Structure and functions of the ear of the squeteague / by G.H. Parker.

Contributors

Parker, G. H.

Royal College of Surgeons of England

Proceedings of the Fourth International Fishery Congress 1908 : Washington,
DC)

Publication/Creation
Washington, DC : Govt. Printing Office, 1910.

Persistent URL
https://wellcomecollection.org/works/uyafzngv

Provider

Royal College of Surgeons

License and attribution

This material has been provided by This material has been provided by The
Royal College of Surgeons of England. The original may be consulted at The
Royal College of Surgeons of England. where the originals may be consulted.
Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org

























1214 BULLETIN OF THE BUREAU OF FISHERIES.

the occipital condyle and whose anterior ends diverge as they approximate the
regions of the orbits. These capsules form a part of the bony roof of the mouth
and are separated from this cavity by only a thin covering of mucous membrane.
In an adult fish the capsules are nearly an inch and a half (3.5 em.) in length
and their longitudinal axes diverge from each other anteriorly at an angle of a
little over 40°. The internal ears lie partly in these capsules and partly in
the bony wall of the skull dorsal to the capsule (ffg. 2). Each ear consists of a
sacculus with its appended lagena, and a utriculus and its semicircular canals.

The sacculus is an elongated, thin-walled structure which lies in the cavity
of the bony capsule. It has the shape of a long flattened bean, and measures
in an adult fish a little over 14 inches (3.5 cm.) in length by almost 4 inch (1.1
c¢m.) in width. The walls of the sacculus are very thin and conform closely to
the shape of the inner surface of the bony capsule, to which they seem to be
molded. Much of the median wall of the sacculus is occupied by a large sensory
patech, the macula acustica sacculi, which receives the most considerable branch
of the eighth nerve. This patch is in the form of an elongated band of moder-
ate width extending lengthwise of the sacculus; its anterior end spreads out
into a very considerable oval area; its posterior end is marked by a smaller
expansion. The lateral wall of the sacculus is smooth and without special
nerve terminals.

Each sacculus contains a large ear stone or otolith, the sagitta (1, 2, 3, pl.
cxx11), to use the term employed by Webb (1905), which almost completely fills
its cavity. In full-grown squeteagues these otoliths are conspicuous strue-
tures; they may measure 11§ inches (3.2 em.) in length by 3¢ inch (1 em.) in
width. Their dry weight may exceed 25 grains (1.7 gm.). They are white
and hard and, excepting for a small organic residue, dissolve completely
with effervescence in dilute acetic acid. They are chiefly carbonate of lime,
and their specific gravity, 2.84, is between those of the minerals calcite &
aragonite. Their concentric structure favors the belief that they are secre
from the sacculus. Their lateral faces are irregularly concave (fig. 1, C—F"
pl. exxm1) with a dorsal blade-like edge and a ventral blunt one. Posteriorly
they are roughly pointed; anteriorly they are flattened out into an a
spatula-like ending. Their median faces (fig. 1, A-B) are relatively sm
with a slightly depressed figure on them corresponding to the form of the
macula acustica sacculi, against which they are well adapted for resting ilghtl]"

At the posterior end of the sacculus is a small triangular pocket, the lagena
which contains a flattened otolith, the asteriscus, and a single sensory patch,
papilla acustica lagena, to which a branch of the eighth nerve is distnbutﬁﬂ |

Although the sacculus communicates freely with the lagena, it does nof r',
connect with the utriculus. A careful search in fresh and in well-preserved
material for a communication between these two parts failed to reveal the least

|
|
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Since the ear of the squeteague is really double, in that the saccular and
utricular organs are anatomically separate, and since these organs are
and fairly accessible, it seemed reasonable to expect that experiments upon th
might be devised which would lead to a more definite knowledge as to
localization of function in these parts.

UTRICULAR ORGAN.

After some practice on the heads of dead squeteagues it was found p
ble to destroy the utriculus and semicircular canals of live fishes by cutti
them with a long, narrow knife blade inserted through a small incision
each side of the head, and yet to leave the sacculus and its appended
uninjured. This operation could be performed without serious bleeding
without injury to the brain. The slight opening thus made through the
and subcutaneous parts closed of itself, and even after the death of the {
it showed no tendency to gap open. It was expected that these operatic
would be followed by a loss of equilibrium, but it was soon clear that the squ
teague could still keep its upright position. Since this fish, like many o
is in unstable equilibrium (Monoyer, 1866) when in its so-called resting pos
I suspected that the retention of its upright position after the loss of the utri
organ was dependent upon the eyes, and to eliminate the action of these s
organs a set of blinders was devised. These were attached to the head of
squeteague by means of a cord harness. A single loop of cord was tied sn
round the body of the fish just posterior to the pelvic fins, and from the p
at which this loop crossed the dorsal line a cord was run over the median d
line of the head to the large premaxillary teeth, where it was made fast.
this median dorsal cord were attached two cloth flaps that could be tu
down over the eyes and held there by a cord, passed from one flap to the g
under the jaws. In this way the eyes could be covered without interfering
the freedom of movement of the mouth and gills, for unless these parts
entirely free the animal is extremely restive and may even lose its balance.

Five sets of four fishes each were tested for the effects of destroying the
utriculus and the semicircular canals. Before operating upon the fishes each
tried to see that it responded to sound vibrations and that it swam norm
with the eyes covered. In testing the reactions to sound, the fish was place

a large wooden tank of sea water, and after it had become quiet the side
tank was tapped once or twice with a mallet in such a way that the fish o
not see the movements. At each tap the fish almost invariably made a
spring forward. To test the relation of the eyes to equilibrium, the
was put on the fish and the eves covered by the blinders. The majorit
fishes immediately swam away slowly, though in normal equilibrium, but a few
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they reassumed their equilibrium. This was persistently retained up to about
the time of death, except when their eyes were temporarily covered. With the
blinders on, they invariably swam irregularly. All g fishes after the operation
were noticeably weaker in their responses than before it. Most of these fishes
lived only a few days and only one lived for as long as five days after the opera-
tion.

These observations show that the utriculus and the semicircular canals of th
squeteague are not essential for the responses of these animals to sounds. he '.
show also that though these organs are concerned with equilibrium, they s
this function with the eye, for it is only after both sets of sense organs ]m 3
been rendered ineffective that permanent disturbances in equilibrium oc

There is, however, no reason to assume that in this relation the utriculus and
its canals stand second to the eye. They are certainly of prime importance as
sense organs in which impulses originate for the reflexes of equilibrium. In this
respect my results fully confirm those of Loeb (18¢1a, 18g1b), Ewald (1891,
1907), Kreidl (1892), Lee (1892, 1893, 1894, 1898), Bethe (1894, 1899),
(1902), Quix (1903), and Fréhlich (1904b) on various fishes. They also agree
with those of Tomaszewicz (1877), Kiesselbach (188z), Sewell (1884), and
Steiner (1886, 1888) in that they make evident that the destruction of
utriculus and the semicircular canals is not necessarily followed by permane
disturbances in equilibrium. Had these investigators, however, taken s \
to eliminate the influence of the eyes of the fishes on which they worked, it is
probable that they would have found these animals incapable of retaining their
equilibrium. I therefore can not agree with their conclusion, briefly put
Avers (1892), that the ear has nothing to do with equilibrium. The utrict
and the semicircular canals of the squeteague are one or both certainly concerned
with this function, and this conclusion probably holds good for other fishes, hut
whether the sense organs involved are the criste acustice of the semeircular
canals or the macula acustica recessus utriculi with its otolith, or both, I can no
say. These parts are also concerned with muscular tonus, as is seen by th
weakness of the fish after their destruction, a condition already observed by Ew
(1891, p. 5; 1907, p. 191) for Anguilla and by Bethe (1894, p. 575) for Pere
and Sardinius.

SACCULAR ORGAN.

The sacculus and lagena each contain sensory patches, i. e., on the
median face of the sacculus is the very large macula acustica sacculi, and
the corresponding side of the lagena the much smaller papilla acustica la
The sacculus, as already mentioned, contains a very large otolith, the sagitta
which rests on the macula acustica sacculi, and the lagena contains a muck
smaller one, the asteriscus, which covers the papilla acustica lagens. For
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:ntal purposes the sacculus is scarcely accessible from the dorsal or lat-
s of the head, but it is so near the roof of the mouth that I determined
roach it from that side. As already stated, it is separated from the mouth
nly a thin layer of bone and mucous membrane. It was not difficult to
the mouth of a squeteague open and, by means of long bone forceps, to
gh this thin wall and thus gain access to the sacculus, but this opera-
attended with so much loss of blood that it was finally abandoned.
the lateral wall of the sacculus is essentially nonnervous, it occurred
at I might force the sagitta off the sensory patch on which it rested
ainst the nonnervous lateral wall by driving a pin inan appropriate direc-
agh the thin roof of the mouth. A little practice on the heads of
es showed that this could be accomplished with comparative ease. The
were long steel hat pins about 8 inches (20 em.) in length.
ald be easily manipulated in the open mouth of the fish, and after they
forced into place against the sagitta they could be cut off short next
of the mouth. Apparently they offered no obstacle to the breathing
mouth movements of the fish. Squeteagues that had thus been oper-
n lived about as long as normal squeteagues do in confinement. Of
in which it was attempted to pin off the otoliths in this manner, 7 sur-
nearly a week and were used in the following experiments. The 3
during the experiments, and hence their records were omitted as
. In all 10 cases, final dissection showed that the otoliths had been
inst the nonnervous side of the sacculus as was intended. The tests
. out on the 7 vigorous fishes gave very uniform results.
the otoliths were pinned down, each squeteague was tested with
s for equilibrium and in the wooden aquarium for responses to sound.
ing down the otoliths the fishes swam at first irregularly, but in ten
at most they regained their equilibrium, and they retained this even
blinders were put on them. After the immediate effects of the opera-
inning down the otoliths had disappeared, the equilibrium of these
s indistinguishable from that of normal fishes. The vigor of their
- was likewise unimpaired by this operation. After it they were
ifficult to catch with a hand net as before it. On testing them
nd stimuli they were found to be only slightly responsive as compared
ir former condition. Thus a fish that before the pinning of the
e had responded to every tap of the mallet on the wooden wall of the
um, reacted to only 3 in 30 taps after the sagitta were anchored laterally.
derable reduction in reactiveness was also noticed in the other 6 fishes,
noreover, a squeteague with the otoliths pinned down was placed in the
with a normal fish and the wall of the aquarium was tapped, it was
te easy to determine from the movements of the 2z fishes which was the
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normal one, for the normal fish almost invariably responded by a slight leap
ward to every tap, while the other fish only very rarely reacted. The same
true when normal Fundulus hetevoclitus were put in the aquarium and comp
with squeteagues whose ear-stones had been pinned. I therefore bel
that the larger otolith of the sacculus, the sagitta, is concerned with the squ
teague's sensitiveness to sound, and further, for reasons already given, that
has nothing to do with equilibrium or with muscle tonus. 4

These conclusions are in accord with the observations of several other inves
tigators. Thus, so far as hearing is concerned, Smith (19o5) has pointed
that in all scizenid fishes which drum, as the squeteague does, the sagitte are
large, but in Menticirvhus, which does not drum, these otoliths are relati
small. Hence, the size of the otolith seems to be related to the drumming |
as might be expected if the otoliths are concerned with hearing. Further,
(1906a) has demonstrated that a negative variation is observable in the
nerve of Esox when that portion of the ear of Esox which contains the otoli
subjected to sound vibrations. From the standpoint of equilibrium I
bach (189g) has already shown that the removal of the otoliths from the
Siredon and the frog has no effect on the subsequent success of these ani
in keeping themselves upright, a state of affairs in agreement with my exp
in pinning down the otoliths in the squeteague. These observations ther
confirm me in the belief that the sagitta of the fish's ear is in some essenti
concerned with the responses of these animals to sounds, as surmised by
(1906), and has nothing to do with equilibrium or muscle tonus. So
equilibrium is concerned this conclusion is rather the reverse of what wo
anticipated, for in the invertebrates, at least, the otoliths have been
shown to be concerned with equilibrium, and this function has been def
ascribed by Breuer (18g1), Sherrington (1906), and others to these bodies in t
vertebrates; but this opinion is not supported by my observations. "'

The sagitte in the ears of vertebrates are certainly not merely tol
foreign bodies, as Ayers (1892, p. 309) has maintained, but, as has just
pointed out, they are of real functional significance. How they act in the rece
tion of sound is not known with certainty; but since in the squeteague they
a specific gravity of 2.84 and that of the whole head is about 1.8, it is
probable that when sound vibrations influence the normal fish they indu
relatively lighter parts of the head, including the macula acustica saccull
vibrate against the relatively heavier otolith; in other words, the otolith
relatively stable body against which the auditory hairs of the macula &
sacculi may strike. In my opinion sound stimulates the auditory hairs in so
such mechanical way as this. "

That the sagitta and its underlying sensory patch is not the only
receptive mechanism in the squeteague may be inferred from the fact that af
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h sagitte are pinned down the squeteague will still respond occasionally to
but whether this response is through the sensory patch in the lagena or
the utriculus, or through the skin, can not be stated. That it is from
n far inferior to that in the sacculus is plain from its character, and hence,
h there may be other parts of the body of the squeteague than the macula
ica sacculi that are sensitive to sound, this structure is certainly the chief
1 in this respect.
also seems fair tome toclass the reactions of the squeteague tosound, when
se reactions are mediated by the ear, under the head of hearing. While no
 line can be drawn between touch and hearing, it seems to me that when
tebrate can be shown to possess an ear which is stimulated by the vibra-
O matenal part:-:les it is fair to ascribe heaﬁng to such an animal, and, for
n a.lri&adjr given, I believe this to be the case in the squeteague. I therefore
n my former statement that certain fishes can hear, a statement that
sed originally upon the conditions found by me in Fundulus heteroclitus
1903a, 1903b) and confirmed in certain respects in other fishes by Zen-

(1903) and in the goldfish by Bigelow (1904). It does not seem to me

the very inadequate tests by Korner (1905) on some 25 fishes, with negative
‘so far as hearing was concerned, as well as the similar results of Lafite-
nt (1907) can have great weight against positive results such as have
¥ been obtained by other mvestagatm's, for it is comparatively easy in

tests to find animals irresponsive to sounds by which they are certainly
d as shown by other methods (Yerkes, 1905). From the observa-
en in this section, I conclude that in the squeteague the sacculus with
ined sagitta is the chief organ of hearing and that these partshave

to do with equilibrium or muscle tonus. Although I agree with Hensen

in aseribing hearing to fishes, I believe, for reasons already given, that the
f these animals are also directly concerned with equilibrium.

SUMMARY.

1. The ear of the squeteague (Cynoscion regalis) is anatomically double in
consists of (1) a utricular organ with its semicircular canals and (2) a
‘organ with its lagena. There is no utriculo-saccular canal.

The utriculus possesses a macula acustica recessus utriculi covered by
th, the lapillus, but no macula neglecta. Each of the three semicircular
s a crista acustica without an otolith.

sacculus possesses a macula acustica sacculi covered by a large oto-
itta, and the lagena has a papilla acustica lagenw covered by a small
the asteriscus.

Squeteagues whose eyes have been covered with blinders usually swim
h normal equilibrium. Squeteagues whose utriculi and semicircular canals
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.
B .

have been destroyed soon recover normal equilibrium. When the utriculi
and semicircular canals are destroyed and the eyes are covered, the squet:
swim with great irregularity and have all the appearances of having lost
equilibrium completely. Such fishes show marked muscular weakness,
respond to sounds as do normal individuals.

5. Squeteagues whose sagittz have been pinned down against the nom:
nervous sides of their sacculi retain normal equilibrium and show no dim
tion of muscular strength, but they respond to sound to a slight dqrﬂ!

6. The utricular organ has to do with equilibrium and muscular tonus,
possibly, but not probably, with hearing.

7. The saccular organ has nothing to do with equilibrium or muscle ti
but is the chief organ of hearing, a function in which the sagitta plays an

tial part.
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EXPLAMNATION OF PLATE.

Fig. 1.—Saccular otoliths (sagitte) from the squeteague. All figures are pl
ends uppermost. A, H, median faces of a right (4) and of a left (B) otolith. i
left (C) and of a right (D) otolith. E, F, lateral faces of a left (£) and of a right (F) ot

Fic. 2.—Right hali of the cranium of a squeteague viewed from the median
is shown in the bony capsule that partly surrounds the sacculus. .

F1g. 3.—Dorsal view of the cranium of a squeteague. Much of the dorsal wall ha
to show the two hony capsules in which the sagitt= lie; the right mg:ttahlnmmﬂ._l
nuemtu.maiuutagamstwha.tw-uldbethnmnnewnushtﬂulwaﬂufthemhﬂ. :

Fi6. §.—Ventral view of the cranium of a squgteague, to show the bony cs

culi are lodged.









