thrombosis 387 8
437 ^ tuberculosis 412 12

93 4 8 .9
93 7 8 .4

119 6 9.7
Bahama Pintail Anas bahamensis
438 cf nephrit.gizz.eroa490 11 80 5 7.8439 d septicaemia 530 15 102 7 10.9440 g ovarian tumour 320 9 89 5 6.0
Chilean Pintail Anas georgica georgica
441 cf t.b.renal&liv, atr.355 13 112 6 9.0
442 ? trauma 605 16 
Pintail(Northern) Anas acuta acuta

102 4 8 .9

443 9 trauma, shot 780 25444 cf trauma,shot 970 31 130 9 12.9148 9 13.2
445 9 trauma, shot 837 12 130 7 12.4
446 0 tuberci^osis 590 17
447 ÿ t.b.a8pergillo8is425 12 143 6 16.8

116 5 6.4



307

Table X5'(cx̂nt.)
Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause o f  death  
number

Body
wt

G iz z a rd  Gut 
wt I

I s .
I I

C aecal
le n g th

P i n t a i l  (N o rth e rn ) ( cont )

448 0 n e p h r i t is
449 o a s p e r g i l lo s is , t .

655 12 85 7 9 .0
b495 19 122 5 11.1450 0 tu b e rc u lo s is451 p tra u m a ,h e a rt wnd452 ÿ p e r ic a r d i t is  asp

585 14 153 7 9 .8
.555 19 97 4 10.0.500 19 97 5 8 .5

K erguelen  P i n t a i l  Anas a c u ta  e a to n i  

453 ^ gen .cong . s e p t ic .275 12 97 7 8.1
T e a l (European G reen-w inged) 

454 <f traum a

Anas crecca  

450 7

crecca

100 5 7 .5  .455 P e n t e r i t i s456 cr traum a, shot
210 84 4 7 .5
365 12 106 6 9 .5457 cf congested h e a r t 225 5 108 4 1 1 .3458 g n o t diagnosed 215 8 95 2 7 .6

459 9 traum a, shot 275 9 87 4 8 i7

195 8 100 4 10 .5
215 6 96 5 9 .3
255 5 98 2 10.0

Teal (American G reen-w inged) Anaa crecoa earollnensis
460 Q tuberculosis
461 2 tuberculosis
462 g tuberculosis
Baikal Teal Anas formosa
465 ^ trauma 425 12 96 9 7 .5

Falcated Buck Anas falcata
464 d* k i l l e d 580 25 113 10 13 .3
465 p tu b e rc u lo s is  

(T tu b e rc u lo s is
500 12 108 7 1 1 .3466 515 26 110 6 15.0

467 <? traum a 685 15 91 4 12.2
468 ^ trau m a, predated 460 18 91 4 8.6
A u s tra lia n  Gray T e a l Anas g ib b e r ifo n s  a lb o c ru la ris

469 p s e p tic ae m ia  
g e n t e r i t i s

T e a l Anas castanea

260 9 142 7 8 .4
470

C hestnut

241 10 104 ; 9 .9

471 o tu b e rc u lo s is  
o traum a

500 14 168 7 1 2 .4
472 470 12 127 5 9 .5
473 cT a th e ro s c le ro s is 375 14 116 5 8 .4
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Specimen Sex Cause o f  death  Body 
number wt

G izza rd  Gut I s .  C aecal 
wt I  I I  le n g th

C hestnut T e a l (c o n t .)

474 ? caecal impacts 330 9 103 6 9.8
New Zealand Brown Duck Anas aucklandica chlorotis
475 trauma 510 12 109 5 8.3
Mallard Anas nlatyrhynchos nlatyrhyncho s

476 9 visceral gout 750 20 11.8
477 enterit.<Sb pneu. 670 19 - 9.6
478 d killed by dog 1330 34 - - 13.7
479 9 killed by dog 735 28 —> - 12.5480 killed by dog 1040 23 — 13.7
481 d killed by dog 960 25 — — 12.7
482 d killed by dog 875 28 — 13.8
483 d killed 1120 25 — — 10.2
484 d not diagnosed — 36 — 10.9
485 $ trauma 1060 26 — — —
486 d trauma 1040 24 _ 10.3
487 d trauma,shot 950 32 — 14.5488 9 trauma,shot 960 34 «K» — 14.8
489 ^d trauma,shot 1060 33 — - 15.1
490 ? trauma,shot 1050 26 « ■. — 12.3
491 d trauma,shot 1020 m o •mm 12.8
492 d trauma,shot 1080 32 mm — 13.2
493 9 trauma,shot 945 20 — 11.5494 d^ trauma,shot 1040 30 — — 13.9
495 d trauma,shot 1100 31 - — 13.2

496 d trauma 505 17 110 6 12.5497 9 trauma 990 21 133 7 14.0
498 cT . aspergillosis 720 17 122 8 14.0
499 9 trauma 1200 28 149 6 18.3500 cT renal malf. 1255 18 125 4 12.3
501 d trauma 1025 15 112 5 11.3502 d trauma 1075 25 119 6 11.5
503 d trauma,shot 1225 36 129 8 ■ 11.6
504 9 cerebral haemo . 910 24 156 6 13.9
505 % trauma,shot 980 35 165 11 16.2



Table Z5Ĉ -̂)
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Specimen Sex Cause of death 
number

Body
wt

Gizzard
wt

Gut
I

Is.
II

Caeca]

Mallard (cont.)
506 d staphyl.péricarde 877 15 120 5 12.2
507 <r killed,healthy «• 16 165 8 15.6
508 d killed,healthy 17 78 7 13.2
509 d killed,healthy - 22 8 13.0
510 d trauma 686 15 128 8 13.9
511 d trauma 715 14 94 8 11.6
512 d killed,healthy » 19 130 7 13.7
513 d killed,healthy 22 126 5 12.0
514 d killed,healthy ta» 16 108 7 10.2
515 d tuberculosis 615 15 150 8 10.6
516 i coccldiosia 530 9 102 7 10.9
517 tuberculosis 607 12 113 7 10.7518 dr killed,healthy — 21 117 8 15.5
519 d killed,healthy - 24 125 5 13.9520 d killed,healthy — 24 131 7 13.4
521 d Pb poisoning 750 25 103 8 11.0522 d trauma,shot 905 28 121 5 IQ. 4
523 d tuberculosis 955 20 102 5 8.1
524 d tuberculosis 835 20 127 6 11.1
525 d kbo blind 985 21 123 7 11.9
526 d tuberculosis 780 21 169 12 15.1527 d trauma,shot 1123 19 139 5 12.5528 9 drowned 960 18 155 4 9.9529 ^d kbo broken wing 755 20 122 3 11.0
530 trauma 999 26 156 9 15.0
531 d trauma,shot 1030 23 144 6 16.0
532 d killed,healthy 1160 29 117 7 14.0
533 d trauma,shot 1200 34 124 5 11.5
534 d trauma,shot 1240 34 119 5 10.2
535 d trauma,shot 1220 35 115 4 11.8
536 d trauma,shot 1120 23 121 5 11.7537 d trauma,shot 1225 26 102 4 13.4538 d trauma,shot 1180 23 140 3 13.3
539 d trauma,shot 1240 22 128 7 13 .4540 d trauma,shot 1160 27 139 4 11.6
541 d trauma,shot 1240 27 126 5 9.7542 d trauma,shot 1200 21 122 4 12.5
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Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body Gizzard Gut Is. Caecal number wt wt I II length

543 d cong.heart fail.790 12 124 11 18.0
Florida Duck Anas nlatyrhynchos fulvigula
544 c? t.b.,pericard. 1000 23 105 4 9.4
Mexican Duck Anas nlatyrhynchos diazi
545 9 trauma 570 13 105 6 12.4546 not diagnosed 665 14 96 5 12.5547 d trauma 760 13 86 4 12.4548 d cardiac puncture1000 16 91 4 11.3549 d lung haemo. 910 20 107 4 12.5
North American Black Duck Anas rubrines
550 9 trauma,cong hrt.597 20 138 9 12.5551 9^ renal malfunet. 450 12 106 6 9.0
552 9 bruised hd+neck 500 9 113 4 9.9
553 Î atheroscl.& pneu900 20 126 7 12.5
Hawaiian Duck Anas nlatyrhynchos wyvilliana
554 d tuberculosis 643 14 122 3 14.3555 d tuberculosis 450 11 122 2 10.5556 ? egg peritonitis 530 7 70 7 9.9557 9 egg peritonitis 580 11 104 6 11.4558 ? tuberculosis 365 8 114 4 7.6
559 d tuberculosis 550 14 140 7 13.0
560 2 tuberculosis 500 8 134 7 10.6
561 ? tuberculosis 375 7 124 4 9.5
Laysan Teal Anas platyrhynchos laysanensis
562 9 peritonitis 460 9 108 4 8.4
563 % amylosis 290 8 102 4 6.6
564 0 bruised neck 450 10 96 2 6.9
565 9 egg bound, pneu.505 5 109 5 7.9566 Î gout & renal atr.330 10 109 5 7.6
Indian Snotbill Anas naecilorhyncha noecilorchyncha
567 d tuberculosis 645 15 95 7 7.7
568 d tuberculosis 490 16 98 4 7.3
569 ? tuberculosis 620 19 111 7 9.2
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Table (cort*'j
Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause o f  death  Body . G izza rd  Gut I s .  Caecal 
number wt wt I  I I  le n g th

Chinese S n o tb i l l  Anas poecilo rhyn ch a zonorhyncha

570 o r e n a l tb ,iiv .c o n j6 4 5  15 122 10 1 0 .9
571 <? t . b .  tap e  worm 725 17 119 6 1 1 .9

New Zealand Grey Duck Anas s u p e rc llio s a  s u p e rc ilio a a

572 cf s i l i c o s is ,  a th e ra7 3 0  19 133 8 13 .6

P e le  Is la n d  Grey Duck Anas s u p e rc llio s a  pelew ensis

573 d 645 15 90 3 8 .9

P h i l l ip in e  Duck Anas lu z o n ic a

574 d tu b e rc u lo s is  690 14 111 6 6 .7
575 d tu b e rc u lo s is  1022 23 142 9 12 .3
576 Ç tu b e rc u lo s is  555 20 118 5 7.0
Abyssinian. Yellowbill Anas undulata ruppeli and 
African Yellowbill Anas undulata undulata
577 d
578 o
579580 
581

A b yss in ian  B lack  Duck Anas sparsa leu co stig m a and 
A fr ic a n  B lack  Duck Anas sparsa sparsa

582 d tb  & a th ero sc le r.795  16 123 5 1 2 .7583 Q miner's lung 695 15 121 8 9.4584 0 am ylo id o s is  480 12 101 7 10.4585 ÿ am y lo id o s is  625 11 110 6 9.1
G adw all Anas s tre p e ra  s tre p e ra

nephritis 903 24 123 8 11.2
tuberculosis 490 11 134 6 10.2
trauma 939 27 123 5 .8.2
trauma 645 48 175 3 11.3egg peritonitis 890 30 106 8 17.1

586 d trauma,shot 830 48 - 0» 23.0
587 d*

trauma,shot 770 29 - *• 22.5588 trauma 1170 31 147 6 19.5
589 d trauma 400 1,2 158 7 15.4
590 d trauma 985 21 154 8 19.5
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Specimen Sex Cause o f  death  
number

Body
wt

. G izza rd  Gut 
wt I

I s .
II

C aecal
le n g th

G adw all

591

( c o n t. )

J  a s p e rg il .&  t r a u .6 6 0 16 135 d 1 6 .0
592 cf e n t e r i t i s 495 23 146 8 1 6 .5

Wlgeon (Ebrooean) Anas penelope  

593 p trau m a,sh o t 740 31 1 6 .7
594 trau m a,sh o t 830 46 — ^ — 1 9 .8
595 trau m a,sh o t 750 35 — — 1 8 .4
596 tf trau m a,sh o t 755 43 — 2 1 .6
597 $ trau m a,sh o t 810 40 — - 1 7 .9

598 i trau m a,sho t 570 29 128 9 2 3 .8
599 trau m a,sho t 620 34 97 7 1 9 .2
600 trau m a ,sh o t 820 37 120 8 2 5 .8
601 traum a, shot 600 36 119 8 2 0 .5
602 trau m a,sh o t 740 50 133 8 2 3 .0

603 trau m a,sh o t 860 47 126 7 1 5 .4
604 t . b .  & a th e ro . 350 17 136 4 13.1
605 trau m a,sh o t 820 59 165 10 2 4 .2
606 d trau m a,sh o t 750 42 122 8 2 3 .0
607 ? trau m a,sh o t 620 36 128 8 1 8 .0

608 <f traum a, shot 760 42 125 8 2 1 .8
609

*cf
trau m a,sh o t 760 47 140 8 21 .8

610 pneu.& c *b r l.h a e 6 6 0 21 106 4 13.6
611 d a s p e r g i l lo s is 500 16 76 10 1 2 .5
612 ? traum a, shot 755 36 96 7 1 5 .4

613 cf tu b e rc u lo s is 445 16 89 6 1 1 .9
614 cf traum a, shot. - 47 — — 21.1
615 trau m a,sh o t 35 — 2 1 .9
616 traum a, shot — 42 — 1 8 .3
617 trau m a,sh o t - 48 — —> 2 0 .3

618
<5̂

trau m a,sh o t _ 49 21.1
619 trau m a,sho t — 40 — — 2 0 .2
620

■:
trau m a,sh o t — 43 — 2 3 .6

621 trau m a,sh o t — 41 — — 2 5 .2
622 traum a, shot - 49 - — 2 1 .4

623

::
trau m a,sho t 42 » 2 0 .9

624 trau m a,sh o t — 42 — - 1 8 .6
625 trau m a,sh o t — 44 0» — 2 4 .7
626 traum a, shot - 34 — - 1 7 .7
627 traum a, shot - 34 - - 2 3 .9
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Specimen Sex Cause o f  d e a th  Body 
number wt

G iz z a rd  Gut I s .  C ae ca l 
w t I  I I  le n g th

Wlgeon (c o a t . )

628
629
630
631
632

tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a , shot 
tra u m a ,s h o t  
tra u m a ,s h o t

48
38
59
40
41

- , •* 19.7
2 1 .3  
2 4 .2
2 6 .4  23.0

635
634
635
636  
637

?
?

?

tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t

*• 44
51
37
41
41 —

-
2 2 .7
23.5 
2 1 .1
2 0 .8
20.5

638
639
640
641642

6
d
d
d
d

tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t

45
4340
45
56

-
-

23.3
17 .1  
1 8 .7
1 8 .2  
2 1 .9

643644
645646
647

d
d
d

d
?

tra u m a ,s h o t  
tra u m a ,s h o t 
tra u m a ,s h o t 
tra u m a ,s h o t 
tra u m a ,s h o t

—

43
51
33
49
39

-
— 1 9 .9

2 4 .2
23.0
2 2 .6
19.3

648
649
650
651
652

d

cf
d

trau m a, shot 
tra u m a ,s h o t  
tra u m a , shot 
tra u m a ,s h o t 
tra u m a ,s h o t

—
46
46
42
42
46

—

23.0
20.324.2
23.3 23.2

653
654
655656
657

d
d
Cfx

«cr

tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t  
tra u m a ,s h o t

. —

46
49  
48  
43
50

-
-

2 4 .6
2 0 .0
2 6 .3
2 0 .0
1 6 .7

658
659
660 
661 
662 ::

trau m a, shot 
tra u m a ,s h o t  
trau m a, shot 
tra u m a ,s h o t  
tra u m a ,s h o t

-

28
29
46
58
37

—
15.9
1 6 .023.0
22.5
1 3 .5
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Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body Gizzard Gut Is. Caecalnumber wt wt I II length

Wigeon (cont.)
663 2 trau m a ,sh o t — 42 127 10 2 3 .3
664 trau m a, shot — 49 137 9 2 3 .8
665 2 trau m a ,sh o t - 32 132 9 2 4 .8
666 trau m a ,sh o t — 38 143 10 2 2 .8
657 <r trau m a ,sh o t 42 155 8 2 4 .0

668 <r trau m a ,sh o t 55 129 10 2 7 ,3
669 d trau m a ,sh o t — 40 134 8 12 .5
670 trau m a ,sh o t — 56 128 12 2 5 .8
671 trau m a,sh o t — 49 121 7 2 2 .0
672 <T trau m a ,sh o t 37 111 8 2 0 .9

673 d trau m a,sh o t W » 47 127 10 23 .5
674 0 trau m a ,sh o t — 40 122 10 25 .3
675 <T trau m a,sho t — 54 130 8 2 5 .3
676 d trau m a ,sh o t - 50 115 8 21 .5
677 d trau m a ,sh o t —  ' 48 145 10 27.1

678 2 trau m a,sh o t m m 39 126 9 28.1
679 <T trau m a,sh o t 51 134 9 2 3 ,9
680 d trau m a, shot » 46 135 10 15 .5
681 d trau m a,sh o t - 43 135 9 2 5 .0
682 ? trau m a,sh o t — 29 129 7 26.1

683 s trau m a,sh o t 41 154 11 20 .5
684 ÿ trau m a ,sh o t — 38 132 7 17.1
685 Î trau m a, shot c m 45 158 11 2 6 .4
686 $ trau m a, shot 49 160 12 2 5 .2
687 Î trau m a,sh o t - 38 111 10 1 8 .7

688 ( f trau m a ,sh o t CM» 47 134 7 2 4 .8
689 cf trau m a, shot - 53 164 9 2 6 .9
690 cf trau m a,sh o t — 45 147 - 2 4 .4
691 9 trau m a,sh o t — 40 125 7 16 .5
692 ? trau m a ,sh o t — 29 135 8 1 8 .9

693 cf trau m a ,sh o t — 47 103 8 2 4 .4
694 9 trau m a, shot «" 46 143 8 2 2 .4
695 cT trau m a,sho t - 47 129 9 2 4 .7
696 cf traum a, shot - 50 148 8 28 2
697 cf traum a, shot — 42 153 9 2 4 .7
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Specimen Sex Cause of death 
number

Body
wt

Gizzard
wt

Gut
I

Is.
II

Caecal
length

Wigeon (cont 
698 0

.)
trauma,shot 49 111 10 21 .2

699 trauma,shot «*. 53 149 7 26.6
700 d trauma,shot 52 143 9 26.5701 cf trauma,shot C» 45 137 8 25.3
702 cf trauma,shot « 42 129 8 21.5
703 d trauma,shot oo 39 158 10 17.1
704 (f trauma,shot 55 128 13 31.7
705 cf trauma,shot 43 140 10 29.0
706 trauma,shot CM 37 138 9 17.7
707 trauma,shot 39 123 9 21.9
708 cf trauma,shot amp 32 132 9 22.7
709 4trauma,shot — . 35 130 9 25.9
710 trauma,shot CCD - 110 8 16.2
711 trauma,shot •* 35 112 8 22.2
712 cf trauma,shot « 49 139 8 17.7
713 cf trauma,shot am 32 125 7 20.1
714 cf trauma,shot «* 42 140 8 21.4
715 d«

trauma,shot - 156 10 23.9
716 trauma,shot 39 84 7 11.5
717 cf trauma,shot ** 47 138 8 18.3
718 «d

trauma,shot «D 48 149 9 26.9
719 trauma,shot 36 114 7 19.8720 d trauma,shot 45 136 9 23.7721 d trauma,shot C» 60 135 7 23.8
722 ? trauma,shot 44 139 10 25.3
723

d«
trauma,shot cm 35 99 8 24.5

724 trauma,shot €mo 42 155 9 24.4
725 d«

trauma,shot 42 156 8 30.3
726 trauma.shot — 40 148 9 24.1
727 <f trauma,shot « 46 168 8 23.8
728 d trauma,shot m m 53 139 6 22.5
729 4trauma,shot - 45 118 7 18.5
730 . trauma,shot 41 120 8 21.3
731 trauma,shot 45 115 7 22.0
732 cf trauma,shot 57 148 8 22.1
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Specimen Sex Cause of death Body 
number wt

Gizzard Gut Is. Caecal 
wt I II length

Wigeon
733

(cont
?

.)
trauma,shot 36 141 9 21.3

734 d trauma,shot — 48 128 8 22.9
735 d trauma,shot — 46 148 9 24.7736 trauma,shot — 42 129 8 17.6
737 trauma,shot *• 47 143 10 18.5
738 d trauma,shot 56 170 10 30.0
739 d trauma,shot - 52 165 8 14.7
740 d trauma,shot — 44 146 6 27.1
741 d trauma,shot — 61 114 6 22.9742 Î trauma,shot — 45 152 9 25.1
743 d trauma,shot 41 145 8 20.3744 d trauma,shot - 60 150 6 19.2
745 trauma,shot —  • 38 140 7 17.9746 trauma,shot - 50 147 7 23.5
747 d trauma,shot — 48 127 9 24.3
748

d^
trauma,shot 45 131 8 21.5

749 trauma,shot — 47 142 11 26.1
750

d?
trauma,shot — 52 90 9 22.9

751 trauma,shot ■ — 35 111 6 13.0
752 Î trauma,shot •* 44 • 122 9 19.0
753 >trauma,shot — 47 137 8 19.3
754 trauma,shot ■ " 47. 131 9 24.8
755 trauma,shot - 46 156 8 21.6
756 d trauma,shôt — 44 134 9 18.5
757 d trauma,shot — 48 131 9 22.0
758 trauma,shot 42 125 8 21.9
759 trauma,shot — 48 118 8 23.8
760 4 trauma,shot — 44 124 9 18.9761 trauma,shot - 42 144 9 20.2
762 trauma,shot — 46 114 8 19.5
763 trauma,shot _ _ 41 126 5 21.5
764 trauma,shot — 43 119 7 24.4
765 ^d

trauma,shot — 43 141 8 19.4766 trauma,shot — 40 118 6 21.4767 d trauma,shot - 49 144 9 25.2
768 d trauma,shot — 50 148 9 16.3
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Specimen Sex Cause of death Body Gizzard 
number wt wt

Gut Is 
I II •

Caecal
length

American Wigeon Anas americana
769 (f trauma 619 23 89 6 14 .4770 cf trauma 552 17 77 6 14.5
771 cf trauma 538 18 102 6 13 .6
772 cf brain haemo 630 27 94 5 15.7
773 cf aspergillosis 355 14 91 6 12.5

774 cf enteritis 415 
Chiloe Wigeon Anas slbilatrix

32 107 6 16.2

775 cf kbo toxaemia 695 28 131 8 12.1
776 cf trauma, shot 785 
Blue Winged Teal Anas discors

21 135 6 11 .3

777 0 renal malfunct. 185 '
778 cf pul.con. septic. 330

8 124 6 5.0
11 136 5 7.9

779 cf renal malfunct. 375 14 131 
Cinnamon Teal Anas cyanoptera septentrionalium

2 6 .0

780 0 trauma 330
781 0 tuberculosis 205

8 118 5 6 .3
7 100 3 6.4782 ÿ Pb poisoning 250 

Garganev Anas querquedula
11 126 5 7 .5

783 p amyloidosis 285
784 cf drowning 325
Argentine Red Shoveler Anas platalea

7 63 5 5.4
12 127 14 4.7

785 0 Pb poisoning 358
786 Ç cardiac+pul.con.225

Gape Shoveler Anas smithi

5 150 4 7 .3
7 154 4 8.1

787 cf drowned 600 
Australian Shoveler Anas rhynchotis

12 235

rhynchotis
7 9.1

788 0 pul+intest.tb. 340
789 0 trauma 600

7 179 6 8.9
4 186 4 9 .8
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Specimen Sex Cause of death 
number

Body
wt

Gizzard
wt

Gut
I

Is.
II

Caecal
length

New Zealand Shoveler Anas rhynchotis variegata
790 d tape worms 346 8 214 3 10.6
791 d trauma 370 7 187 6 11.3
792 d* tuberculosis 400 12 226 7 9.7
793 c? predator 380 20 175 7 11.0
Common Shoveler Anas cl.vneata
794 <f cranial haemo. 357 9 mm 6.8
795 & intest, haemo. 645. 12 172 6 7.0
796 0 trauma,shot 600 9 264 8 12.4
797 !s trauma,shot 640 12 243 7 10.6
798 trauma,shot 560 12 204 8 9.9
799 ê nephritis 395 7 187 7 8.7
800 <f brain haemo. 305 9 176 9 9.4
801 & pul.cong,ren.ml,280 10 206 7 9.0
Ringed Teal Anas leucophrys
802 & tuberculosis 325 7 84 4 7.3
803 9 tuberculosis 235 7 67 4 6.5
804 (T acuaria 207 6 76 5 7.3
805 0 acuaria 221 8 72 6 8.2
806 Î tuberculosis 165 5 72 4 6.5
807 d* tuberculosis 275 8 72 8 6.5808 d* tuberculosis . 335. 7 82 6 7.5809 <? tuberculosis 375 12 83 5 7.9
Euronean Eider Somateria mollissima mollissima
810 0 t.b.& athero. 945 21. 181 10 10.6
811 Pb poisoning 1290 48 145 9 10.2
812 Cyathostomiasisi 040 23 174 11 11.3
813 t.b. & asperge 1000 22 130 8 9.6
814 Î aspergillosis 1450 23 155 6 9.0
American Eider Somateria mollissima dresseri
815 s Pb poisoning 1410 42 151 3 9.1
King Eider Somateria spectabilis
816 9 Candidiasis 740 14 127 8 10.0
817 ^2 t.b.asperg. 995 15 121 6 12.2



319

Table (conC.)
Body velghta. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body Gizzard Gut Is. Caecal 
number wt wt I II length

Steller'a Elder Polysticta stelleri
818 j amyloidosis 655 25 160 7 12.6
Red Crested Pochard Netta rufina
819 2 peritonitis 850 27 95 6 15.0
820 aspergillosis 560 28 103 5 14.2
Rosy Bill Netta peposaca
821 6 tuberculosis 855 35 125 8 9.0
South American Pochard Netta ervthrophthalma ervthrophthalma
822 d trauma 700 17 119 6 9.2
European Pochard Aythya ferina
823 0 trauma,shot 705 26 — •• 8.3824 f tuberculosis 940: 13 114 8 ' 13.0
Redhead Avthva americana
825 <? septicaemia 725 25 106 4 12.3826 d* septicaemia 725 13 86 5 8.4
827 0 trauma 720 19 89 4 9.9
828 <r trauma. 900 27 105 8 15.1
829 $ tuberculosis 930 67 183 7 26.7
Ferruginous Duck Aythya nyroca
830 cf trauma, healthy 565 14 74 4 7.5
831 $ septicaemia 290 14 67 4 7.3
Baers Pochard Aythya baeri
832 2 tuberculosis 625 14 121 7 11.8
833 d asperg.amyloid. 470 16 83 7 8.0
New Zealand Scaup Aythya novae-seelandiae
834 2 neck injury 557 18 136 10 9.4
835 ĉf gen. congestion 320 80 95 4 13.0
836 d tuberculosis 527 15 183 7 15.0
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Body weights. Gizzard weights and Gut lengths

Specimen Sex Cause of death Body 
number wt

Gizzard
wt

GutI Is.II Caecal
length

Tufted Duck Aythya fuligula
837 6 giz.impaction 550 25 .8,9
838 d trauma 665 15 - 10.2
839 d Pb poisoning 405 21 ■ - 8.8
840 d Pb poisoning 550 28 122 8 12.1
841 d aspergillosis 393 15 139 7 11.7
842 9 aspergillosis 461 17 187 8 14.8
843 9^ oedema 495 . 10 133 7 9.5
844 Pb poisoning 595 22 53 6 9.3
845 6 trauma 700 18 155 ‘ 4 12.2
846 ? pul.& gen.cong. 705 — 146 ■6 6.2
847 9 trauma 855 30 171 7 10.7
848 ^d Pb poisoning 710 26 137 6 7.1
849 d tuberculosis 475 21 138 a 9.0
European Scaup Avthva marila marila
850 d congestion 18 12.0
851 d pul.cong. ather 890 22 157 10 15.4
852 9 enter.renal mal.275 86 180 7 4.5
853 Î enter, amyloidstc437 13 128 6 13.1
Lesser Brazilian Teal Amazonetta brasiliensis brasiliensis
854 d tuberculosis 325 14 86 5 6.2
Australian Wood Duck Cheonetta .lubata
855 9 t.b. pos starvS 380 13 104 4 11.1
856 tuberculosis 560 26 139 8 10.3
Mandarin Duck Aix galericulata
857 d peritonitis 405 10 271 8 19.6
858 9 pneu & trauma 497 10 72 5 4.1
859 Pb poisoning 560 15 89 6 6.1
860 9 tuberculosis 404 8 99 7 9.0
861 t.b.of lung 555 17 87 5 6.4
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Specimen Sex Cause of death Body 
number wt

Gizzard
wt

Gut
I

Is.
II

Caecal
length

Carolina Buck Aix sponsa
862 (? tuberculosis 490 10 118 6 10.8
863 0 kbo rect.impact. 405 13 85 4 12.3864 <r pneumonia 655 17 97 8 9.1
865 ? periton.& asperg410 10 80 5 7.7866 (f rup.liv.A t.b. 605 14 94 5 6.4
867 (? tuberculosis 549 21 96 6 5.6
868 a tuberculosis 475 11 104 5 7.6
African Pygmy Goose Nettaous auritus
869 <? tuberculosis 170 4 77 4 4.2
870 o tetrameres infs. 110 3 65 2 4.9
871 brain haemo. pul.215 7 76 5 4.3872 <f tuberculosis 170 4 — 1 1.9
Comb Duck Sarkidiornis melanotoe melanotos
873 g pneu. & athero.1200 23 126 5 8.1
Western Hartlaub'8 Duck Cairina hartlaubi hartlaubi
874 0 tuberculosis 425 14 98 4 7.4
875 â amyloid,cirrho. 670 17 96 5 7.5
White-winged Wood Duck Cairina scutulata
876 d tb & aspergil. 1340 50 119 7 7.3
877 0 tb & acusria ini 320 55 148 8 14.6
878 f tuberculosis 1400 29 137 7 8.2
Muscovy Duck Cairina moschata
879 cf tuberculosis 2990 37 143 13 13.3880 p tuberculosis 1050 25 158 10.3
881 *(f aspergillosis 1080 35 94 7 7.8
Spur-winged Goose Plectropterus ,gambensis gambensis
882 d tuberculosis 4620 99 140 9 15.0
Common Scoter Melanitta nigra nigra
883 cT pul. cong, oecL,nep680 26 111 7 —

884 p pneu, renal mal.4 60 27 122 7 2.1
885 .enter, folng. oil 535 32 124 10 1.9



322

Table (cortt)
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Specimen Sex Cause of death Body Gizzard Gut Is. Caecal 
number wt wt I II length

Velvet Scoter Melanitta fusca fusca ^
886 Ç acuaria,amyloid 980 38 183 8 9*7
Atlantic Harlequin Duck Histrlonicus histrionicus histriconlcus
887 Q tape worms 390 .8 - - 9*3
888 d not given - 14 173 9 9*3
Long-tailed Duck Clangula hvemalis
889 d aspergillosis 495 11 121 7 9«5
890 d  amyloidosis 380 8 126 8 9.7
Barrow’s Goldeneye Bucephala islandica
891 ? amyloidosis 625 19 116 10 7.3
892 0 tb & pericardit.574 9 80 8 5.8
893 o tuberculosis 585 15 116 6 6.5
European Goldeneye Bucephala cangula cangula
894 d aspergillosis 555 13 - - 7.3
895 d not given 570 11 - - 9.0
Bufflehead Bucephala albeola
896 0 aspergillosis 225 6 82 5 5.8
897 0 aspergillosis 235 5 85 4 4.8
898 â aspergillosis 280 7 91 4 5.3
Smew Mergus albellus
899 9 kbo wet feather 490 7 116 4 1.1
900 d tuberculosis 550 12 82 - -
Hooded Merganser Mergus cucullatus
901 d^ 902
903 P
904 2
905 f

tuberculosis 370 10 116 6 1.8
tuberculosis 330 14 122 5 1.6
tuberculosis 631 20 103 5 3.0
rectal impact.- 255 9 88 7 1.4
aspergil,athero.385 11 103 7 1.5
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Specimen Sex Cause of death Body Gizzard Gut la. Caecal 
number wt wt I II length

Red-breasted Merganser Mergus serrator serrator
906 o
907908 g

909 Q
910 Ç

911 â
912 o
913 0^914 to
915 <r
916 ÿ

aspergillosis 680 11.6 6 .9tuberculosis 1130 21 .3 168 6 —
tuberculosis 595 7 .3 159 9 -
Stiff-tail Oxyura leucocephala
tuberculosis 500 13.7 163 6 6.8
tuberculosis 430 15.2 183 8 7.8
in Ruddy Duck Oxyura .lamaicensis .iamaicensls

3.6 36 4 3 .4trauma 400 13.9 127 4 6.9trauma 420 12.5 126 5 6.6
pneu,degen.ht. 350 15.3 154 7 8.2
haemo.enteritis 435 13 123 5 10.0
? maggots,pt.eat405 - 19.0 137 6 8.0
Oxyura maccoa
gen. cong.+hepatit,625 14 112 4 6.1917 g

African White-backed Duck Thalassomls leuconotus leuconotus
918 â enteritis,stress460 15.8 75 6 5.6

@ = water-logged

Koorhen
919

Gallinula chloropus 
0 trauma,shot 280 9.9 59 3 9.2

920 trauma,shot 352 11.3 59 6 8 .3921 intest.haemOf 215 7.2 66 5 8.1
922 trauma 252 11.8 79 10 11 .3
923 trauma 347 9.7 64 5 8.1
924 d trauma,shot 440 18.7 51 7 9,8
925 6 trauma, shot 440 14.6 52 6 16.9926 cf kbo healthy 431 17.9 86 8 12.9
927 cf predator 470 29.2 80 7 11.5928 cf predator 405 21.3 80 7 13.6
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Specimen Sex Cause of death number Body
wt Gizzard

wt Gut
I

Is.
II

Caecal
length

Moorhen (cont.)
929 cf predator 415 18.6 77 7 11.0
930 cf sinusitis+predat325 15.6 81 9 13.2
931 ^ undetermined 130 6.5 52.5 5 7.0
Coot Fulica atra
932 cf trauma, shot 835 27.6 89 8 14.0
933 ? trauma,shot — 36.9 176 7 13.6
934 p tuberculosis 531 21.6 110 10 17.9
935 p pneumonia 426 18.3 90 9 15.7
936 d tuberculosis 450 21.6 103 8 16.0
937 0 tuberculosis 412 17.7 113 14 26.8
938 d predator 898 22.5 80 8 14.3939 p kbo healthy 510 32.7 95 8 16.2
940 p renal mal.pulpon325 25.1 123 12 23.6
941 d^ tuberculosis 605 ' 30.5 113 9 20.9

Addendum
Barnacle Goose Branta leucopsis
942 cf trauma, shot 2000 91 204 10 27.3
943 cf trauma, shot 2040 83 223 12 32.7
944 p trauma,shot 1900 90 177 9 29.0
945 o trauma,shot 1700 88 180 12 28.7
946 (T trauma,shot 2320 104 195 11 33.2

947 p trauma,shot 2160 93 193 11 25.0
948 d trauma,shot 2300 103 207 12 30.4
949 p trauma,shot 2000 86 187 15 26.4
950 p trauma,shot 1860 79 176 14 27.5
951 d trauma,shot 2260 99 171 13 32.5
952 d trauma,shot 2120 86 198 13 32.8
953 d trauma,shot 2120 101 210 13 29.7
954 p trauma,shot 1780 87 186 14 26.0
956 d trauma,shot I960 89 182 13 27.4
957 Ç trauma,shot 2060 82 186 14 28.2
958 cf trauma, shot 2420 90 188 13 26.0
959 p trauma,shot 1880 86 179 13 32.8



Reprinted from Wüdfowl 22 (1971), pp. 107-113

325

Goose feeding and cellulose digestion
JO H N  G. M A TTO C K S 

Introduction
T h e  domestic goose Anser anser, in com
mon w ith many of its wild relatives, is 
primarily a grazer and it can be raised 
satisfactorily on grass alone (Bogre 1967; 
W right 1942). Some naturalists have 
assumed that the goose has a cellulose 
digesting mechanism (Lorenz 1952). Such 
a capacity would seem to be of real advan
tage to a grazing animal, for, not only 
would the cellulose represent an energy 
source, bu t the dissolution of the cellu
lose wall of the grass cells would make 
the cell contents more readily available 
for digestion. A literature search failed to 
give evidence with which to judge the 
validity of such an assumption and so a 
study of goose digestion was made (Mat
tocks 1971). An outline of some of this 
work is given in  this paper.

Review of literature
Cellulose is a carbohydrate consisting 
mainly of glucose units linked together 
by /31“ 4 bonds (Rogers and Perkins 
1968) and, presumably because the mole
cule is folded into a zig-zag ribbon which 
itself is wound into a helix (Manley 1964), 
it is particularly resistant to hydrolytic 
cleavage. A complex process involving a 
num ber of enzymes is thought to be 
necessary to convert cellulose to glucose 
(Norkrans 1967; Reese et al. 1950; Gas- 
c o i^ e  and Gascoigne 1960), a substance 
which can be readily used by an animal.

Some insects, such as the. silver Ash 
Ctenolcpisma lincata, are undoubtedly 
able to produce cellulases (Lasker and 
Giese 1958), while others are suspected 
of having this ability. Snails have been 
shown to digest cellulose (Galli and Giese 
1959), bu t whether the cellulases are of 
molluscan or microbial origin is an issue 
not entirely resolved. T here is general 
agreement, however, that no vertebrate is 
itself capable of secreting cellulases 
(Marshall 1960; Moir 1965). Horses have 
evolved large colons and caeca, which 
house a prolific symbiotic microbial popu
lation able to carry out cellulose digestion 
(Davies 196S). In  the rabbit it is the cae
cum and the appendix which arc enlarged 
for the same purpose, and the overall 
efficiency of the system is increased by 
virtue of the fact that the animal cats and 
digests the faecal pellets it produces 
during the tiiglu (Eden 194Ù). 1 he un
gulates, including the cow, sheep and

goat, have developed the most efficient 
methods. T hey  have capacious rumens 
in which the food is allowed to ferment 
for about twelve hours. T he cellulose is 
converted by huge numbers of bacteria 
(up to 10" organism s/m l.) and ciliatcs 
into volatile fatty acids, mainly acetic, 
propionic and butyric acids, which are 
absorbed directly into the blood stream 
(Halliwcll 1961; Hungatc 1950, 1966; 
Mann 1968; W alker 1968). T h e  micro
fauna and microflora are subsequently 
digested in the rest of the digestive tract.

Cellulose digestion in birds has received 
very little attention except in the domes
tic hen. Work done in  Germany nearly 
fifty years ago suggested that cellulose 
digestion did occur (Mangold 1928, 1931, 
1934; Radeff 1928; Henning 1929) but 
Grocbbels (1932) disagreed. M ore recently 
cellulose has been found to be so con
sistently indigestible in  cockerels that it 
has been used as a marker to trace the 
passage of food in the gut (Bolton 1954). 
T he Ruffed Grouse Bonasa umbellus 
apparently has some ability to digest cel
lulose but lost weight on a diet of the 
male flower buds of the trem bling aspen 
Populits tremuloides which contain a high 
proportion of cellulose (Hill c l al. 1968). 
In  the Red Grouse Lagopus lagopus no 
cellulose and lignin digestion was found 
when the daily intake was about 80 gm. 
dry matter per day. If the intake was 
reduced to 60 gm., however, 20% of the 
cellulose was digested (Moss 1967).

The question arises as to whether or not 
there is present in the alimentary canal 
of a bird an organ wherein cellulose 
digestion can occur.

Characteristically birds possess a 
lateral pair of blind-ending tubes called 
caeca which arise at the junction of the 
small and large intestines (Figure 1). 
T he variations in  form and type have 
been investigated thoroughly (Mitchell 
1901; Maumus 1902; Pinchon 1942). In  
parrots there is no trace of any caecum 
and in rhe falcons and hawks it is very 
much reduced or absent. By contrast 
members of the grouse family have very 
long caeca, that of the Capercaillie Tctraa 
tirogaUm approaching 1 m. in length. 
Curiously the herons and their relatives 
arc unique among birds in having a single 
caecum arising latro-vcnirally on the 
right.

There have been many attem pts to 
classify avian caeca, hut basically three
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kinds arc distinguishable: the plain type 
which is no t well vasculated, usually has 
m uch lyniphoidal tissue and in which the 
lum en is small and simple and may con
tain secretions bu t never ingcsia; the sac- 
culaie type in which the lumen is well 
developed and lilled with maierial from 
the intestines, and a transitional type. A 
correlation is found between the posses
sion of large sacculate caeca and a vege
table d iet. However, the noct..rnal owls 
have pronounced sacculate caeca, whereas 
their d iurnal counterparts, the hawks and 
falcons whose food is so similar, have no 
caeca. W ildfowl have, as m ight be ex
pected, th in  walled, sacculate caeca reach
ing 10 cm . in  most ducks and 30 cm. or 
more in  the swans.

i t  is very tem pling to presume that the 
avian caecum  is functionally a kind of 
n tm cn  v/itfi a cellulose digesting function. 
Howie and  Baker (1952) declared that in 
non-rum inants the part c f the gut most 
resem bling the rum en was the caecum. 
Both organs contain vast num bers of bac
teria (Barnes and Shrim pton 1957; H un
gatc 1966). C ertain groups of bacteria— 
bacteroidcs (Barnes and Goldberg 1962), 
streptococci lactobacilli and coliforms 
(Barnes and Shrim pton 1957) are found 
in the caecum  of the hen and also in the 
cow rum en  (Hungate 1966). Ciliatcs 
abound in the rum en but apparently no 
protozoa live in the avian caecum except 
as pathogens (G . M onachon, pers. com.).

A lim entary canal of the domestic goose 
A num ber of varieties of domestic goose 
was studied, but, since no significant dif
ferences were found in them , a single 
description is given. T he bill is strong, 
and lamellae in the upper and lower jaws 
arranged m two rows parallel w ith, and 
lateral to, the edges of the tongue supcr- 
licially resem ble ungulate molars and 
premolars. T h e  ridges on the lamellae of 
the upper jaw running across those on 
the lower jaw presumably enhance their 
gripping action. No sideways grinding 
action can take place in the goose. T h e  
thick, spatulaie tongue which virtually fills 
the buccal cavity bears a pronounced 
fringe of backwardly directed hair-like 
processes.

T he oesophagus (35 cm.), although 
broadening out a little before joining the 
proventriculus (7 cm.), has no crop 
(Figure 1). T h e  gizzard (10 cm.) is very 
large and its walls consist of concentric 
arcs of thick muscle fibres. Opposed, 
thick, cornificd, bright yellow patches of 
keratin-like koilin arc present on the 
inner walls. About 15 gm. of stones and 
sand together w ith fibrous residue are 
found in the gizzard lumen. T he small 
intestine (224 cm.) is fairly uniform  in 
diam eter and has a small blind-ending 
process, M eckel’s diverticulum , somewhat 
posterior to the m id-point. At the junc
tion of the small and large intestine, two 
lateral caeca arise, the left one being

Figure 1. A lim entary canal of a domestic goose.
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slightly shorter (21 cm.) than the right 
one (26 cm ). T he lengths given are the 
average of ten specimens. M ost sections 
of the gut are just under 1 cm. in diameter 
and variations in length and slight dila
tions are not uncom mon particularly at 
the distal end. T he caeca contain a hom o
geneous viscous paste with a pronounced 
smell and of a dark-green, almost black 
colour. T he large intestine or colon is 
m uch shorter (about 16 cm.), than the 
small intestine, but slightly wider in 
diam eter (Figure 1).

Bacteriology of the goose gut 
T h e  bacteria present in rhe various parts 
of the gut were ascertained by direct 
microscopical examination of stained 
smears, and by culturing in various media 
under anaerobic conditions. Coliforms, 
relatively plentiful in the oesophagus, 
decrease in the gizzard and the anterior 
part of the small intestine, until in the 
Meckel’s diverticulum  and onwards they 
arc absent. T here is believed to be some 
form of autosterilisation in the gut 
(Kohlbrugge 1901; Fuller and Moore 
1967), through its own secretions or those 
of the liver. Lactobacilli were not found, 
as m ight be expected in view of the high 
pH  of most of the gut. Faecal strepto
cocci were curiously absent. An abun
dance of starch-utilizing clostridia was 
surprising, though their spores probably 
survive the autosterilisation. It is worth 
noting that no trace of starch, as deter
mined by the iodine test, was found 
posterior to the middle of the small in
testine. Possibly there is a connection 
between the rapid digestion of starch and 
the incidence of clostridia. At no time, 
in any part of the gut, were protozoa 
seen, although they were looked for with 
diligence.

T ltc  bacteria of the caeca were ex
am ined with especial care in view of their 
possible function in cellulose digestion. A 
general habitat-sim ulating medium  (in
cluding liver extract, 1-cystcine and 
dithiothretol—D r. D , J. Jayne-W illiams 
pers. com.) was first used. Sampling was 
carried out anaerobically in an atm os
phere of 99% CO.. and 1% H . the gases 
having been passed over a cold catalyst 
to ensure that they were oxygen free. A 
sterile, needlclcss, gas-filled plastic hypo
derm ic syringe was used to extract 
samples below the surface of the exposed 
caecal contents. Decimal dilution was 
carried out using small stoppered Astell 
bottles, gas being passed through con
tinuously whenever the stoppei.s were 
withdrawn. Incubation was at 39'’C. in

Petri dishes placed in  M cIn tosh  and 
Fildes jars containing an atm osphere of 
95% IL  and 5% C O . and dry catalysts 
(palladiniscd asbestos). T he results in
dicated an overall bacterial count of the 
order of 10" org.anisms/gm. wet weight. 
N iche-sim ulating m edia, each suitable for 
a narrower spectrum  of micro-organisms 
were then used to obtain more specific 
inform ation. T hese  included Elsden’s 
m edium  (Elsden et al. 1956), ethyl violet 
m edium  (Raird-Parker 1957), as modified 
by Fuller and L ev  (1964), Reinforced 
Clostridial m edium , Seeley and Dain 
(1960) m edium  and d e  M an et al. (I960) 
medium . Spread plates were prepared 
with the ethyl violet and Elsden media 
and pour plates for the others.

T h e  results, again obtained under care
fully anaerobic conditions, indicated that 
peptostreptococci (2.7 X 10^ organism s/ 
gm. wet weight), clostridia (1.7 X lO»/ 
gm.), streptococci (2-0 X  lO^/gm.), bac
teroidcs (9.0 X lO ^/gm .) and lactobac
illi (2.3 X  JOVgrn.) w ere present, in 
descending order of frequency. Clearly 
the caecum is a congenial place for 
anaerobic bacteria. Any sterilizing agent 
produced in tlie small intestine does not 
penetrate efieciivcly in to  the caecum. 
Starch-utilizing streptococci were found 
to be about ten tim es m ore abundan t in 
the proximal than in  th e  distal end of the 
caecum; but this ratio  was reversed for 
the bacteroidcs. T h e  flora of the so-called 
caecal faeces showed a  close correspon
dence with that of the caecum , confirming 
their origin.

T ests were now m ade to sec w hether 
any of the anaerobic bacteria present in 
the goose caecum w o e  capable of cellu
lose digestion. Bottles containing the 
m edium  of M ann (1968) and rolled rect
angles, 6 X 5  cm., o f filter paper (W hat
m an’s No. I), were inoculated with caecal 
material. As before great care was taken 
to m aintain anaerobic conditions during 
sampling, dilution and  incubation. Con
trol bottles were inoculated w ith the 
contents of an ox rum en . Both sets were 
incubated for ten days. T he filter paper 
exposed to goose caecal contents was en
tirely unchanged. In  the ox rum en 
bottles, however, p its which had appeared 
in the filter paper w ith in  24 hours con
tinued to increase in size and num ber and 
there was production of gas. M icroscopi
cal examination revealed concentrations of 
cocci and other bacteria, all G ram - 
positive, around the p it margins.

F ilter paper is usually considered more 
susceptible to  degradation than its raw 
counterpart. All factors necessary for
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microbial activity were present for not 
only was their Seitz-hltered rum en liquor 
present in the m edium, but also the 
initial concentrated inoculum contained 
plenty of caecal material (0.5 ml.). We 
can therefore conclude that those bacteria 
«rapablc of breaking down cellulose which 
were clearly present in the material front 
the ox rum en were absent in the goose 
caecum. Of course there is no guarantee 
that the m edium and technique used was 
suitable for all kinds of ccllulolyric 
anaerobes.

Goose feeding technique 
T h e  birds feed on grass, or meal, for a 
large proportion of the hours of daylight. 
T h e  grazing technique is to tilt the head 
slightly and stretch the neck out to grasp 
a blade of grass so that it is across the 
bill. T h e  neck is then w ithdraw n, the
grass fracturing either at the edge of the
bill or further down the stem. No m asti
cation of any kind is seen but, by
repeatedly moving the head back with the 
m outh closed and forwards w ith the 
m outh open, the birds manoeuvred the 
grass blade towards the oesophagus. T he 
tongue is also used to m anipulate the
grass. W hen feeding on wet meal, no 
tilting of the head occurs.

T h rough-pu t times
T h e  original intention was to determ ine 
the lime taken for food material to pass 
through the alim entary canal by using an 
inert marker. M any such substances have 
been used including magenta, alum inium  
powder (Browne 1922), polyethylene gly
col (Williams and W ilkins 1968), chromic 
oxide (Raymond and M inton 1955), lamp 
black and methylene blue (K aupp and 
Ivey 1923). T here is some evidence, how
ever, that these substances themselves 
affect the through-put time (Soergel 1968; 
Jensen et al. 1962) and so other tech
niques were looked for. Introducing a 
‘n a tu ra r marker gave through-put inter
vals averaging 82 m inutes when grass in 
meal was used, 122 minutes with cotton 
strands in grass. X-ray techniques using 
food containing radio-opaque barium  
sulphate have been used on the goose 
(Rybicki 1965) bu t the adulterant is very 
dense and the handling of the birds is 
necessary, so it was thought better to use 
less drastic methods. Birds killed for dis
section in the early morning were all 
found to have no food left in their alim en
tary canals. T hus an ‘initial’ through-put 
tim e could be determ ined by finding the 
interval between the first morning feed 
and the passing of the first faeces with

food lit them . T h e  shortest intcrw d ' 
recoraeo was 26 luutuico, b u t average 
values were 44 m inutes w ith meal and 71 
m inutes with grass. If  birds w hich had 
been feeding on meal only were presented 
w ith grass or vice versa, the change in 
faeces was abrupt and  easily noted. ‘M id- 
feed’ through-put tim es on changing from 
grass to meal averaged 119 m inutes and 
for the reverse change, 137 m inutes. All 
the above averages were based on  10 
tim ings, 5 on one b ird , 5 on another. 
Clearly, food norm ally stays in  the alim en
tary canal for only about two hours.

Faeces
Four distinct kinds of faeces were pro
duced. T h e  most com m on was a cylinder 
of very moist ‘chew ed’ grass w ith a cap 
of white uric acid crystals. A small 
quantity  of bile pigm ent was present but 
tlie main colouration was unchanged 
chlorophyll. T h e  pieces of grass were 
readily identifiable and apparently very 
little changed by the b ird’s digestive 
processes. T h e  second type appeared 
when the animal had eaten meal and 
differed from the first type by being a 
little shorter and consisting of brown 
fibrous m atter. T h e  uric acid, although 
present, was less conspicuous than in the 
grass faeces and there was enough bile 
pigment to impart a faint green colour to 
the stool. T h e  third type was very m uch 
wetter than the first two types and con
sisted of a dark brov/n w atery splodge 
with a pronounced odour and a rich 
microflora indicating its caeca! origin 
T h e  last kind consisted of uric acid 
crystals in a watery m ucous m edium . 
T h e  absence of colour or particulate m at
ter other than uric acid crystals suggests 
that this type is exclusively of renal 
origin

Discussion
I t  is clear iliai in geese no mastication 
fakes place in the m outh . T he  absence of a 
crop is to be expected in an animal which 
grazes most of the day, food being swal
lowed in small quantities constantly over 
a long period of tim e. T h e  oesophagus 
may, however, serve as a functional crop, 
particularly towards the end of the day 
when the rate of feeding tends to rise 
(Owen 1971). T lie  fact; that the g rit the 
gizzard holds contains a high proportion 
of sand, prom pts the suggestion that its 
principal function is to puncture the grass 
cells rather than to grind  the blades. T he 
appearance of the grass in the faeces 
shows little evidence of a grinding of the 
kind exercised by a cov/. L engths of leaf
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up to 25 mm. long are quite common and 
they seem surprisingly intact.

In  flying birds, excess weight m ust be 
kept to a m inim um  and so a quick and 
thorough digestive action is to be ex
pected. Nevertheless, it was a surprise to 
find that the through-put time for the 
goose was as short as two hours. In m am 
mals it is measured in days rather than 
hours, two days being usually quoted lor 
hum an beings. W ith such a rapid, piston
like action it is hardly likely that much
breakdown of cellulose could take place.
T lie caecum m ight serve as a reservoir 
into which food could be shunted to be
dealt w ith in a protracted way, but no
trace of any recognisable food-plant tissue 
nor cells therein were found. Possibly a 
kind of straining m echanism controlled 
by the sphincter at the base of the caecum 
excludes all but the liquid and the most 
finely divided particles. X-rays of geese 
fed w ith meal adulterated with barium 
sulphate have shown no caecal shadows 
although traces of barium sulphate left 
behind in the folds of the oesophagus 
have been readily seen (Rybicki 1965). It 
seems unlikely that any large quantity of 
food enters and is retained by the caecum. 
T h e  zoning of bacterial types w ithin the 
caeca argues against any mixing of their 
contents. In  any case, the capacity of the 
two caeca are less than 20 ml. and they 
would have to be em ptied and refilled 
many times per day to handle the am ount 
of food ingested.

T h e  failure to find any cellulose- 
splitting bacteria in  the caecum lends 
weight to the view that cellulose digestion 
is not a main function of the caecum.

T here is a possibility that the caeca 
assist in the absorption of water or of the 
soluble products of digestion. Another 
suggestion has been that excretory n itro
gen m ight be recycled through the caeca. 
Again, vitamin B,._. has been shown to be 
100 times more plentiful in the caeca of 
normal chickens than in germ -free ones 
(Coates et al. 1963). Chickens kept on 
wire, and so prevented from eating their 
faeces, require a higher proportion in 
their diet (Shrim pton 1954). I t is thus 
possible that geese might pick up caccal- 
synthesised B,, w hen grazing on caecally 
contam inated pastures. In cases where 
rum inants eat goose-droppings (Kcnr 
1966) one wonders whether the vitamin 
content m ight be an attractant as well as 
undigested grass or phosphates from 
egested grit.

I t m ight be that the caeca arc not con
cerned with metabolism at atl. Rum i
nants and horses have been shown to

contain antibodies in their blood against 
strains of anaerobic bacteria isolated from 
the bovine rum en (Sharpe et al. 1969). T he  
intestinal flora, providing a small bu t un 
rem itting source of antigenic stimulation 
for the production of such antibodies, may 
be responsible for w hat m ight be term ed 
auiovaccination. A goose, w ith its remark
ably brief through-put lime, would have 
no resident flora in the alimentary canal. 
It m ight be particularly susceptible to an 
infection were it not for the possession 
of a cul-de-sac where a prolific flora could 
be housed.

As a final speculation on caecal func
tion smell seems relevant, for to have kept 
geese is to he aware that, associated with 
caecal droppings, there is a pronounced, 
repugnant odour. B irds m ostly have a 
poor sense of smell and are unlikely to be 
discommoded. However, geese spend 
much of their time on the ground and 
arc thus liable to attack by mammalian 
predators and to com petition from m am 
malian com petitors. T h e  caecal discharge 
m ight serve the function of deterring such 
animals, even though Rochard and Kear 
(1970) have shown any repellent effect is 
short-lived.

G eneral conclusions
Geese in the wild state are largely, bu t by 
no means exclusively, grazers (Kear 1966), 
I t would appear unlikely tha t cellulose 
digestion contributes in  any significant 
way to their food up-take. Cell sap 
appears to be the chief source of nourish
m ent extracted from grass and hence the 
goose is an inefficient grazer, requiring a 
much larger pro raw  intake than a 
rum inant.

By the reverse token, if geese in  cap
tivity arc fed on an easily assimilable diet 
of high calorific value, the through-put 
rate is so high that the animal is able to 
grow very rapidly (M onachon 1964). T he 
force-feeding of geese with up  to 1000 
gm. per day is com m on on farms in 
Hungary and France in the interests of 
the production of fois gras.
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Sum m ary
T he  domestic goose A user anser, a grazing species, takes in considerable quantities of cellulose 
as part of its food. Investigations were carried out to discover whether cellulose is digested 
in the gut to any extent. T h e  experiments and techniques for establishing through-put rates 
arc discussed. I t  is unlikely that cellulose digestion contributes significantly to the goose’s 
food up-take.
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