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INTRODUCTION

Since no one has ever collected the views of the various writers

on the sense of smell in insects, the literature that bears directly on

this subject is here briefly discussed for the use of students on this

subject. Abstracts and translations of this literature have been

made by the writer and his wife, Emma Pabst Mclndoo, and the dis-

cussion is from these abstracts and translations. Minor details may

have been incorrectly stated in some cases, but it is believed that each

view as a whole is given correctly. The views of a few authors have

been cited from others, because the original works were not access-

ible. After a short discussion of the sense of smell in general, the
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names of the various writers and their views are grouped under heads

according to the seat of the olfactory organs which these writers

favor. A few writers fail to advocate any particular view but they

criticize certain ones. Such writers are placed under the head which

they criticize.

This discussion was originally written as the second part of the

author's (1914a) paper on " The Olfactory Sense of the Honey Bee."

On account of the great length of this paper it was necessary to omit

the discussion. Since the first part of the paper was published a few

more references have been collected and the author (1914b) has

written a second paper on the same subject concerning the Hymenop-

tera. Several letters have also been received requesting that a com-

plete discussion be published. Another reason for publishing this

discussion is to reveal the chaos which now exists on this subject,

so that students may hereafter replace such chaos by facts.

The author is grateful in various ways to Dr. E. F. Phillips, in

charge of bee culture investigations, and to Miss Mabel Colcord.

librarian of the Bureau of Entomology, for invaluable aid in securing

references.

SENSE OF SMELL IN GENERAL

Aristotle is the earliest author whose writings on the sense of

smell in insects are available. He says :

As for insects, both winged and wingless, they can detect the presence of

scented objects afar off, as for instance bees and cnipes detect the presence of

honey at a distance ; and they do so recognizing it by smell. Many insects are

killed by the odor of brimstone ; ants, if the apertures to their dwellings be

smeared with powdered origanum and brimstone, quit their nests ; and most

insects may be banished with burnt hart's horn, or by burning of gum styrax.

Virgil was a beekeeper as well as a poet. The ancients used roasted

or burnt crabs in the treatment of certain bee diseases, but Virgil

warned beekeepers that the odors arising from such materials are

injurious to bees. He also reports that certain strongly scented

plants were rubbed on the tree where a swarm of bees was collecting,

so that these odors might prevent them from going farther.

I'liny states that the odors of origanum, of common lime, and of

sulphur kill ants. Giiats hunt for acids and do not approach things

which are sweet.

Varro ( 1/35) infers that bees can distinguish odors, and that they

are sensitive to perfumes which come from odoriferous objects ;
in

this respect their preferences dififer greatly.
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yEliani (1744) asserts that bees smell anything- with a foul odor or

anything smeared with odors, and that they cannot tolerate an offen-

sive smell, nor do they like sweet, delicious odors.

Rosel and Klemann (1747) remark that it is clearly understood

that certain butterflies have a very acute sense of smell and that one

sex certainly perceives the odor of the other from a distance.

Romanes (1877) is certain that moths smell, although they may
detect the odor from ammonia through their whole system.

The Peckhams (1887) in their experiments on wasps used two

essential oils—peppermint and wintergreen—maple syrup, and warm
and cold chicken bones. They say :

We conclude from these experiments tliat wasps have a strong sense of

smell, but that they pay little attention to odors, however powerful, which do

not denote the presence of sometliing which they can utilize as food.

From the foregoing it is evident that the belief in a sense of smell

in insects is general and that some insects are able to distinguish

between various odors. From the time of Aristotle to the present

no one has ever denied that insects can smell, yet no one has ascer-

tained the relative sensitiveness for any particular species.

SPIRACLES AS SEAT OF OLFACTORY ORGANS

Sulzer in 1761, according to Lubbock (1899), was the first to

suggest that the spiracles are the seat of the olfactory organs. Later,

however, he abandoned this view and adopted the antennal theory in

1776.

Dumeril ( 1797) asserts that all insects possess a more or less acute

sense of smell. Fie was the first to advocate strongly the view that

insects, like all other animals that live in the air, have their olfactory

organ located at the entrance of the respiratory system. The air

charged with odoriferous particles passes into the tracheae through

the spiracles and here these particles stimulate multitudes of nerves

and thus the sensation of smell is produced. He thought that the

tracheal walls consist of a membrane which is clothed with olfactory

nerves, against which the odoriferous particles from foreign bodies

strike. Later the same author (1823) remarks that the perception

of odors is then, like all the other sensations, physical—a kind of

touch in which the bodies, should that be their nature, impinge upon

the olfactory nerves. Dubois (1890) held the same opinion, saying

that the first excitation is a mechanical one, like that which occurs

in the sensation of touch. Hermbstadt (181 1) asserts the opinion
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now generally prevalent, that taste and smell are chemical senses,

while sight, hearing and touch are purely mechanical.

Baster (1798), cited from Perris (1850), believes that olfactory

stimuli are received by the trache?e, either at their apertures or

throughout their whole extent.

Lehmann (1799), according to Lacordaire (1838), was the first

who actually performed experiments to determine the location of the

olfactory apparatus. He made a round aperture, surrounded by wax,

in a glass bottle, in the center of which was a paper diaphragm. The

antennae or entire head of an insect was then inserted into this

aperture. He next introduced into the bottle strongly odoriferous

substances, such as burnt feathers, burning sulphur, etc. None of the

insects subjected to this test reacted, but when the same substances

were placed near the remaining part of the insect, the specimen made
violent movements which showed the effect these substances had upon

it. He concluded, therefore, that the head is not the seat of olfac-

tion and that it must lie in the tracheae near their external openings.

As the antennae are covered with hard chitin, while the tracheal walls

are clothed with very thin, chitinous membranes, critics contend that

such strong irritating odors mechanically irritate the tracheae and

that these odors cannot so affect the antennae on account of the hard

chitin.

Cuvier (1805) thinks that since all other air-breathing animals

have the organs of smell located at the entrance of the respiratory

organs, we should find it at the entrance of the tracheae in insects,

as Baster suggested. He added that the internal membrane of the

tracheae, being moist, appears properly to fulfill this office, and that

in the insects in which the tracheae form numerous vesicles these

tracheae appear to be excellently suited for the seat of smell. The

antennae do not seem to fulfill any of these required conditions.

Straus-Durckheim ( 1828) believed that the seat of olfaction is

located at the entrance of the tracheae because he discovered, in the

environs of the spiracles, nerves which are large enough to belong to

a special sense organ.

Lacordaire (1838), after discussing the experiments of Huber and

Lehmann, says that from all the preceding we can conclude that we

know nothing positive about the seat of smell and that the hypothesis

which locates it in the respiratory organs is yet the most rational of

all.

Brulle ( 1840), after briefly discussing the sense of smell in articu-

late animals, remarks that the organ of smell is not known in these
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animals, unless it is to be assigned to the .a])ertures of tlie respiratory

organs.

Of the foregoing six authors who advocate the theory that the

spiracles are the seat of olfaction, Lehmann is the only one who ex-

perimented on the subject. The others seem to think that an analogy

with higher animals is sufficient proof. Lehmann's experiments indi-

cate that the seat of smell is not located in the head and assumes that

the tracheae are the only other place in which these organs could be

located. No one has found any neryes or any kind of sense organ,

which suggest an olfactory function, in the walls of the tracheae or

in the spiracles of the bee. This theory has been long since

abandoned.

STRUCTURE NEAR SPIRACLES AS SEAT OF OLFACTORY
ORGANS

Joseph (1877) postulated three conditions necessary for an olfac-

tory apparatus: (t) It must come in contact with moving air; (2)

it must' be continually moistened, and (3) the olfactory substance

must be in the form of a gas. If one of these three conditions is

lacking, olfaction is impossible. According to these conditions no one

has sought the seat of smell in any place other than at the entrance

of the tracheae, and the assumption that insects smell with their

antennae or buccal organs is completely inadmissible. In spite of the

fact that their antennae had been removed and in spite of their clumsy

flying, a number of Necrophorus vespillo (carrion beetles) found a

carcass wrapped in paper at a distance of 20 feet. The same result

was obtained with the flesh-fly (Musca) Sarcophaga carnaria and

with other insects. A -short distance from the spiracles, toward the

median line of the thorax and abdomen, he reports finding a peculiar

structure which he called the " regio olfactoria." This olfactory re-

gion is completely covered by a delicate membrane perforated by

pores, the largest of which are for gland exits and the smallest for

hairs. Beneath this membrane lies a peculiar layer of cells.

Thus, not favoring the view that the spiracles are the seat of smell,

and in order to comply with the above three conditions, Joseph as-

sumed the existence of an organ near the spiracles which communi-

cates with the air cavities of the tracheae. Of course, being connected

with the tracheae and being continually moistened by the glands, it

is easy to see that the necessary conditions would be fulfilled. Xo
drawing of this organ is given and no such structure is found in the

honey bee.
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GLANDS OF HEAD AND THORAX AS SEAT OF OLFACTORY
ORGANS

Ramdohr (1811) states that many species of insects, and among
them the bee, have a well-marked sense of smell. He failed to find

olfactory organs in the spiracles, but conceived the idea that odors

come into the mouth through the lumen of the proboscis. He found

behind the mouth a tube which is divided into three branches, the

smallest of which runs along the cesophagus above the first thoracic

ganglion and soon divides into two smaller tubes which pass into the

thorax and seem to connect with the large trachea coming from the

first spiracle. The other two branches pass at right angles into the

sides of the head, where they expand into four small sacs which

differ from air tubes in having walls that are soft, thick and trans-

parent. A thick tissue of the finest tracheae covers these various

tubes. Ramdohr also mentioned nerves running to his supposedly

olfactory organ. He was led to believe that air carrying odors passes

through the lumen of the proboscis into these small sacs and, as their

walls are soft and perforated with minute air tubules, that they act as

an organ of smell. Referring to Snodgrass ( 1910) and judging from

the foregoing description, Ramdohr probably mistook the thoracic

salivary gland for the branch accompanying the oesophagus, and the

salivary glands in the posterior part of the head for the other two

branches.

CESOPHAGUS AS SEAT OF OLFACTORY ORGANS

Treviranus ( 1816) infers that the smelling organs in various fami-

lies of insects are located in the throat. In all the insects discussed

the oesophagus is dilated, as in the bee, in front of the stomach into

a large sac-like reservoir, which he thought is perhaps for the purpose

of drawing air into the throat. He believed that in the presence of

strong-smelling substances the antennre do not produce noticeable

movements. He further stated that the olfactory apparatus of higher

animals and the antennae and palpi of insects are as different in

structure as organs can ever be. In order to smell, higher animals

must inhale the odoriferous particles. On the contrary, the antennae

and palpi do not conform with this general rule; in most insects

these appendages are not coated with a mucous skin and the interior

is carefully guarded against the entrance of odoriferous air. Tre-

viranus therefore infers that the sac-like reservoir " honey stomach
"

in the bee, is for the purpose of drawing odorous air into the

cesophagus.



NO. 9 OLFACTORY SENSE OF INSECTS AJcTNDOO 7

"INTERNAL SUPERIOR SUREACE" AS SEAT OE OLFACTORY
ORGANS

After discussing" the various views concerning the location of the

organs of smell, Ikirmeister (1836) concludes as follows:

Thus insects, according to my opinion, would smell with the internal superior

surface, if I may so call it, which is provided all over with ramifications and

nets of nerves, since this is always kept moist by the blood distributed through

the body and by transpired chyle, tlie same as is surmised of the superior Mol-

lusca.

I'urlher, the same authorit}- wrote.

Various authors consider the antennje as olfactory organs, but with what
right? A hard, horny organ, displaying no nerve upon its surface, can not

possibly be the instrument of smell, for we always find in the olfactory organ

a soft, moist, mucous membrane, furnished with numerous nerves.

What Burmeister means by " internal superior surface " is not

clear.

DIEEERENT PARTS AS SEAT OF OLFACTORY ORGANS

Schelver (1798), cited from Lacordaire (1838), and Comparetti

(1800), according to Perris (1850), place the seat of smell in differ-

ent parts for different families, as follows: The club of the antennas

in lamellicorns, the proboscis in the Lepidoptera, and certain frontal

cells, which have never been seen since by any one else, in the

Orthoptera.

FOLDED SKIN BENEATH ANTENN.^ AS SEAT OF OLFACTORY
ORGANS

Rosenthal (1811), cited by Ikirmeister (1836), "described a

folded skin at the forehead, beneath the antennae, to which two fine

nerves passed, and which he considers the organ of smell in the flies

Musca domestica and (Mnsca) Calliphora vomitoria; and he ob-

served, after the destruction of the part, a deficiency of the function

which had previously strongly exhibited itself."

The honey bee has no such structure as that described by Rosenthal.

RHINARIUM AS SEAT OF OLFACTORY ORGANS

Kirby and Spence (1826) regard the rhinarium as the location of

the organs of smell. The rhinar.ium or nostril-piece is the foremost

portion of the clypeus just above the labrum; it consists of circular

pulpy cushions, covered by a membrane transversely marked with

fine striae. These fleshy cushions, like the upper surface of the

tongue, are beset with minute black tubercles carrying bristles.

No such structure as the rhinarium exists in the bee.
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PLATE BETWEEN EYES AND BENEATH ANTENN.E AS SEAT OF
OLFACTORY ORGANS

Paasch ( 1873) claims that no nerves coming- from the brain lead

to the trachea? and that the olfactory organ need not necessarily be

connected with the breathing- apparatus. He reasons that its location

should correspond with that found in higher animals. He found a

peculiar plate situated between the eyes and beneath the antennae and

extending to the base of the proboscis. This plate possesses a groove

whose edges are beset with stiff bristles, and many tracheal branches
;

it also has nerve connections. This he regards as the olfactory organ.

This plate does not exist in the honey bee.

MOUTH CAVITY AS SEAT OF OLFACTORY ORGANS

After having cut off the antennce of some queen bees, Huber

(1807) was rather inclined to regard these appendages as the olfac-

tory organ, but later (1814) after many experiments he concluded

that the organ of smell resides in the mouth itself or in the parts

depending upon it.

The following is a brief summary of his later work concerning the

olfactory sense : Not only do bees have an acute sense of smell, but

they possess the memory of sensations. For example, in the fall we
placed some honey in a window and the bees came to it in great

number. The honey was removed and the shutter of the window
was closed all winter. The following spring, when we opened the

shutter, bees returned to the same window, although there was then

no honey at this place. They remembered that it had been there

previously and an interval of several weeks had not effaced the ac-

quired impression. Bees not eating appear more responsive to odors,

while those eating honey are reluctant to move when odors are

brought near them. To ascertain how different odors affect bees he

used mineral acids and volatile alkalies presented on a pencil brush

to the opening of the mouth ; these did not affect them. Musk placed

in front of the hives did not irritate the bees much. Assafcetida

mixed with honey was put at the entrance of hives ; the bees ate the

honey and were not annoyed by this odor which is obnoxious to us.

Bees are greatly affected by the odors from camphor and the poison

ftom bee stings.

To locate the region of the body in which the olfactory organ is

found, Huber brought a pencil brush, which had been dipped into

turpentine oil, near the abdomen, thorax and head. He saw a re-

sponse only when it was in the region of the head and decided that the

organ of smell is located only in the head. He next placed an ex-
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treiiiely tine pencil brush \vet with tlie same oil near the eyes, anteini.e,

proboscis and mouth cavity. The only response oljservcd was when
the brush came near the mouth cavity. He obtained the same result,

only more pronounced, when oil of origanum was used. The mouths

of several bees were filled with Hour paste and when this was dry

they were released. Honey, turpentine and oil of cloves, either in

fixed or volatile alkalies, did not produce any response.

ERIPHARYNX AS SEAT OF OLFACTORY ORGANS

\\'olfif (1875) found many peculiar hairlike organs on the epi-

pharynx of the honey bee ; each organ consists of a small cone with

a pit in the summit bearing a small hair. He regarded these cones

as having an olfactory function and believed that the mandibular

glands pour a liquid upon the surface of the epipharynx which keeps

these cones moist and capable of absorbing odoriferous particles. He
explained the inhalation of these particles into the preoral cavity as

brought about through the contraction of the air sacs situated near

the mouth.

Harting (T879), ^'^ discussing Wolfif's olfactory organs, inferred

that Woltt tried to homologize the epipharynx with the nose of higher

animals whereas there is not the slightest reason for such an

homology.

To determine whether the mouth cavity and the epipharynx are

the seat of the olfactory organs, the author repeated Huber's experi-

ment of filling the mouth cavity with flour paste. With the aid of a

small pencil brush the mouth cavities of 20 worker bees were thus

filled. When the paste had become perfectly dry, the bees were put

into observation cases. They seemed otherwise entirely normal, but

lived only 7^^^ days as an average, whereas unmutilated workers in the

same cases lived 9 days and 3 hours. When tested with the oils of

peppermint, thyme and wintergreen, their average reaction time was
2.68 seconds. The average 'for the same odors with normal workers

was 2.64 seconds. It would seem that neither the buccal cavity nor

the epipharynx has anything to do with olfaction.

PALPI AS SEAT OF OLFACTORY ORGANS

Lyonnet (1745) thinks that the palpi should be considered as the

organs of smell rather than those of taste.

Bonnsdorf (1792) and Knoch (1798), according to Ferris (1850),

regarded the palpi as olfactory organs, but Knoch believes that the

maxillary palpi only are for smell, while the labial palpi are for taste.
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According to Marcel de Serres (1811 ), even if insects have their

olfactory organs located at the entrance of the respiratory organs,

the view that the palpi serve as organs of smell does not contradict

the former view, because the palpi communicate both internally and
externally with the air. This view resembles Duponchel's theory

( 1840) , except that the latter author considers the antennae of certain

water insects as having a respiratory function. Duponchel thought

that the antennse were provided with minute perforations through

which the air passed.

Newport (1838) performed many experiments with certain insects

(Sylphffi) and he concludes that they find their food by smell but he

did not think that the olfactory organs are found either in the

antennas or spiracles. He says :

Hence, I think it must appear * * * from the motion of tlie palpi and the

avidity with which the insect darted upon the food when held in front of it,

it seems but fair to conclude that the sense of smelling must certainly reside

in the head.

AVe may include Newport with those who believe that the palpi

are the seat of olfaction.

Driesch (1839) favors the opinion that the seat of the olfactory

organ is located in the palpi.

Perris (1850) found that after the amputation of the- palpi insects

showed none or only a very little sensibility to odors. In the articu-

lates the sense of smell resides in the antennae and in the palpi ; but

the antenna; are destined to perceive odors from both afar and near,

while the palpi perceive odors from afar only. As far as the palpi

are concerned he thinks that the seat- of smell lies in their last joint.

Cornalia (1856) also shared this view.

Plateau (1885) performed many experiments by cutting ofif the

palpi. He ascertained that the amputation of both maxillary and
labial palpi did not destroy the olfactory sense.

Wasmann (1889) favors the view that the group of delicate peg-

like papillae on the tips of the palpi probably function as olfactory

organs.

To ascertain whether the palpi of the honey bee bear the organs

of smell, the author cut off the labial palpi and maxillae of 19 workers

at their bases. When put into observation cases these bees appeared

normal in all other respects, but certainly were not completely normal,

for they lived only 24 hours on an average. When tested with the oils

of peppermint, thyme and wintergreen, honey and comb, pollen and

leaves and stems of pennyroyal their average reaction time was 4



NO. 9 OLFACTORY SENSE OF INSECTS McINDOO II

seconds, whereas for the same odors with unmutilatcd bees the aver-

age was 3.4 seconds. Since these appendages carry several poreHke

organs, we may either attribute the 0.6 second difference in reaction

time to the view that these appendages really aid in receiving odor

stimuli, or to the injury caused by the operation, or to both of these

views combined.

Breithaupt ( 1886) describes some porelike sense organs on the base

of the proboscis of the bee. To determine whether these have an

olfactory use, the author cut oft' the proboscides of 22 workers.

These bees seemed normal in most respects, but lived only 7 hours

on an average. When tested with the oils of peppermint, thyme and

wintcrgreen the average reaction time was 2.9 seconds, while for the

same odors with unmutilated bees the average was 2.6 seconds. We
can probably attribute this difference of 0.3 second to the abnormality

of the mutilated bees.

Janet (1911) describes a sense organ in the mandible of the honey

bee which he thinks may have an olfactory function. To ascertain

this experimentally, the mandibles of 20 workers were amputated

close to the base by the author. These bees appeared completely

normal, although they lived only 7 days on an average. When tested

with the oils of peppermint, thyme and wintcrgreen, honey and comb,

pollen, and leaves and stems of pennyroyal, they gave an average

reaction time of 4.8 seconds, while the average for the same odors

with unmutilated bees was 3.4 seconds. We may attribute this slight

difference in reaction time either to the injury caused by the amputa-

tion, or to the view that the mandibles help to perceive odors, or to

both.

ANTENN.E AS SEAT OF OLFACTORY ORGANS

(l) WITHOUT EXPERIMENTS

Reaumur (1734) was the first to suggest that the olfactory organs

of insects lie in their antennas.

Lesser (1745) says that the sense of smell of some insects is more

acute than that of man. He gives as two proofs of this, (
i ) that they

find their food with this sense, (2) that they scent food farther than

man does. He says that the antennae are " noses " and that they

enable their owners to smell odors near or far away.

Baster (1770) remarks that no one doubts that insects can smell,

for flies, purely through olfaction, find their way to tainted meat. He
also states that water insects can smell. Baster states that no insects,

whether living in the air, under water, or in the earth, have the seat

of smell in the antenuc'e.
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Sulzer (1776) contends that insects have an acute sense of smell

and spoke of bees coming for honey when it is placed in a spoon

under a window. He believes that the olfactory apparatus is located

in the antennas.

Fabricius (1778) infers that the seat of smell belongs to the

antenna?.

Bonnet ( 1781) asserts that diverse insects have the sense of smell

exquisitely developed, but that we do not know where the seat of

this sense lies. He suggests the antenna; as a possible location.

In discussing the probable uses of the antennae, Olivier (1789) re-

garded them as olfactory in function.

Latreille ( 1804) regards the fact that many male insects have the

antennae better developed than the females of the same species as

evidence that these appendages are the seat of olfaction. The greater

number of insects that live in animal matter, in decayed vegetables,

or in stagnant water generally have the antennae better developed than

those that live elsewhere. A more perfect olfaction would be neces-

sary to these insects, and the organization of the antennae seems to

be adapted for this purpose.

After discussing Marsham's account of ichneumon flies, Samouelle

(1819) states, "From these remarks may we not infer that the

antennae may be the organ of smelling? "
.

De Blainville (1822) and Robineau-Desvoidy (1828), cited from

Perris (1850), state that the antennae are olfactory organs.

After briefly discussing the various views concerning the seat of

olfaction, Carus (1838) confesses that the opinion of Rosenthal,

combined with that of Reaumur, appears to him to be the best.

Hence he believes that the seat of olfaction lies in the folded skin

beneath the antennae as well as on the surface of the antennae.

Since the antennae of the male are often better developed than

those of the female, Percheron (1841) states that the antennae of

the male aid the eyes in searching for the female. He infers that

the antennae are used for smelling.

Goureau (1841) thinks that the antennae may be organs of olfac-

tion besides being organs of touch and hearing.

Pierret (1841) also favors the view that the seat of olfaction lies

ill the antennae.

Robineau-Desvoidy (1842) speaks of an olfactory apparatus as

nothing less than an ordinary organ of touch which is capable of

receiving invisible stimuli. By analogy he thinks that the antennae

must be the organs of smell.
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Slater ( 1848) firmly believes that the anteniiDe are olfactory organs.

He says that the antennae seem to be the real organs for this sense

or for a sense closely allied to it.

According to Dufour ( 1850) both the organs of audition and olfac-

tion are found on the antennae. The distal joints, which have a

spongy texture, are the ones that bear the sense of smell, for here the

odoriferous atoms can fall upon this special texture and the impulse

can be transmitted to the cerebral ganglion.

Claparede ( 1858) asserts that absolutely nothing warrants us in

locating in the antennae the sense of hearing rather than that of

olfaction or any other function, but he favors the view that the organs

of smell are there.

Donhoff (1861) from various experiments contends that bees learn

the location of honey and of the queen through the antennie. He
placed a stick near the antennse of a bee and these appendages re-

mained quiet. When a stick wet with honey was similarly placed,

the bee at once extended these appendages in the direction of the

stick. \Mien one places a foul-smelling substance like tobacco juice,

near the antennse, the bee moves away. When one places a stick wet

with honey or tobacco juice near a bee with amputated antennae the

insect shows no response of any kind. He thinks that the olfactory

organ was removed by cutting off the tip of the antennae.

Xoll ( 1869) asserts that butterflies have a fine sense of smell as

shown by the way in which they find prepared food when placed in

a box covered with screen wire and having only a slit through which

these insects may enter. This is shown by the way in which the males

are able to find the females. He regards the antennae as the olfactory

organs, at least for the male.

A\'onfor (1874) says:

That it is the sense of smell which directs the blow-fly to the deposition of

the larvae is shown by the fact that she has laid them on stapelias, a carrion-

odoured hothouse plant, and on silk with which tainted meat had been covered.

Notwithstanding the view of Hicks he considers one of the functions of the

antennas as that of smell.

Fabre (1882) remarks that it is incontestable that insects have a

very highly developed sense of smell. Carrion beetles run from all

sides to the place where a dead mole lies. H we admit that the seat

of smell lies in the antennae he contends that it is difficult to compre-

hend how such an appendage of hard chitinous rings, articulated end

to end, is able to fulfill the office of a nose. The organization of a

true nose and that of the antennae have nothing in common.

Henneguy (1904) state that the organ of olfaction is probably

located in the antennae and the buccal palpi.
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(2) WITH EXPERIMENTS

Duges (1838) was the first to experiment with the antennae of

insects. He cut off the antenme of two male (Bomhyx) Eudia

pavonia minor and then these insects were unable to find a female that

they had previously been able to locate while their antennae were

intact. Also, after having extirpated the antennae of many blow-flies,

(Mnsca) (Calliphora vomitoria) , and a large viviparous fly, Sarcoph-

aga carnaria, he ascertained that they were unable to find putrid meat

as before. He felt satisfied that olfaction resides in the antennae.

Lefebvre ( 1838) was the first observer to experiment with a bee.

He placed a long needle, whose end had been plunged into ether, near

a piece of sugar which a bee was eating. The bee moved its antennre

towards the needle and then passed them several times between the

legs. He brought this needle near the legs and spiracles, and since

he noticed no response from these parts, he concluded that the anten-

nae are olfactory organs. As a control he used a needle without ether

in the same manner. Next he mutilated the antennae of several wasps

(Vespa). All their organs for perceiving odor stimuli seemed to be

at the extremity of these appendages.

Kiister (1844) declares that bees have a very acute sense of smell.

He reports some that found a store of honey ; even a week after they

had carried away all the honey they still continued to come to the same

place in search of more food. Since vertebrates carry their olfactory

organs on the front of their head, under and between the eyes, he

tried by analogy to locate the corresponding organs of the bee on the

antennae.

Ferris ( 1850) repeated Duges' experiment by holding many speci-

mens of dift'erent families and genera over the mouths of vials con-

taining alcohol, turpentine, or ether. At times he obtained the same
results as did Duges, at other times none at all, using- the same indi-

viduals after intervals of one-half hour ; but more often the antennae

or palpi exhibited more or less violent movement. He also repeated

the experiments of Huber on various insects by stopping up their

buccal cavities with wax, paste and gum. When they were set free

he did not notice any signs of inconvenience. By such experiments

he failed to locate the seat of the organs of smell in or near the mouth
as Huber did. After having placed a brush dipped in turpentine,

ether or wild thyme near the spiracles he concluded that odor-stimuli

are not received by the respiratory apparatus.

In his summary Ferris says : (
i
) By amputating the extremity of

the antennae the olfactory sense is not destroyed but it is weakened.
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and by cuttini^' them off at the base the sense of smell is totally or par-

tially destroyed; (2) covering the antennae with a layer of india

rubber renders these organs insensitive; (3) sometimes a little sensi-

bility is shown when the palpi are amputated. Thus in the articulates

the organs of smell reside in the antennae and in the palpi, but the

antenucc recognize odors from afar and from near by, while the palpi

recognize only distant odors. In the plumose, flabellate or pectinate

antenucX olfactory organs are present in all the branched parts. In

the simple and setaceous pr filiform antennae the organs of smell are

principally in the last joints and diminish toward the base. In

antenme terminated with a club the organs of smell are exclusively

in the club. lie believes that the organs of smell are present in the

last joint of the palpi.

Cornalia ( 1856) says that the manner in which insects move the

antennce shows that these appendages serve for searching when the

odor is scattered. He observed a male Bomby.v mori that was trying

to enter a small box in which a female was enclosed. After he had

cut off the antennae of this male- it approached the box with uncer-

tainty and sometimes did not go to the box at all. The same result

was obtained by covering the antenuce. His view is similar to that of

Perris in that the seat of olfaction lies in both the antennae and palpi.

Gamier ( i860) is certain that articulated animals perceive odors.

Bees that go foraging for a long distance quickly recognize their

hives without the aid of their acute vision. An organ of olfaction,

wherever one may observe it, is an expansion of very fine skin, abund-

antly supplied with vessels and nerves, and moistened with a viscid

fluid which permits the intimate contact of the odor. He does not

state where the olfactory apparatus lies in insects, but he denies that

the antenna performs such a function, because when the knobs of the

antennae or the entire antennae of individuals of the Genus Nccroph-

agiis were detached, the insects returned immediately to the body of

a mole from which they had l)een temporarily removed.

Balbiani (1866) put unmutilated female butterflies in one box and

in a second box he placed males of the same species. Some of the

latter had their antenna cut ofl:'. As soon as the box containing the

females was placed under that of the males, the unmutilated males

moved their antenna, vibrated their wings and quickly moved their

legs, while the mutilated ones remained perfectly quiet. In this ex-

periment he says that sight and hearing were excluded and thinks

that olfaction brought about by the antennae is entirely responsible

for these responses of the males.
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Forel (1874, 1885) says that myricids (ants) appear to have the

sense of touch highly developed m the antennae, while in the antennae

of Tapinoma (ants) the sense of smell is better developed. If indi-

viduals of either genus are deprived of their antennae they cannot

guide themselves and are not able to distinguish companions from

enemies or even to discover food placed at their sides. While de-

prived of the anterior part of the head and of the entire abdomen

they preserve all their faculties. The same author (1878a) claims

that the moving-back and forth of the wino;s enables insects to scent

certain substances by means of their antennae. Olfaction may cause

certain flying insects to proceed in a given direction.

Forel (1878b) used three wasps that had previously fasted. The
first was left intact, both antennae of the second were cut ofif, and the

anterior part of the head up to the compound eyes of the third was

cut oiT. After a short rest a needle dipped in honey was brought near

the first insect. It at once directed both antennae toward the needle

with rapid movements and followed the needle when it was slowly

moved away. Exactly the same thing took place in the wasp with the

anterior part of the head cut ofif, and thus with the nerve endings of

the mouth, the pharynx, and Wolfif's olfactory organs lacking. It

was quite different with the one with the removed antennae. It re-

mained near the needle motionless, did not react to honey at all, and

did not follow the needle.

Forel (1908, p. 92) cites some of his experiments performed in

1878. He found the putrid bodies of a hedgehog and -a rat infested

by a swarm of carrion-feeding beetles belonging t-o several genera.

He collected more than 40 specimens from the carcasses and removed

their antenna?. Then he placed them all at one place in the grass and

moved the dead bodies a distance of 28 paces from the beetles and

concealed them in a tangle of weeds. Examination the next day re-

vealed the fact that not one of the mutilated beetles had found the

carcasses, and repeated experiments gave the same results. No beetle

without its antennae was ever found on the dead animals, although at

each examination new individuals of the several species were present.

On the supposition that the mutilation itself might make the beetles

abnormal to such an extent that they did not care to eat, Forel next

cut off all the feet on one side of the body from a dozen beetles with

their antennae intact and changed the location of the dead bodies

again. The next day five of this lot were found on the carcasses.

Trouvelot (1877) performed various experiments on the antennae

of many butterflies, several promethea silkworm moths, and some
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ants. From these experiments he conchides that the antennae are the

organs of smell, but he thinks that the sense of smell in insects is very

dififerent from that sense in the human species. He regards it as a

kind of feeling or smelling at a great distance by some process now
entirely unknown.

Layard ( 1878) relates the experiments of a certain French natural-

ist who immersed a long-snouted weevil in wax so that it was covered

all over except the tip of the antennae. When tested with oil of

turpentine it became violently excited and endeavored to escape.

Another had only the tips of its antennae coated with wax, and neither

turpentine nor any other strong-smelling substance affected it. From

this he infers that the organ of smell is present in the tips of the

antennae of weevils.

Slater (1878) says:

That wasps have an acute scent and seek their prey or their food by its means,

will be generally admitted * * *. When a wasp is flying it keeps its antennae

advanced and extended, so as to be in the most favourable position for receiv-

ing an impression from odoriferous substances.

Chatin ( 1880) states that when one brings a needle wet with ether,

creosote, essence of wild thyme, or clove oil near the head of a bee it

moves its antennae, vibrates them vigorously, and directs them away

from the odorous substance ; if one repeats the same experiments

near the spiracles no such movements are manifested. Also, when

the antennae are cut off no responses occur.

Lubbock (1882) experimented with a large female ant. He placed

a feather of a pen almost against the antennae of this ant without it

moving in the least. Next he dipped the pen in essence of musk and

repeated the experitnent. The antennas were at once retracted. With

a second ant he used essence of lavender and observed the same

results. Many more of his experiments indicate that ants have a

highly developed sense of smell.

Porter (1883) experimented on a butterfly with a piece of gum
camphor on the end of a broom straw. He says :

Whenever I put the camphor end near to its head and mouth parts, it would

begin to struggle with all its might to get away from the fumes of the

camphor; thus showing not only that it disliked the smell of camphor, but

also that it did not smell with its antennae. After experiments have shown the

same thing of other insects.

This butterfly was affected little, if at all, by the extirpation of its

antennae while some humble bees become very sick after the loss of

their antennae ; they, however, recovered after awhile. Some other

humble bees are not affected at all by such an operation.
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Graber (1885) severely criticizes the view that the antennas are

the seat of the olfactory sense. He experimented on many species

with various odors, and makes the following claims: (i) Ants

(Formica rufa) and flies (Lucilia caesar L.) without antennae still

possess the sense of smell ; this fact shows that the perception of odors

is not accomplished by the antennae alone. (2) In Silpha thoracica

deprived of antennae, the odor of the essence of rosemary is mani-

festly perceived, while assafoetida does not afifect the insects at all.

Thus the antennae are those parts of the body which are most sensible

to odors. (3) From the comparative experiments on the excitability

of the antennae, the palpi, and the cerci (caudal styles) in Gryllotalpa

gryllotalpa L. (vulgaris), the palpi are more sensible to odors than the

antennae. (4) The palpi of Lucanus are sometimes the most easily

excited, at other times the antennae, according to the odors employed.

From similar experiments on Periplaneta, some intact, others several

days after they were operated on, it seems that the reception of odor

stimuli is accomplished by the cerci. Graber is inclined to the view

that insects do not have any special olfactory organ, and that when

the odoriferous emanations are intense they may be perceived by the

.surfaces of the body that are covered with thin chitin and provided

with terminal excitable nerves.

Plateau (1886) used four Blatta (cockroaches), two with their

maxillary and labial palpi cut off and their antennae left intact and

the other two with the antenn?e cut ofif and the palpi left intact. These

four insects were put into a large circular dish 8 inches in diameter.

This vessel contained a bed of fine sand and in the center there was

a round pasteboard box 2 inches in diameter and 2 inches high. Food

was put into this box, and these insects were observed each day for a

month. Each day he saw one or two Blatta eating the food, and in

every instance these were the insects with unmutilated antennae, and

he concluded that the antenna are the olfactory organs in Blatta.

Graber ( 1887) repeated Plateau's experiments by using many cock-

roaches and declares that it is sufficiently proved that cockroaches

deprived of their antennae smell little or none at all, and that the

antennas in these insects actually function as olfactory organs. He
also says that for cockroaches (and some other insects) it is shown

that the olfactory sense lies in the antennae but this is not the case in

all insects.

Dubois (1895) touched the scent glands situated at the tip end of

the abdomen of a female moth with a glass rod and then brought this

rod, which had no odor perceptible to him, near a male of the same
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species that had its antennae cut off. The male at once vibrated its

wings and started toward the rod.

Fielde (1901a), who has made a special study of ants, claims in her

various papers that ants have a keen sense of smell. The same author

(1901b) asserts that.

The power of perceiving the individual track lies in the tenth segment of the

antennae. When deprived of this segment the ant is no longer able to find her

way in with the pupae, but wanders about helpless and bewildered. Ants

deprived of nearly all of the eleventh and twelfth segments continued to carry

the pupae through the runs of the maze, tliough with diminished pliysical vigor.

The ant could pick up her scent so long as a tenth segment was intact, and no

longer.

Miss Fielde clipped the antennse with sharp scissors and 15 days

after the operation about 40 per cent of the ants recovered from the

effect of the shock.

Before their recovery the ants were listless and abnormally irritable ; and

they attacked with self-destructive violence any moving thing that touched

them. One antennae performs all the functions of a pair. * * * Every

Stenamma fulvum piceum has an odor manifest in all parts of her animate

body, and discerned by herself and by other ants through the eleventh seg-

ment of the antennae.

The commingled odors of all the ants in the nest constitute what she

calls the " aura " of the nest.

It is diffused in air or ether from the animate occupants of the nest, and it

is discerned by the ant through the twelfth, the distal, segment of the

antennae.

When deprived of the distal segment the ants were not alarmed

when introduced into the nest of aliens ; they did not flee, nor did

they endeavor to hide ; thus their behavior is strikingly different from

that of unmutilated ants. Also she found (1907) that queens de-

prived of their antennae did not behave normally.

So long as the eighth and ninth segments of the antennae are uninjured, the

ant may continue to lift and care for the eggs, larvae, or pupae, but after the

removal of these segments she loses all interest in the young and performs

no further work in the nursery. * * * Marked ants of two hostile colonies,

when clipped across the tenth segments, associated freely and amicably with

one another during several days in the care of the pupae belonging to one of

the two colonies.

A paper by the same author ( 1903a) summarizes the foregoing and

adds observations on some of the segments not heretofore mentioned.

The following perceive these particular odors : The eleventh or distal

segment, the nest odor ; the tenth, the colony odor ; the ninth, the

individual track ; the eighth and seventh, the inert young ; the sixth
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and fifth, the odor of enemies. Miss Fielde ( 1903b) claims that feuds

between the same species Hving in different communities are caused

by a difference of odor. Also, (1904) fear and hostility are excited

by a strange ant odor. She (1905) decides that ants have a specific

and progressive odor ; the former is received by organs near the

proximal end of the funiculus, while the latter is received among
ants by organs in the penultimate joint of the funiculus.

Pieron (1906), basing his conclusion on the interpretations of

F'ielde and others, remarks that recognition in ants by odor is well

established, and that sections of the antennze have shown that the

organs of smell are those of recognition.

Wheeler (1910) believes that the olfactory organs of ants are

located in the antennae, but he refutes Miss Fielde's theory that each

segment of the antenna perceives a particular odor. He asserts

:

She sa3's :

" The organ discerning the nest-aura, and probably other local

odors, lies in the final joint of the antenna, and such odors are discerned

through the air ; the progressive odor or the incurred odor is discerned by

contact, through the penultimate joint; the scent of the track by the ante-

penultimate joint, through the air; the odor of the inert young, and probably

that of the queen also, by contact, through the two joints above, or proximal

to those last mentioned, while the next above these also discerns the specific

odor by contact."

This statement not only lacks confirmation by other observers, but seems

to be the only one which implies that the olfactory organs of an animal may
exhibit regional differentiations. This has not even been claimed for dogs,

which nevertheless possess extremely delicate powers of odor discrimination

and association. This would be no serious objection, however, if we were

able to discover the slightest support for Miss Fielde's hypothesis in the struc-

ture of the antennae. We do, indeed, find in the funiculi a variety of sensillas,

as has been shown in Chapter IV, but none of these is confined to a single joint

or to two joints. ]\Iiss Fielde, moreover, completely ignores the tactile organs

of the antennae and makes this surprising statement

:

" During five years of fairly constant study of ants I have seen no evidence

that their antennae are the organs of any other sense than the chemical sense."

Many of her interpretations of the behavior of ants with mutilated antenna

are open to the obvious objection that she tacitly denies the existence of per-

ception where there is no visible response or where the animal inhibits certain

of its activities. If we add to this objection the very limitations of the method,

i. c, the necessity of removing all the joints distal to the one whose function

is being tested, and the consideration that the hypothesis is not needed to

explain the facts, it will be seen that we are not sufficiently justified in re-

garding the ants' antenna as an organ made up of a series of specialized

" noses."

Barrows (1907) says:

I have found that Drosophila auipelophila (the vinegar fly) has a large

saclike pit, which contains sense cones, situated in the end of the terminal

(third) segment of the antennae.
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Gum on the antennae did not prove satisfactory for abolishing sense

of odors, nor could they be burnt off without considerable injury to the

fly. He etherized some flies and cut the joint off with fine scissors

and declares that the ether did not affect the results of the experi-

ments with odors.

It, therefore, seems certain that the sense of smell is absent, or at least

greatly reduced in flies that have lost the terminal joints of the antennae.

He thinks that these flies when normal find their food wholly by

smell.

When one antenna is lost and the other antenna is stimulated by food odor,

circus movements are carried out in . such a way as to prove that the fly

orients normally by an unequal stimulation on the antennae.

Kellogg (1907) informs us that the female silkworm moth pro-

trudes a paired scent organ from the hindmost abdominal segment. A
male moth with antennae intact and with eyes blackened finds a female

immediately and with just as much precision as when his eyes are

not blackened. A male with the antennae extirpated and eyes not

blackened does not find the female unless by accident. Males with

antennae intact become greatly excited when a female is brought

within several inches of them. If the excised scent glands are laid

near the female from which they were taken, the males always neglect

the near-by live female and go directly to the scent glands and try

to copulate with them. A male with its left antenna removed, when
within 3 or 4 inches of a female with protruded scent glands, becomes

greatly excited and moves in circles around her to the right. A male

with right antenna off circles to the left.

Sherman (1909) discusses the sense of smell in insects without

even giving any references or without performing any experiments.

He says: "The organs of smell are the antennae." Insects that

feed upon decaying matter find their food almost entirely by smell.

When their antennae are removed they are unable to find their food

even though it is quite near and in full view. " This indicates that

the sense of sight is defective and that of smell very acute."

To ascertain if the antennae of honey bees, ants and hornets carry

the olfactory organs, the author performed the following experi-

ments. Worker bees with one antenna pulled off are much less pug-

nacious than are those with the antennae intact, and they " pay less

attention " to each other. They appear otherwise normal, except that

their ability to communicate is considerably decreased. In observa-

tion cases they live only 6^ days while workers with unmutilated

antennae live 9^ days under the same conditions. When tested

with the three essential oils—peppermint, thyme and wintergreen

—
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their reaction time was 4.6 seconds, which is exactly double the

reaction time when workers with unmutilated antennae are used.

Bees with one antenna pulled off and with 2 to 8 joints of the other

one cut off never " pay any attention " to each other and very seldom

are seen fighting, but are just as apt to fight a hive-mate as a stranger.

The greater the number of joints severed, the less number of days

they live and the more abnormal are they. On an average they live

only 5 days and 1 1 hours. When tested with the three essential oils

the following reaction times were obtained

:

Seconds Seconds

2 joints missing.... 15 6 joints missing.... 27

4
" " .... 44 7 " " .... 98

5
" " .... 56 8 " " .... 88

Bees with both antennae pulled off live only 19 hours in observation

cases and are completely abnormal in behavior. They always fail

to respond to odors. When both antennae are cut off at the bases, the

bees live only 2 hours. They are also entirely abnormal and fail to

respond to odors.

Bees with their antennae covered with either shellac or celloidin

do not live long and are quite abnormal. Bees with the antennae cov-

ered with vaseline soon remove this substance and then behave

normally again. Bees having the antennae covered with liquid glue

are abnormal until they remove the glue with their antenna cleaners.

To prevent this removal the tarsi of the front legs including the

antenna cleaners were burnt off with a red-hot needle. One-fourth

of the bees so mutilated died within 12 hours, but the remainder

appeared quite normal in every other way. On the second day the

entire flagellum of each antenna was covered with liquid glue. These

workers were quite abnormal and most of them did not live long.

However, after gluing the flagella of many bees, 21 were finally

obtained that were fairly normal and their reaction time to the three

essential oils was 2.9 seconds, while the reaction time of the same

odors for unmutilated bees was 2.6 seconds. These 21 workers lived

only 24 hours on an average. The odor from the glue did not affect

these results.

Both antennae of 95 workers were burnt off with a red-hot needle.

These w^orkers were quite abnormal and lived only 17 hours. Seven

of them recovered sufiiciently from the operation to respond to odors
;

while the others failed to respond. The reaction time of the 7 workers

used to the three essential oils was 4 seconds.

Since the eft'ect of the shock caused by mutilating the antennae may
have produced the abnormality in all the bees experimented with, 30

workers were immersed in water for 15 minutes. When removed
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they ap})eared entirely lifeless and the antennae were pulled off at

once. They revived and lived thereafter only 19 hours. When tested

with odors they failed to respond and like all the other bees made

completely abnormal, they scarcely moved when touched with a pencil.

Since bees whose antennae are mutilated after they become adults

are abnormal, the antennae of 400 worker pupae were cut off. Several

days later these workers emerged normally from their cells, but lived

thereafter only 5 days.

The funiculi of 12 workers of Formica were cut off. These ants

were then returned to a Fielde nest. They were slightly hostile to

each other and to their unmutilated sisters. They failed to eat food

and to catch flies, but their unmutilated sisters continually ate food

and soon caught flies. The funiculi of 50 more workers of Formica

were cut off. When returned to their cage, these ants were quite

irritable and invariably attacked one another, and as a result several

were killed.

The funiculi of 2 soldiers, 10 large workers and 7 small workers

of Camponotiis were cut off. When returned to their nest these ants

attacked one another for three hours, then they became very inactive

and responded to odors only slowly. The next day they were still

quite inactive and " paid no attention " to anything, except when they

came in contact with each other, they still fought one another. When
tested with odors they failed to respond. At no time did they eat or

drink.

The funiculi of 30 winged virgin females of Formica were cut oft".

When placed in experimental cases they were quit€ abnormal. Five

of them failed to respond to odors and scarcely moved when touched

with a pencil. These ants were discarded from the experiments.

When tested with the three essential oils, the other 25 gave a reaction

time of 4.38 seconds,- while the reaction time for unmutilated sister

females was 2.12 seconds. Confined in a Fielde nest, these mutilated

ants lived only 19 hours.

The funiculi of 30 winged virgin females of Formica were covered

with liquid glue. These ants were completely abnormal and five

of them failed to respond to odors. When tested with the three essen-

tial oils the other 25 gave a reaction time of 5.78 seconds. They lived

6 days on an average.

The flagella of 25 Vespula maculata were cut off. In behavior

these mutilated hornets were abnormal and lived only i day and 13

hours in observation cases. When tested with the three essential oils

some of them responded promptly ; some responded slowly, and a

few failed to respond at all. All of those which failed to respond to
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odors scarcely moved when touched with a pencil. These were dis-

carded and the flagella of the others were cut off. The 25 used

in these experiments gave a reaction time of 3.09 seconds which is

0.66 second greater than the same reaction time for normal hornets.

In conclusion under this head it is seen that about four-fifths of

the writers cited advocate the view that the antennae are the seat of

the organs of olfaction. Most of these observers have not said

whether the mutilated insects that they used were normal. The inac-

tivity or state of rest of many of these speciments indicates abnor-

mality. In regard to Miss Fielde's ants, only 40 per cent recovered

from the effect of the shock and in all probability all of these were
more or less abnormal. When the antennse of ants, hornets and bees

are mutilated in the slightest degree, as ascertained by the author,

the insects are more or less abnormal. The results obtained by using

any insect with mutilated antennse are, therefore, in all probability

more or less erroneous. Judging from the author's experiments there

is no reason to assume the presence of the olfactory organs in the

antennse, because the differences in reaction times between the reac-

tion times of the mutilated insects and those of unmutilated ones

may be attributed to the abnormality of the insects which is probably

always caused by the operations. At most it can be claimed only that

the antennse may assist in the receiving of odor stimuli.

Since the organs in the antennse of ants, hornets and bees, and

probably all insects, fail to receive most, if not all, odor stimuli, the

true olfactory organs must be looked for elsewhere.

VARIOUS STRUCTURES ON THE ANTENNA AS OLFACTORY
ORGANS

Before entering into a discussion of the antennal organs of insects,

a brief description illustrated with drawings of the antennas of the

honey bee and their organs will first be given.

The antenna of the bee consists of two portions : the proximal

part, called the scape, and the distal portion, the fiagellum. Each

portion is more or less cylindrical in shape. The scape consists of a

single long, slender joint, while the flagellum consists of 11 short

joints in the worker and queen and of 12 in the drone.

When an antenna is examined under the microscope with a strong

transmitted light its surface is seen to be covered with small bright

spots and also various kinds of hairs. In order not to overlook any

of these peculiar structures, several pairs of these appendages from

young bees just emerged from their cells were removed and perma-
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Fig. I.—Antennal organs of the honey bee copied from Schenk. A an

antennal joint of a drone, showing a few of the many pore plates {rory )

and a group of Forel's flasks (FFl), x 150; B, pore plates and Forel s flasks

from a drone's antenna, x 600; C, pore plates (PorPl), pegs (Pg), and tactile

hairs (THr) from a worker's antenna, x 600; D, internal anatomy of a pore

plate and of a tactile hair ; E, the same of a peg ; F, the same of a tactile hair

;

G, the same of a Forel's flask; H, the internal anatomy of a pit peg. D-H,

X 600.
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nently mounted. In these antennae there is no dark pigment to obscure

any of the antennal organs. To illustrate these various structures

modified copies of Schenk's drawings (1903) are given (fig. i).

Figure i, A, shows the small bright spots (ForPl) on the drone

antenna magnified 150 times. This drawing also shows still smaller

bright spots (FFl) which are difficult to find. Formerly the larger

bright spots were termed " pits " but later they were called " pore

plates," " pore canals," and " sensilla placodea," while the smaller

spots bear the names " Forel's flasks " and " sensilla ampuUacea."

In this discussion the former will be known as pore plates and the

latter as Forel's flasks. Figure i, B, represents these organs of the

drone bee enlarged 600 diameters. Figure i, C, shows the pore plates

(PorPl) and two kinds of hairs from the antenna of a worker, en-

larged 600 diameters. The stouter of these hairs (Fg) bear the

names, " pegs," " clubs," and " sensilla basiconica," and the more
slender ones (THr) " hairlike structures " and " sensilla trichodea."

In this discussion the stout hairs are designated pegs and the

slender ones tactile hairs. A fifth antennal organ whose external

opening is not drawn by Schenk has the same superficial appear-

ance as Forel's flasks and probably cannot be distinguished from

them externally. These structures have been termed " pit pegs,"
" champagne-cork organs," and " sensilla coeloconica." They are

here designated pit pegs.

Figure i, D-H, show the internal anatomy of the five antennal

sense organs. Figure i, D, shows the structure of a pore plate and

of a tactile hair. The chitin (Ch) is solid black, the sense fibers (SF)

and sense cell ganglion (SCG) are represented by fine broken lines.

Since the sense fibers in Schenk's drawing are defective and are not

attached to the plate (PI) as the writer has observed them many
times in his sections, and as Schenk represents them in Vespa, they

are here drawn as they really exist. The plate is a hard and compara-

tively thick chitinous disc completely covering the pore canal (PorCl)

.

However, at its margin there is a deep groove (Gv) entirely sur-

rounding the plate. To stimulate the sense fibers attached to the

plate the odors must first pass through this hard chitinous plate.

Figure i, E, shows a peg with its sense fibers running half-way

to the tip of the hair. At its base the chitin is relatively thick while

at the tip it is thin. If this structure is an olfactory organ, the odors

must first pass through the thin chitin at the tip of the peg to stimulate

the sense fibers. Figure i, F, is a tactile hair. Figure i, G and H,

represent a Forel's flask and a pit peg respectively. Both of these
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are nothing less than hairs inside of pits, and the only difference

between them is the shape of the flask. If they are olfactory organs,

odors must enter the small apertures and pass through the thin chitin

at the tip of the hairs inside the pits, to stimulate the sense fibers.

In drones, the antennal organs are found on only the distal nine

joints of the flagellum and in workers and in queens on the distal

eight joints. x\ccording to Schenk, the pore plates are present on all

of these joints, and while they are abundant on both the dorsal and

ventral sides of the male antennae, in the female antennae nearly all

of them occur on the dorsal side. On both antennae of a male there are

about 31,000 and on those of a female only about 4,000; however,

those of the female are considerably larger. Pegs are entirely absent

from the drone antennae, while they are abundant on those of workers

and of queens. As a rule they are at the distal end of the joint on the

dorsal side. The male antennae are always devoid of tactile hairs

whereas those of the female have many. Forel's flasks and pit pegs

are moderately numerous in both sexes, but slightly less abundant in

the female antennae.

Some of these antennal organs, or at least modifications of them

are present in the antennae of all species of insects with probably one

or two exceptions. In butterflies and moths pore plates are entirely

absent and pegs are almost wanting. However, the place of the pegs

seems to be taken by end rods, which are very similar in structure

but are more club-shaped. Butterflies and moths also have bristle-

like tactile hairs.

Pore plates, pegs, Forel's flasks, pit pegs and end rods have all

been considered as olfactory organs by various authors, who, in trying

to prove their views, assert that odors can pass through the hard chitin

of these organs so that the nerve fibers inside may be stimulated.

While these authors declare that this is possible in insects, they ac-

knowledge that it would be impossible in the higher animals.

Erichson (1847), according to Hicks (1859c), first observed the

pore plates and hairs on the antennae of insects. He considered the

pore plates as olfactory organs for two reasons: (i) He thought

that the numerous hairs on the antennae protect and keep these plates

moist, so that odors can pass through them, and (2) they are more

numerous in those insects whose smell is acute.

Burmeister (1848) describes the pits found on the antennae of

lamellicorn beetles. These are a variety of the pit pegs, and he at-

tributes an olfactory function to them.

Vogt (1851), according to Wonfor (1874), discovered that the

antennae are covered with minute pores which are apparently filled



28 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 63

with hue hairs. He thinks that these structures perform a function

combining those of smell and touch.

Bergmann and Leuckart (1852) say that when one brings a drop

of ether on the tip of a needle near the head of an insect it moves
and strokes its antennae. They speak of many pits on the antennae

;

from the base of these pits arise small papillae which they regard as

olfactory organs.

Leydig (i860, 1886) made a thorough investigation of the pore

plates discovered by Erichson. He found these pore plates not only

in the antennas of most insects but also discovered that they are modi-

fied into peculiar, peglike organs in the remaining insects, and in the

crustaceans and myriapods. Leydig regarded these organs of ques-

tionable function as olfactory. In i860 he thought that the palpi

have a function similar to that of the antennae.

Lespes (1858) compares the pore plates to the ears of higher ani-

mals and denies their olfactory office.

Hicks (1859b and c) thinks that the pore plates are cavities filled

with fluid, closed in from the outer air by a delicate membrane to

which a nerve is attached. He regards the pore plates as auditory

organs and says

:

If we assign an olfactory function to these organs, one difficulty presents

itself, viz : that for the odorous particles to affect the nerve they must reach

it through a membrane and a stratum of fluid.

Landois (1868) experimented with the stag beetle (Lucanus

cervus). He does not doubt that this beetle can smell, for if exposed

to the fumes of sulphuric acid, or ammonia or to tobacco smoke it

draws in its antennas quickly. If the ends of the antennae are removed

it still draws in the remainder of these appendages with the same

rapidity as when the antennae are intact. He found two kinds of

sense hairs on the antennae of this insect and pits filled with small

hairs. He thinks, however, that olfaction is performed by none of

these organs.

Grimm (1869) describes three kinds of hairs and a pitlike organ

on the antennas of beetles but does not regard any of these as an

olfactory apparatus. He put a beetle with entire antennae into a box

which had a glass cover and an opening at the bottom covered with

thin cloth. After this beetle had become quiet he put a piece of dung

to the opening. The beetle at once came to the opening and tried to

tear the cloth. Later he cut oilf its antennae and repeated the experi-

ment, and the beetle came to the opening as before. By repeating

these experiments many times he concluded that the antennae of
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beetles do not function as smelling organs. Also he infers, like

Leydig, that there may be some olfactory rods or pegs on the palpi

of this beetle.

Gegenbaur (1870) briefly discusses the antennal organs described

by Erichson, Burmeister and Leydig but fails to express his own
opinion concerning their function.

Lowne (1870) believes that the olfactory apparatus of the blow-

fly is located in the third antennal joint. This joint is remarkably

dilated and is covered with minute openings which communicate with

little sacs in the interior.

Miiller (1871) found stiff hairs and pore plates on the flagella of

the antennx of a female bee, but only pore plates on those of the

male bee. He thinks that the pore plates are olfactory organs and

that male bees have a better olfactory sense than the females for the

following reasons : (
i ) A male bee has one more joint in the flagel-

lum; (2) all of these joints are longer, and (3) wider, and (4) the

pore plates are so close together that they crowd out the stiff hairs.

Claus (1872) thinks that many insects have a well developed olfac-

tory sense and that the surface of the antennse is the seat of the sense

of smell, basing this conclusion upon the work of Erichson and that

of Leydig.

Chadima (1873), after examining the hairlike structures on the

antennae and palpi of crustaceans, insects and myriapods, which

Leydig ( i860) regarded as most probably olfactory organs, says that

the smelling organs of arthropods have not yet been found. He states

that none of these hairs is perforated at its tip. He thinks investiga-

tors will have more success in solving this problem if they look on

the olfactory sense as being connected with the breathing apparatus.

Forel (1874) counted five different kinds of organs on the antennae

of ants— (i) olfactory knobs or pegs, (2) tactile hairs, (3) pore

plates, (4) Forel's flasks and (5) pit pegs. Forel (1902) judging

from the works of Hicks, Leydig, Hauser, Krapelin and himself re-

marks that all the reputed olfactory structures of the antennae are

modified pore canals bearing hairs. They come under three chief

forms—pore plates, olfactory knobs, and olfactory hairs. At times

the last two can hardly be distinguished from one another. Chitin,

even if very thin, always covers the end of the nerve. Forel's flasks

and pit pegs have no relation to smell because they are lacking in the

insects with acute smell (wasps) and are present in great abundance

in insects (bees) with poor sense of smell. The same author (1908,

pp. 95 and 96) still regards the pit pegs and Forel's flasks as a
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physiological enigma. They are generally absent, but are present in

ants and aphidids, are quite abundant in the domestic bee, are present

but not abundant in bumble bees, and are absent in wasps ; neverthe-

less, he thinks they have nothing to do with olfaction. In dragonflies

and cicadas the antennze are rudimentary and the sense of smell is

poor. The organs of smell of insects are in general situated in the

antennse, especially in their swollen or perfoliate parts where the

antennal nerve ramifies. " These ' horns,' these ' ears ' form, there-

fore, a famous nose in spite of Wolff and Graber." Thus Forel

believes that the antenna; are the olfactory organs, yet he does not

state what particular antennal organs receive the olfactory stimuli.

Berte (1877) states that none of the antennal organs in fleas is

for olfaction.

Lubbock ( 1877) discusses the antennal organs but does not venture

to suggest their functions.

According to Vom Rath (1888), Lubbock (1883) found the same
structures on the antennse as did Forel (1874), although the details

are somewhat different. Neither Forel nor Lubbock ventures to

ascribe an olfactory function to any one of the five antennal organs,

but by their many experiments, particularly on ants, both are

thoroughly convinced that the antennse carry the olfactory apparatus.

Graber (1878) describes a pitlike sense organ in the antennse of

flies. This was long before described by Leydig as an olfactory

apparatus, but Graber regards it as an auditory organ.

Mayer (1878, 1879) regards the pitlike organs or pore plates as

being most probably olfactory in function.

Reichenbach (1879) thinks that the small pits filled with hairlike

structures are the olfactory organs in insects.

Hauser (1880) studied the behavior of various insects before and

after the removal of the antennns. When the antennse were cut off

many individuals soon became sick and died, although some of them

lived thereafter for many days. In insects with their antennse dipped

in melted parafiin, the behavior was similar to that of those with the

antennse amj^utated. He placed 12 individuals (beetles) Philon-

thus cencHs R. one at a time in an inverted beaker whose bottom was
removed. He slowly placed a clean glass rod in front of the head and

the insect gave no response. He then repeated the operation with a

glass rod dipped in carbolic acid. When this was 4 inches away the

insect was much affected, it lifted and moved its head in different

directions and made quick forward movements with its antenna.

When the glass rod was brought nearer it moved away quickly and
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drew its antennae through its mouth. The reaction to turpentine and

acetic acid was more violent. Next he cut otT the antennae. On the

second day after the operation he re{)eated the experiments, l)ut the

insects failed to res])ond to any one of these three strong odors. After

the operation the beetles ate with a greater appetite and some of them

lived more than two months thereafter. From these experiments

he concludes that the beetles lost the olfactory sense by the removal

of the antennae.

Experiments with species of several other genera gave the same

results but those with beetles of the genera Carabus, Mclolontha, and

Silpha were less satisfactory. These never completely failed to re-

spond to strong-smelling; substances. If they are exposed for a long

time to the odors the insects deprived of their antennse become restless

and walk away from the glass rod, yet all the movements are less

energetic. The entire reaction is indefinite and weakened. Experi-

ments with Hemiptera gave a still less favorable result. After the

loss of the antennae these insects reacted almost as well as they did

with their antennae intact.

Hauser performed the following experiments to ascertain the

value of the antenna in the search for food. He placed beetles

(Silpha) in a large box whose bottom was covered with moss. In

one corner of the box he put a small glass with a small opening,

the glass containing foul meat. As long as the insects possessed

their antennas they regularly found the meat in the glass after some

time, while after the removal of the antennae they never came in

contact with it. Similar experiments were performed with flies of

three genera. A vessel containing spoiled meat was placed on a

table by an open window. Soon several flies came to the meat. Then

he closed the window and cut otif the antennae at the third joint.

Thereafter not one of these flies came in contact with this meat.

Hauser next ascertained the value of the antennae to the male in

finding the females. Male and female beetles and butterflies were

placed in large boxes. As long as they were normal in every respect

they mated freely, but when the antennae were cut ofi^ they copulated

only occasionally.

Hauser, who worked extensively and thoroughly on the antennae

of insects of all orders, found many difl^erences in the various orders

but among dift'erent Hymenoptera the differences in distribution and

structure of the antennal organs are comparatively slight. Accord-

ing to him, Vespa (a wasp) possesses about three times as many pegs

as does the honey bee, and for this reason J'^cspa has better olfactory
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perception. Formica (an ant) has far more pegs than pore plates,

contrary to the rule in hymenopterous insects. In conclusion Hauser

asserts that in almost all insects the olfactory organ consists of (i)

a large nerve arising" from the cephalic ganglion which runs out

into the antenna, (2) a recipient end apparatus which represents

rod cells modified from hypodermal cells with which the fibers of

those nerves are connected, (3) a supporting and accessory appara-

tus which is formed by the pore plates and pegs filled with a serous

fluid. When both pore plates and pegs are present they both function

in smelling according to their number ; when one of these organs is

absent then the other one functions entirely as an olfactory receptor.

Krapelin (1883), according to Schenk (1903), considers the pore

plates and pegs as smelling organs and translating from Vom Rath

(1888) Krapelin thinks that the olfactory organ is also located in the

palpi.

Schiemenz ( 1883) regards the pegs as touch organs, while the pore

plates and Forel's flasks probably serve as olfactory organs.

Sazepin (1884) worked chiefly on the antenna? of myriapods, but

he also spent some time in working out the anatomy of the antennae

of Vespa. By comparing the anatomy of the myriapods' antennae

and with that of Vespa he found that as a whole there is a great sim-

ilarity, but while the olfactory pegs in Vespa are closed at their tip,

they are open in what he calls the olfactory pegs in myriapods.

Witlaczil (1885) worked on the antennae of certain bugs. Since

their antennal^ pits, called olfactory pits by Hauser, are covered by

a membrane he thinks that they can scarcely be called olfactory

organs.

Vom Rath (1887, 1888), like most authors on this subject, regards

the olfactory sense as located in the sense pegs of the antennae and

probably also in the pore plates. By making a comparative study of

all the antennal organs in arthropods, Vom Rath (1895) found a

great similarity in the structure of each set of organs. The sense

pegs are not by any means confined solely to the antennae but are

found on all the mouth parts, in the mouth cavity, and even over the

entire body. It is possible that many pegs serve for the reception of

the stimuli of weak odors from a distant object and others for the

olfactory perception of those nearer. It may be that the pegs of

each kind, and also the pore plates, are especially responsive to

certain kinds of odors. He believes that the pegs on the palpi possess

an olfactory function and possibly for odors close at hand. More-

over, these pegs elsewhere may have the same function.
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Ruland (1888), who made a thorough comparative anatomical

study of insect antennse, contends that only such hair structures as

those which are perforated at the tips can be sensitive to chemical

stimuli. Pegs are found in all orders of insects and, since myriapods
and crustaceans possess similar structures, these organs may be con-

sidered as the chief form of olfactory organs in the arthropods.

Ruland regards the pit pegs and Forel's flasks found in most insects

as simple pit pegs, while the compound pits, as seen in the antennae

of tlies and butterflies, he calls compound pit pegs. He believes that

all three sets of these organs are organs for the reception of stimuli

from certain olfactory substances. To determine whether all of the

hair structures are perforated at their tips, he put the antennae into

boiling caustic potash. After such treatment he observed that they

were all open at the end. In the investigations made by the author

it was learned that caustic potash within a short time not only de-

stroys all of the internal tissue but it soon dissolves thin chitin. All

who have studied these structures before and since 1888 assert that

these hairlike organs are tipped with very thin chitin through which
the odorous particles must pass. In the observations made by the

author these structures in the antennas of the honey bee have not

shown a single hair which is open in the slightest degree at the tip

and it is probable that in Ruland's treatment the caustic potash

dissolved the thin chitin at the tip.

Nagel (1892, 1894, 1909, the views set forth in the first reference

being cited by various authors,) states that, in his opinion, the anten-

ne'e are generally the olfactory organs of insects—not, however, with-

out exception. That insects, after amputation of the antennae, seem

incapable of perceiving odors is not sufificient proof that the antennae

are olfactory organs. He declares (1894) that organs with thick

chitinous walls cannot function in smelling, but he thinks that the

olfactory pegs, being tipped with thin chitin, are capable of receiving

olfactory stimuli. He asserts that these olfactory pegs are found on

other parts of the body besides the antennae. He (1909) does not

doubt that in many insects the palpi may assist in smelling. In the

antennae of a May beetle there are four different kinds of pitlike

organs (varieties of pit pegs), all of which may be olfactory in func-

tion. In the Hymenoptera the antennae are the only seat for their

highly developed olfactory sense. In some Hymenoptera both pore

plates and pegs, while in others only the pore plates, function in smell-

ing. In ants the pegs and knee-shaped bristles probably serve this

purpose ; in Lepidoptera the pit pegs function for smelling when the
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insect flies, the end rods serving such a purpose while the insect is

resting ; in Diptera the pit pegs, similar to those of hutterflies, are the

olfactory organs. Nagel repeated most of Hauser's experiments and

seems to be convinced that the antemije are almost always, if not

always, the seat of the organs of olfaction. When one or more of

these organs are absent the next best, histologically considered, must

perform the olfactory work ; and when all the antennal organs are

wanting, as in Ephemera I'lilgata, a pseudoneuropteron, he imagines

that the insect cannot smell.

Dahlgren and Kepner ( 1908) regard the knob-shaped, pitlike an-

tennal organs of Necrophonis as the olfactory organs. They found

glandlike cells beneath the hypodermis which they believe to be asso-

ciated with these pits and perhaps aid in receiving odor stimuli.

Nearly all of the foregoing observers have overlooked the sense

organ found in the second antennal joint of insects. This is called

Johnston's organ. In Vespa the upper end, or the nerve rod, of the

organ penetrates the articulating chitin between the second and third

joints and comes to the surface. PVom its structure an olfactory

sense might be attributed to it. According to Child ( 1894a and b),

who experimented extensively with mosquitoes, this organ serves as

a combined touch and auditory apparatus and has nothing to do with

olfaction.

Lubbock (1899) says:

Forel and I have shown that in the bee the sense of smell is by no means
very highly developed. Yet their antenna is one of those most highly organized.

It possesses—besides 200 cones [pegs], which may probably serve for smell—
as many as 20,000 pits [pore plates] ; and it would certainly seem unlikely that

an organization so exceptionally rich should solely serve for a sense so slightly

developed.

From this fact and his numerous experiments Lubbock regards the

antennas as the seat of the organs of olfaction, yet he does not commit

himself as to the particular antennal organs which receive the odor

stimuli.

Burner (1902) states that only a few of the hair structures on the

antennse of Collembola may be regarded as olfactory organs.

Schenk (1903) claims that the fact that the males of Apid?e (bees)

do not possess any pegs does not argue against the view that these

structures are olfactory organs for (i) the pit pegs, which certainly

have an olfactory function, are common to the antennre of males,

queens and workers, and (2) in hunting for the females the olfactory

sense appears to be of second place to sight. In the summary of his

observations on Lepidoptera Schenk asserts that the pit pegs function
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as smelling organs, because they are more highly developed and more

advantageously distributed on the antennae in the males so that they

inay be of the greatest use in scenting the females. The end pegs

also aid in olfaction, particularly when the insect is resting. He does

not think that the pore plates in Hymenoptera have an olfactory use,

and he regards this view as based on insufficient data. Olfaction in

the \'espidae (wasps) is accomplished by the pegs, because the pit

pegs are almost absent, while in the bees the pegs and pit pegs both

are olfactory in use ; but since the male bees do not have these pegs,

the sense of smell is entirely performed by the pit pegs.

Rohler (1905) made a special study of the antennal organs in a

grasshopper, (Try.valis) Acridclla iiasiita L. On the antenniie he

found only three kinds of organs, viz : bristles, pegs and pit pegs. Of
these three he regards only the pit pegs as olfactory in function, and

the females have only about two-thirds as many of them as have the

males. This additional number of pit pegs greatly aids the males in

finding the females.

Cottreau (1905) discusses the sense of smell of insects in a pop-

ular way, without performing any experiments or citing any refer-

ences. He says that the olfactory organs are the pits and papillae,

distributed abundantly on the antennae and without doubt in certain

regions on the mouth parts.

In discussing olfaction and antennal sense organs of insects Berlese

(1906) seems to infer that there can be no doubt that the antennae

are really the seat of the smelling organs.

In a comprehensive study of the morphology of the chitinous sense

organs of Dytiscus rnarginalis, a water beetle, Hochreuther (1912)
finds seven dififerent kinds of organs. Of these seven only the hollow

pit pegs (hohle Grubenkegel) are probably olfactory in function.

They not only occur on the antennae and mouth parts, but a few are

found on the thorax and perhaps a few on the coxae of the first two
pairs of legs.

CAUDAL STYLES ("ABDOMINAL ANTENN.^") AS SEAT OF
OLFACTORY ORGANS

Packard (1870) discovered that the caudal styles of the female

Chrysopila (a fly) possess a peculiar sense organ. On the posterior

edge of the upper side of each style there is a single, large, round sac

with quite regular edges. Its diameter is equal to one-third of the

length of the style. Dense, fine hairs project inward from its edge,

and the bottom of this shallow pit is a clear, transparent membrane

devoid of hairs. Since this same insect possesses no antennal organs
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Packard believes that this structure is an olfactory apparatus. He
calls this a " simple nose," while in the caudal styles of the cockroach

there is a " compound nose."

ORGANS ON BASES OF WINGS AND ON LEGS AS OLFACTORY
ORGANS

While examining the organs on the halteres of flies, Hicks (1857)

discovered on the bases of the wings peculiar structures which he

called vesicles, arranged in a single row extending some little distance

up the vein on both sides of the wing, but principally on the upper

side. By examining insects of other orders he ascertained that

these organs are not confined to the Diptera. He believes that they

are found in all insects, and they were present in all specimens ex-

amined by him. They exist on both sides of the wing, but chiefly on

the upper side of the base on the subcostal vein and in the Hemiptera

on the costal vein. Those on the hind wing are generally larger in

size and greater in number.

In Moths they are very apparent, being greatest in the Noctuae [Noctuidae]

and Bombycidae. There are about 100 vesicles on the upper surface of the

posterior wing, and half that number beneath, besides some few on the

nervures [veins]. In the butterfly they are smaller, but arranged in more

definite groups, about three in number. In Coleoptera and Neuroptera they

are arranged in long rows along the subcostal nerve ; they are more apparent

in Coleoptera than in Neuroptera. In the Hymenoptera, for instance the bee,

they are found in a rounded group of about forty on each side.

Are they organs of smell, as suggested by Mr. Purkiss? As the olfactory

organ has never yet been decided on, it seems to me not improbable that they

be the organs of that sense; for, first, it is not likely that they should be the

organ of hearing, as they are in constant motion, and situated near the source

of the hum of the wings, so that other sounds would be drowned, 2ndly, it is

not necessary that the power of smell should be in the head. It is situated in

the commencement of the air passages in the upper animals probably because

the current of air or water passing the olfactory nerves is there most powerful

;

but in the spiracle-breathing insects the greatest currents are in the neighbor-

hood of the wing, and near the greatest thoracic spiracle. The motion of the

halteres also permits a greater exposure to odors floating in the air.

He claims that the organs on the halteres and on the base of the

wings are similar in structure and probably have the same function,

that of smell. He was able to trace a nerve to each group of organs,

the one going to the hind wing being the larger.

Hicks (1859a) presented a second paper concerning these organs

in which he asserts

:

I may here repeat that each of these structures consists of very thin and

transparent,- hemispherical or more nearly spherical projections from the
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cuticular surface, beneath which the wall of the nervure is deficient, so as to

allow a free communication with its interior ; these organs are arranged in

rows on the halteres and in variously shaped groups in the wings.

He examined one or more species of about two dozen genera

representing all of the insect orders. He observed these organs in

the honey bee, in Vespa, and in all other species examined by him
except Corysus [Corizus], the bedbug (Cimex lectularius), an apter-

ous beetle, and the flea (Pitlex hritans). Usually these structures

consist of two groups on the upper, and one scattered group on the

under side of the subcostal vein, amotmting in Opiiion to from 200

to 300 above, and perhaps 100 beneath, with a smaller group at the

end of the vein. In the Diptera these vesicles are found both on the

wings and halteres. In the Coleoptera they are highly developed and

occur in numerous groups on the subcostal vein, mostly at the widest

part, but are also scattered along it to the joint of the wing. In

Carabus (a beetle) they are found on veins other than the subcostal.

In many beetles the vesicle is overarched by a hair, which probably

protects the organ. He could distinguish no differences in the sexes

except that the vesicles were slightly larger in the females, due to

their greater size. These organs are most perfectly developed in the

Diptera, slightly less perfectly developed in the Coleoptera, rather

less so in the Lepidoptera, only slightly developed in the Neuroptera,

scarcely at all in the Orthoptera, and only a trace of them exists in

the Hemiptera. He gives several drawings, but they represent only

the superficial appearances.

Hicks (i860) discovered these same vesicles on the trochanter

and femur, chiefly on the former, in all the insects he examined. In

Formica rufa (an ant) these structures are numerous and exist both

on the trochanter and femur. A few small groups of these vesicles

are also present on the proximal end of the tibia in this ant. In the

honey bee these organs are not so abundant on the legs but are located

at the same places as on the ant. The vesicles on the legs, like those

on the wings, consist of a thin, delicate membrane

stretching over, and closing in from the air, a tubular aperture in the chitin-

layer of the part. This aperture may be circular or oval, the tube varying in

length according to the thickness of the integument, curved as in the Hornet,

or forming a globular cavity as in Silpha. The delicate membrane which

covers over this aperture is generally level, sometimes leaving a ridge or a

minute papilla in its center.

Hicks gives drawings showing the disposition of these vesicles or

pores on the wings and legs of many of the species examined. He
saw nerves running to all of these organs and gives a very good idea
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concerning their structure, although since our modern technique of

making stained sections was entirely unknown in his time w^e should

not expect his drawings to represent the finer anatomy of these

pores. He used the following technique

:

After cutting off the wing and washing it well in water or spirits of wine,

and draining off the major part by blotting paper, I immerse it in spirits of

turpentine for a week or two, after which it is placed in Canada balsam between

glass in the normal way, taking care not to heat it, as that renders the nerve too

transparent. In those parts which are too dark for observation, I have been

enabled to render them colorless by Chlorine.

In regard to smell in insects and the function of the pores on the

legs Hicks says

:

Tlie delicacy with which odours are perceived by many insects argues an

olfactory apparatus of considerable perfection; and it seems to me not impos-

sible that these latter named organs [those on the legs] may be in som.e way
connected with the sense of smell, or perhaps with some sense not to be found

in the \'ertebrata.

To summarize Hicks' three papers, he discovered these pores on

the b.alteres and on the bases of the wings of all Diptera examined :

on the bases of all four wangs of the four-winged tribes ; on the

trochanter and femur of all insects, and occasionally on the tibia. He
examined many species representing various insect orders and found

these pores even on the lower insects, such as the earwig. In such

wingless insects as the worker and soldier ants, he infers that these

pores are much more abundant on the legs than they are on these

appendages in the winged insects. Hicks suggested an olfactory

function for all of these pores, whether on the legs or wings, but he

performed no experiments of any kind.

\\'einland ( 1890) and several others have made a special study of

the halteres or balancers of fiies and the sense organs on the bases of

these appendages. Weinland distinguishes four kinds of structures

on the halteres, all of which are similar in most respects and difTer

only in minor details. Their internal anatomy is similar to that of

Hicks' vesicles. Of these four structures Weinland calls only one

of them Hicks' papillae, and neither he nor anyone else except Hicks

and Bolles Lee ( 1885) has ever attributed an olfactory sense to any

of the structures on the balancers.

Guenther (1901) studied the nerve endings found in butterfly

wings. He spent a short time on the anatomy of Hicks' vesicles but

failed to recognize them as the ones which Hicks first described in

1857. Guenther calls them sense domes ( Sinneskuppeln). He de-

scribes the external appearance of them as being light spots whose
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thill chitin is arched in the shape of a dome. Each his^ht spot is sur-

rounded by a dark, chitinous rinp^.- The internal anatomy consists

of a sense cell, sense fiber, and a Hasklike cavity with its chitinous

cone. All of these parts are almost identical to those in Hymenoptera

described by the author but ( iuenther failed to see the sense fiber join

the aperture at the bottom of the flask. Thus his drawinj^ shows a

thin chitinous arch or dome which completely closes the external end

of the flask, the sense fiber running; up against this chitinous dome.

If he had prepared more sections and used li_oht colored stains such

as safrain and not dark stains like hamatoxylins. he could certainly

have seen the sense fiber join the aperture in the dome. Guenther

tries to liken these pores to the membrane canals of \'om Rath. A
similar dome-shaped membrane was found in the antennae of lamelli-

corn beetles by Hauser, Krapelin. \*om Rath, and others, but these

bear a little hair at their center. Hauser attributes an olfactory

function to such structures, but Guenther shares the opinion with

\'om Rath and Graber that they have an auditory role.

Janet (1904) found porelike sense organs in large numbers in all

the ants that he examined. These pores are either widely separated

or, more frequently, united into groups. They occur on the labial

palpi and on the tongue, and there are some on the pharynx, besides

many on the legs. Janet recognizes those on the legs as the same

vesicles or organs that Hicks describes in i860. In a wasp fJ^espa)

and an ant (Formica) their disposition is almost identical with that

in the honey bee. Janet's drawings of the superficial aspects of these

pores are very similar to those of the author but on account of the

small size of the specimens he seems to have had trouble in under-

standing their internal anatomy. According to him, all the pores,

whether on the mouth parts or legs, have a similar structure, and they

resemble the structure of the olfactory pores found in the honey bee ;

however, there are a few slight differences. He calls the chitinous

cone an umbel, which is always separated from the surrounding

chitin by a chamber. This chamber communicates with the exterior

by means of the pore. The sense fiber, or his manubrium, runs into

the umbel, and he thinks that it spreads out over the inner surface

of the umbel and does not open into the chamber. Thus the umbel

forms a thin layer of chitin which separates the end of the sense fiber

from the external air. The role of these organs is evidently to permit

the end of the nerve to become distributed on a surface relatively

large and separated from the air only by a thin layer of permeable

chitin. Janet fails to give drawings that show the sense fibers run-
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ning all the way to the umbel and apparently has not seen the way
in which the nerves actually end in the umljels.

Janet (1907) describes and gives a drawing of one of these same
organs that he found near the articulation of the wing of a queen

ant. Its morphology is the same as described above. Thus in ants,

according to Janet, we see that Hicks' vesicles are not only found on

the legs, but also near the wing articulations and probably also on the

mouth parts. According to their anatomy, as Janet describes it,

these organs function as some kind of a chemical sense and in fact are

as suitable to perceive olfactory stimuli as are the antennal organs,

if not more suitable.

Wesche (1904) remarks that a certain bot-fly has a highly

developed sense of smell, equal to that of many mammals. This fly

has large antennae containing sense organs that are larger than

those in some other flies ; some of these organs are known to function

as a keen olfactory sense.

I think that where the antennte are not particularly sensitive, the palpi have
this structure to compensate. We thus see that the palpi, like the antennas,

can bear organs of three senses—touch, taste, and smell ; but I do not think

that any one palpus has more than two of these senses developed at the same
time.

Besides making such broad statements concerning the senses of

insects, the same writer describes and gives drawings of some sense

organs that he thinks entirely new. Some of these he found on the

legs, which are without doubt Hicks' vesicles. He observed these

organs in f'cspa and in many Diptera and his description of their

superficial appearance fits what has been seen by the author. Wesche
remarks that these organs are possibly auditory or for some unknown
sense ; however, he says nothing about their internal anatomy or any

literature relating to them.

Freiling (1909) spent a short time studying the anatomy of Hicks'

vesicles as found in the wings of butterflies. While Guenther found

these sense domes (Sinneskuppeln) in great numbers, irregularly

scattered on the veins near the base of butterfly wings, Freiling re-

gards them as regularly distributed in the same location. The super-

ficial appearance, as he has drawn it, is similar to that of the bee.

He shows a large bipolar sense cell with its sense fiber ruiming to the

apparent opening in these organs but he thinks that the sense fiber

ends [clublike] just beneath the apparent aperture. He worked three

weeks trying to get good sections of these organs and succeeded in

getting only one specimen from which he obtained fairly good sec-

tions. Freiling gives only one drawing each of the external and the
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internal structure of these organs, and the latter is drawn diagram-

matically. In this he fails to show the chitinous cone, and the end

of the sense fiber is represented as separated from the exterior by

the thiiT layer, forming the dome. On this incorrect interpretation

of the anatomy, he, like Guenther, speculates on their probable func-

tion and concludes that these sense domes may serve as some kind

of a barometric device or as an apparatus for measuring the force

of the air against the wing.

Berlese (1909, pp. 678-684) calls all the dome-shaped organs of

insects " sensilli campaniformi o papilliformi." The campaniform

type is found on the mandibles, antennae, legs and wings. Their

domes never project above the general surface of the surrounding

chitin. The papilliform type occurs only on the halteres. Here the

domes project above the surface of the chitin. In schematic draw-

ings he shows how the domes may have been derived from a portion

of the chitin originally not arched. Berlese regards the function of

these organs as unknown.

While studying the morphology of the chordotonal organs in the

honey bee and ants, Schon (1911) found two rows of small cones on

the proximal end of each tibia. A sense cell lies just beneath each

cone and the peripheral end of the sense fiber runs into the cone.

These sense cells connect with the chordotonal organ located in the

middle and distal end of the tibia. Schon has certainly mistaken

Hicks' vesicles for cones, because the external appearance of these

vesicles often resembles ''ones when observed without the cylindrical

tibia being properly rotated. These organs always lie near the edge

. of the tibia, and when one looks down upon them their apertures look

like cones, but when the tibia is rotated slightly, so that they lie on the

median line of the tibia, the optical illusion becomes evident.

Hochreuther ( 1912) describes and gives drawings of the dome-

shaped organs (kuppelformigen Organe ) in a manner somewhat

similar to that of Janet. Each organ is located at the bottom of a

chitinous flask, the mouth of which communicates with the exterior.

Instead of the peripheral end of the sense fiber coming into direct

contact with the air in the flask, it apparently stops just beneath the

chitinous dome. No true chitinous cone is present, but his terminal

strand (Terminalstrang) resembles it somewhat in general appear-

ance. He finds a few of these dome-shaped organs on the epicranium

near the margin of the eyes, 11 on the first and second joints of the

antennae, a few on the dorsal side of the labrum, very few on the

dorsal side of the mandibles, several on the maxillae, about 18 on the

first four joints of the first legs, about 10 on the first three joints of
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the second legs, and a few on the trochanter of the third legs. He
evidently has not examined the wings. Thus according to Hoch-
reuther these organs are rather widely distributed. Since the per-

FiG. 2.—Diagram of ventral view of a worker bee, showing the location of
the different groups of olfactory pores as indicated by the numbers.

ipheral ends of the sense fibers do not come into contact with the

outside air, but connect with the tops of the domes, he suggests that

they receive some kind of mechanical stimuli, although he performed
no experiments to determine their function.
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The following results were obtained by the author. The disposi-

tion of Hicks' vesicles (called olfactory pores by the author) is best

understood by referrini^ to the numbers in fii^ures 2, 3 and 4 of the

Fig. 3.—Diagram of dorsal view of a worker bee, showing the location of

the different groups of olfactory pores as indicated by the numbers.

honey bee. Groups i to 5 lie on the bases of the wings as indicated

by the numbers i to 5. Groups 6 to 18 lie on the legs. Group 19 to

21 lie on the sting of the worker and queen (fig. 4)- The same

organs are found on the mouth parts of all the hymenopterous insects
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examined, but they have not yet been thoroughly studied. The anten-

nae of the honey bee and probably the antennas of all Hymenoptera

do not carry any of the organs first described by Hicks.

The olfactory pores in other hymenopterous insects are similar in

position to those of the honey bee. Among the 29 species examined,

these pores vary much in the number of groups and in the number

of pores contained in the individual groups. As a rule, the lower

the insect the fewer the groups and more isolated are the pores.

Cimbex, regarded as the lowest hymenopteron, has the least number

of groups of all the species examined, but it stands fourth in regard

to the number of isolated pores. Its total number of pores is larger

Fig. 4.—Diagram of lateral view of a worker bee's sting and its accessory

parts, showing the location of the olfactory pores as indicated by the numbers.

than that of many of the higher forms. Among ants the variations

are also great. For the legs of ants the number of pores varies from

211 to 356 and for the winged ants the total number varies from

463 to 1,090. The smallest specimen among the ants and the second

smallest one of all the Hymenoptera examined is a female with 463

pores as the lowest number. The drone honey bee with 2,608 pores

has the highest number. The smallest specimen examined is a wasp

with 688 pores. The following table including 6 of the 29 species

examined will illustrate the variations in the number of olfactory

pores as found on the three pairs of legs and the two pairs of wings.

The letters " F," " M," " H " and " G " stand for front, middle, hind

and grand, in the order named. The " Total " means all the pores

found on all 6 legs, and the " G. total " means all the pores found on

all 6 legs and all 4 wings combined.
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In size the olfactory pores vary much. Those of an ant vary more

in size than do those of the hornet or honey bee. The pores on the

wings are always much smaller than are those on the legs and they

vary less in size. In proportion to the sizes of an ant and of a worker

honey bee, the pores of the ant are much larger.

Under the microscope with transmitted light the olfactory pores

appear as bright spots. At the first glance they resemble hair sockets

(fig. 5, PorApHr) from which the hairs have been pulled, but after

Por3

PorW-'

Fig. 5.—Group 6 of the olfactory pores from the hind leg of a worker bee,

showing the external appearance, x 700.

a closer examination a striking ditTerence is usually seen. Each

bright spot is surrounded by a dark line, the pore wall (figs. 5 and 6,

PorW). Outside this line the chitin (fig. 5, PorB) may be light or

dark in color, but inside the line the chitin (figs. 5 and 6, ChL) is

almost transparent, and at the center there is an opening, the pore

aperture (figs. 5 and 6, PorAp).

The olfactory pores consist of inverted flasks in the chitin and of

spindlelike sense cells lying beneath the mouths of the flasks (fig. 6).

About two-thirds of the space at the bottom of the flask is occupied

by a hollow chitinous cone (fig. 6, Con) which is not separated from
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the surrounding,- cliitin, hut only stains less decplv. In a typical

olfactory pore the neck (NklH) of the flask is wide and the mouth
( MF) is tfarint;-. The sense fiher ( SF) of the sense cell ( SC) pierces

the hottoni of the cone and enters the round, ohlonj^-. or slitlike pore

aperture ( I'orAp). The nerve hher (NF) soon runs to a nerve. It

is thus seen that the cytoplasm (Cyt) in the peripheral end of the

sense fiber comes in direct contact with the air containin,!:;- odorous

particles and that odors do not have to pass throui^h a hard membrane
in order to stimulate the sense cells as is claimed for the antennal

organs.

To determine the function of these pores the wings, legs and stings

of many worker honey bees were mutilated. The behavior of the

mutilated bees was carefully studied, and they were tested with odors

\Con ^Z'
ChL-

V\Q. 6.—Cross section of a typical olfactory pore with its sense cell (5^0
from the tibia of the hind leg of a worker bee, x 700.

in the same manner as were unmutilated ones. The stings of lOO

workers were pulled out. These bees lived 30 hours on an average.

Twenty of them were tested with odors. They responded only

slightly more slowly than unmutilated bees. The wings of 28 work-

ers were pulled ofT. When tested with odors, these bees responded

one-eighth as rapidly as norinal bees. The bases of the wings of 20

workers were covered with liquid glue. When tested, these bees

responded also one-eighth as rapidly as unmutilated ones. The pores

on the legs of 20 workers were covered with a mixture of beeswax

and vaseline. When tested, these bees responded two-fifths as

rapidly as unmutilated workers. The wings were pulled ofif and the

pores on the legs of 20 workers were covered with the beeswax-

vaseline mixture. When tested with odors, these workers responded

one-twelfth as rapidly as unmutilated workers. All of the workers

with mutilated wings and legs lived just as long in the observation

cases as did unmutilated workers, and they were absolutely normal
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in all respects except that they reacted to odors more slowly. Con-

trols proved that the odors themselves from the glue and beeswax-

vaseline mixture did not affect the reaction times.

The preceding experiments were repeated by using ants and

hornets with mutilated wings and legs. When tested with the odors

from the oil of peppermint, oil of thyme, oil of wintergreen, honey

and comb, leaves and stems of pennyroyal, and formic acid from

other ants, four dealated females of Formica gave a reaction time of

2.89 seconds. The reaction time for winged females of the same

species is 2.45 seconds. The niches from which wings of these four

females arises were examined. In seven of the eight niches, pores

were seen.

All four wings of each of 25 virgin females of Formica were pulled

off. When tested with the above six odors, these ants gave a reaction

time of 2.85 seconds. After an examination it was found that 62

per cent of the detached wings had broken off' just beyond the groups

of pores, thus the pores on only 38 per cent of the wings were lost.

When the wings are shed naturally only 21 per cent of the pores

are lost, while 79 per cent are not prevented from functioning, be-

cause the wings devoid of pores always break off at a weak place

in the chitin just distal to the groups of pores. Furthermore, sec-

tions through the stubs of the wings of dealated females show that

the sense cells are normal.

The wings of 7 males of Formica were pulled off. When tested

with the six odors, these ants gave a reaction time of 3.50 seconds,

while the reaction time for the same ants before the wings were

pulled off is 2.63 seconds. They were normal in all respects other

than their slowness in responding to odors. Only 8 per cent of

the pores belonging to the wings were left intact while 92 per cent

were pulled off with the wings.

The bases of the wings of 25 winged females of Formica were

covered with liquid glue and the pores on the legs were covered with

the beeswax-vaseline mixture. Confined singly these ants were not

able to remove the glue, but they did remove much of the vaseline

and smeared some of it over their spiracles, which certainly accounts

for their short lives. When tested, they gave a reaction time of 5.21

seconds, which is slightly more than twice the reaction time for their

unmutilated sister females.

* When tested, 25 dealated females of Camponotus gave a reaction

time of 3.25 seconds. Their wing niches were filled with liquid glue

thus covering the pores on the stubs of the wings, and the pores
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on the legs were covered with the heeswax-vasehne mixture. These

females now appeared normal in all respects other than their slowness

in responding- to odors. When tested, they gave a reaction time of

7.94 seconds, which is more than twice the reaction time obtained

before using the glue and vaseline.

The wings of 25 males of Camponotus were pulled ofif. These

ants appeared normal in all respects except their slowness in respond-

ing to odors. When tested, they gave a reaction time of 3.49 seconds,

which is one and a fourth times the reaction time of unmutilated

males. Only 12 per cent of the pores on the wings were left intact.

The wings of 21 workers of Vcspula maculata were pulled ofif.

These hornets appeared normal in all respects other than their slow-

ness in responding to odors. When tested with the three essential

oils, they gave a reaction time of 6.35 seconds, which is almost three

times the reaction time for sister hornets with wings intact. Only

22 per cent of the pores on the wings were left intact.

OLFACTORY ORGANS ON THE APPENDAGES AND STERNUM OF
SPIDERS

In 1878 Bertkau noticed some slitlike cuticular organs on the

.legs of spiders. Since that date five other observers, including the

present writer, have studied these structures. They are called lyri-

form organs on account of their shape.

The author (1911) made a special study of the morphology and

physiology of the lyriform organs of spiders. He used in his studies

39 species representing 27 of the 38 families. These organs in

spiders exist both as isolated slits and as groups containing several

slits, and their position is relatively constant. The groups are located

at the distal end of each joint of the legs, pedipalpi, chelicera (mouth

parts), pedicle, and spinnerets. They exist on both sides of the fore-

going appendages and as a rule each joint of the legs and pedipalps

possesses the following number of groups: Coxa i, trochanter 3,

femur 2, patella 3, tibia 3, metatarsus i, and occasionally the tarsus

I ; each cheliceron usually has 4, each pedicle 2, and only occasionally

is a group present on one of the spinnerets. The isolated slits not

only occur irregularly scattered on the joints of all the above-named

appendages, but also on the remaining mouth parts, on the sternum,

and a few on the ventral side of the abdomen. Thus it is seen that

the disposition of the lyriform organs is similar to that of Hicks'

vesicles ; however, the vesicles are situated at the proximal instead of

the distal ends of the joints and less seldom exist as isolated struct-
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ures irregularly distributed, as are the isolated slits. A few of Hicks'

vesicles exist on the mouth parts but none is found on the sternum

and abdomen, except those in the sting", which might be compared

in position to the lyriform organs on the spinnerets of spiders.

Since spiders have no wings, possibly all the slits on the mouth parts,

sternum, pedicle, and the ones on the abdomen exclusive of those on

the spinnerets, replace all the pores that exist on the wings of insects.

A great difference in the number of groups and isolated slits was

found in the different species. The spiders that hunt for their food

and use no webs in capturing their prey, without exception have the

most slits, while those that live in caves and catch their food entirely

by means of webs have the least number. The common cobweb

spider ( Thcridium tepidariorum) catches its prey wholly by webs
;

it does not live in caves and may be considered as intermediate be-

tween hunting spiders with highly developed lyriform organs and

cave spiders with degenerated lyriform organs. By counting all

the slits on the surface of this cobweb spider, we find that an

average spider possesses 1,770 slits, whereas considering an average

worker bee, we have already seen that it possesses 2,270 pores. As

stated by the other observers, lyriform organs have now been found

in 7 of the 9 orders belonging to the Arachnida.

A lyriform organ is composed usually of several single slits which

lie side by side and more or less parallel with each other. This

group of slits is generally surrounded by a border, produced by a

difference in pigmentation, which gives the lyre shape to the organ.

Inside the border the pigmentation is usually much lighter than out-

side ; hence a group appears as a light spot, while the superficial

appearance of a slit reminds one of a long, slightly bent spindle that

has an aperture either at the center or nearer one end than the other.

A cross section of a slit shows that the aperture passes entirely

through the cuticula and unites with the sense fiber of a large spin-

dlelike sense cell lying at the base of the thick hypodermis. Thus

a cross section of a slit with its sense fiber may be likened to a greatly

flattened funnel. The innervation of a lyriform organ is identical

with that of a group of olfactory pores, except that in the former

the sense fibers unite with the base of the apertures, whereas in the

latter the sense fibers connect with the top of the apertures.

So far as the waiter knows, structures similar to lyriform organs

and Hicks' pores have never been looked for in crustaceans. It is

very probable, however, that this class of arthropods possesses some

kind of organs that take the place of lyriform organs and Hicks'

pores.
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While experimenting- with odors, it was found that spiders possess

a true olfactory sense. Many indivi(hials of two species representing

two widely separated genera were used. They responded not only

to live ditTerent essential oils, which are sometimes regarded as

irritants, but also to both fresh and decayed buttercup flowers, de-

cayed snails, squash bugs, and I'halangids. The usual reaction is

to move away from the odor, but they also quickly moved their

pedipalpi. chelicera and legs, and very often rubbed their legs and

other appendages. The average reaction time of a ground spider

iLxcosa lepida) to oils of peppermint, thyme and wintergreen was

9 seconds and for a jumping spider (Phidippus purpiiratus)

4.6 seconds, while for the worker bee the same average is only 2.6

seconds. The differences in reaction time may be explained by the

fact that Lycosa is rather sluggish, Phidippus is very active, while

the bee is extremely lively. However, as a worker bee possesses 500

pores more than a spider and since it responds about twice as quickly

it would appear that its sense of smell is more highly developed.

All the lyriform organs (single slits not included) on the legs,

pedipalpi, chelicera, mouth parts, and sternum were carefully var-

nished with yellow vaseline. The following day they were tested

with the five oils—peppermint, thyme, wintergreen, clove and

bergamot. Thus it was ascertained that they responded nine times

more slowly after varnishing than before.

Hindle and Merriman (1912) proved experimentally that Haller's

organ is olfactory in function and that it is a means by which ticks

are able to recognize their hosts. In Hccmaphysalts punctata this

organ consists of a minute cavity, containing sensory hairs, and is

associated with a specially modified region of the hypodermis. In

ticks (Acarina) it is always located on the external dorsal surface

of the tarsus of the first pair of legs. Hansen (1893) found a few

scattered lyriform organs in acarinids which may also aid in re-

ceiving odor stimuli.

SUMMARY OF AUTHOR'S EXPERIMENTS

The following table is a tabulated summary of the author's experi-

ments with spiders and Hymenoptera to determine the location of

the olfactory organs. The odors used for the spiders are those from

the essential oils of peppermint, thyme, wintergreen, clove, and

bergamot. The " three odors " used for the Hymenoptera are those

from oil of peppermint, oil of thyme, and oil of wintergreen. The
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TABLE II

Summary of author's experiments with spiders and Hymenoptera to determine

the location of the olfactory organs
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TABLE II—Continued

Siiimiiary of author's experiments with spiders and I lyinenoptera to determine

the location of the olfactory or'^ans

Species.

V Api

V
"

V
"

5 "

V

5 "

$ "

V
'

5
"

$ "

5 "

Experiment.

Average reac-
tion time.

Unmutilated. Winged, nor-
mal in behavior.

Maxillae and labial palpi cut

off. Abnormal in behavior.
Proboscis cut off. Abnormal

in behavior.
Mandibles cut off. Abnor-
mal in behavior.

Flour paste in moutli. Ab-
normal in behavior.

Wings cut off beyond pores.
Normal in behavior.

Stings extracted. Normal
in behavior.

Glue on thorax as control.

Normal in behavior.
Vaseline on abdomen as con-

trol. Normal in behavior.
Flagella burned off. Abnor-
mal in behavior.

Flagella glued. Abnormal
in behavior.

Wings pulled off. Normal
in behavior.

Bases of wings glued. Nor-
mal in behavior.

Pores on legs covered with
vaseline. Normal in be-

havior.

Wings pulled off and pores
on legs covered with vas-
eline. Normal in behavior.

for
three
odors.

Sec.

for
six

odors.

.Sec.

No. of
indi-
vid-
uals

tested.

2.64

2.9

3.40 37

4-0
I 19

!
22

3.5 4.8 j

20

2.68

30

2.86

2 . 76

2.73

4 . 00

2 . 90

22.20 27.10 28
I

18.50 28.20 20

5.20 8.00 20

36 .90 40 . 00 20

Averag-e length
of life in cap-

tivity.

Days. Hrs.

3

7

o

12

23

6

3

3

17

20

3

3

" six odors " used for the ants and hornets are those from oil of

peppermint, oil of thyme, oil of wintergreen. honey and comb, leaA-es

and stems of pennyroyal, and formic acid. The " six odors " used

for the honey bees are the same as those tised for ants and hornets,

except pollen was employed instead of formic acid.

The preceding' table shows the following : ( i ) When the pedi-

palpi (slightly comparable to the antennae of insects") of spiders are

pulled off, the arachnids are normal in behavior and the reaction

time is practically the same as when unmutilated individuals are
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used. (2) But when the antennae of Hymenoptera are mutilated in

the sHghtest degree, the insects are abnormal, and the reaction times

are slower than when unmutilated individuals are used, although it is

quite possible that the slower reaction times are caused by the

abnormal behavior of the insects rather than due to the theory that

some of the olfactory organs are prevented from functioning. {3)

When the maxillae of spiders are pulled off, no abnormal behavior

results, but the reverse is true for the honey bee. In both cases the

reaction time is slightly slow^er. (4) When the mouth parts of

honey bees are mutilated, the insects are abnormal and the reaction

times are slightly increased, which may be due to the alMiormality of

the insects, or to the view that the pores on these appendages are

prevented from functioning, or to both of these conditions combined.

(5) When the wings are pulled off artificially, most of the pores on

these appendages are lost and the reaction times are considerably

increased. (6) When the pores on the wings are covered with glue

the reaction times are much increased. (7) When most of the pores

on the legs are covered with vaseline, the reaction times are greatly

increased. (8) When either spiders or Hymenoptera are so muti-

lated that most of the olfactory pores are prevented from function

ing, the reaction times are increased many times, and the mutilated

individuals used are absolutely normal in all respects other than their

aljility to smell.

DISCUSSION

The following criticisms concerning" the physiological experiments

performed with the antenuce of various insects may be offered. Most
of the previous observers have studied the behavior of the insects

investigated in captivity for only a short time, while the remainder

have paid no attention at all to the behavior of their unmutilated

insects. They cut off either a few joints of both antennze, or these

entire appendages, or varnished them with paraffin, rubber, etc.

When a few joints are severed the sense of smell is apparently weak-

ened. This is true for bees also as ascertained by the author. \A'hen

both antennae are amputated or varnished the insects, as a rule, fail

to respond to substances which normally affect the olfactory sense.

They generally fail to respond to odors held near them and fail to

find food in captivity, and do not return to putrid meat and dead

bodies when removed from such food. Males so mutilated do not,

as a rule, seek females and show no responses when females are

placed near them. Such experiments w^ere seriously criticised until

Hauser in 1880 presented his apparently conclusive results. Many
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of the insects on which he experimented with the antenncC amputated

became sick and soon died. Most of them failed to respond when
the antennse were mutilated, although Carabus, Melolontha, and

Silpha responded slightly, while all the Ilemiptera that he used re-

sponded almost as well with their antenuce off as they did with them

intact. Only 40 per cent of tiie ants from which Miss Fielde cut

the antennre recovered from the eft'ect of the shock. Not one of"

these observers has studied the behavior of the species under obser-

vation sufficiently to know exactly how long they live in captivity

with their antennae either intact or mutilated. No one, except Miss

h'ielde. has kept a record of the death of the mutilated and normal

insects accurate enough so that one might know what percentage died

from the operation. To cut off some other appendage or even the

lower part of the head, as Forel did, is not a fair test, because such

o])erations seldom expose sense cells and never any nerve equal in

size to that of the antennae, unless one pulls off the wings. When
the wings are pulled off the large nerve is severed between the masses

of sense cells and thorax, and the sense cells are not exposed to the

air, as they are when antenna; are cut off. Even if the antennae are

cut through the scape, the large masses of sense cells belonging to

Johnston's organs are severed. When the lower part of the head or

the tarsi are cut off, as Forel did, no nerves are exposed to the air

except ends of small nerves. From the foregoing it is only reason-

able to assume that when the antennre of any insect are injured in the

least degree, the insect is no longer normal and if it fails to respond

to odors placed near it. this negative response may be caused by the

injury.

The following criticisms based on a consideration of the morph-

ology of the antenna; may also be offered. In the honey bee the pore

plates can scarcely be considered as olfactory organs, because the

drone has almost eight times as many as the queen, and responds to

the odors presented in slightly more than one-half the time. It is

true that those of the queen are considerably larger, but even on this

basis the reaction times are not comparable. The pegs may be

entirely eliminated as olfactory organs, because they are absent in

the drone, but are abundant in the worker and the queen. Drones,

queens and workers have about the same number of Forel's flasks

and pit legs. Schenk's view that the pegs receive odor stimuli in the

queens and workers, while Forel's flasks and the pit pegs function

in this way in the drones is inconsistent, because if the latter two

structures function for such a purpose in the drones why should
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they not also in the females? Since these two structures are few
in number and many times smaller than the pegs, we cannot compare
them physiologically. Thus it is seen that not one of these antennal

organs of the honey bee offers a solution for the ratios obtained with

the use of the various odors. If the reaction time of each caste of

the honey bee is compared with the total number of olfactory pores

•a consistent inverse ratio is obtained. A drone has 2,600 pores and

responds in 2.9 seconds ; a worker possesses 2,200 pores and re-

sponds in 3.4 seconds and a queen has 1,800 pores and responds in

4.9 seconds.

Pore plates are not the olfactory apparatus in all insects, because

they are entirely absent in the Lepidoptera. The pegs cannot be

the olfactory organs in all insects, for they are absent in many male

bees and almost wanting in Lepidoptera, although possibly the end

rods in butterflies and moths are homologous. According to Vom
Rath, pegs are found not only on the antennae and mouth parts

but also all over the body, and Nagel found them elsewhere than on

the antennae. If the pegs are the olfactory organs and if insects

with amputated antennae are normal, then why do not such insects

respond positively at least slightly to odors instead of negatively,

as most observers claim?

It is certain that spiders can smell, yet they have no antennae

nor any organs that may be compared to the antennal organs of

insects. Hence, this is another argument against the antennae as

being organs of smell. All insects either have antennal organs like

those described for the bee, or modifications of them, yet no two
authors who have studied them have agreed concerning their func-

tion. Such chaos can be replaced by facts, only when the behavior

of the insects investigated is thoroughly studied and when experi-

ments are performed in ways other than on the antennae alone. Then
it will be realized that the antennae can no longer be regarded even

as a possible seat of the sense of smell in insects.

In conclusion, it seems that the organs called the olfactory pores

by the author are the true olfactory apparatus in Hymenoptera and

possibly in all insects and that the antennae play no part in receiving

odor stimuli.
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