


CONNECTICUT AGRICULTURAL EXPERIMENT STATION 
OFFICERS AND STAFF 

June. 1921. 

BOARD O F  CONTROL. 
His Excellency, Everett J. Lake, ex-oficio, President. 

Jamcs II. Vbbb, Vice President. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hamden 
George A. Hopson, Secretary.. . . . . . . . . . . . . . . . . . . . . . . .  .Mount Cnrmel 
E. H. Jenkins, Director and Treasurer . .  . . . . . . . . . . . . . . . . . .  .New Haven 
Joseph Ur. Alsop.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Avon 
Charles R. Trent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Orange 
Elijah Rogers.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Southington 
William H. Hsl l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .South Willington 

STAFF. 

Administration. E. H. J E X K I X ~ ,  PH.D.. Director and Treasurer. 
hfrss V. E .  COLE. Librarian and Stenographer. 
MISS L. 31. RRACTLECHT. Bookkeeper and Stenographer. 
l11ss J. \-. BEROER, Stenographer. 
WILI.IAM VEITCH, I n  charge of Buildings and Grounds. 

Chemistry. 
Analytical Laboratory. E. &IONROE BAILEY, PH.D., Chemist i n  Charge. 

R. E. ANDREW. 31.A.. C. E. SHEPARD. 
H. D. F;DIOND. R.S., OWEN L. NOLAN, 1 Ass i~ tant  Chemisls. 
R. T. ~ I E R R I X ,  I 
FR.IXK SHELDON, Laboratorv Assistant. 
V. L. CHCRCHILL. Sampling Agent. 
311s~ ALTA H .  Moss. Clerk. 

Protein Research. T. B. OYBORBE, Pn.D., D.Sc., Chemist i n  Charge. 

Botany. G. P. CLINTON. Sc.D., Botanist. 
E. BI. STODDARD. B.S.. Assistanl Botanist. 
A f r s s  FI.OREXCE A. ~ ~ C C O R M I ~ K ,  PH.D., Scienti'c Assislant. 
G. E.  GRAHAM, General Assistant. 
AIRS. W. W. KELSEY. Slenographer. 

Entomology. W. E. BRITTOB, Pn.D., Entomologist: Slate Entomologist. 
B. H. WALDEX, B.AGR.. hf. P. ZAPPE, B.S.. Assistant 
PHILIP GARMAN. Pa.D.. 1 Entomologists. 
JOHN T. ASRWORTH, Deputy in Charge of Gipsy ,\loth Work.  
SAMUEL T .  SEALY, Deputy i n  Charge of Mosquito Control. 
R31sa GLADYS M .  FINLEY. Stenographer. 

Forestry. WALTER 0. FILI.EY. Forester 
A. E. Moss. M.F.. Assistant. 
H. W .  HICOCK. M.F.. Assistant. 
BIISS PAULINE A. A~ERCHAXT.  Slenographer. 

Plant Breeding. DONALD F. Jo-ves. S.D., Plant Breeder. 
P. C. ~IAXGELSDORF, Asristnnt. 

The Grass-Feeding Frog-Hopper 
or Spittle-Bug 

(Philaenus lineatus Linnaeus) 
Order Hemiptera -- Family Cercopidae 

By PHILIP GARMAN, PH.D. 

Frog-hopper or spittle-bug balls are often observed on shrubbery 
or herbaceous plants, in waste or uncultivat,ed fields. Those of the 
gra.ss-feeding species are especially noticeable in meadon~s a.nd may 
cause pcrsons not ncqua.inted with them to speculate-often 
blindly-concerning their probable nature. Such ~peculat~ions 
are mainly confined to t,he belief in "frog-spit" and "sna.ke-spit.," 
t,hough occasionally we find people who think them the young of 
gmsshoppers. The term "froghopper," which has grown out of 
t,hc unfoundccl belief that spittle balls are voided by tree-frogs, 
is not inappropria.te when applied to the adult bug because of its 
squat appearance and hopping ability. 

In  favorable locations frog-hoppers may become abundant and 
no doubt do considerable clamagc. In  onc instance the writer 
counted fourteen balls on grass plants within a square foot,, which 
shows the relative abundance .of frog-hoppers under some condi- 
tions. About New Havcn they tlo not become suffiriently 
numerous to do serious damage, but they contribute to the sum 
total of injury caused by leaf-hoppers, grasshoppers and t>hrips, 
and may be counted a pest for this reason. 

Frog-hoppers arc sucking insects which malte use of the sap 
drnlvn from the pla,nt, t,o form t,heir protective spit.tlc. Any 
~vithclrawal of sap in this way naturally n~enkcns thc plant, and 
the stem upon which the insect has fed may becomc stunt,ed or 
may not produce seed. 

Orchard gra,ss, timothy, red top and blue gra,ss are infested in 
Connect,icut, while Osborns reports i t  also from Canada blue grass 
in Maine. The adults likewise feed on grass shoots but apparently 
do not do as much c1a.mage as the nymphs. 

Those who have studied the life histories of American Cercopidae 
have not reported direct field observation of the egg stage of any 
of them; nor have they followed these insects through their com- 
plete cycle from egg to egg or adult 60 a,dult. 

Some of the missing links in our chain of information have been 
observed for the grass-feeding spit.t,le-bug and an effort has been 
made to follow it  through it's life cycle by observat,ions in the field, 
insectary and laboratory. These facts are herein recorded. 

HISTORY 
Osborn5 studied the species of lMaine Cercopiclae and his observa- 

tions are of especial value. He says of the grass-feeding species 



328 CONNECTICUT EXPEHIA,lENT STATION BULLETIN 230. 

that i t  lives through the winter in the egg stage. The eggs hatch 
late in May or early in June, and the nymph passes through 
several stages (34)  before the adult emerges. Adults were ob- 
tained in Maine the first part of July and probably mate there in 
August. Egg laying is extended over "some weeks in autumn." 
Ball in his summary of the life history of Cercopidael says that all 
species except one pass the winter in the egg stage. 

Confincd in small wire cages placed over grass planted in flower 
pots, the adult bugs were induced to mate and lay eggs. The eggs 
are laid between the leaf ancl the main stem (Fig. 18, e), are usually 
placed diagonally to the stem, ancl within two or three inches of 
the ground. They are firmly attached to  the plant, either to  
leaf or stem. As many as elevcn have been found in one group but 
they are sometimes laid singly. Cage records indicate that four 
or five are usually deposited together. 

In 1920 eggs were obtained on the following dates from adult 
females brought from the field and mated in the insectary:- 
July 12, 16, 25, 29; August 2, 3, 5, 7, 8, 10, 11, 14, 15, 19, 21, 31; 
September 9, 12 and 20. In 1921 the first cggs n-ere obtained 
July 7, but could probably have been obtained carlier judging 
from the time of adult eincrgence. In  1920 adults Rere mated 
July 1, but no eggs were obtalnecl. Of the eggs obtained in 1920, 
those laid on July 19, 25, 29: August 5, 6, 7, 12, 14, 26; September 
7, 9 and 17, hatched the following spring, the period of incubation 
varying from 228 to 281 days. 

1,cnnth -of 
Eggs Laid E c ~ s  Hatched I'r.riod (Days) 

July 19, 1920.. . . . . . . . . . . . . .  .April 26, 1921.. . . . . . . . . . . . . . .  281 
July 2.5, 1920.. . . . . . . . . . . . . . .  AIsy 6, 1921.. . . . . . . . . . . . . . .  275 

. . . . . . . . . . . . . .  . . . . . . . . . . . . .  July 29, 1920.. Aprll 27, 1921.. 272 
. . . . . . . . . . . .  . . . . . . . . . . . . . .  August 5, 1920. .April 30, 1921.. 268 
. . . . . . . . . . . .  . . . . . . . . . . . . . .  August 5, 1920. .April 27, 1921.. 285 
. . . . . . . . . . . .  . . . . . . . . . . . . . .  August 5, 1920. .April 27, 1921.. 265 
. . . . . . . . . . . .  . . . . . . . . . . . . . .  August 8, 1920. .April 25, 1921.. 260 
. . . . . . . . . . . .  . . . . . . . . . . . . . .  August 7, 1920. .April 30, 1921.. 266 

. . . . . . . . . . . . . .  . . . . . . . . . . . .  August 8, 1920. .April 26, 1921.. 261 

. . . . . . . . . . . . . .  . . . . . . . . . . . .  August 9, 1920. .April 30, 1921.. 264 
. . . . . . . .  . . . . . . . . . . . .  August 10, 1920. April 20-26, 1921.. .253-259 

. . . . . . . . . . . . . . .  . . . . . . . . . . .  August 14, 1920. .April 26, 1921.. 255 

. . . . . . . . . . . . . .  . . . . . . . . . . .  August 14, 1920. .April 25, 1921.. 254 

. . . . . . . . . . . . . .  . . . . . . . . . . .  -4ugust 15, 1920. .April 26, 1921.. 254 

. . . . . . . . . . . . . .  . . . . . . . . . . . .  August 14, 1920. Aprjl 26, 1921.. 255 
. . . . . . . . . . .  . . . . . . . . . . . . . .  August 14, 1920. ..4pr11 25, 1921.. 254 

. . . . . . . . . . . . . .  . . . . . . . . . . .  August 31, 1920. .April 26, 1921.. 239 
. . . . . . . . .  . . . . . . . . . . . . . .  September 9, 1920. .April 25, 1921.. 228 

. . . . . . . . . . . . . .  September 12, 1920. . . . . . . . .  .April 28, 1921.. 228 
. . . . . . . . . . . . . . .  September 17, 1920. . . . . . . . .  . M a y  8, 1921. 233 
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It is interesting to note in addition to the fact that the incuba- 
tion period varied from 228-281 clays in 1920-'21, that the eggs 
laid between July 19-September 17 hatched within a short time 
of one another. These eggs were all placed out of doors as soon 
as laid and brought to the insectary after frost. Furthermore, it 
was noted in fielcl cages that all hatched about the same time in 
1920; viz., April 20, ancl that young mere fi:~st seen in the fielcl 
about this time both in shaded and exposed situations. 

The nymph passes through four instars, and the nymphal stage 
lasts about forty-five days according to field observations. In  1920 
spittle balls were observed from June 1 to August 13, though most 
of them disappeared about July 4. In 1021 nymphs were 
present in field cages from April 20 to June 11. The average sllrn 
of the different stages obtained in the insectary totals t\venty- 
eight days, and it seems probable that the usual period lies be- 
tmccn twenty-eight and forty-five days in this latitude, though 
possibly morc, or less. 

The first stage nymphs lived in 1921 from- 
. . . . . . . . . . . . . . . . . . . .  April 27 to  May 10 .13 days 

April 20 to  May 3 . . . . . . . . . . . . . . . . . . . .  .13 days 
. . . . . . . . . . . . . . . . . . . .  April 26 to AjIay 11 .15 days 
. . . . . . . . . . . . . . . . . . . .  April 26 to  May 10 .15 days 
. . . . . . . . . . . . . . . . . . . .  April 26 to  May 11 .15 days 
. . . . . . . . . . . . . . . . . . . .  April 25 t o  May 11 .13 days 
. . . . . . . . . . . . . . . . . . . .  April 26 to M'ay 11 .15 days 

The mean hourly temperature in the insectary during t,he 
~ e r i o d  from Avril26 to Rlav11 was 56" F: maximum 76': hinirnum 
i.5" F.  ~ u r i r k  19 hours of this period the temperature registered 
below 50" F. 

The second stage collected from the fielcl in 1920 lived fram:- 

J u n e S t o J u n e 1 2  . . . . . . . . . . . . . . . . . . . . . .  4 days 
J u n e S t o J u n e 9  . . . . . . . . . . . . . . . . . . . . . .  1 day. 

Data on this stage are very nnsatisfactory. Two specimens in the 
third instar collected from the fielcl in 1020 lived from June 8 to 
June 12, four days, but these also.arc unsatisfactory data. 

The fourth instar in 1920 lived from:- 
J u n e 1 2 t o J u n e 2 0  . . . . . . . . . . . . . . . . . . . . .  8 d a y s  
June 9 to  June 20 . . . . . . . . . . . . . . . . . . . . .  11days 
J u n e 1 2 t o J u n e  18 . . . . . . . . . . . . . . . . . . . . .  6 d a y s  

. . . . . . . . . . . . . . . . . . .  June 8 to  June 18. .10 days 
J u n e s  t o J u n e  15 . . . . . . . . . . . . . . . . . . . . .  7 d a y s  

I Osborn reared this stage in Maine in 2-6 clays. 

I I 
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In field cages, nymphs hatched about April 20, and the first 
adults were seen June 14. Insectary temperature during this 
period variecl from 45' - 82" F. The mean hourly temperature 
during April (April 26 to May 1) was 60.1" F., cluring AIay, 57.1' I;'; 
ant1 (luring June (1-14) 60.3" 5'. For ahout 60 hours of this periotl 
t,hc temperature was below 50" F. 

Thc newly emerged nymph has a yellow spot on each side of the 
abclomcn. These spots probably marli the location of the spittle 
glands, the openings of which are on the seventh arid eighth seg- 
ments. While some of the ~iiaterial for t,he spittle comes from the 
anal opening, a great part must come from these abdominal 
glands, tShe substance flowing beneath the abdomen ivhere it  is 
filled with air bubbles. The apparat~is for filling the mass \vit,h 
air bubbles is curious and is connectetl with a special adaptation 
for supplying air to tile insect it,sc?lf. In young nymphs the ' 
ventral surface of tile abdomen is cove~,ed with a film of gclntinor~s 
materia,], allowing a spa.ce beneath it which connects nit11 the 
space I~ct'n~een t,he flap-like plates of the terminal seg1nent.s. Air 
is tlraivn beneat,h this film, the insect keeping the t,ip of the abclo- 
men above t'he surface when quiet,. Spiracles connecting with air 

'tuhes are located on the ventral surface, between pleura and 
sterna and arc covered by the film, in young specimens, ancl by 
a series of overla'pping plat,es-extensions of the pleura-in 
oltler ones. Thc insect is enabled in this way to obtain a continual 
supply of air ancl at the same tinic remain sublnergecl in the ~pit t~le .  
Wllcn the insect (1rsil.e~ to ex~~ancl the froth it sticks the al~domen 
above the spittle, encloses an air bubble within the two terminal 
flaps, brings it  beneath the surface and forces i t  out. Some 
species, however, are able to work faster. Placing the tip of the 
abtlomen near t,he surface of the spittle they roll the terminal flaps 
together rapidly, taking air in and expelling it  beneath the surface 
of the spittle, a t  the same time moving the tip of the abdomen but 
1it.tle. 

Expansion of the froth with a,ir serves to hide the nymph and 
malies excessive secret,ion unnecessary. During nymphal life the 
bug may construct several balls but there is usually little migra- 
tion after the first mass is formed. Moults talie placc within t,he 
froth ant1 in the case of the @ass-feeding frog-hopper, the adult 
illso develops mit)hin where i t  hardens sufficiently to enable i t  to 
fly. Thus during nymphal life a,t least, the grass-feeding spittle- 
bug is protected from predaceous and parasitic enemies and 
partly from adverse clima'tic conditions. Lack of moisture seems 
to prevent development. of the younger st,ages which depend largely 
on tender rapidly growing shoot>s as a foot1 supply. The result is 
seen in their more frequent occurrence in low (lamp places Illan in 
higher ivell drained pastures. 

PLATE XVIII 

- L----- pp - - 

Spittle balls on grass About natural size Photo by IValden. 

b. Ad~ilt  bug. Six times nasural slse. 

c. Eggs on gmss. Eight times natural size. Photo by Walden. 



PLATE X I X  

a. Field with spittle-masses. Photo by Wald 

I Osborn5 says that the froth mass is onlj- partly soluble in water. 

1 
This is true since the balls often remain on the stenis after showers. 
The substance is more readily soluble in sotlium hydroxide, but is 
not easily soluble in 80% alcohol. I t  probably contains some 
starch or converted sugar, though there is no reaction to iodine. 

I The "albuminousJJ substance is not coagulatetl with heat. The 
material of spittlc balls offers an ideal mcdium for molds and bac- 
teria which may so~neti~ncs hc: foi~ntl in large numbers. 

b. Grass infested with frog-hoppers, showing spittle-masses. Photo by Walden. 

Adults were collcctetl from grass plots near the Station from 
June 15 to Noven~ber 9, 1920, :lntl specimens mere talien on May 
29, 1921, by Mr. n'altlrn. None coultl be fo~~ricl in the spring of 
1921, prior to May 29, in the field \vl~e~.c spittle balls and adults 
were numerous in 1920. Son(. of thc :idults sllrviwd in field cages, 
although so~nc laid eggs which hatchet1 thc follo~ving spring. 
About two tloxen atlults in :1 ficltl cage clisnpl~earetl completely 
during the stunlner but ]:kit1 cggs tvhich hatched about April 20. 

ficltl cage containetl two dozen nymphs; all were adult 
Julv 4. and thev lived in this state until about August 16. when 
no Ylivk indivitl;~als could be found. Eggs were raid b i  these 
bugs, ancl recently hatchet1 nymplls were found April 20, 1921. 

The nclults appnrently 1:xy hut few cggs. In breeding cages not 
over one clozen cggs coultl be obtni~ietl from a single female, 
though it is  roba able that t l ~ r v  m:~v lav more under suitable condi- u " " 
tions. M O S ~  individuals 1:~itl'onc or two lots of eggs consisting of 
four or five each, and then tliccl, in spite of efforts to keep them alive 
ancl obtain more eggs. Two gravid females collected in the field 
August 27, contained 4 and 12 well developed eggs respectively, 
while two others collccted in July contained 0 and 4 eggs. 

The period elapsing between emergence of the adult and egg 
laying is about a month. In 1920 adults were obtained in the field 
June 15 and the first eggs could not be secured until July 12, 
although attempts were made several times previous to this date. 
In  1921, with a much more advanced senson, freshly emerged 
adults werc talien in the ficlrl by Mr. 14-alclen, May 29, and the 
first eggs mere obtaine 1 July G from confine I bugs brought to the 
insectary. JIating takes place fi.oin the first of July until October, 
a t  least in this locality. 

The length of life of the aclult in field cages was about one 
month ant1 a l.ialf, but observations on unconfined specimens 
intlicatc a longer prriod-two to t ~ v o  ant1 one-half months or more. 
Thus in a grass plot near thc Station, no spittlc balls were seen after 
thc first of July, yet atllllts were collectctl here until November 9. 

E8gs were Iaitl in sm:~Il mgcs, within two or three days after 
mating. 



The adult bug is comparatively sluggish most of the time. I remains on the stems of grass plants, and is not easily disturbec.. 
If poked with a stick it moves leisurely up or down but never 
rapidly. If it receives a more violent poke or blow it responds 
with a tremendous hop, landing a foot or more away from the origi- 
nal position. If followed, it will usually be found lying feet up- 
wards on the ground or head downwards in the grass, and a second 
blow will fail to react on it until it has had time to regain its 
feet. The bugs are most active towards evening, lying almost 
inactive during the morning. 

Figure 18. The egg and the  nymphal instars of the grass-feeding 
spittle-bug. a .  First instar. b. Second instar. c. Third instar. d. Fourth 
instar. e. Diagram showing the usual position of the egg. 

DESCRIPTION OF THE DIFFERENT STAGES 
Egg (Fig. 18; PI. XVJII, c.)-The egg is elongate, slightly curved and 

flattened a little and is usually embedded in a whitish adhesive substance. 
The surface is smooth. When first laid i t  is nearly white, but turns light 
brown with age. There is often a yellowish tint a t  one end. 

Total length about .75-1 mm. 
First Instar (Fig. 18, a.)-This stage has the head and thorax and also 

thelegs, dark brown. The abdomen is yellowish white with a darker yellow 
s ot on each side below. The antennae consist of tn-o distinct divisions, 
tRe distal division having a number of indistinct annuli. The proximal 
division has two indefinite segments. 
. Length of alcoholic specimens 1.2-1.5 mm. 

Second Instar (Fig. 18, b.)-This instar is similar in nearly all respects 
t o  the first instar except tha t  the prothorax now lacks brown pigment. 
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The antennae are a little more plainly divided into segments bu t  the  two 
main divisions are still evident. The yellow spots of the abdomen are 
smaller. 

Length of alcoholic specimens 2-3 mm. 
Third Instar (Fig. 18, c)-During this stage the  abdominal yellon7 

spots disappear, the head loses its brown color, and the wing pads are 
much more developed. The antenna1 segments may now be counted with 
ease. 

Length of alcoholic specimens 3.5-4.5 mm. 
Fourth Instar (Fig. 18, d)-This stage lacks the  brown color of t h e  

thoras and head, the entire insect being pale. Antennae are well de- 
veloped, distinctly segmented and not separated into two divisions as in 
the @st and second instar. The wing pads are well developed, now ex- 
tending to the caudal margin of the first abdominal segment, and the 
sexes are easily distinguished with the  aid of a microscope. 

Length (alcoholic specimens) 5 mm. 
Adult, male (PI. XVIII,  b)-Color brown with a pale stripe along each 

side on the costal margins of the elytra. Head brown, eyes black, the front 
below marked with arcuate black lines; lora dark brown or black. Venter 
of thorax and abdomen, and also the tarsal cla\vs black. There is usually 
a darker stripe on each elytron above the pale costal stripe. The hind 
legs in common with other spittle-bugs have the tibiae and first two tarsal 
segments greatly expanded a t  their tips and spinose. 

Length 4.5-5.5 mm; wiclth of head across the  eyes 1.5-1.8 mm; greatest 
width across the elytra when folded 1.8-2 mm. 

Female -Similar to  the male but slightly larger and the elytra less de- 
finitely marked. The meso and metathorax and caudal half of the abdo- 
men bclow are pale in color. 

Length 5-6 mm. 

Figure 19. Diagram showing the  length of the  various stages in the  
life history. 

CONTROL MEASURES 

Osborn suggests control measures for the grass-feeding spittle- 
bugs, which seem ample. Rotation of crops, or burning over grass 
land in the fall, winter or early spring should be effective. Hopper- 
dozer control would probably remove many of the adults but the 
latter are sluggish and i t  is doubtful whether the method would 
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capture a large per cent. Mowing in spring and fall unless very 
close to the ground and the grass ra.ked off soon after, would also 
be ineffective because of the position of the eggs. If the grass is 
allowed to lie on the ground the nymphs will soon crawl from the 
cut grass to fresh stems. 

Spraying is too costly a.n operation to be of much use in practical 
control work. Dusting might be done effectively under some 
conditions though i t  is well nigh impossible to get action from 
any insecticides owing to the protective spit,tle. 

1. The grass-feeding frog-hopper may cause considerable 
damage to grasses in meadows. 

2. The life cycle lasts a year, the greater part of which is . 
passed as an egg laid during the summer snd fall. 

3. The eggs are laid between a leaf antl a stem, being usually 
placed 4 or 5 together, antl within two or three inches of the 
ground. 

4. The adults are found in the field from June until frost, 
laying eggs over a considerable period (July-October). 

5. The nymph passes through four stages, and lives about a 
month and a half. Nymphs hatched in 1921 about April 20. 

6. Control measures should consist of burning over the land 
during fall, winter, or early spring. 

1. Ball, E. D., Ann. Ent. Soc. Amer., XIII; 143; 1920. 
2. Fernald, C. H., Mass. (Hatch) Exp. Sta. Bul. 12; 9-11; 1891. 
3. Lintner, J. A.. 4th Report of N. Y. State Entomoloaist 1887; p. - . - 

240-241. 
4. Lintner, J. A., 5th Report of N. Y. State Entomologist 1858; p. 245. 
5. Osborn, H., Maine Agr. Exp. Station, Bul. 254; 273-277; 1916. 

Note:-This bulletin properly belongs in the report for 1921, but owing 
to delay in issuing the report for 1920, it is here included to secure its 
earlier publication. 


