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186 BULLETIN OF THE BUREAU 0OF FISHERIES.

and their environment withal is so different that they afford a most fascinating field
for investigation. It is now fairly well established that many fishes possess in a
high functional state the five chief senses of man—taste, smell, touch, hearing, and
sight; but it is also known that many fishes possess a sixth set of organs, the
lateral-line organs, for which there is no representative in man. As these are well-
developed and conspicuous structures in many cases, they may be suspected
playing an important part in the economy of these animals, and it is the purpose of
this investigation to ascertain something of their réle in the ordinary habits of some
of our fishes,

HISTORICAL REVIEW.

Every one who is at all conversant with the external markings of ﬁahaﬁ
familiar with a line which, in most instances, extends along the side from tail to he
This line, known from its position as the lateral line, consists usually of a row
small pores which lead inte an underlying canal, the lateral-line canal. In the |
of the fish this canal usually branches into threu main stems, one of which passe
forward and above the eve, another forward and lltlmedlately below the eve, and
third downward and over the lower jaw. These three canals, like the lateral-lin
canal, open on the surface by numerous pores, and, together with this canal, constit
the lateral-line system.

According to Leydig (1368, p. 3) the pores of these canals were recognized over
two centuries ago by Stenon (1664) and by Lorenzini (1678) in elasmobranchs,
by Rivinus (1687) in fresh-water fishes. Subsequently the canals were deseribed
many of the earlier anatomists, particularly by Monro (1783), and an excellent su
marized account of them was given by Stannius (1846, p. 49) in his compars
anatomy of the vertebrates, Thus before the middle of the last century the g
anatomy of these organs had come to be fairly well remgmzed b

All the earlier investigators, so far as their opinions are known to me, seem e
have regarded the lateral-line system as a system of glands for the prﬂductmn
mucus so characteristic of the skins of many fishes. Suggestions contrary to
however, came from two sources. First, observations on elasmobranchs had s|
that this group possesses, in addition to the lateral-line system proper, a set of el
related organs, the ampulle of Lorenzini.  Jacobson (1813) studied the structur
these organs with the view of determining what their probable function was
concluded from their extensive nerve supply that they were certainly sense o
and probably stimulated mechanically, like delicate organs of touch. "I‘ravirii'_
(1820, p. 146), concurred in Jacobzon’s opinion that the ampulle were sense orga
and believed that they probably represented a sense quite distinet from any tha
possess,  Knox (1825, p. 13} in reviewing the whole subject made the intere
statement that “*we can not * * * oreatly err in considering these org
organs of touch, so modified, however, as to hold an intermediate place between the
sensations of touch and hearing.” Finally, Savi (1841) suggested that in the torped
they might be organs for the reception of electrical stimuli.

A second body of evidence that suggested the nonsecretory nature of the lateral
line system eame from investigations on the vesicles of Savi. These are closed, sac

=

like organs found in clusters in the anterior part of the head of the torpedo. Like
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to the ear, Schulze agreed with Leydig in regarding the lateral-line organs as organs
of touch, though specially modified to meet the requirements of an organism liv
in the water. . »

About ten years after the appearance of Schulze’s second paper, Dercum (1580,
p. 154) ealled attention to the fact that in many fishes the lateral-line canals were
almost if not entirely closed, and that in consequence water could not flow thro
them, as was supposed by Schulze.  Dercum, however, pointed out that since m
of the canals were separvated from the outer water by ()nl:." a layer of thin skin applis
to the membrane of the eanal wall, the system might be said to possess nume o
drumheads through which vibrations in the surrounding water could be transmitt
to the fluid within the canal, and thus these vibrations could become eﬂ'ﬂﬂﬁ‘rﬁ
stimulating the lateral-line organs.  Dereum also sugeested that the effeet uf ‘
vibrations might be the more intense the more nearly perpendicular they wers
the surface of the canal on which they fell, and in this way it was conceivable th
tish might orient itself in reference to the direction of the vibrations. '

These views were in large part accepted by Emery (1880, p. 48), who emphas
the comparison between the lateral-line organs and the internal ear, and thus
to the opinion subsequently expressed by Mayser (18581, p. 311), Bodenstein
p. 137), and P. and F. Sarasin (1887-1880), p. 54), that the lateral-line organs
HOCBSSOTY GALS,

Meanwhile Merkel (15880, p. 55), without knowledge of the contributions mads
by Deream and by Emery. showed that it was unlikely that water eould be said e
to stream through the canals, and vet he gave very good reasons for supposing
the lateral-line organs were adapted to a mechanical stimulus.  From his stand
there was insufficient ground to consider the lateral-line organs as constituting a
group of sense organs, and he was convineed that they were merely tactile o
somewhat modified for aguatic life.

The opinions thus far presented as to the functions of the lateral-line orga
in no instance based upon experimentation, but upon such indirect evidence as th
afforded by the structure of the sense organs and of their surrounding parts. ]

Previous to the appearance of Fuchs's paper in 1504 very few investigators
made experiments on the lateral-line organs, and such experiments as had
undertaken were of a very simple and tentative character. The earliest of
was the work of Bugnion (1873, p. 302), who showed that a living Profens was
especially sensitive to solutions of alum, salt, or weak acid applied to the :-.-a,-,_'
line organs, but that it reacted vigorously Wh{‘ll these o gans were tonched »
needle.  Later de Stde (1884, p. 469) reported that fishes in which the lateral Iy
had been eut were less successful in guiding themselves in an aguarinm contain fg
numerous obstacles than were normal fish, and he stated that in his opinion t
lateral-line organs did not represent a sixth sense but were organs of touch especi
concerned with directing the animals. Bateson, some years later (1890, p.
stated that he had been unable to get responses from fishes when food substar
were tried as stimuli for the lateral-line organs, and lastly, Nagel (1894, p
found no evidence that the lateral-line organs of fishes and amphibians were s
lated chemieally; when the lateral-line nerves in Barbus fluviatilis were cut on b
sides the fish apparently remained normal, but when in certain fish (Schuppfis
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lateral-line organs were intact, showed no lack of equilibrium, and in its genera
behavior closely resembled a normal fish.  Moreover, Lee found that the stimulatio
of the central end of the lateral-line nerve of a dog- fish resulted in perfectly coord i
nated fin movements, and he therefore concluded that the organs of the lateral ling
are equilibration organs.  How these are stimulated Lee did not attempt to deci
though he suggested (1595, p. 143) that pressure changes in the surrounding medium
may be the means of stimulation. '

Five years later, in experimenting on the sense of hearing in fishes, I made s
observations on the lateral-line organs of Fuendwlus (Parker, 1903a, p. 59; 1
p. 197). These led to the conclusion that the lateral-line organs in this fish w
stimulated by a very slight mass movement of the water, and they have afforded the
point of departure for the present investigation. s

In summarizing this historical review, it is clear that no one has ever broug
forward the least reason to suspect that the lateral-line organs are ever norma
stimulated by light, heat, or other ether disturbances. It is also very improba
that they are stimulated chemically, for in many instances the covered situation
the organs is not favorable for this form of stimulation, and the direet experin
of Bugnion (1873) on HMrefens, of Bateson (1880), and of Nagel (1594) on several
of fish, and of Fuchs (1594) on Torpedo and Baje have always given negative resu
On the other hand, it is almost univer=ally admitted that the normal stimulu
these organs must be of a mechanical kind, either simple contact, as in touch,
vibratory contact, somewhat as in hearing. It is on this point that the majori
investigations disagree, some maintaining that the lateral-line organs are si
organs of touch (Merkel, de Séde), or of pressure (Fuchs), others that they are o
belonging to an independent class, probably intermediate between touch and
ing (Levdig, Schulze, Dercum, Parker), and, lastly, those that believe them to
aceessory anditory organs (Emery, Mayser, Bodenstein, P. and F. Sarasin). T!mt
lateral-line organs were necessary to HIILEI'MFIH locomotion as organs of equilibra
ete., was fivst suggested, 1 h-c-llmu- by de Séde; and this opinion has received the
port of Nagel, Bonnier, and -:-slwmull_{. of Lee. In attempting to decide hetwee
these various views, the first question that arvises is: What is the normal stimulu
for the lateral-line organs? It is the object of this investigation to find an ans
to this question. .

MATERIALS AND METHODS.

The experiments about to be described were earried out chiefly on the common
mummichog, Fundilus heteroclitus, a fish of convenient size, great hardiness
everywhere abundant in the neighborhood of the biological laboratory of the U
States Burean of Fisheries at Woods Hole, Mass., where the experiments were 1
Besides this species seven others were also tested, though not with a full rang
stimuli.  These additional species were the smooth dog-fish, MWeustelis canis; thﬁ i
mon skate, Raja erinocea; the killi-fish, Fundulus majolisy the scup, Ste
chrysops; the tond-fish, Opsanws tan; the common flat-fish, ﬁeudﬂp{ﬂmuwﬂﬂ i
canus; and the 5well=ﬂsh, Chylomycterus schapf. 1

The general method of experimenting was to eut the nerves connected with the
lateral-line organs of a number of individuals of a given species, and, after th
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or in the light. It soon appeared that a number of individuals were almost indiff
ent to the light, being found as commonly in one place as in the other. Others w
more generally in the light, and fishes were tested until fifteen such were obtaine
These fifteen were tested aceurately by being placed individually in the aquari
and by having their positions determined at minute intervals for ten minutes.
150 observations these fishes were 93 times (62 per cent) in the light.

They were then all operated upon by having the nerves to the lateral-li
organs eut.  Twelve recovered and were tested as in the first experiment. In
observations these fishes were 79 times (66 per cent) in the light. It is the
highly improbable that the slight tendency to assemble in the light shown
some individuals of this species is in anyway dependent upon the lateral-
organs; in other words, light is not a stimulus for these organs,

Heat.—The stimulation of the lateral-line organs by heat was tested also
Fundulus heteraclitus.  Five individuals with the nerves to the lateral-line org
cut were compared with five normal individuals by subjecting them to water
different temperatures in evlindrical glass jars 35 em. high and 23 em. in diameter.

The temperature of the outside water in which the fishes had been caught v
this time of yvear (August) about 19.5° C. When the five normal fishes were
the glass jar filled with water at this temperature, they at once swam to the be
and, as i usual with them when first introduced into an agquarinm, remained s
ming about in the dl."i'l':ll"l" water for some time.  Finally, they rose to the su
and sported about in the upper water, remaining there unless frightened by
movement or other disturbance about them, whereupon they would again m
temporary descent.  Cut fish acted in all respects like normal ones except, pe
that they were not =o agile in their movements, but this slight reduction in ti
quickness of vresponse was not due to the eutting of the nerves of the latteral
system, for it was observable in fish in which the skin, but not the nerves, had
cut.

In water at 147 C., the reactions of normal and of cut fishes were indistinguish
able from those in water at 19.5% (. 4

At 97 C., much the same was observed asat 147 C., but there was a slight th
noticeably greater tendency here to keep in the deeper water than at 19.5° C.
tendency, however, was not pronounced enough to allow one to say that the fis
deserted the top: after having been frightened away from the top they retur
less freely than at 14 C. or 19.5° €. In this respect, however, the normal an
fishes agreed,

Two temperatures higher than 19.5° C. were tried. At 25.5° C. both norm
and cut fishes swam down, and for the most part stayed in the deeper water.
and then an individual would swim to the top, but it almost always quickly re
to the bottom. In these respects normal and cut fishes were indisﬁng‘uishﬂ.hlﬁ. 3

At 30.5° (.. both normal and cut fishes swam to the bhottom of the vessel
staved there persistently.  In the course of fifteen minutes not a single fish can ¢
the surface, whereas at 19.5° C. all fishes returned to the surface usually in th
four minutes.  Moreover, the fishes continually nosed about on the hottom of
as though they were seeking still deeper water. -
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stimulating effects on the lateral-line organs.  In this respect my results agreed
those of Bugnion (1873, p. 302), who experimented with salt solutions upen
lateral-line organs of Mroteus.

Food.—The normal stimulus for taste in animals, as in the human being, is
dissolved material in their food.  Judging from the aquarinm habits of some fis
they seck their food chiefly by the eve, but it is also possible that the juices of
food may exeite them. To ascertain whether the lateral-line organs are thus sti
lated. I placed a single individual of Fundulus heteroclitus in a small vessel of
water and, after it had beecome quiet, endeavored to discharge from a capillary tt
some musszel juice on the lateral line of the body, the substance of MWytilus
heing a favorite food of this fish. The extreme activity of the fish made sn
experiment rather difficult, but after frequent trials on several individuals T
results that could bhe said to indieate that the lateral-line organs were stimula

In a second set of experiments | etherized the fishes and cut the spinal cord
behind the head.  After recovery. such fishes act as though the trunk muscles »
paralyzed and swim about slowly by the pectoral fins. If propar]jr fed they liv
a week or more.  They often rested on the bottom of the vessel in which t.hay
kept, and when quiet afforded an excellent opportunity for testing the laters
organs.  But even under these circumstances [ never obtained reactions from
fishes that led me to conclude that the sea water decoction of mussel discharge
their lateral lines ever stimulated these organs.  In this respeet my results
with those of Bateson (1890, p. 237). and I conclude that the lateral-line org
not stimulated by food.

Orygen.—The oxygen dissolved in sea water is essential for the life of u
fishes, and as the amount varies in different parts of the sea, it is possible tha
substance may serve as a stimulus to the Iateral-line organs.  To test this poss
specimens of Fundulus heteroclitus, normal and cut, were introduced into sea
that had been boiled to expel the dissolved gases and then cooled with as
exposure to air as possible.  When the fish were introduced they swam
throughout the whole vessel, and their respiration was characterized by rap
deep swallowing movements. These features disappeared very quickly on tr
ring the fish to ordinary sea water. Since normal and cut fishes acted alike i in th
experiment. there was no reason to suppose that lack of oxygen was in any wa
stimulus for the lateral-line organs.

Carbon diowide.—As carbon dioxide is one of the most extensive waste p
from animals’ bodies, it might be regarded as a possible means of polluting ws
the lateral-line organs micht serve to detect this pollution. To ascertain *H'r
carbon dioxide was a stimulus for these organs, normal and cut individ
Frndulus heteroclitus were introduced into sea water through which carbon di
eas had been bubbling in minute streams for over half an hour. Both
fishes acted as though they were in ordinary sea water, and thm-e Wil no 1
conelude that carbon dioxide had any effect upon the lateral-line organs,

Foulness of water.—A quantity of foul water taken from a vessel in
marine animals and plants were decaying was mixed with sea water and
normal individuals were introduced into it and their reactions observed. Al
this mixture had a most offensive odor to the experimenter, the two sets of
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These observations make it appear improbable that changes in hydrostatic pres-
sure, as suggested by Fuchs (1894, p. 474), are stimuli for the lateral-line organs.
Nor in fact do the observations made by Fuehs really lend much support to this
hypothesis.  He found that when he pressed on the lateral-line organs of Raja, the
electrical changes in the nerves connected with them indicated that the organs had
been stimulated.  But the pressure thus exerted was without doubt of a very different
kind from increased or decreased hydrostatic pressure; it was very probably a _
deforming pressure and not one that exerts its influence in all directions equally. Tt
is well known that for the stimulations of the tactile orguns of the human skin a
deforming pressure is vastly more effective than such a pressure as is obtained by
putting the hand deep in water. Under such cireumstances the tactile sensations are
not strongest from the parts under greatest pressure but from the region of grea
deformation, i. e., where water and air meet. It seems to me, therefore, that Fu
experiments demonstrate that the lateral-line organs can be stimulated by a deformin
mechanical influence, but since hydrostatic pressure does not deform to any g
extent, there is no reason to suppose that it stimulates these organs.  Henee 1 do not
think that my observations are at variance with those of Fuchs, but that he drew a
wrong inference from what he observed. ]

Cwrrents.—From the time of Schulze’s second paper on the lateral-line org
(1870), water currents have been regarded with more or less favor as stimuli for
lateral-line organs.  To ascertain whether currents do stimulate these organs, 1 b
experimented on Fundulus heteroclitus, F.majaliz, Stenotomus chrysops, Psendop
vontectes wmericanns, Mustelus canis, and Raja erinacea.  All these fishes when intro-
duced into running water swim against the current, i. e., they are strongly rheotropic.

e

[ tested the smaller species (Fundulus hetevoclitus, F. muj-trfsz,
chrysops, and  Peevdoplevronectes americanus) by exposing them in a large o
trough to a gentle flow of water. The trough, which was about 50 em. wide, aly
contained a depth of at least 10 em. of water and was about 3 meters in length.
inlet was established at one end and an outlet at the other, and a gentle current
water was kept flowing through the trough. A normal Fundulus heteroclitus w
put in this trough immediately turned its head agninst the current and swam tow
the source, often making its way actually into the open end of the inlet tube. If i
its progress the fish was swept into the adjacent and more quiet water near the side
of the trough, it would often sport about there for a while, but on returning to the
current it would take up again its course toward the inlet. At times when
current was strong there would form on the sides of the trough small bae .-r.-'r"
currents, and it was instructive to observe how quickly the fish reversed its directior
when by any accident it was carried from the main eurrent into a backset. In all the
many fishes tested, ivrespective of illumination, ete., they swam against the eurmnb. 4

Individuals in which the nerves to the lateral-line organs had been cut proves
to be absolutely indistingnishable from normal fishes under these conditions. It
agility and certainty of response there was no difference between the two s
Hence 1 was led to conclude that the lateral-line organs were not essential to the
in swimming against a current, and that therefore a current was probably not @
stimulus for these organs, '
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contained in the air bladder, as conjeetured by Richard (1896). In fact, all my obser-
vations supported Bonnier's opinion that Richard’s results were due to the severity
of his operations and not to the loss of the lateral-line organs, and since many fishes
with well-developed lateral-line systems have no air bladders, it seems to me highly
improbable that these sense organs are directly concerned with the state of the bladder.
I next repeated Lee’s experiments on the toad-fish, Opsanus tau, and the do
fish, Mustelus conis.  Lee (1885, p. 140) states that after the removal of the pecto
and pelvie fins from the toad-fish, the natural means for support for the res
animal, and the destruction of the lateral line organs, there were “ decided evidene
of 1 lack of the sense of equilibrium.”  The fishes were unsteady in their INOVemen
and would lie quietly upon the side or back, in this respect being in strong eontras
with individuals whose fins and skin had heen cut to an equal extent, but whose
lateral-line systems were still intact. These, according to Lee, were active s |
certain in their movements, showed no lack of equilibrium, and in general el
resembled normal individuals. |

My own observations on Opsanus do not support those of Lee. 1 prepared sis

toad-fish by eutting off the four fins as Lee did and then severing the nerves to
lateral-line organs. This operation was easily carried out by following the cs
topographical account of the lateral-line system given for this species by C
(1808).  Of the six fishes operated upon one died shortly after the operation but t
remaining five all lived over five days and one over a week. These I carefully
pared with tive other fishes from which the four fins had been removed and the s
but not the nerves to the laterial-line organs, had been eut.  So far as the retent;
of equilibrium was concerned, I found it impossible to distinguish one set from
other. Both, though rather irregular in their locomotion, retained fairly uprig
positions, and none ever showed the characteristic disturbances seen in the locomo
tion of many fishes from which the ears have been removed, Occasionally individ
uals could be found that would lie quietly often for some time on the side or back, as
deseribed by Lee, but these always proved to be moribund and usually died within:
day or so after this symptom appeared. Since cases of this kind oceurred among
those fishes in which the lateral-line organs were intact, as well as among those
which the nerves had been cut, I concluded that the loss of equilibrinm seen in
tances was not due to the exclusion of the lateral-line system, but to ge
weakness preceding death. I therefore do not believe, as Lee does, that the lo
the lateral-line organs in Opsanus is accompanied with any special disturbance 1
equilibrium,

Lee (1898, p. 142) also experimented upon the dog-fish by exposing the
line nerve and stimulating its central end, whereapon he obtained well coordina
museular movements like those seen on stimulating the ampullar organs of the int
ear. | have vepeated this experiment on Mustelus canis and can confirm Lee’s stats
ments even to detail. I have worked with eare only on the pectoral-fin reactions
but these will suffice to give a clear insight into the nature of the response. Whe
as Lee states (1898, p. 142), the feft lateral-line nerve is stimulated centrally, the ol

ctoral fin is elevated and the right depressed. Since this reaction, which is alway:
very marked and clear, is of a kind to restore equilibrium, one might conclude wit
Leo that the lateral-line organs are organs of equilibration, but exactly the same
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invariably by an inerease in their respiratory rate. This continued to be trae ey
after the nerves to the lateral-line organs had been cut, and | therefore conel
that the lateral-line organs were not essential to these responzes.  Sinee the pect
fin and the respiratory reactions disappeared in individuals whose eighth nerves
been cut, but whose lateral-line organs were intact, it was evident that while in
species these sounds were effective stimuli for the ear they were not so for the
line organs. .

Findulus majalis veacts in many respects like 7. heteroclitus.  Its movement
however, are often more sudden and darting than in the other species.  To vih £
of the tuning fork the animals usually spread the fins and often gave a sho
forward. This continued after the nerves to the lateral-line organs had been
ani ceased only with the cutting of the eighth nerve; hence I conclude that
£ majedis sound is a stimulus for the ear but not for the lateral-line organs.

Although 1 tested a considerable number of Stenofomus chrysops and M
cetives, both in normal condition and with their lateral-line nerves cut, I was u
to elicit from them any unquestionable reactions to the sound from the tunin
This stimulus certainly did not act on the lateral-line organs of these two fishes,
from the experiments on the two species of Fundulus, 1 conclude that there is
reason to suppese that a sound of 100 vibrations per second is a stimulus for tl
lateral-line organs, though it may be for the ear. '

Vibrations of law freguency.—When a slow but noiseless vibration was g
the aquarium containing Fundulus heteroclitus, the fishes, as I have elsewhere ¢
(Parker. 1903a, 1903h), were vigorously stimulated. The stimulus that affects
seemed to proceed from a movement of the body of water in the aquarinmas a w 1
for the most convenient way to produee this stimulus was to make the aquarinm
the supporting table vibrate slightly by drawing the aquarium a little to one
thus straining the table slightly, and then letting it go. The motion thus prod
when written off on a moving surface, was found to consist of a series of vib
very elose to six per second, and each time the aquarium was made to vibrate,
forty such vibrations were accomplished before the apparatus came to rest ag

I have nothing to add to my former statements (Parker, 1903a, p, 59:
p. 189} about the reactions of Fundulus heteroclitus to this stimulus.  When n
individuals are frst introduced into an agquariom they swim at once to the
and only after some time and numerous cantious attempts do they come to
the surface.  As I have already noted, any slight disturbanee, such as a quiek
ment of the observer or a slight jar given to the aquarium, is sufficient to cause
to descend at onee.  If, by means invisible to the fishes, the slow vibration
described is given to the aguarium, they dart at once to the hottom and
there some time before returning to the surface. When the fish again beg
swim upward toward the surface, their progress may at any moment he stopp
causing the aguarvinm to vibrate, for they will again descend. Under no ¢
stances will the normal fishes rise and stay at the surface while the aguarium i
vibration. These reactions are in my experience practically invariable. .

When individuals with the nerves to the lateral-line organs cut are subjee
to similar tests, the contrast with normal fishes is striking.  Cut fishes will conti
sport about near the surface, or even swim upward from below, while the aquari



FUNCTION OF LATERAL-LINE ORGANS IN FISHES. 201

wvihration. In fact the vibration seems to have no effect upon them except in that
aces ripples on the top of the water, and when they come under the influence of
they usually descend a few inches into water which, so far as one can judge
the particles of silt contained in it, iz not in motion from the surface ripples.
they will remain and sport about during the vibrations. though this region

ne in Fundulus heteroclitus.

- The reactions of Fundulus majalis to vibrations of low frequency, except for
darting movements already mentioned, were almost identical with those of #
i Normal individuais reacted to the vibrations usually at onee by descend-
cut ones gave no evidence of being stimulated. In one set of the normal fishes
were being tested preparatory to operations two were found that could not be
o respond to the vibrations. Such conditions were never met with in /. Aet-
us, and they were so rare in & majaliz that they constitute an unimportant
'ﬂﬁ to the statement that the two species in their lateral-line reactions are
ally alike.

Mu& cﬁry&@# when put in the aguarium usually swam down to the bot-
remained in the deeper water, sometimes with the lower fins in contact with
or of the aquarium, sometimes a few inches above this. In all tests of vibra-

somewhat above the hottom of the aguarium. Under such circumstances a
ﬂhﬂﬁﬂn almost invariably called forth a very characteristic reaction.
uietly suspended in the water the fish usually rests with its head pointed
y downward and its tail up. On stimulating it with a vibration it almost
y sets its fins and changes the direction of its axis so that its head points
ely upward. This was observed clearly in six out of seven normal fishes.
x were then operated upon by cutting the nerves to the lateral-line organs.
ered, and none of these reacted to the vibrations of low frequency unless
uarium was made to vibrate very considerably. Under such circnmstances

al, but unquestionable, reactions, precizely like those just deseribed, were
~ Since these reactions are not interfered with by eutting the eighth
d occur when the literal-line organs are excluded, it is probable that they
pm a stimulation of the general cutaneous nerves. Thus in Stenofouins
one form of stimulus is probably effective for two sets of sense organs,
the skin and those of the lateral-line system.
sting the smooth dog-fish, Mustelus canis, for reactions to vibrations of low
, I found the ordinary individuals too large for work in the aquarium, and
re experimented on young animals not over a foot and a half in length, As
none of the specimens 1 tested gave any response to the tuning fork
vibrations per second. To the slower vibrations, six per second, all fishes
were very responsive and reacted usually in a very uniform way. Inseven young
hat were tested all raised the tail when the aquarium was made to vibrate, and
fishes were high in the water they usually swam to the deeper situations,
reactions, particularly the elevation of the tail, were unusually regular. 1

SR T e
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noticed no change in the respiratory rate. It was with difficulty that even these
voung fishes were tested, for, since they were relatively large, it was only now
then that they were not in contact with solid parts of the acquarium, and conseq
in position for satisfactory stimulation. Notwithstanding this dificulty, howey
enough ungquestionable reactions were obtained to place beyond doubt the statements
made above, -
After the nerves to the lateral-line organs were cut, both the elevation of th
tail and the downward swimming ceased. To ascertain how much of the .
response was due to the cutting of the skin, ete., I made the necessary skin aper
for cuiting the nerves in one individual, hut did nﬂt sever the nerves, and thun t
the animal. It still elevated the tail with great regularity on stimulation. O
l;lng the nerves this reaction entirely disappeared. Hence [ believe the loss of
iveness is due to the elimination of the lateral line organs and not to the shock
operation.  Six of the seven dog-fishes operated upon recovered, and most of
lived for two or three weeks after the operations.  When tested toward the
this period they were as characteristic as they were a short time after recovery
I attempted similar experiments with small skates, faja arinacea, and suce
in getting on stimulation excellent tail reactions like those described for the dog-f
bt since these fishes were always in contact with the solid bottom of the aguari
it was impossible to say with certainty that they were not direetly stimulated th
their tactile organs.  On eutting the nerves to the lateral-line organs. howeve
tail reactions disappeared. Although I believe it would be hazardous to dra
conclusion from the experiments on the skate just recorded, the records on ti
other species of fishes tested show beyond a doubt that the lateral-line orgar
stimulated by water vibrations at the rate of 6 per second, though they are not
ulated when the rate reaches 100 per second. e

DISCUSSION OF RESULTS.

From the foregoing experiments | conclude that the lateral-line organs of
species of fishes experimented upon are not stimulated by light, heat, =alin
water. food, oxygen, earbon dioxide, foulness of water, pressure of water, cu
and sounds.  They are stimulated by vibrations of low frequency, as surmi
Schulze (1870), and these may be of service to the fishes in their orientati
equilibration reflexes, as suggested by de Side (1554), Bonnier (1596), and esp
by Lee (1898). There is, however, no reason so far as [ can discover, for
ing these organs as special organs of equilibration such as the ear, for in thi
they are of no higher value than the skin, and they are certainly inferior to t

The stimulus for the lateral-line organs (a water vibration of low freq
a physieal stimulus intermediate in character between that effective for
(deforming pressure of solids, currvents, ete.) and that for the ear (vibration
frequency), and indicates that these organs hold an intermediate place bet
two sets of sense organs named. This opinion, even from an actual genetie
point, has already been urged by many observers. Leydig (1850 b, p. 150)
pointed out the histological similarity between the sense organs of the inte
and those of the lateral-line system; and Schulze (1870) emphasized this relati
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away from the center of disturbance, so that I am led to conclude that the disturk
set up by such an object as a stone falling into the water stimulate the lateral
organs and with more or less directive effect, as surmised by Bonnier (1896).

That the movements generated in the water by the male Polyacant hus -
mating are stimuli for the lateral line organs of the female, as suggested by
(1897), may be true, but is unsupported by any proof,

So far as these observations go they show that surface wave movements, wh
produced by moving air on the water or solid bodies falling into the water, are
panied by disturhances which are stimuli for the lateral-line organs. This doubtle
is the most usual form of stimulus for these organs in surface tishes, for I b
<hown that currents and direct wave action are probably not effective in this

SUMMARY.

1. The lateral-line organs are not stimulated by light, heat, salinity of wa
food, oxygen, carbon dioxide, foulness of water, water pressure, water cur

and sound.
9. The lateral-line organs are stimulated by water vibrations of low frequency-

six per second.

3. The lateral-line organs may be of service to the fish in orientation, but f
are of no more significance in_ equilibration than the skin, and are inferior in
respect to the eye and the ear.

L Waves on the surface of the water produced by air currents and the di
ances made by bodies falling into the water produce vibrations in the deeper
that stimulate the lateral-line organs. E ,

5. The skin, the lateral-line organs, and the ear form a natural group of sen:
organs whose genetic relations are <uch that the skin (organs of touch) may be sai
to be the first generation from which the lateral-line system has been derived, a
this in turn has given rise to the ear. 3

®
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