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THE ORIGIN AND FORMATION OF THE FROTH
IN SPITTLE-INSECTS1
BRAXTON

H. GUILBEAU

CORNELL UNIVERSITY

DURING the summermonths one observes upon trees,
shrubs, herbs and grasses, numerous masses of frothlike material,which resemblelarge drops of spittle. An
examinationof a frothymass soon discloses the presence
of a small insect,greenish,brownish,or whitishin color,
depending upon the species under observation. This is
the immature nymphal stage of an insect belonging to
the homopterous family Cercopide. So far as it is
known,all the members of this family surround themselves with such a secretion,in which they spend their
nymphal life. I have had under observation three
species, Aphroplhora parallels Say, Lepyronia quadrangularis Say, and Clastoptera proteus Fitch. Each of
the species studied in this locality makes a characteristic
froth,as may be easily recognizedby a little study.
While there is much which has been writtenupon the
productionof frothby the insects of this group, the opinions of the manywritersare very muchat variance. This
is especially true regardingthe more recentliteratureon
the subject. For this reason it seemed desirable to undertake a detailed study of this subject and to determine
what organ or organs were concernedin the production
of this secretion. This study consisted not only of field
observations and laboratory experiments,but of a detailed study of the histological structuresconcerned.
This work was carried on in the Entomological Laboratory of Cornell University,and to its director,Professor J. H. Comstock,I am indebtedformany courtesies.
The problem was suggested by Dr. W. A. Riley, and to
him I am indebtedfor constantaid and advice.
1 Contributionfrom the

Entomological Laboratory of Cornell University.
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HISTORICAL

Gruner(1901) has givena veryextendedand excellent
historicalaccountof the workof individualwriterson
these insects. It is intendedhere merelyto groupthe
at thesametimeadding
viewsheldbythevariouswriters,
the opinionsheld by writerssince the appearance of
Gruner'spaper.
As far as thewriterhas been able to determinefrom
originalsources,thereare seventheorieswhichhave been
advancedin explanationof the productionof the froth.
This does nottakeintoaccountthebeliefof the southern
negroes,whoclaimthatthe frothymasses are caused by
theopinneitherdoes it takeintoconsideration
horseflies,
of the
it
is
the
product
that
held by many,
ion formerly
stars,nor the view thatit exudes fromthe ground.
Isidorus,who lived in the sixthcentury,is cited by
Gruneras thefirstto writeon thissubject. He believed
thatthefrothwas thespittleof thecuckoobird,and that
generated.
fromthissecretionthecercopidspontaneously
(1634) and otherwriterscaine to the same conMAouffet
clusion respectingthe originof the spittleand insect.
stronglydenies
Aldrovandi(1610), in his Ornithologia.,
thisassertion,but fails to enlightenthe readeras to the
truesolutionof theproblem.
Accordingto Gruner's account,Bock (1546) appa'rentlybelievedthat the frothwas the productof plants
and he gave a listoftheplantsproducingit.
John Ray (1710) states that the spittle mass was
causedby theinsectfoundwithinthemass,and believed
that it was expelledfromthe animal's beak. He was
upheldin thisviewevenin recenttimesby as prominent
an authority
as Uhler (1884). Fabre (1900) statesthat
a, clearfluidcomesout of thebeak and thatto thisfluid
the insectinjects air bubblesby graspingair with the
of the ninthabdominal
last pair of lateralprolongations
segments.

Blankaart(1688) believedthatthefrothcameoutofthe
anal openingof theinsect. In thisview he is supported
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by Poupart (1705), Frisch (1720), Geoffroy(1764), DeGeer (1773) and others. Morse (1900) modified this
view somewhatin that he gives as his opinion that what
comes out of the anus is a " clear somewhatviscid fluid"
and thatby means of appendages at the extremetip of its
abdomenthe insect secured a moietyof air by grasping it,
so to speak, and then instantlyreleasing it as a bubble
into the fluid. Gruner (1900 and 1901) states that the
fluidis exuded fromthe anus and passes under the body,
flowinginto a. pocket-like space where it becomes impregnated with air which comes out of the stigmata
located in the pocket.
Porta (1900 and 1901) believed that there were openings on the dorsum of Aphrophorawhich were connected
with oval glands little distinctfromthe hypodermis. He
describes them as arranged at the base of the excretory
canal in numbers of five, six or even fewer,indistinctly
separated fromone another. To these glands he ascribed
the functionof producing the fluid. He also states that
the bubbles are blown into the fluid by the method described by Morse.
Girault (1904) states that " during the process of secretionthe fluidflowsslowly froma point near the anal
opening, and gathers between the legs, where, by their
alternate agitation, it becomes mechanically mixed with
air and forms cushions of air bubbles," and he further
states "that the air is taken in at each up and down motion of the abdomen and that during this dipping process the ventral plates are in transversemotionlike jaws,
and that it is probable that the secretaryglands are between them.'" From this we should inferthat he thought
that it came from special secretaryglands and not from
the anus.
Berlese (1907) believes that the froth is secreted by
glands found upon the seventh and eighth abdominal
segments,previouslydescribedby Batelli (1891).
In the followingit is proposed to discuss the evidences
bearing upon each of the currentviews presented above
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and give in details the observationsmade to clear up the
confusion.
METHODS
The methods used in the biological observations are
given in the body of the text. I referhere only to those
used for the examinationof the histological structures.
In preparing the tissues of the spittle insects for histological examination various methods of fixing,killing
and staining were used. The best results were obtained
by killingin hot water and then transferringimmediately
into Fleming's strong solution for twenty-fourhours.
Tissues killed directlyin hot Fleming's fluid,while giving
of organs like the testes, insatisfactorydifferentiation
testine and fat cells, gave poor results with the glands.
Very good resultswere obtainedby killingin hot Gilson's
fluid.
Good serial sections of the nymphswere obtained by
infiltratingin paraffine540 C., while adults imbedded in
620 C. paraffinegave better sections. Sections were cut
fromthree to ten microns.
Staining was done on the slide with iron hoematoxylin
or Delafield's. Whenever the latter was used the tissues
were counter-stainedin eosin.
In order to get satisfactorypreparations of the glands
in surface view the tissues were killed in hot Gilson's
fluidand allowed to stand for one half hour after having
been opened and the fat carefullyremoved. Afterwashing in seventyper cent. alcohol and a few drops tincture
of iodine,the specimenswere stained in borax carminefor
a few minutes,dehydrated,cleared and mounted in balsam. Great care must be observed in teasing the fat
away fromthe glandular region, otherwisethe cells will
be disarranged.
PERSONAILOBSERVATIONSUPON THE PRODUCTION OF THE

FROTH
I firststudied the gross featuresof the frothformation
in several specimens. A large specimen of Aphrophora
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parallel was taken fromthe frothymass and by means
of a camel's hair brush was thoroughlyfreed fromevery
particle of froth. The specimenwas then placed upon a
dry twig. It soon inserted its beak in the plant and
gradually increased in size. It projected the tip of its
abdomen extensivelyand then retractedit. This operation it repeated several times. Suddenly a small drop of
a clear liquid appeared at the very tip of the abdomen,
coming distinctlyout.of the anal opening. Observations
made with a hand lens upon other parts of the body, esfailed to show any
pecially in the region of the dorsunm,
fluidwhatever. The small drop was soon joined by another,and these in turn were followed by many others,
the whole mass of fluidpassing down on the ventral side
of the body along the channel formed by the sternites
and the prolongations of the pleurites (Figs. 1 and 6).
Again, the fluid was noticed to be fairly oozing out of
the anal opening. After a quantity had accumulated
about the body of the insect,it was noticed that the last
pair of legs, sometimesalso the second pair, would reach
out to the region of the seventh and eighth abdominal
segments,then rub against the body and against one another as if in the process of mixing substances. After
the fluidhad been well mixed and the surface had been
coveredby it, it was next observed that the nymphmoved
the tip of the abdomen out of the liquid, opening up the
pair of lateral appendages of the ninthabdominal somite,
whichimmediatelyclosed again. Then with a downward
movementthese parts were immersed in the liquid and
the appendages, upon being opened, released a particle of
air in the fluid. This operation was repeated many
times,with the result that the insect was soon covered
with air bubbles, which gave-the characteristiccovering
a froth-likeappearance. It was noticed that by changing
the size of the air-graspingpocket, the insect is able to
make bubbles of any size. For that reason, the bubbles
in the smaller formsare always very much smaller than
those of thelarger spittleinsects. It is partlythis feature
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'Wlhichdeterminesthe above-notedcharacteristicappear-

ance of the froth of the differentspecies. The insect
does not always wait until the body is completelycovered
with fluid before injecting the air into it.
In order to make sure that the larger portion of the
fluid came only froomthe anus, the latter was closed by
a plug of lens paper, which being capped with balsam,
and then allowed to dry for a few moments,closed the
anal openingperfectly. The insect,upon being placed on
a twig, after locating a satisfactoryplace, soon pierced
the plant with its beak and began feeding. It rapidly
distendedand swollen.
increased in size and became munch
Althoughobserved for over threehours not a single drop
of fluidcame out. In a specimenwhose anal openinghad
not been carefully sealed a drop of liquid succeeded in
coming out of the tip of the abdomen,on the side of the
filterplug. Thus it was demonstrated,as any one who
desires to repeat the operation may, that at least one of
the constituentsof the froth is emitted from the anal
opening, and that the views of Mouffet,Porta, Berlese
and Girault are not correct,for according to their interpretations the closing of the anus would not interfere
withthe productionof the froth.
HISTOLOGICALSTUDY OF THE STRUCTURESOF THE GLANDS
OF BATELLI

While it is seen that the greater portion of the liquid
fromwhichthefrothis producedis derivedfromthe anus,
there arises the question whetherthere are not other organs, the secretionof which may take a prominentpart
in the formationof the spittle.
In the pleural region of the seventhand eighthabdominal somites very large hypodermal glands are located.
To the naked eye these glands are not easily discernible
upon the nymph,their positions being detected only if
there happens to be a large supply of their secretion.
UTnderthe hand lens when the abdomenis extended,there
are to be noticedwhitishpatches, even when the secretion
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has been completelyremoved. These, which lie in about
the mid-pleuralregion, are somewhatpulvinate in shape,
but by no means regular in outline.
As to the location of these glands there seems to be
some differenceof opinion. Batelli (1901) describes
themas being located on the last two abdominal segments.
MisinterpretingWheeler's (1889) account of the adenopodia of the firstabdominal segmentin embryosof Nepa
and Cicada, he erroneouslyhomologizes these glands of
Aphrophora with such structures,but rejects Wheeler's
view that they are homologous with abdominal appendages. Porta (1900) and Gruner (1901) believed that
these glands are situated on the seventh and eighth
abdominal segments,while recentlyBerlese (1907) gave
as his opinion that they were located on the eighth and
ninthabdominal somites. I am of the opinionthat Porta
is correct,for thereis no evidence that the firstabdominal
segment has been suppressed and they are clearly on
the existing seventh and eighthabdominal somites (Fig.
this would harmonizemore fullywith Ber2). Moreover,

SC
SC

FIG. 1.
grown

Ventral View of full-

Nymph

of L.

quads anygu-

laoris, x40. PI, pleural prolongations; Se, secretion of the glands
of Batelli; g, groove.

FIG. 2. Dorsal View of younger
Nymph of L. quadrangularis, x 40.
1-11, tergites; Sc, secretion.
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lese's own labelingof the segmentsin the abdomenof
Cicada plebeia (Gli Insetti,Fig. 297,page 263).
An examinationof the cuticlein the region of the
seventhabdominalglandunderthe3 mm.objectiveofthe
compoundmicroscopeshowsthat it is free fromhairs,
whichare moreor less abundantin otherregionsof the
oil immersionobbody. Under the one-sixteenth-inch
jective one is able to readilydiscernnumerousminute
pores (Fig. 3), givingit the appearanceof veryfineingrainedleather. These poresare moreor less regularly
distributedover the surface,equally distantfromone
the region. Simanother,and of equal size throughout

FIG. 3. Surface View of
the cuticular Pores overlying the Glands of Batelli.

FIG. 4. Surface View of the Epithelium
of the Glands of Batelli, x 250.

ilar pores were found on the eighth abdominal pleura.
The most diligentsearch failed to reveal any such structures in any other region of the body. As I shall emphasize later, these are the openings of true cuticular
pores through which the secretions of the underlying
glands emerge to the surface.
Specimens of the spittle nymphswere opened and the
underlyingfat carefullyremoved. Althoughit is difficult
to separate the fat from this region withoutdestruction
of the glands, enough was removed so as to present a
satisfactoryarea for study. The cells (Fig. 4) in good
preparations were clearly defined, mostly hexagonal
(occasionally pentagonal), though somewhat irregular
frommutual pressure. They lie in close apposition to
one another. The nuclei are large, round or oval, and
in surface view appear situated in the center of the cell.
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They are granular and occupy a large portionof the cell.
The protoplasmin the region of the nuclei is highlygranular and is readily stained. In the peripheryof the cell
it is not stained as readily, appearing somewhathyaline.
In some of the preparations made with specimenswhich
had been killed in alcohol there were a number of intercellular spaces, while in the preparation of the glands
which had been fixed immediatelyafter removal of the
fatty tissues such appearance was lacking, except in
places where it was obviously due to mechanical cause.
Arnhart (1906) gives a photomicrographof a surface
view of the wax-glands of bees, and explains these openings as tracheal in nature. Their presence is, in my
opinion,due solely to faulty preparations rather than to
the presence of any special tracheal ramifications. In
general appearance the cells in surface view are very
similar to those of the wax-glands of the honey-bee. A
comparisonwith the excellentfiguresof Dreyling (1905)
serves to bring this out clearly.
In longitudinalsections of A. parallela and Lepyronia
quadrangularis the hypodermal cells of this region are
greatly enlarged (Fig. 5), and strikinglyresemble those

s,

~ ~ ~ s

FIG. 5. Frontal Section of the Glands of Batelli in the Nymph of Lepyronia
qquadrangularis, x 125. G1, glandular epithelium; hy, ordinary hypodermis of
the body-wall; sp, spaces.

of the wax-glandof the bees. Each gland has the appearance of a curvedband or bow, the centralportionof which
is thick,while it gradually tapers towards the ends. The
same thingis noticedin the cross section (Fig. 6). This
appearance is due to the general decrease in heightof the
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individual cells from the center to the peripheryof the
glandular mass. The cells in the main body are sharply
defined,being separated from one another by distinct
lines of demarcation. Near the margin of the gland it is
not so easy, however, to definethe contour of the individual cells, these passing gradually into the regular type

FIG. 6. Cross sectionof the seventhAbdominalSegmentshowingthe Glands
of Batelli, x 110. Sg, sternal groove; pp, pleural prolongations.

of hypodermalcells. In this type the nuclei are smaller
and the cell outlines are not discernible. In sections of
the gland the cells are not uniformin width,due to the
fact that the sections pass in the center of some and in
the sides of others. The glands of the two segmentsare
about equal in size. In sections that pass throughthe
long axis they are 292 microns in Lepyronia quadrangularis, and in A. parallela. they are 465 microns. Most of
the sectionswhich the writerhas made show clear spaces
(sp., Fig. 5) betweenthe individual cells. These spaces
vary in their appearance in differentpreparations, and
evidentlyrepresentartifactsdue to faultyfixation,rather,
than the normal appearance of the cells.
In the middle of the glands the cells are high, cylindrical or cubical. On the margin they are low. In the
last instar of the nymphs of A. parallels they are 30
micronsin height and 18 microns in width in the center
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of the gland, while in the margin the measurements are
approximately16 by 14 microns. The nuclei are round
or oval and are situated in the lower margin of the cell.
They are very granular and stain deeply. They are
about 8 by 6 microns in dimensions. The protoplasm
is highly granular, much more so in the region of the
nuclei and in the margin underneath the chitin. The
cuticula over the gland is about 8 microns thick, while
that of the adjacent body wall is 12 microns.
If one makes satisfactorysections throughthe glands
of these insects it is very easy to see extremelyminute
openings in the overlying cuticula leading from the
glands to the surface. These outer openings correspond
to those describedabove. For each canal thereis a pore.
Their distributionover the gland is regular. They are
unbranched,perpendicularto the surface of the cells and
about equally distantfromone another (Fig. 7). As has
CC

~

C

FIG. 7. Enlarged Portion of the Gland of Batelli, showing the cuticular
canals, x 275. Cu, cuticula; c, canals.

been stated similar pores do not occur in other regions
of the bodywall. Berlese (1907) and many otherwriters
hold the opinion that true pores are never present in the
chitin,and that substances are not conductedthroughthe
chitinby any such arrangement. Dreyling (1905), in a
paper already referredto, figuresand describes canals in
the chitinoverlyingthe wax cells of the social bees, and
ascribes to these the functionof conveyingwax to the
outer surface. Many writersagree withDreyling in this
view. My studies of the cuticula in the spittle insect
convinces me that such true pores are present and they
do serve as conduits in carrying the secretions of the
underlying glands to the surface. It was noticed on
several occasions that in specimens dropped in hot Flem-
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ing 's fluid the region of the glands was always immediately darkened, while the other parts were not so
affected. This was evidentlydue to a more rapid penetration of the fluid at the point, or the staining of the
secretionwithinthe pores.
The above-described glands are also present in the
imago, but in this stage they are very greatlyreduced in
size (Fig. 8) and show many signs of degeneration. The

FIG. S.
hypodermis.

ih

Gland of Batelli

in adult Insect, x 200.

G, gland;

h, ordinary

high cylindrical condition of the cells noted in the
nymphal stage is absent, and the sharply defined cell
divisions are not present. The protoplasmis scanty and
not so granular as in the nymphal stage. Many of the
cells show signs of breaking down. Scattered throughout the glandular mass one findsmany irregularlyshaped
bodies which are stained of a pinkish color by the eosin.
No spaces were noticed between the individual cells.
The nuclei are round and oval and of about the same size
noted for the nymph. They show signs of breaking
down,in fact some of themare surroundedby clear space,
and many had a shrunkenappearance.
FUNCTION

OF THE GLANDS

OF BATELLI

Morse (1900) states that "On the sides of the seventh
and eighth abdominal segmentsmay be clearly seen leaflike appendages, which are possibly bronchialin nature."
These he figuresand describes as " extremelytenuous and
having the appearance of clusters of filaments,slightly
adhering together and forming lamellate appendages
similar to the gill-likeappendages seen in the early stages
of Potamanthus,"though he admits they do not have the
definitenessof these structures. Specimens he placed in

No. 504]

ORIGIN OF FROTH IN SPITTLE-INSECTS

79J5

water lived for some timeand he concludesthatthe abovereferred to structureshave a respiratoryfunction. These
so-called bronchialtuftsof Morse (sc., Figs. 1 and 2) are
nothingmore nor less than the plates of secretion from
the glands described above. This secretion is not filamentous,but appears rather very granular. It is very
easy to remove these flakesof wax by means of camel's
hair brush from the segments to which they adhere but
slightly. The secretion is not soluble in alcohol and
swells up after being allowed to stand in water for some
time. It has a very strikingsuperficialresemblance to
beeswax.
The resemblance of these glands to the wax-glands of
the honeybee, in the shape of the cells and in the location
and appearance of the nuclei is very striking. This fact
has already been pointed out by Batelli (1891), Gruner
(1901) and others,who also find much in commonwith
the cells of the wax-glands of coccids and other Hemiptera. Gruner (1901) thought that the wax served to
line the "pocket" already mentionedso as to enable the
air to penetrate it the better,and prevent the inflowof
the fluidwhile the bubbles of air were being blown into
the fluid. Porta (1900) accepting Morse' s curious error
regardingthe presence of branchim,considered this thickened epitheliumas a supportingstructurefor these supposed gills. Carrying furtherBatelli's misinterpretation of Wheeler's work, he regarded these "supporting
structures" as homologous with the abdominal appendages of the embryosof Nepa and Cicada.
I am convinced that these glands secrete a mucilaginous substance which is utilized by the insect in the
production of the spittle. Mixed thoroughlywith the
anal secretions it serves to render this viscid and thus
to hold the air bubbles blown into it. This view is based
upon the followingexperiments.
The region of the seventh and eighth abdominal segments of several specimens of the nymphwas carefully
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seared by means of a heated needle. These specimens
were then placed on a plant and, although badly treated
by the operation, soon found suitable places and began
to suck up the juices, and as usual became enlarged. In
the majority of cases each nymphbegan to emit drops of
fluidfromthe anal opening. Although during the emission of this fluidthe caudal segmentsof the abdomenwere
extended and retracted as in the normal specimen,in no
case were bubbles formedwithinthe secretion. This was
true even after twelve to fourteenhours. In order to
test whether this was due to the lack of some constituent normally secreted by the injured glands, air was
blown into the fluid through a finelypointed tube; instead of being retained, none of the air balls remained
in the fluidmore than five to ten seconds. On the other
hand, bubbles blown into the secretionof unseared specimnensheld in it for a very long time. This experiment
was repeated many times over and always with the same
result.
OTHER

SUPPOSED

SOURCES

OF THE SECRETION

Besides these glands, other structureshave been mentioned as participatingin the formationof the froth,and
in order to determinewhat part they played in it they
were given careful consideration.
Berlese (1907) regards the glands of Batelli as the
sole source of the secretion. This, my observations,confirmingin part those of Morse and others,have shown
conclusivelyto be incorrect. While I hold that the abovementionedglands contributean importantelementto the
spittle, there is not the slightest question but that the
fluidportionis emittedfromthe anal opening.
We have seen that Porta (1900) considered the secretion as formed primarilyby glands scattered among the
hypodermal cells of the abdomen and opening to the
surface throughprominentcanals, and that these were
especially abundant in the region of the stigmata. All
that could be noticed were the openings of trichopores.
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A study of longitudinaland cross sections failed to show
any such glands as described and figured by Porta.
There are to be foundthe prominentoenocyteswhich are
more numerous in the ventral surface of the animal.
Berlese (1907) dismisses this view by stating that it is
these oenocytes which Porta has mistaken for spittle
glands. While this is doubtless in part true, I believe,
as near as can be judged by the imperfectillustrations,
that Porta was also misled by oblique sections through
the body wall.
Porta. (1900) mentionsan oval gland which he says is
situated in the fourth somite near the intestine,which
he furtherstates is ductless and has no connectionwhatever with the intestine or any other organ. He thinks
that it may be concernedin the formationof the spittle,
though he gives no tangible reason in support of this
view. After careful study of a numberof series of sections I failed to findany such independent gland and I
am convinced that he in reality had under observation
one of the cephalic glands and that of course it has no
relation to the spittle secretion.
This same writer describes other glands which he considers are concernedindirectlyin the productionof the
spittle. These he describes as being situated in the
latero-ventra]region of the third,fourth,fifthand sixth
abdominal segments. He states that thereare four pairs
of these glandular masses, and in these ramify numerous trachea. He was unable to findany externalopenings
to these glands and did not notice their connectionswith
any other organs. The fact is that they are accessory
reproductiveorgans, and that in perfect series their connectionwith this systemmay be most readily traced.
SUMMARY

The secretionof the spittle insect is made up fromtwo
sources:
The fluid portion is the anal secretion into which the
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insect by means of caudal appendages introducesnumerous air bubbles.
The glands of Batelli secrete a mucilaginous substance
which,added to the anal fluid,renders it viscous and thus
causes the retentionof the air bubbles.
The so-called branchial appendages of Morse and of
Porta are merely plates of this mucilaginous secretion.
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