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630 : Dr. HANS GADOW,

Teratological cases, like repeatedly occurring supernumerary toes,
should be excluded, because we are unable to explain how they were
acquired. Cases of mutilation are not likely to be inherited unless
the whole organism has been affected through correlation of a series
of changes, which have been necessitated by the regaining of the
equilibrium upset by the primary cause or insult. T have therefore
tried to select such cases in which the obviously primary modification
seems fo have lrought about changes in other organs; in other words
cases, in which the whole organism seems to have become imbued
with the subzequent effects of the original eingreifende’ Modification.
Lastly, if these modifications are referable to mechanical strain, they
enhance our chances of an explanation, and are less likely to he
looked upon as gratuitous variations.

I do not flatter myzelf that the explanations of the primary causes
of the six or seven cases, which I propose to discuss in the following
pages, are absolutely binding, on the contrary, I have sometimes sug-
gested opposite solutions and have had to content myself with pointing
out which of the two seems to be the more probable. These attempts
oceasionally necessitated the discussion of, at first sight, rather remote
analogies. At any rate the facts are well ascertained; the original
specimens figured in the accompanying plates are with few exceptions
in the Cambridge Museum of Zoology and Comparative Anatomy.

The following organs are treated in this essay:

. The beak of the Crossbills, p. 630.

. The bill of the Wry-billed Plover, p. 633.

. The tracheal labyrinth of the Ducks, p. 635

. The tracheal pouch of the Emu, p. G36.

. The larynx and the manubrium sterni of Howling Mon-
keys, p. 630

. The stomach of the Ostrich, p. Gdl,

7. The stomach of the Petrels, p. 644
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1. The beak of the Crosshills.
The peculiar formation of the beak of the Crosshills is well
known and has attracted the attention of several zoologists'). The

individus gui en proviennent, pourvn que les changements poguis Hﬂiﬂfﬂt
communs aux deux sexes ou & ceux qui ont produit ces nouveaux in-
dividns.

17 R. Towssos ,Tracts and Observations in Natural History and
Pliysiology®, London 1799, p. 116—128.
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632 Dr. HANS GADOW,

and socket joint, specially in a lateral direction, in opposition to the
chiefly vertical motion of the mandibles of most other birds.

»When holding the head of this bird in my fingers, I found I
could bring the point of the under mandille in a line underneath and
touching the point of the upper, but not beyond it towards the left side,
while on its own side the point passed with ease to the distance of
g of an inch* (YArReLL).

The principal food of the Crossbills consists of seeds of Conifers,
but other seeds like those of apples are likewise taken. Their mode
of feeding is this: ,They fix themselves across the pinecone, then
bring the points of the maxillae from their crossed or lateral position,
to be inmediately over each other. In this reduced compass, they
insinnate their beaks between the scales, and then opening them,
not in the usual manner, but by drawing the inferior maxilla side-
ways (and by energetically turning their heads) force open the scales
or squamae’ (Towssox). Thereupon, whilst the points of the beak press
the shell from the body of the come, they insert the scooped end of
their tongue underneath the seed, and the food thus dislodged is
transmitted to the mouth (Yanerprn).

I have examined a nestling of Lexia cureirosiris. Not yet fledg-
ed it had not been able to leave the nest; itz stomach contained the
unhusked seeds of some species of Conifer. These seeds must have
been collected by the parents and brought in their crops to the young.
The beak of the young bird (Fig. 4) is still somewhat soft, the horny
sheath of the jaws is not yet protruded into curved points, the
cutting edges are still straight, not bent inwards. Whilst the upper
beak is still quite symmetrical, the lower jaw is, when viewed from in
front, seen to be slightly turned to the right, so that its tip deviates
not more than one millimeter from the middle linge. The cranium
and the quadrato-mandibular apparatus do not show any asymmetry
in size and shape.

Consequently the distortion of the beak increases with the age
of the bird to such an extent that it even affects a considerable portion
of the skull in a secondary way, and it is produced by the frequent
oblique pressure upon the tips of the beak during the operation of
opening the pinecones.

This distortion which would have to be called pathological, if it
did not happen to turn out useful, begins to show itself, although
late, but still at a time when the young bird has not yet any necessity
of submitting its soft jaws to any deforming strain. It can hardly
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644 Dr. HANS GADOW,

right nostril, and still more the groove, are perceptibly slanting towards
the right, as can be ascertained, when viewed from the dorsal side.
Near the end of the left nasal groove, or about the region whence
the bill turns towards the right side, the horny sheath is slightly
thickened,

This bird lives on the seashore or in half dry riverbeds, where
it pokes under pebbles and larger stones to extract small worms,
insects and crustacea from their hiding places. It seems to use its
longish bill somewhat like a lever and probe combined. That its bill
is subjected to mechanical strain is clearly indicated by the edges
which are turned inwards and by the apparent absence of tactile
corpuscles in the uniformly smooth and entirely horny rhamphotheca.

As Professor Newrox has shown (Proc. Zool. Sec. 1870, p. 673)
the very young birds show already the curve of the bill in a marked
degree. The specimen figured, was hardly more than three days old,
the cutting edges of the right side are not yet turned inwards, but
the position of the postrils and their grooves is already asymmetrical.

The very early repetition of the peculiarity of this bill in young
birds, most probably already beginning in the embryo, and the fact
that ouly rightsided deviation is known, seem fo indicate that this
has become a very settled feature. This unique anomalous formation
of the bill is combined with a most striking asymmetry of the colo-
ration of the bird. Whilst young specimens, and the adult in winter
plumage, possess only a grey patch on each side of the neck, the rest
of the neck and underparts being white, the adult in breeding plu-
mage have a black collar, (so common amongst Charadriidae) but
the breadth of the black collar is nearly double on the left side to
what it is on the right. This peint has been noticed by various orni-
thologists (although the sides have been mixed, and in SEEBOHM'S
Charadriidae® the woodeut has through inadvertence of the artist
reversed the picture) and has by some been referred to natural selec-
tion. The broader half of the band is on the side which is exposed
to view, when the bird puts its bill under a stone, which of course
must be on the right side of the bird owing to the curvature of the
bill. If the stone is big, the right side of the bird is hidden, and
therefore need not be ornamented or be protected by a conspicuously
black patch. What would be the use of such a mark unless the same
be seen? On the other hand, assuming this patch to be merely orna-
mental, and therefore oceasionally a source of danger and not pro-
tective, it might be argued that this bird, which spends a considerable
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638 Dr. HANS GADOW,

the rings. In any case the tracheal rings will give way at their
weakest point.

The first of these two assumptions seems to be the less acceptable,
hecause of the following reasoms. In birds the cartilaginous rings begin,
according to WuxperricH (Sparrow and Duek) on the lateral sides
of the trachea, according to Ramuxe on the ventral side, and grow
towards the median line; they always meet latest on the dorsal side,
and it is here that some of them, when at all, remain open; they
agreeing in this respeet with Mammalian conditions, The ossification
of the rings begins always on the ventral side and proceeds dorsal-
wards.

The males of certain Ducks e. g Mefopiana, possess a globular
but flattened swelling at the beginning of the last third of the trachea;
thiz swellings is composed of about 15 broadened and widened rings
which ossify and almost completely fuse with eachother into an
osseous bulla, but on the dorsal side a longitudinal space of from
2—3 mm in width remains, where the cartilaginous rings remain un-
ossified.

In various Passerine birds, which like many Cofinginae, e. g. Chas-
morhynchus, and Tracheophonae, e, g. Grallaria and Hylactes, have a
very loud woice, and which cause their tracheae o swell up con-
giderably, many of the rings in the vibrating membranes are extremely
thin and often deficient. They have all the appearance of having
been stretched out and ultimately rent asunder.

Dromaeus affords the only instance amongst all birds known
of a ventral deficiency in otherwise well developed cartilaginous
rings. The bulging out could not well proceed towards the dorsal
side, becamse there the trachea lies upon the oesophagus and the
museles of the neck, whilst on the ventral side omly the skin offers
any additional resistance,

The tracheal pouch may therefore be looked upon as a ventral
hernia of the trachea, acquired by the birds themselves, and inherited
by their offspring to at least a preliminary extent. It has obvious,
although distant analogies in the laryngeal and pharyngeal sacs of
varions Mammals, and how these can shape, and exert a lasting in-
fluence upon neighbouring skeletal structures, we shall be able to see
in the next chapter.

1) I have found recently that J. Buasp Svrrox has also deseribed

and figured the ,tracheal cyst® of Dromaews, and regards it as a hernin
On the origin of certain cysts, in: J. Anat. and Phys., vol. 20 (18886), p. 4821
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G40 Dr. HANS GADOW, I
the whole throat, the recoil will cause the cricoid and the upper e >
portion of the trachea to press upon the inside of the manubrium, o
and tend to strain its two horns with the clavicles and the first ribs ™"
asunder, in fact to produce un exaggerated ,incisura jugularis manubrii*, L o e
The eonsiderable force, which a strained larynx can exhibit, needs bt i |
no further comment than reference to a braying ass or a gurgling and f},.;,,-_ g
bellowing camel. gt
However, since the howling apparatus begins to show itself already 'iljl-:alf-'*'-'
in the embryo whilst the two halves of the sternum are still separated, g
and whilst the organs between head and chest are still much erowded
together owing to the bent up position of the embrye, it is not im-
possible that the fissure of the manubrium has already originally been The e
acquired by the embryo itself, and has not been inherited. At any o fe A
rate the fissure is the secondary, the enlargement of the voice organs iy b MoEL
the primary feature. An examination of the enormous bulla formed Wisath
by the basihyal bone and by the likewise extremely enlarged thyreoid e v et
cartilage, can only be explained as resulting from the distention into 1 1 gl

these parts of the blown out laryngeal sacs and similar recessus so
common in the Mammalia.

The various sacs of Mycefes have been described by Sir R, Owen
in hiz Anatomy of Vertebrates, vol. 3, p. 598, ,From the forepart
of the space between the upper and lower vocal cords the pair of
saceuli arve developed, which line or oceupy the thyreoid bulla. Be-

tween the glotiis and the arytaenoid cartilages are the orifices of

a pair of pouches, continued rather from the pharyngeal than the P e
laryngeal membrane, which extend forward and wpward on each side % Jrighy
of the epiglottis. From the upper part of the thyreoid sacculi are il B fls |
continued a pair of pyramidal oval sacculi, which occupy the sides of Wl g
the interspace between the epiglottis and the hyoid; and from the ""“*l'*.ml

forepart of the thyreoid sac is continued the neck of the large infun-

dibular sac, which expands to oceupy and line the huge bulla or bony b g
case formed by the basihyal.* Similar laryngeal pouches occur in the B g
Great Apes and in other Oldworld Monkeys. According to VROLIE ') U gy
they are larger in the males than in the females; they grow with the Ky 8

a - ¥ oL ]
age of the animal and are consequently the largest in the most aged; pR N
they are dilatations of the ventriculi Morgagni in the Chimpanzee ol

and in the Orang-Utan, and sometimes reach far down on the neck,

1} Veonx, Article Quadramana, in: Tonn's Cyelopacdin of Anatomy
and Physiology.






642 Dr, HANS GALOW,

of tailwards. The pyloric portion of the ducdenum makes a peculiar o i i
curve upwards (see Fig. 5). Compared with that of other birds, the “'I;.; 31“'“
gizzard of the Ostrich is turned over, round its transverse axis, to the -ﬂ'l,j ik ¥
extent of about 150° pulled wpon by the dilatation of the proven- ”ll_ﬂ; ol ®
triculus. The latter has slided tailwards, past the dorsal and left - nmﬂ-_-';ujl-'
side of the gizzand, and has drawn the orifice of the gizzard with it. e ¥ i

The cause of this enlargement and of the subsequent dislocation of P ri,wj L
the stomach is obviously the amount of stones, which Ostriches swallow Ty
during their life time. Most birds with a strong gizzard assist tri- e
turation of the vegetable food by small stones, preferably sharp edged ""T“'jg‘ﬂi;
pebbles of quartz. They are however sparingly used, because they o iy
seldom pass through the alimentary canal, and they are not disgorged, o r-ﬂ
o far as I am aware. Only the Ostrich, and to a certain extent the w '-”":'bli
Nandu, take up stones in excess. The Ostrich has a regular idiosyn- il 2 A
crasy for almost any absolutely indigestible matter. Garrop found s e WL
in the stomach of an adult male more than half a gallon of stones
(about T lbs. in weight); ,most of them were about the size of cob-
nuts or peas; they fully dilated the organ and pulled it down ab- |
normally®. I found in another specimen about 4 lbs. of gravel, the !r'
sandy detrituz mixed with pebbles and being located in the blindsac i
of the proventriculus. The food rests on the top, and the finest : .
detritus sinks down lowest. Comparatively few stones, mostly sharp, T, e A iy
and hardly any sand occur in the gizzard, where alone they can assist
the grinding process.

Thiz condition is not abnormal, and is not the cause of death of i
Ostriches kept in captivity. All Ostriches hitherto examined, exhibited i
the same features. DMoreover the examination of a number of em-
bryonic and of very young Ostriches, collected by Mr. Sepewick at . 4 o
Ostrich-farms at the Cape, assisted hy a grant from the Royal Society, b el B
ghow that the dilatation of the proventriculus, and the reversion of b ' W oy
the gizzard are already present long before the stomach confains any- TRy
thing but foodyolk. W T

Fig. 18 represents an Ostrich embryo with the intestines in situ, '.]_‘-F& ey,
after removal of the sternum, the right wall of the trunk and the ,.,ri"i'-?.‘l'_ﬁ'
liver. The heart has been affected in its position by the turning of il %
the gizzard. Nearly the whole of the intestinal canal is shoved fo- il ‘['l
wards the right and dorzal side; the same iz the case in the adult, ;ﬁ’ﬂl a;.k.;‘d'"“
and in such birds in which, e. g. Cormorant, Heron, the thinwalled and Sy, i
very elastic stomach is so large that its fundus reaches into the neigh- g H‘_L_" i

L L

hourhood of the anus.
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%
and Herons do not yet show the excessive enlargement. Their l-jigi"i
fishdiet distends the yielding stomach, and this, like an overstrained ﬂ'ﬁ_.;,x |
elastic bag, does ultimately retain the originally only temporary shape, e 16 b

The gizzard of the American Ostrich or Rhea is by far less gt
muscular than that of the African Ostrich. The gizzard of young 'ﬂ;“{nu'
birds exhibits the usual furrow on its great curvature, but in the iy B0
adult this furrow and projection into the stomach has disappeared and

has given place to a round bag, produced by the weight of the pebbles
which the Nandu takes up, although in a much smaller quantity than
the Ostrich. These pebbles naturally bulge out the walls of the sto-
mach, were the latter is weakest.

The measurements of the stomachs of a young and an adult
Bhea americana arc:

aff in young 34 mm, in adult 70, i. e. increase about 2 fold.
?6 1% n 33 n i 17 lm L B L LE ] - 4 "

The extraordinary strength of the gizzard of the Ostrich does
not permit of a bulging out of any part of itself, and the excessive
amount of stones, in aggregate bulk several times larger than the

whole gizzard, drags down the yielding proventricular wall and rotates Fipded
the gizeard. it
Considering the dead weight of about 5—7 Ibs. which the adult B1 b
Ostrich carries about without any apparent use, almost its whole or- . e
ganisation must be aflected to meet the greater expenditure of mus- ngeh
cular power which is necessitated by this ballast. i e
e Ty

7. The stomach of Tubinares, oy

The gizzard of most Petrels iz small, roundish, flattened down e 1

on the right and left side. It is strongly museular in Procellaria Boe L"’*
and Ossifraga, softer and comparatively larger in Diomedea. The Hj; 'y
proventriculus is many times more roomy than the gizzard, and is P:_;_;”‘*T
very dilatable. In those species, which possess a strong gizeard, the
portion between the glandular arca of the proventriculus and the iy
gizgard forms a sac which, like in the Ostrich, extends dorsal- and H
analwards from the gizzard. The latter is completely turned over in a =3l
direction opposite to that in the Ostrich, the originally left speculum Yy,

looking directly ventral, the right one towards the proventriculus or
the meck. The course of the pyloric portion of the ducdenum indi-
cates the way in which the gizzard has been turned.
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