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UNITED STATEs DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.

BIOLOGY AND CONTROL OF TREE HOPPERS
INJURIOUS TO FRUIT TREES IN THE
PACIFIC NORTHWEST

By M. A. Yoragas, associale cnlomologist, Division of Fruil fnscels,
Bureau of Eutomology
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INTRODUCTIGN

In recent years considerable injury has been done o young orchard
and nursery trees in certain parts of the Pacific Northwest by the egg-
laying activities of va rious species of Membracidae, commonly Jnown

as ‘'tree hoppers.” This injury was of such importance that life-
hlstory studics and control experiments were begun at the Yakima,
Wash., laboratory of the Bureau of Entomolon'y in 1923 and con-
tinued until 1028.! The present bulletin gives the results of these
biological studies, orchard observations, and control experiments.

Until quite recently the tree hoppers in orchards of the Pacific
Northwest have been referred to indiscriminately by beth entome-
logists and orchardists as thic “buffalo tree hopper”, .‘slthmlgh Wilson
(81)% in 1915 and Lovett (18) in 1923 reported on certain other species.
During the course of the author’s studies, however, it developed that
there arce present in Washington, Oregon, and ldabo 15 or more

! The observntions on Jlefirie rubidelln wera made o! Wennielee, Wash., from 1928 to 1632, with (ko

msgistnnce In 1E0-52 of Paul B, Allen, Jr.
% Ttalic numbers In parentheses refer o Lileroture Cited, p. .

14379°— 34—
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species of the geners Sticlocephale and Ceresa, of which S. fnermis
Fab., . basulis Walk,, and . bubalus Fab. are the more common
and the ones responsible for the injury to fruit trees.

Studies and control experiments were confined largely to §. inermis
and C. baselis, with minor observations on C. bubelus, C. albidosparsa
Stal, and Heliria rubidella Ball,

The normal food plants of the tree-hopper nymphs anpear to be cer-
tain succulent herbaceous plants and not fruit trees. Hodgldss (I7),
in discussing the Membracidae in general, states that the young
stages require more suceulens {oeds.  He reared nymphs through the
earlier stages on young apple and pear trees, but in their later stages
they became restless and were then {fed upon other succulent, tender
plants, principally the thistle.

STICTOCEPHAIA INERMIS FAB.
DISTRIBUTION

Stictocephala inermis 1s the most commeon of all the membracids
found in the orchards of the Pacific Northwest.  [tis probably more or
less generally distributed throughout the States of Washington,
Oregon, and Idwho wherever suitable envirommneatal conditions pre-
vail.  Where seceptable food plants and suifable wood for the deposi-
tion of eggs are present and whers elimatic fuctors are favorable, asin
the orchurds of the arid districts, in which cover erops of alfal{a are
grown, it becomes sulliciently abundant to be of economic importance.

This speeies is found generully throughout moest of the United
States, except in the Southenst, and is also present in the Canadian
Provinees bordering on the United States.

SYNONYMY AND COMMON NAME

This species was originally described by Fabricius (7, p. 677) and
placed in his genus Membrecis in 1775, In 1830 Say (24, p. 243)
described it as goniphora of the same genus. Fiteh, in 1851 ({1,
p. 48), referred dnermix Fab. {o the cenus Smilia of Gormar. Walker
{29, p. 1141}, in 1852, placed Say’s specics in the genus Ceresa of
Amyot sand Serville.  In 1869 Stal (26, p. 246) placed 1nermis in his
new genus Sticlocephale.  Rathvon {23, p. 551) in the same year used
the same speeiflic determination but placed 1t in Germar's Smilie
(misspelled as Smillia).  Since Uhler (27, p. 471), in 1871, placed the
species back in the genus Stictocephala ol 3til (spelling 1t as Sticto-
cephalus) it has reteined that classification, _

The more important discussions of nermis ave by Hodglkiss (17),
Funkhouser (72, 18), and the writer (32, 33, 34). This species was
ander discussion by the writer (82} under the name of pucifica Van
Duzec.

Stictocephale inermis has been called the “green clover trec hopper”
by the wiiter (33) and othoers.

The nore important synonymy is as follows:

Alembracis inermdy Pabricius, 1775 (7, p. 677)
Membracty goniphora Suy, 1830 (24, ». 243)
Swdlia fuerids Fileh, 183] (11, p. 48)

Ceresa ¢ gondphore. Walker, 1852 (29, p. 1141)
Stictocephale tnermis StH, 1868 {26, p. 246)
Smillia inermis Rathvon, 1869 (28, p. 551)
Stictocephalus inermis Uhler, 1871 (27, p. 471}
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FOOD PLANTS

In the Northwest the author has found the nymphs of S. fnermis
almost exclusively on alfalfs (Medicago sativa), and in the earlier
stages they are invariably found as far down within the crown of the
alfsifn plants as they can get. At such points the plant is succulent,
direct sunlight is cut off, and the maximum humidity prevails. Some
have been found upon sweetclover (Melilotus spp.), and & few in the
earlier stages have been found feeding on dandelion (Targwacum
officinale) and upon a species of wild mustard. In one infested orchard
in which there were scattering alfalfa plants, all of which were heavily
infested, extensive sweeping failed to reveal the presence of any of the
insects In g thick growth of green foxtail (Selarie viridis). Funk-
houser (12) records this tree hopper as common on sweetclover and
red clover {Trifolium pratense) and occasionally on timothy (Phleum
pratense). Essig (6, p. 205) regards it as common and often injurious
to grasses, alfalfn, sweetclover, and other forage plants and weeds.
Since alfalln is an introduced species, it is obviously not the original
food of this tree hopper, and the insect must have trapnsferred its
attention o this plantin recent years. Nymphs placed by the auther
uﬁoq opening apple leaf buds fed upon them to o certain extent, but
all died within 9 days.

CHARACTER AND IMPORTANCE OF INJURY

The injury to fruit trees caused by Sictocephale inermis is the
result of the numerous punctures made in the bark and cuter wood

i the process of egg Jaying. Twigs in which eggs have been laid
have a charactenistic roughened, ragged appearvance (pl. 1, 4, B, and
I;pl6, A, e

Most of the egg laying is done in the older wood of the provious
season’s growth, but the roughened condition persists for 2 or 3 vears,
after which time the curled fragments of bark wither, leaving only the
deeper wounds and healed scars, giving the bark a slightly lumpy
appearance.  On peach twigs, injury by 8. inermis causes gum to ooze
from the wounds. This gwm hardens into & dark, brittle exudate,
giving the bark the appearance shownin plate 1, C.

The injury caused by this species occurs rather generally in apple
and pear orchards in the Pacifie Northwest wherever elfuifn is grown
as a cover vrop, eceasionally in peach and willow trees, and on rare
oceasions it prunc and poplar.  The injury is particularly important
in 1-year-old and 2-vear-old apple and pear trees.  In older trees the
injury is largely confined to the twigs or smaller branches within 6 or
7 feet of the ground, especially where the branches hang well down
intg or toward the alfalfa.

The nymphs cause moderate injuiry to alfalfa by sucking out the
‘pland juice in such a manner as to give the stems a girdled appenrance
(pl. 2, &Y. Wildernmuth (30} has deseribed similar injury to alfalfn
by Stictocephala festing Say, but in the Northwest the danage done
by S. inermis nnd other species to alfalfa has been found by the writer
to be compuaratively unbmportant,
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DESCRIPTION OF STAGES
THE EGG

The cgg (fig. 1, 4) is about 1.5 mm in length and 0.4 mm in dismeler.  White,
apex slighlly pink; roughly cylindrical, compressed latlerly foward apes, broadly
expanded below, bluntly rounged of the basc; mmarging more or less eurved;
chorion vifreous, fransparent.

THE NYMPH

The nymphs have much the same general shape us do the adults,
but the body, instead of being covercd by the prothoracic shicld, is
covered with many iuberosities, spines, and hairs. There is 1 pair
of these dorsal tuberositics on the head, 2 pairs on the prothorax, 1
pair cach on the mesothorax and metathorax, none on the first abdomi-
nul segment, but 1 cach on the 7 succeeding abdominal segments.

The number of tuberosities does not appear to be specific, as
Wildermuth (80) figures the same for 8. festina and Hodgkiss {17)
describes the same number of tuberosities for C. bubalus, €. favring
Fiteh, and C. borelis Fairm. The general appearance of the nymphs
remains about the same throughout the five instars, except that in the
first the dorsal tuberosities have but a single subspine, whereas later
instars have multiple-branched tuberositics. Also, of course, the
wing pads develop during the fourth and fifth instars (fig. 1, Fand F).

DESCRIPTION OF INSTARS

First inster {fig. 1, B).—Lengih 1.5 to 2 mm. Head compressed cephalo-
candad, obligue and rounded in {ront, mouth parts directed backward and reach-
ing the middle of the sccond abdominal segment. LEyes while with dark cenler
from which arise three stout, simple hairs,  One pair of unbranched tuberosities dn
apex of head, ending in long, slender, slightly rocurved hairs; several pairs of
hairs on head and face, those on the upper part of the head eurving upward, those
on the face curving downward. Prothorax with two pairs of fuberosities, the
frond pair unbrauched, the second pair with a single stout spine in addition to a
long sping temminating ecuch tuberosilty, DMesothorvax with a single pair of tuber-
osities with two shorl spines branching off (fg. 2, A, ). Mctathorax with o
single I-branched tuberosily. Tirst abdominal seghient with no tuberosity, bul
nstead a small, sinple hair.  Succceding abdominal segments each with a pair
of single-spined luberositics in addition o the long hair terminating cuch, sloping
and curling caudadl, overlupping the sueceeding one.  Anal tuberosily smalier
and with {wo short spines ab its boase.  Three or four hiirs on eillier side of each
thorncic and abdominad segment.  Hairs fringing ond of anal segment.  Color:
White when firgt hatehed, but after an hour or 50 turning to pale straw color and
then to purplish brown on head and part of thorax and abdomen, body generaliy
hyuline, luberosities slightly suffused.  Legs pale.

Second instar (fig, 1, Ch—Longth 2.5 10 3 mm, Head compressed cephalo-
caudad, rounded, spinose, reaching to the first abdominal segment.  Tubercsitics
complex. ISyes supporting three hairs, single pair of complex tuberositics at
apex of head with two branches, hairs on face and hoad as in first instar,  Pro-
thorncie tuberosity wilh 4 subspines {(fig. 2, (. Mesothoraeie, metathoracic
aud abdominal (fig. 2, D) dorsal tuberositics cach with from § to 7 subspines,
exeept anal tuberosity, which hag but 2. More median Lairs on sides of seg-
ments throughont.,  Anal tube fringed with spines and hairs. Color: Body
generally hyaline; head and prothorax darker than in first instar, especially
along dorsum and at spols along sides and nn legs.

Liird dustar (hg. 1, D). —Lenglh 3.5 t0 4.5 nun. Head somewlut comprossed
cophalo-gnudad, bub less than in carlier instars,  Tuberositics and hairs on head
as before.  Prothoracie subspines large, 6 in number, and stond {Hig. 2, BE).
Mesothoracie, metathoraeie, and abdominal tuberosities with about 10 subspines
cach {fig. 2, F}. Tuberosity subspines interuingling.  Abdominal tubcerosities
curving backward, last pair uof reaching the anal pair, which are smalior and
with only 3 or 4 subspines. Thoracie and abdominal bairs short and stout.
Body spinvge.  Color: Hyaline {o pale greenish on licad, dorsum, and spots along
sides. More color bhan i preceding instars,
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Fourth instar (fig, 1, E).—Lengih § to 5.5 mim.  Iead compressed cephalo-
candad, but less than before. Ifye spines several. Body ecurved, spinose.
Mouth parts horizontal, reaching to metathorax only. Wing pads couspicuous.

FIGURE 1,—8nccessive stuges in the development of Stfcfocephy  termin: A, B, X30; T-F, drst bo Afh
aymplnl instars, HX2A, O, LG, BXT, B G, adniy, ot view, X7 1, ndudt, side view, X7,

Thoracie and abdominal tuberosities with 15 1o 22 subspines (fig. 3, 4 and B),
tuberositics hroader at buse, extending the whole widih of seginent. — Abdominal
tuberosities strongly curved caudad, subspines intermingled.  Color: Brownish
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testaceous on head, dorsum, and median part of thorax, with spots of hrown on
each abdominal segment.  Tuberositics somewhat suffused.

Fifth gnstur (fig. 1, F).—Length 7 to 8 mm. Hend compressed caudad, but
less than formerly. Ventose. Bye spines numerous. Prothoray strongly
elevated, keel sharply rounded; hooked, spinese. Theracie tuberositics leaning
forward, abdominal fuberosities leaning forward hut curving sirongly backward.

Frivre 2.—Dorsal wiberositles of Stictocephale inermis: A, Flrst-instar mesothotaeic tiberosiiy with
exien subspine (a); 2, v, all other tuberosities in the Ozst Ingtar bave a sfogde subspioe 1 fu the stotnibor-
noke tuhuerosily; ¢ second-insiar prothorneie taberosity; £, second-instur dorsn) abdominal (ubwrosity;
&, third-inslar prothoraeic toberosicy: ¥, (hird-instar dorsal nbidomin luberosity,  CGroatly enlorged.

Bubspines intermingled, numerous, 20 1o 25 on ench tuberosity (fig. 3, 7. DBody
spinose.  Wing pads conspicuous, reaching sceond abdominal segpment.  Color:
Head, part of pronotum, dorsum, venter, and spois along sides faintly {estaceous
to pale green, otherwise hyaline.  Tuberosities Mintly sutfused.

THE ADULT

Description of aduldt (pl. 4, B; figs, 1, &, 11, und 14, B),—Length 7.5 to 9 mm.,
Head broad, nearly smooth, very finely and faintly punetate, faee closely strinte
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bebween ocelli and eves. Clypens and lora, short and rounded at the apex.
Metopidium perpendicular, dorsal crest high and arcnate, widening above to
rounded siperhumerals,  Tegmina and wings entirely hyaline. LU'pper parl of
femora gencrally black, sometimes this marking absent.  Pronotum densely but
closely punctate, metopidium convex, median caring distinet but irregular; sides
of metopidium meeting before the middle of the body; posterior processes long,
slender, gradually acuminate, enrving downward, extending bevond abdomen,
Hegments of abdomen in some cases bordered with biack. Last segment of ab-
domen of female broadly angular,  Color: Brilliant green to vellowisi,

LIFE HISTORY AND HABITS

In common with the other tree hoppers herein discussed, Sticto-
cephala tnermis hibernates in the egy stage in the bark of fruit troes
{pl. 2, 4, B). These hateh in early spring, the nymphs mature by

Fiaure 3.~Dorsal tuharosities of Stictace phidi fnermis o1 Fourth-lnstar proiomeie tuberosityy 54, fourdbe-
instar dorsal abdominat wgherosioy; ¢ fitth-insiae prothoreie berpsity,  {her fuzherosities in the
fifih instar turn coudmd.  Greally enlirged,

early summer, and the adulis lay their eggs during the middle and
lagter part of the summer.  There is one generation a vear.

The studies here recorded were earried an at Yakima, Wash,, in
1923, 1924, and 1925, with oceasional ohservations in 1826, 1927, and
1928, Many observations were made in the orchards, others in the
insectary, some in rearing cages placed over alalfn plants, and still
others in lirger eages }ﬁ:u‘{'d over alfalfa plants and small fruit
trees (pl. 3, L1, /3)

METHODR OF STUDY

Each season hefore hatching began, twigs containing eOER WETP
placed with their eut ends in jars of water. Some were allowed to
remain in the laboratory, where the temperature ranged from 40° to
75% F.; others were placed in the Insectury st out-door temperatures.
When the eggs began to hateh in the insoetary, it wns time to make
observations in the orchards,  After the first season it was not diffi-
cult to foretell at nhout what time hatehing would commenco.

When hatching began, representative samples of twigs containing
cggs were brought from the orchard to the insectary, where they were
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kept with their cut ends in bottles or jars of water. The nymphs
emerging {rom these fell upon the paper-covered table, where they
were counted hourly throughout the hatching season. Iach day
individuals were placed in Iantern-chimney cages on potted alfalfa
plants 2 to 4 inches high. These individuals were examined daily, or
often enough to check on the molting process. After the first season
the weak, pale alialfa plants growing under the lantern chimneys were
supplemented with freshly gathered succulent alfalfa sprouts. All
individuals not used in the studies of molting in the lantern-chimney
enges were transferred to the large cages placed over normal alfalfa
plants in the insectary yard. General observations wers made on
these to check agninst material reared in the insectary and under
observation in the orchard.

DATE OF HATCHING

The eges of Stictocephale tnermis normally hatch during April and
early May (tables 1 and 2; pl. 2, D, L fig. 4). In extremely early
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Ficuies 4. ~Halehing of epps of Stictoce phate inermis in relntion o (snperatare, Yakima, Wash.

scasons, os in 1926, hatching may start as carly as the last of March,
whereas In extremely late seasons, =2 in 1927, it may not start until
late April.  The time of hatching is apparently intimately correlated
with bud and blossom development of the fruit trees in the orchards.
In the 6 vears from 1923 to 1928, inclusive, while these insects were
being observed, the hatching invariably commenced when the Wine-
sap blossom buds were in the stage known as “the pink”, just pre-
ceding the opening of the blossems.  The most favorable weather for
hatching appeared to be when the mornings were warm, with a rela-
fively high humidity, preceded by n night of the same character.

The hatching period is much shorter il continuously favorable
weather conditions prevail, ns in 1923, when the entire hatching
period lasted only about 2 weeks (table 1). If interrupted by un-
favorable weather conditions, the hatching period may be extended
to a month, as occurred in 1925,
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TanLe L—Summary af the halehing of eggs of Sticlocephala inermis in the inseat-
ary, oend the relaffon fo lemperature, 1828, 1924, and 1885, Yakima, Wash.

Egpes hatehed foamperature Procipitation

1924 1925

- 1923 1 1624 { 1925
Min. | Muox. Alin. % Mean M[u,i’E\-Inx, Alenn

K, freh

ADr.
Apr.
Apr.
Aay 1.
May 2.....].
May i,
May 4..
May 5.
May 0.

Totel .. 1, 631

1 Winesap hlnssnm buds bn early pink stoge.

* Halching a'reacly in progress in tho neldlifor at least 7 doys,

1 Total for Apr. 13 divided egually with Apr. 12, (Estimate.)

' Apples o full Bleom,

i ’TLDT-M for Apr. 20 divided with Apr. 27 and 28, More Is estimated foe Apr, 20 owing Lo higher Lem-
peraliire.

Tanug 2—Hatehing of eggs of Siiclocephala tnermis in orchards, Yukhima, Wash,,
824 and 1925

Condilion of epps ; Propor-
Tuotal tion af
Date egas examined | cggs ax- i viablp

amined AL o
Alive 1atehed Dendd hwtehed !

Number | WNumber | Fereeid | Mumber | Fercent J\'umbcr' Pereenf | Pereemt
5 i W 14 217 ¥

0] 9. 15 4. 65 i
40 6. 58 33 T8 e aoBd 3,05
390 3z 3} B0 24 . OF 1L, 80
3448 7l 100 20. 58 hia LAl Q20
a5n 5. O a8, 07 ] .90 A, gu
244 19, 3.0 L) sl ERAE]
78 58, 2408 3] 3.2 J2

Hn 25, B2 . v 15,73 i
al 12, - f, 87 H
s [ LG [IL1]
17 2Lk . [t 11
] 1. 1. H
1 1. 4 -l B!
i 31 . i

5007 | - e BT

1 Iased on nll eggs not dend,
T3 —g -2
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Tasre 2.—Holching of egys of Siiciocephale tnarmis in orchards, Yokimea, Wash.,,
1824 und 1925—Coptinued

Condition of egis Propor-
i Pakal oo of
Bale cpes examined | eggsex- vinble
naiined Alivo iintched Digned I :&‘f{: "
1925 Niewsber | Number | Percend | Number | Percent | Number | Pereewt | Pereend
Apr G o ao. G40 LTE] £4. 85 Jit] 1. 56 54 8. 50 .
Apr. 10 . i) Ll 7307 84 15.32 i) g 17,35
Apr. 13.. . (50t} i) 58.07 21 33.87 5 B0 36 84
Apr. 16 - 1] 435 48, 67 405 L AT lilr] .18 4B, 2
Apr 17 . i) w21 46. 58 333 48. 33 345 5. 08 50. 42
Apr. 227, ) 5} 1B. a2 i Ge. 30 40 14,29 78, 62
Apr, 24 Lt 24 34. 00 52 67 44 Sk 6l 3
Mny .. 3t a 577 300 0. 32 53 13. 9 0z, 20
Muy b._.. . 070 25 373 585 Bl o) &.65 5. 90
May 0. ... ... tHif 19 [ 570 58,37 15] 10,068 OR.
Total._.... ... G427 A 17N £ N 77 SR L O

1 Eanminations on ApT, 23 were 1mude i Ivenc-ofd drees, wherens others were in bwigs from Inrge trecs.
2 ho live oppes retnhining afler about this thme were so grown over with new wood Lhatb the nymphs
would be unable Lo ascape.

FACTORS INFLUENCING THE HATCHING OF EGGS
TIME OF DAY

Practically all hatching of eggs of Stictocephala inermis takes place
between 7 a.m. and 2 p.m., but usuelly about 90 percent of it oceurs
between 8 a.m. and 12 m. (table 3). When the preceding night
temperature has been above 50° I, hatching fakes place sariier
than it otherwise would. Apparently eggs do not hateh at night or
in tﬁm very carly morning, even when the temperature is sufficiently
high.

Tapns 3.—Summary of records of the number of oggs of Sticiocephala inermis
hatehing each hour in the Tnsectary, Yakima, Wesh., 18523, 1924, and 1925

I ol amd proportion of eges hatehing
Pz liour ended i-—---- P s s em e e - o) For e 3 years
23 i 1924 i tazs
Number | Precent | Nwwber | Percont | Number ! Pereent | Number | Prreemt
- s e S . L1 (I TR R 1 a1
a B il 17.4 38 5.0
L] e 344 ] 225 1, 358 14
[LeN ] 344 Q| LI 1] 1, 908 5
1 o %7 GLE hiil] X 1, 415 2t
LE1] .5 [E1] LT 1, GO M.2
3 a7 EE] 24 a5 4.4
. . 3 - Fid iR
Spuan... o . | 3 LB
Tolul... .. . 1,335 ! 10 0 1, 551 \ 1. O 7, 025 100.0
1 )

PEMPERATUTHE

Few eggs hateh on days whoen the mean temperature is below 45° 1,
Since nearly all of the eggs hateh during the lorenoon between the
hours of § and 12, the tempernture during that period is an huportant
factor. The writer has deterniined that 50° F. is the eritieal tem-
perature below which balebing of the eggs rarely oceurs. Ol 1,335
eggs hatehing in 1923 and 4,159 in 1925, none hatched at a shade
temperature below 50°,  Of 1,501 hatching in 1924, » [ew are recorded
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as having hatched at temperatures ranging from 45° to 49° on April
14 and 15, and a few others at 48° on April 23 and 24. When the
minimum temperature of the preceding 24 hours was comparatively
high, even though it remained just st 50° during the forenoon, con-
siderable hatehing occurred. Even when n minimum of 26° had
been reached in the morning, hatching occurred during the forenoon
after o few hours of 50° temperature had passed, as on April 24 and
25, 1925.

There also appears to be a critical temperature above which
hatching ceases. Only five eggs have been recorded as hatching at
temperatures above 75° I, and only 56 eggs out of a total of 7,025
are recorded as hatching at 70° and above.

To summarize, when the morning temperature reaches or exceeds
50° in the shade, hatching will begin and continue until about noon
or until a temperature of 70° in the shade is reached, after which it
will soon cease for the day.

HUMIDITY

Increased hatching has been noted in orchards on mornings when
hygrothermograph records indicated high humidity, as occurs es-
pecially following night reins or during the period when the orchards
are being irrigated. The daily hatching period has been somewhat
prolonged on days of excessively high humidity, especially if the
temperature was correspondingly favorable. On the other hand,
greatly reduced hatching has been noted on days with considerable
wind, even when the most favoruble temperatures prevailed.

It appears thab a certein degree of huinidity is necessary to permit
the eggs to hatch. The moisture in the air seems to render more
pliable the edges of the egg pouches, allowing the extremely delicate
nymphs to breale through the eggshells, push themselves past the
sharp edges of the bark and beyond the surface, and to free themselves
from the hatching membranes. Ithas olten been noted that nymphs
attempting to emerge late in the morning are sometimes too dried
out to completc emergence and die in the attempt.

SITUATION IN THE ORCHARD

Differences occur in varlous situations in the orchard in the time
when hatching takes place. This means that the entire hatching
period is somewhat longer in the field than is the case with single lots
of material nnder observation in the insectary.

The earliest cggs to hatch arc those in water sprouts growing from
the bases of the trees. These sprouts are close to the ground, where
they absorb more of the reflected heat from the soil and also from the
trunk of the tree.  Thay nre also probably first affected by the earliest
flow of sap, which evidently increases the moisture content of the
bark, cambium, and wood.

One- and two-year old trees, whose trunks are s6ill new enough to
be suitable for egg deposition, ave much like water sprouts, and the
eges in them hateh earhier than do eggs in twigs in the larger trees.
Examination of twigs from a large tree on A'pl'ﬁ 24, 1924, and again
on the 25th showed thit about 8 to 12 pereent of the eggs had hatched ;
samples from a 2-year-old tree on Aprii 25 showed over 53 percent of
the eggs hatched, while a 1-year-okd, smaller tree examined on April
24 showed over 77 percent hatched. The young frees receive the
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same heat reflection from the soil as do the water sprouts, but lack
the additional reflection of heat from the trunk.

Eggs in twigs on the south side of large trecs hatch earber than
eggs in the twigs on the north side of the same trees (table 4). On
April 24 and.25, 17 and 25 percent, respectively, of the live eggs bad
hatched in twigs on the south side, while at that fine none had
hatched in the fiigs on the north side.  On April 26, the day on which
hatehing started in the fwigs on the north side, over 36 percent had
hatched on the south side. After a few days more, however, there
appears to be little or ne differcuce between the two sides, the general
temperature throughout the tree being apparently sufficient to hatch
the eggs on the north side, while those on the south side may possibly
be somewhat retarded, in certain instances at lcast, by excessive
temperature in the sunlight on that side.

TapLe $.—Comparisen of the rate of hatching of eggs of Sticlocephele inermis in
the basal Lwigs and the terminal lungs, Yakima, Wash., 152)

NORTH S8iDE OF TREE

i Tn Basel twips !t E In termipal iwigs!
; | § f y o 5 .
Date of examiny- [ ! IL;-{?:??;[ ) Iﬁr(.;zr;;mrI
tion Totui | Live | Hatehed © Dend 1 (50 3 Total | Give | Hatched | Dend \'iub;:;
eges |oeps ;o owws [ oomms P oo |oesds | oopws | oomes | eHES | oo
Shaiehed hntehed t
M- | Nean- Nugm- ! Nuewe- s Niww- Num-
ber ber | Noodber § ber Hereend 1 der bor | Number | ler Percent
Apr. M . 139 127 ] 2 i18 U7 [ 1% ]
Anr. 25 - iz 12y n i ] 125 ii4 ] i ]
AT, 26 17 T ) il 131 1 7 4 5.81
A, 28 16 77 Kr 2 148 128 3 17 2.2
Apr. X Wi 134 a 1 1?2 TV b3 T 0. 67
Apr. 30 13 il 14 ! 12 125 B4 M 1 29,14
May 1 R it ] T i h) Y i i o] Bl
May 2, ... 42 I3 Kiti] 14 112 3 7 37 3.4
Mavi3 __. ... . ... 1829 17 o8 3 (U1 Jox] 53 1 i, 64
Mayd ... 204 [ Ith 30 i 260 37 V50 1) LT
May s ... ... 195 L] 8G 14 05 i K] & 4. g3
Moy 10 oo L. &7 A A4 | da 1 | ] il 20 100, 03
Moy .. .o el K7 looand i ] a1 §2 47, Ul
Tt .. L ESH | K023 RN T L6z v oy T
SOUTH SIDE OF TRER
Apr. o0 L a4 4494 3. AL 0y l 2% 127 7 G i u
Apr 8.k i +7 I &, 500 12 G- L] [i] i
Apr.2.. L. ... g 24 il T 60 139 126 § o 5 5.9%
Apr. 28 ... ... _ 1t 13 LIy 86, 1) 12 & k] g 44, %4
Apr. 38, L. . 142 it ] 43 .49 s 12 a8 f] 85, Oi
Aprodo. ..o jas 2 B H.oHl 186 5 40 12 43. 01
Mavl. .. . 1l i a7 Y700 1My ] 5 a5 N
Moy 2.. .. oo o R ] Lt BE. i 8 2 a4 1% L O
Mayd oL 137 3 i 5. 00 5 £ 35 21 432
hMay s _.... ... . th) 40 1Y 70,66 Y . 157 s B 41
May 8. .. . i [ : &5 100, 0 12 12 7l i g5 37
Moy Q.. ... 167} 1 i i) iz 143 hi] 1m0 £ 36
May M _ ... i 2 7ol 7. 44 L) §! 2 2F .
Teotal ... 1, & pirE L6 267 L L. 1, 520 [ T4 ith]

* Dinsed on af! egps nol dowd.
MORTALITY OF EGGS

From time to time varving numbers of the eggs of Stictocephale
inermis under observation have heen found dead. The actual mor-
tality in samples brought for examination has been found as high s
22.5 percent, and o niumber of samples, totaling 3,252 egys, showed
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an average of 11.7 percent dead. The highest percentage of dead

eggs wns found in the ends of the pouches where the eggs are exces-
stvely erowded by the growing and swelling bark and wood. A
higher percentage of dead cggs was generally found ut the close of
No difference in mortality appeared among
eggs taken from various portions of the tree.
Examinations of eggs in twigs which had
with their basal ends in water showed Ficers 5.—~Eubrye of Stictocephain
percentages of mortality only slightly ~imemisremorediom choron
in excess ol those observed in the

A few of the Living eggs are grown over by new wood tissue in
early spring before hatching. In such cases the nymphs are unable
to escape, and so perish,

BIOLOGY AND CONTROL OF TREE HOPPERS
the hatching period than ab carlicr dates.
been held for long periods in the insectary
hatehing,  Xu0.
orebard at the end of the hatching period.

MECHANICS OF HATCHING

The embryonic development within the ege apparently takes place
chiefly in the carly spring shortly before hatehing occurs.  About 2
days before the eggs
are ready fo hateh
the embrye has the
appearance shown
in figure 5. The
hatehing process is
shown in figure 6
and s, briefly, as
follows:

The embryo
nymph enclosed I
the embryonic cuti-
cula, often referred
to as the ‘“hatching
membrane”’, breaks
through the eggshell
and Torces itself
partly out of the cgg
poich.  The insect
then breaks through
tlic hatebhing mem-
- brane and by means

Ry
e

FiGURE 6,—Manner of haleling of tres-hopper nymd <, Firsk np-
penrance of nymph ahtove sirfaee of bnvk; £4, 2 Ininates ter; ¢4 2 bo
5 miputes aftor frst npi:wrancc, u, legs toside hatehing nembreane,
5, head tuberosily; £, nhout 2 minates afler stage €, ¢, legs, &, head
wherosity, ¢, dorsal thoracie tuberasitios: &, & few seeonds nitor stape
23, showing frst bwo nhdomtinal segments, v F, o fow seconds Jater,
shiowing Alth abdomina) sepment and logs () publissg free from shrbvelmd
hatching membrane; 6, @ fow Seconds lator, showing (e nyph enlire-
Iy free except for theannl segment, wihich is still aliselnt] inside e
hatching membmnce g, %30,

of pulsations within
the body and a back-
ward and forward as
well os sidewise
movement works 1t-
self free of the mem-
brane. Inthisproe-
ess the insect is

aided by the tuberosities which are present on the first-instar nymph.
Observations of 15 individuals in the insectary showed that the total
time reguired for emergence from the ogg ranged from 7 to 16 min-

utes, with an average of about 13 minutes,

As soon as the young
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nymph can get a foothold it pulls the remaining abdominal tuberosi-
ties loose.  Aller [reeing itsell the nymph takes & few steps and then
usually remuins guiet for several minutes.

When considerable numbers of young have hatehed, the empty,

- white, shriveled hatching membranes stand out conspicuously against
the dark background of the twig (pl. 2, 1) with their lower ends
attached dorvn within the egg pouch. These remain for some time,
and by ¢ :nd of the hatching period they give a badly infested twig
a whitish, fuzzy appearance.

At times thousands of nymphs appear at approximately the snme
time and fall to the ground with each stir of air like miniature gusts
of snow. The presence of hurdreds of the whitish nymphs protruding
at one time from thu ragged bark of badly infested twigs (pl. 2, £)—
sometimes two or more at the same time from a single ege pouch—is
an interesting sight and was evidently vesponsible for Lovett’s belief
(18) that 90 percent of the eggs hatch within a few hours.  Actually,
of course, the percentage hatehing on any one day is much less than
that figure.

HABITS OF NYMPHS

As previously indieated, the nymphs normally feed on certain
herbaccous plants; in the Northwest they are found chiefly on alfalfa.
The [oliage of fruit trees is evidently unsuitable as food for the young
nymphs, for practicaily all of them: drop {rom the tree very shortly
after hatching, and the writer has been unable to rear nymphs on
apple foliage 1n the insectary. 1f there are strong air currents when
the nymphs are hatching and dropping to the ground, they may be
blown some little distance frem the tree. Those which happen to
reach suitable plants establish themselver and feed on such plants
until becoming adults, which requires from 50 to 9¢ days. In the
carlier stages the nymphs prefer the shaded, humid conditions pre-
vailing at the base of the alfalla crowns. As they develop to the
fourth and fifth stages they are not so partial in this respect, and may
be found several inehes up on the allalfa stems.

Feed’ng nymphs remnin at the same place for hours at a time and
do not uppear to move about very much. In the later stages the
nymphs are always found with their heads turned toward the base
of the stems. ]t has been suggested that this habit is probably for
the purpose of obtaining o protective resemblance, although when
the insect is {eeding upon alfalfa it is difficult to sec that any protec-
tion i1s alforded by this position.

The {eeding ol the nymphs eauses modernte injury, similar to that
shown in plate 2, ¢ In alfalfn in orchards in the Northwest, how-
ever, this has not been found extensive enough to be of serious
importance.

MOLTING

The nymphs pass through five instars before reaching maturity.
The moits are very much alike and are about as lollows: The nymph
fastens itself with 1ts fect to the plant upon which it hias been feeding
and remains quiet for a number of hours. The outer integument
loosens at a number of places over the body and separates from the
new skin formed beneath. The old integument breaks at the back
of the head and then splits along the median dorsal line, as well as
over the mouth parts. The legs, after being pulled free, are waved
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about until they eateh hold of the leal or stem, when they assist in
pulling the tip of the abdomen Iree from the integument. Two
nymphs were timed for the length of the wmolting process. One
required 15 and the other 17 minutes.  After freeing themselves they
remained quiet {or 23 and 45 minutes, respectively.  The old integu-
ment is left attached to the undersides of leaves of alfalfa or swect-
clover until brushed or knocked ofl.

NYMPHAL DEVELOPMENT

Detatled observations as to the duration of the nymphal instars
were made 1in 1924, The inseets were reared in lantern-gloebe cages
on thrifty aifalfa plants, supplemented with freshly eut alfalfn stems
and leaves taken (rom as near the base of alfalla plants as passible.

The record of the lengths of the nvimphal instars of Stictocephale
{nermis, ns ohserved in rearing 57 individuals in the insectary in 1924,
are given in summary form in table 5.

Tante 5.—Length of the nypmphal instars of 57 individials of Sticlocephala inermis
heatched at datly infervals from Apr. 1240 May 12, 1824, Yokima, Wash.

KAGE HATCIIED FROM AVR, 12 TO 20

o Totw]
uptial
boperded

lwm boFirse | deeond © Thicd  Foeucth | Finh
* {oinster | instar | instor  fustar | inster

gy ; Thrys
& 1

Dags . Pygs
MMpximuam R T 3
AMinbwouam ... L

o7 : i 17
b :

i
i
1
[y ———

AVETHED | R

RGOS IHATCHED FROM AR 2 TO W

Maximum
Minimam.. .

Averapge

Muximan .. L.
Minimum. .. .

Awverage.. .. . . . .

Moaximnum forall. ... . . . ...
Minimnn for al]
Avernge foralll ...

As will be noted in table 3, the oarliest-hatehed nymphs require o
much Jonger time to resch maturity than late-hatched nymphs. In
this table the hatching records obtained for 1924 are divided arbi-
trarily into three groups, according to the period in which they
hatched. There is o marked tendency lor the inte-hatehed nymphs
to catch up in their development with those which hatched carlier in
the season. The nympls in this seties ol observations hatehed over
a period of 31 days from April 12, but aJl became mature between
June 26 and July 13. Many of the latest to hateh were sinong the
earlicst to reach maturity, the list one to reach maturity having
emerged from the egg April 13, whoreas the first one to mature was
hatched on May 7.

In 1924, to determine the dillerence between suntight and shade as
factors in development, newly hatched nymphs were caged on an
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alfatfa plant growing in the shade, where no direct sunlight pene-
trated at any time, and others were caged on another allaifn plant
out in the open yard, where they received as much sunlight as was
possible.  On July 5 there were 9 adults in the cage in the sunlight,
whereas none appeared in the shaded cage until July 16, when 12
adults omerged, all of which were males.  Apparently it required ab
least 11 days Jonger for development in the shaded cage than in the
one in the sunlight, Whether the shade had anything to do with
proeducing all males is not known, neither is it known whether males
require & Jonger period for their development.

ANULT STAGE

A teclinieal description of the adult of Sticlocephala inermis is given
on page §. 1t is readily distinguished from its close associate Ceresa
bubalus (pl. 4, A), the true buffelo tree hopper, by the rounded
humeral angles and the absence of humeral homs (plate 4, B). 8.
inermis is intermediate in size between O, bubalus and € basalis. Tt
is readily distinguished from bgsalis, being greenish throughout,
whereas basalis is dark on the under side of the T)ody and usually has
dark marings on the legs,

Records of the length of adult life of individuals confined in the
insectary are shown in tuble 6. Under normal orchard conditions
the average length of life is probably about 2 months, and adults are
found in the orchard {rom late June until late September.

Tanig G—-Longevily of adulls of Sticlocephale inerinds tn confinement, Yakima,
Wash., 1824
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MATING

Aceording to Funlkhouser (/2), who deseribed the process, mating
begins almost immediately alter the sexes reach maturity. Mating
lasted from 5 minutes to 1 hour in different specics, and he observed
no forms in fiight during mating,

In spite of repeated observations at all hours of day and night, the
writer has never observed the mating process.

O¥IPOBITION

There seems to be o preeviposition period of about 25 days. Few
cggs aro ever found before the middle of July, and few seem to be
Inid after the first of September. There is therefore an egg-laying
period of pessibly 60 days, and a period of about 35 or 40 days during
which most of the eggs are deposited.

Oviposition occurs chiefly between the hours of 10 a.m. and 5:30
pn, though a few cggs may be deposited later during the long,

bl



http:ins('C't!l.ry

BIOLOGY AND CONTROL OF TREE HOPPERS 17

warm, sunny evenings of August. Numerous observations fatled to
indicate any oviposifions earlier than 10 a.m. TFunkhouser {12), at
Ithaca, N.Y., reported most oviposition as taking place during the
afternoon, and this is probably true of 8. inermis and allied spectes in
the Yakima Valley. Wildermuth (30) states that . festing deposits
its eggs af night. This may be on account of the higher tempera-
ture prevailing thiroughout most of the regions where festina is known
to occur,

The eggs are laid in groups of 1 to 11 in pouches in the bark and
wood (pl. 2, A and B). They are placed chielly in the youngest of
the previous season’s wood, although o few may be laid In the most
mature of the current scason’s growth.

On large trees, more eggs are deposited on the south than on the
north side. On twigs extending in & more or less horizontal direction,
nearly all eggs are deposited on the upper sides. Young trees and
sprouts stunding more or less vertically bave more eggs on the south
side. In young trees, most of the eggs are deposited within 2 feet
of the ground. Tn older irees, low-hanging twigs drooping into the
alfalla are especially favorable places for deposition.  Very fow eggs
are found more than 6 or 7 feet above the ground, although sometimes
an oceasional egg pouch is found well up in the large trees.

The eggs are mserted through the bark and into the outer wood
{fig. 7, I, &, 7], and I; pl. 2, A and B), the inner ends extending
slightly into the outer surface of the wood, their outer ends at or
slightly past the surlace of the inner senr; so the tips of the eggs are
often visible when the loose bark flap is lifted slightly, or is removed
by the elements, as often happens after seversl months of exposure.

The exposure of egg tips is of importance in the matter ol control
of the inscct.  In badly infested twigs the egg pouches or scars are
very numerous and often cut into cach other, in which case some of
the eggs exposed by the later cuts are killed.

MIANNEI QF DEPOSITION OF EGGH

in making the slit for the eggs, the fomale raises her body as high
as possible, unsheathies her ovipositor with its sawlike posterior edge,
and slowly and methodically pushes it perpendicularly into the bark.
In this perpendicular thrust the ovipositor often bends a number of
times during o single insertion, owing, no doubt, to the resistance of
the bark and wood. By slow up-and-down sawing movements the
ovipositor is gradually worked backward until it is about in line with
the body, when it is withdrawn, After this slit has been made a
couple of supplementary slits are made at the side of the main incision.
These aro usually not so deep as the main slit and run in different
. ilirections from the original (fie. 7, 1.

After making the supplementary slits the female again inserts her
ovipositor into the egg slit from which it was last withdrawn, resumes
the initial position, and slowly deposits an egg. After about 45
seconds, or less, the ovipositor 1s partly withdrawn and reinserted in
advance of the egg just laid.  In reinserting the ovipositor the tip is
thrust forward of perpendicular at a considerable angle. The time
required for the whole operation of inscrting each egg ranges from
35 te 70 seconds, but usually avernges hetween 45 and 60 seconds.
Sometimes it is necessury for the ovipositor to be withdrawn and

T 14370°—34—3
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reinserted & number of times before deposition is sccomplished, Tt
requires the Tongest time to deposit the eggs ab the ends of the slits,
and considerable manipulation is often necessary to accomplish this,
When the full number of eggs for the pouch has been deposited the

Frarne 7. Ovipavition Iesions of Stictocepholn inermis and Cereen hasafiz.  C basafiss .1, Now ovijosition
watttd, showing tins of erps (), % 3 P, tansverss sootion 1hrangh v bew woutid, showing sppes (a3 decply
hgserted Delween lﬁo Bark nnd {he wond, X 5 €, L-year-oel ovipesition woatned, X 25 53, {Tansverse seefion ¢
thraueh an ovipatition womd, shawing deety (@) peirelrating throuuh ta the heariwoad, X 7 &, soe-
Hon of 1w withy bark retoved, shawiny the posttion of msalis opps in Hhe eee pouel, M 4. 8. Inerwise
#, Avplo twig witl Bk rentaved (o show position of fnerinis cEEs i Tl epy poneh, 24 G, oviposition
seur of fuernids, X 3 I, tenosverse section throtph oviposition poneh in wn npple fwig, showing () tho
shitllow positlon of the e, mind {3 L curbsd wdges of the outer hark churnotoristic of this Speeies, X 5;
1 r:\'inn.-_:ilion sear o) pnd supplementary inelsions o sred 8 which cowse tin curling of the euter tuek,
o,

fewuale withdraws her ovipositor, resheathes it, walks away, and
rests.

The supplementary slits kill the outer bark on either side of the
egg siit, causing the {ree edges to cur] away from the cut (pl. 1), and
resulting in the roughened, shaggy appearance characteristic of the




BIOLOGY ANP CONTROL OF TREE HOPPERS 19

bark of infested twigs. Although the purpose of the supplementary
slits is unknown, the killing of the outer bark around the ege pouch
prevents the eggs from being grown over by the bark and wood,
which: might prevent them from hatching the following year. Ceresa
bubalus cuts two longitudinal slits, between which the wood does not
grow, thus protecting her eggs. €. basalis cuts o deep, long, longi-
tudinal slit, which usually opens and widens instead of growing over.

The number of eges m each slit or pouch ranges from 1 to 11
(table 7). The average number of eggs in 3,765 pouches, dissected
under the microscope tn 1923, 1924, and 1925, was 5.6.

TanLe 7.—Number of eggs per pouch laid by Stictocephala tnernts, Yakima, Wesh.,
1828, 1824, 10256
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The number of ege pouches made by the inermis female was not
deterimned because of difficulty in approximating normal environ-
mental conditions.  In vearing cages placed over young [ruit trees
into which were introduced large numbers of females, the highest
average number of egg pouches in any one eage was 8.6 per {emale,
with an average of 47 egus {or cach female.  Hodghkiss (/7) reports
one female as depositing 252 eags in 59 scars and another individual
as plocing 212 oggs in 39 sears. 1€ is prohable that not less than
200 eges would represent a [air average per individual for conditions
in the Yakima Valley. Cortainly few fomales are scen ovipositing
compared with the thousands of eges deposited.,

CERESA BASALIS WALK.
HISTORY AND DISTRIBUTION

Another membracid more or less commonly associated with
Stictocephala tnermis is Ceresa basalis. This species 1s ab present
less numerons than S, dnermis, snd the evidences of its presence are
less abundant. In some respects, however, it is more mjurious on
accourt of the nalure of its wnjury, which is more proncunced than
that of any of the other species with which the writer is sequainted.

The first reference to €. baselis as occurring in the Pacific North-
west was by Wilson {31} in Oregon in 1915, Downes (5) histed 1t as
occurring in British Columbia in 1917 and 1918 and reported it as
the eommonest membracid found there. The writer (32, 83) dis-
cussed it as common in Washington and elsewhere in the Paeific
Northwest in 1024 and later. Essig (6} mentions il as occurring
also in California, Utah, and New Mexico, and in eastern States.
Funkhouser (13) reports it from the following States and Canadiaa
Provinces: New Hampshire, Massachusetts, Connecticut, New Yori,
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New Jersey, Pennsylvania, Kentucky, Ohio, Indiana, Illineis, Kansas,
Colorado, Gtah, Tdaho, New Mexico, Californin, Oregon, Washington,
Nova Scotin, Quebee, Ontario, Manitoba, Saskatehewnn, and British
Columbia. Ftis therefore probably distributed throughout the south-
ern Provinces of Canada and throughout the United States except in
the extreme Southeastern States.

SYNONYMY AND COMMON NAME

This species was firsf described by Walker (29, ». §27), in 1851,
from specimens {rom Nova Bcotia,  In 1839 Provancher (22, p. 2585)
redescribed it as brepicornis and alse a8 semdicrema.  Osborn, mn 1893,
as Iopmted by Nutting (20, p. 290}, designated it melanoguster.  God-
ing (14, p. 406}, in 1804, classified it as basalis and also designated
it as a new species, turbida. Buckton, in 1903 (4, p. 74}, described
it as semibrunnee and placed it in the genus Stielocephala of Stal,
Adter Van Duzee's discussion of it in 1‘}08 (28, p. 114), under ity
original designation of Ceresa basalts, all %ub%equont relerences have
retained this name.

The most important velerences to this species are by Funkhouser
{13}, in 1927, and by the writer {32) in 1924 and (33) in 1930,

This species has been ealled by the common names *“western tree
hopper” by the writer (32, p. 97); the “‘basal tree hopper,” by Essig
(6, p. 204); and the “dark-colored tree hopper”, by the writer (33
3. 2 ).

t The more important synonymy is as follows:
Ceresa basalis Wulker, 1831 (29, p. 4.27)
Crresa brevieornis Provancher, 1889 {22, p. 283}
Ceresn semicrema Provancher, 1889 (22, . 2347
Cerese melanogaster Qshorn, 1893 (20, p. 2800
Ceresa furbide Coding, 1894 (14, p. f{]ﬁ)

Sticlocephule semibruaoeea Buckton, 1003 (4, p. 17
Clrrese basalis Yan Duzce, 1008 (28, p. 114)

CHARACTER AND IMPORTANCE OF INJURY

The oviposition sears of (. basalis consist of long, deeply cut, lon-
miudinal slits, which penetrate through the bark and into the wood
ffig. 7, 1, C; pl 5, B).  Although the senrs appear slight when first
mﬂde the cdges of the slit s.opmute a8 the twig grows until a clear-
cut and very pronounced incision results. The \\'Ld(‘nmﬂ' of the sear
olten continues through succeeding seasons, until the wood under-
neath the wound is exposed (pl. 5, 4, ¢). These wounds often be-
come infested by the woolly npple aphid, Eriosoma lanigerum Flausm,,
which interferes seriously with their bealing. 1ln seme instances do-

~eays enter through these wounds and penetrate info the wood (fig.
7,1,

While Iess numerous than the sears made by S. inermis, the wounds
cnused by this membracid are much moere conspicuous and more
readily noticed. The wounds are deeper, and the actual damage to
the tree or twig is much greater. These wounds often cause the
denth of the tmmmnl gmwt.h of the twigs (pl. 5, Cand D). Usually
a hall dozen scars in the terminal 6 inches of the twig are sullicient
to lill it

As in the cose of injury by Stictocephalu inermis, nursery trees and
young orchard irces are the most seriously affected. Egg scars ol
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this species have been found in apple, peach, pear, willow, locust, and
prune trees. Fortunstely, C. basalis 1s comparatively scarce at the
present time, or very sertous injury would result to fruit trees in the
Northwest.

FOOD PLANTS

The only known food plants of this species in the Pacific North-
west are alfalfa and sweetelover. It has been reported by Downes
(¥} on goldenrod, and other herbaceous plants, but whether for feed-
ing or oviposition is not stated. Funkhouser (12) reports it on rose,
probably being there for oviposition purposes only.

DESCRIPTION OF INSTARS

The egg and the five nymphal instars of Ceresa basalis are very similar to those
of Siictocephele inermis, already deseribed. The main apparent difference be-
tween the nymphal instars of the two species is in fhe somewhat darker spots
on the integument of basalis. Measurements of the several instars (fig. 8) are
gs follows: PFirst instar 1.68 to 1.85 mum, second instar 2.35 to 2.75 mam, third
instar 3.25 to 4.0 mn, fourth instar 5.0 to 5.6 mm, Bfth instar 6.0 1o 6.75 mm.

Detailed examinations of the tuberosities of the five instars of C. basalis show
the same number of tuberosity spines in the first ingtar {fig. 9, 4) as in 8. inermis,
7 to 10 tuberosity spines in the second instar (fig. 8, B), 11 to 20 or more in the
third instar (g, 10}, 13 to 26 or more in the fourth instar (8g. 11), and 25 to 33
or more in the Afth instar (fig. 12). The tuberositics are shorier, heavier, and
comparatively broader ot the Dase thap lhose of 8. inermiz (fig. 13, A and B).
There are more subspines on the tuberositics $han with S. inermds, and thesc are
shorter and more slender. In the second instar short subspines appear on the
base of the tuberosities. These become more numerous in succeeding instars
until there are at leaz® 7 or § of them on each tuberosity in the fourth and fifth

instars.
DESCRIPTION OF ADULT

Head broader than loap, roughly punciured, not pubescent; cyes prominent,
extending as far laterally as humeral angles; ocelli distinet, reddish; pronotum
deeply punclate, very lairy, humeral angles prominent, superhumeral horns
short, obinse, horizontal; dorsal erest convex; posterior precess slender, dark,
slightly decurved at tip. Uuader surface of body black below and segnenis dark
hordered.  Under paris of head and large part of femora blagk or dark browa.
Length 7.5 e, (See pl. 4, ¢; figs. 8, G, H, and 14, D)}

LIFE HISTORY AND HABITS

The observations on the life history and habits of this specics were
made, for the most part, coincident with those on Skciocephala in-
ermis and other species, but certain experiments were conducted on
this species alone. Much of the discussion for S. imermis serves
squally well for Ceresa basalis.

HIETRNATION AND HATCHING

The eggs of O. basalis {fig. 7, B, B} are deposited in August and
September, and the egg is the only stage in which the insect survives
the winter. Although the earliest eggs of Stictocephaly wnermis are
deposited in the middle or lutter part of July, it is probable that no
basalis eggs ave laid until the Ist of August.

As the eggs are deposited much deeper in the wood than are those
of S inermas (fig. 7, B, «, compare with , ¢}, they seem to require
more aecumuiated temperature to incubate them, and consequently
they do not begin hatching until 3 weeks or more after those ol
8. inermis, or at about the time the lust ol these have hatched.
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Records of the batehing of eggs brought into the nsectary in 1924
and in 1925 are given in table 8. Observations made in the field as

Figune 8.—Sneeessive stages fn the developinent of Ceren busalis: /4, First instar uymph, slde view, X35
B, frst instar, Irnt view of head, 2645 ¢, second instar, XI.'-E £, shird instar, X15; X, fourth instar, X7

F, Ofth instar, X8; @, adult, sty view, X% I, aduoli, front vlew, X7.

to the progress of Latching in 1924 are shown in table 9. T 1924 and
1925 the first hatching in the orehard was observed on April 30, and
the lust on May 13 in 1924 and May 17 in 1925,
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FIGURE Y= Dorsal taherosilles on pyrmphs of Ceresn dasafisr of, Fivst instar; 2, head tuberosity; &, frst
prathoracle tuberesity; e, steann) prothorneie; o, inesntharacie; o 2bdaminal; £ oennl. /2, Sevondd instar

(the snme desiptiulions).

Tasue 8.—Summnry of the histching of cgys of Ceresa basulis dn fhe duseefary, wid e
relation to femperature, 18924 wud 1923, Yakimu, Wash.
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Tame O Hatehing of egys of Ceresabusatis in apple Lwigs in an orchard, Yalima,
Wesh., 1824
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The hatching period for (7 basalis is very short (10 days or 2 weeks),
prohably because of the high temperatures occurring at that time.

\f o

[ 1.
o . D
o PN aZ
Fiavwe 10, Dorsal tirthernsidbes on Ahird-Instarnymphs of Cerest baandie: A, Huuel tubernsity; 1, lirsd, pro-
thoraele tulerosity; € secondl prothorele; 1), mesolhoreie: &, metathomeir; F, abdominn!; €, anal .

The hatching process of busalis cggs is as desceribed for the eggs ol
inermis, and the weather conditions conducive (o the hatehing of one
species nre apparently favorable for the other, although baselis
requires o higher degree of temperature or a greater aceumulation of
day degrees in the spring to start hatching.
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FiouRE 12,—Torsal tuberositles on Dith-fostar nymphs of Cereen basadls; oA, Mesothorneie tiberosily;
£, metathoracie tuberosity; C) sbdowinuel weberosity,
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MORTALITY OF EGGS

The extremely high mortality of the eggs of this species is worthy
‘of note. As shown in table 10 the meortality is greatest in termi-

s

FiGURE 13.—Dinagrammatic representation of
dorsal tuberesitios: A, o, &, nod e, Arst, sec
ond, nnd third shdominnl tuberositics of
Srictocephale inermis (long, slendar, spinate,
curving more or I0ss strongly caudad); 52, 0,
&, e, firal, seeond, und third abdominal tiher-
osities af Ceresq bnaadiz (hroacl, Siout, leaning
forwnrd, and not curviog so strongty eaudul
ns in Sticlocephala fermia),

nal twigs which have been killed by
the presence of egg punctures of this
species. Evidently, few of the eggs
are able to withstand the shrinking,
withering eflect of the drying wood.
In live wood most of the dead eggs are
found at the ends of the egg pouches
(pl. 6, ), and these have probably
been injured by the pressure of the
growing wood and bark,

Occasionally the eggs are sealed
over by the growing bark and wood.
An extreme case of this was observed
in sprouts taken from a prune tree in
which the eggs in 37 egg pouches were
mostly alive but were sealed in by
overgrowing bark and wood. Exam-
ination of thesec cgegs a month after
the close of the normal hatching period
showed them to be fresh, plump, and
seemingly alive, with normally devel-
oped embryos showing eyes, abdomi-
nal segmentation, and legs,

Since the death of the terminals is
usually the direct result of oviposition

farther back by this species, the insect is its own worst enemy. This
high mortality is en important factor in keeping this insect from
becoming o serious economie pest.

Tanie 10.—Comparison of the mortality of eggs of Ceresa bosalis in lve parts and
dead withered terminals of the sume twigs, Yakima, Wash., 1924

Tn five paris of

L dead, witheemi

s N
terminals ofsame | TTORGTIion of epns

Lwigs tavlzs tlened jn—
Date of ohservailon
Eggs — Ryps ; )
Im;thml Bres | S| e Live Dead
ar alive | dead or ulive 1 dvad twigs | termioals

Nusher | Number | Number | Number | Pereent | dereent
55 | 5. 1

] A #.31 75,41

2 i 4 k] A0 K O}
440 ) ] at 1L 14 71, 00
1B f 32 17 K. $4. GO
Tif 22 T8 o4t 142 IR
12 i Al it 24,09 Kl 51
443 ik 45 5 41T W47

3087 k) T 1t .



http:hlltC'l.wd

BICLOGY AND CONTROL OF TREE HOPPERS
HATCHING OF EGGH

As in the case of Stictocephala inermis, the eggs of Cerese basalis
hatch during the forenoon, althougl they have n tendency to hatch

Fiaune I.—0Duline of dorsnl view of six specles of Menbeoeidae: {, Cerese hafalnx: B, Stictacephintu iner-
spiar & paeifice Yon Puzee; 2, € besefie: £, O brevin, Walk. &, 8, wiekbimi Voo Buzee, X4,

earlier in the morning than do those of S, inermis. Summarized
records of the hourly hatebing observed in the insectary in 1924 and
1925 are shown in table 11.
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Tapne 11.—Number of epgs of Ceresa busalis fudlehing daily and hourly in the
insectary, Yakima, Wash., 1924 and 1925

Namber of eggs hatehed during Ly hour

endod flew Temperatre in °F, ol —

Pereent of Lotn)

Tnm
'f I D,

[= LYol B e N o T Y )

W oo ooDts o

Tobthemene, o oons.

Pereanlags  af
total ... ...

48, 6 . 1, i

SHwoce—
woteweoas

—tn i
O Em e — e SO -

f

K}aoccaakmcccvo
&

P
s |

| in | =

Poreentape
[2-10:T AR [ b ¢ l.‘afi..‘ﬁ

NYMPHAL PERTOD

The newly hatched nymphs of . baselis have a tendency to remain
for several hours upon the undeside of the twigs and do not fall
mmediately to the ground as do the nymphs of 8. inermis. By mid-
day, however, they have all disappeared from the trees.

Observations made in the fnscctary in 1925 on the development of
36 nymphs are shown i table 12, The total nymphal period ranged
Trom 62 to 80 days, with an average of 70.1 days.

Tanup \2—Lengih of the wipnphal tnstars of 36 individuals of Ceresa basalis haiched
Jrom May 11-17, fnclusive, 1825, at Yakima, Vash.

BQUGS HATCIED MAY 17 AND 12

First | Sceand | Third | Fourth | itth ‘Fotnl

el A . nyuipimd
fostar Imstar nstar Instar instar peviod

Days Bays Thys Mugx . Bhaga Lays
Maximuem ., .. 5 o] 1 g 17! 5
Minltem.. . ¥ 1 in i i 2

Averuge | e . HosE [EN 125 [ (S .5

EQGS HATCHED MAY 13 AND 14

Nasimun.. o0 L L # | i 15 i
Sintmumo.. ... oL L0 L ! : 143 . 4 it

AVOIMC. e A I 1y H.G!




BIOLOGY AND CONTROL OF TREE HOPPERS 29

"Tarue 12.——Length of the nipnphal tnsiars of 38 individuals of Ceresa basalis hatched
Srom May 11-17, metusive, 1828, of Yabima, Wash —Continued

BEGGS HATCHED MAY 15 AND 17
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ADULT STAGE

Most of the nymphs change to adults in July, the earliest definite
record being July 11. By the middle of the month adults are usually
out in numbers, and they have heen found in the field untit Qctoher 8.

The carliest record ol egg deposition for €. basalis is one for August
13, 33 days after the first adults matured that year, so there scems to
he a preoviposition period of approximately a month, as in the case of
Stictocephala mermis.  With €. besalis, however, oviposition con-
tinues later into the full than with 8. tnermis.

O¥IrOSITION

Females have been ohserved depositing eggs from 9 a.m. to 6 p.m,,
and few, if any, eggs are deposited outside these hours.

As wilth Stictocephala inermds, the eges of Ceresa basalis are deposited
i water sprouts arising at the bases of the trees and in the twigs
that hang down toward or into the alfalfa. cover crop, but seldom
higher in the trees than 6 or 7 feet from the ground. Eggs are also
Inid in nuorsery stock and young orchard trees.

The eggs are deposited in the upper side of twigs running more or
tess horizontally, but on twigs or young trees standing vertically or
nearly so they may be found on any side though in greater numbers
on the south side. There is often an overlapping or intermingling
of oviposition scars of this species and of Stictocephaly inermis and
Ceresa bubelus, hut the majority of busalis egg scars are bevond those
of inermis and bubalus in newer, softer wood. As mentioned pre-
viously, many egg pouches are made in or neur the terminal growth
of twigs not more than one eighth of an inch in diameter, where there
is insufficient wood to stand such wounds without disastrous results
to both the twigs and the eges deposibed in them.

The cggs are inserted through the bark and much deeper into the
wood than are the eggs of S. nermis.  Although the egge are deeply
placed, the margins of the wounds are spread so wide that the tip ends
of ihe eggs are often visible (fig. 7, 4).

Counts of the eggs in 671 egg pouches showed a range of from 1
to 38 with an average of 19,9 (table 13).
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TanLe 13.—Number of eggs per pouch deposiled by Ceresa basalis, Yakima, Wash.,
152027
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Average number of eggs per pouch.

Repeated observations have failed to indicate that there is any
difference in the method of oviposition between this species und that
already deseribed for S. inermis. Instead of cutting the supplemen-
tary slits, however, as in the case of inermes, this spectes withdraws
the ovipositor after having cut the longitudinal slit, 7rests a few
minutes, gnd then comnences depositing her cggs as described for
S. inermis, the first egg in the slit being plnced in the end last com-
pleted. The length of time requircd in depositing an egg is about
the same as for inermis, 45 to 60 seconds [or each ege, but since on an
average about 20 ecggs are placed in each wound, instead of the 6 in
the case of inermis, the time necessary for Q. basalis to complete an
cgz pouch is about three times os long.

ccauso of difficulties encountered m rearing the insects, tho ege-
laying capacity of individual females was not ascertained. Tt scems
probable, however, that they lay as many as 8. frermis, which is
reported (77) to lay as many as 252 cggs each.

CERESA BUBALUS FAB.

The buffalo tren hopper, Ceresa bubalus, is rare, compared with
Stictocephala inermis and C. busalis, in most places in the Yakima
Valley. In certain other localities, however, it equals these in num-
bers, and in eollections made at Parma, Idaho, C. bubalus predomi-
nated.  Although this species is the lareest of {hose studiod and ifs
injury more severo than that of S inermis, WL i1s so scarco in most
locahties that it is of less ccononie importance than cither 8. inermis
or (. baselis. On account of its searcily in the Yakima Valley low
obscrvations of importance were mada upon it.

It is readily distinguished from 8. inermis and €, basalis by its larger
size and its large pronotal horns (fig. 14, 21; pl. 4, 1), and Irom C.
basalis also by the lack of the dark coloring on the legs and ventral
side of the body, which prevails in basalis.

DISTRIBUTION

Ceresa bubalus is one ol the most widely distributed of the Moem-
bracidae in this country, having been recorded in nearly all of the
States, except those in the extremo Southeast, and from most of the
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southern Canadian Provinces. It is generally recognized as perhaps
the most injurious of all the Membracidae.

SYNONYMY AND COMMON NAME

Fabricins (8, p. 14) described this species in 1794, placing it in
Germar's Membracis. In 1803, however, he changed the species to
the genus Centrotus (9, p. 20).  In 1840 Blanchard (2, p. 781) changed
it back to the genus Membracis, but in 1846 Fairmaire (10, p. 286)
placed it again in the genus Centrotus. In 1851 Walker (29, p. 837)
placed it tentatively in the genus Ceresa, an allocation which was con-
firmed by Uhler in 1862, as reported by Harris (16, footnote, p. 221).

This species is commonly called the “buffalo tree hopper” on ac-
count of its high pronotum and the hoinlike projections of the an-
terior angles of the pronotuin which give 1t a fancied resemblanece to o
male buffalo.

The more important synonymy is as follows:

Membracis bubalus Fabricius, 1794 {5, p. 14
Cenirotus bubalus Fabricius, 1803 (9, p. 20)
Membrucis bubnlus Blanchard, 1840 (2, p. 151)
Cenirotus bubalus Tairmaire, 1846 (10, p. 286)

Cerese 7 bubalus Watker, 1851 {29, p. 531)
Crresa bubalug Uhler, 1862 (16, p. 221)

CHARACTER AND IMPORTANCE OF INJURY

The oviposition scars of (" bubafus are conspicuously different from
those of either of the other species studied (pl. 6, B). The incisions
are made in pairs, two short cuts somicreseentric and parallel, in cach
of which from 6 to 12 eggs are deposited. The cuts, which prevent
the wood [rom growing over the wounds, increase in size from year (o
year, csusing extremely ugly scars and roughened, gnarled twigs
(pls. 5, £, b, and 6 A, «, B).

Badly infested {wigs are dwarfed and wegkened and so are casily
broken by the wind. As in the case of the sears of the associaled
specios . basalis, these pronounced lesions often furnish suitable and
convenient hiding places for the woolly apple aphid and Tor the over-
wintering eges of the green apple aphid.

Goodwin and Fenton (75), n a histological study of the pathologieal
changes produced in the plant tissue resulting from these malforma-
tions, determined that owing to the [ormation of corky layers of ecells
on cither side of the lesions the wounds failed to heal and that as the
surrounding wood continues to grow the wounds become deeper and
wider, causing the wood between the cuts to slough off.  They state:

Altogether, mechanical injury is very severe and there are evidences that decay
often sets in due to these wounds,  While these may eventually lLeal over, the
organisnis have already enlercd the heartwood, and ultimuately this secondary
injury puy kill the cotire limh.

FOOD PLANTS

The present studies of this speries have been limited, and the
nymphs have not been observed. 1t is probeble, however, that their
chief {ood plant in the orchard is alfalia. They may also feed on
‘sweetclover,

Funkhouser (£2) reports Ceresa bubalus as common on grasses and
low shrubs and as feeding upon succulent herbs, particularly sweet-
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clover. Brittain (3) reports it as feeding upon sheep sorrel (Rumea
acetosella), Canada thistle (Cirsium arvensis), clover (Trifolium re-
pens), goldenrod (Solidage spp.}, curled dock (Rumex crispus), plan-
tain (Plentago magor), and dandelion (Taraxacum officinale).

Severin (25) reports the adults as feeding and ovipositing upon
apple, pear, plum, elm, poplar, willow, and boxelder trees; the nymphs
as feeding on succulent weeds.

Pettit (27 has observed a specles of tree Fopper, probably bubalus,
as seriously injuricus in Michigan to l-year-old and 2-year-old fruit
trees set out in allalfa land, while an adjoining lot of trees set in clean
cultivated land was entirely free from infestation.

COMPARISON OF OVIPOSITORS

The ovipositors of the three species, Stictocephale inermis, Ceresa
basalis, and C. bubalus, were examined, inasmuch as these three spocies

Tth— T T T T TR

Fioune 35—0vipesitors: A, Orrean bosalis; B, Sticlocephele inermis; ©, Ceresa bubalug, Al ¥ 25,

make quite distinct incisions in which to deposit their eggs. Al-
though C. basalis is the smallest of the three, 1t has the longest ovi-
positor {fig. 15, A) and makes the decpesé incision. Stictocephale
wnermis, which makes the most superficial incision, has the shortest
ovipositor (fig. 15, B), and . bubalus, the largest of tho thren species,
which makes the double, medium deep cuts, has an ovipositor midway
in lengih between those of the other two (fig. 15, ). The average
length of several ovipositors of each species was found to he as follows:
¢ Efzsa{is, 3.7 mm; O bubalus, 3.4 mm; and 8. inermis, 2.7 mm. The
ovipositors of the species of Ceresa nro also somewhat broader than
that ol 8. inermis.

The sharp sawlike adge of the tip of the ovipositor readily accounts
{or the ability of the females to eut theis oviposition lesions

CERESA ALBIDOSPARSA STKL

In March 1927, 1-year-old seedling pear trees were found with
membracid eggs inserled in the buds. 1§ was apparent that these must
be the egps of some species other than those previously studied.
Samples o%rsthese twigs were brought to the laboratory and kept for
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observation and hatehing of the egps. The eggs proved to be those of
Ceresa allidosparsa.
DISTRIBUTION

C. albidosparsa Std is recorded by Funkhouser (78) as occurring in
Californin, Nevada, Texas, and British Columbia. This is therefore
the first published record of its oceurrence in the
Pacific Northwest. It is probably a western species,
since there is no record of its having been found else-
where. It is probable that it is harmless, since its
eggs are deposited in the buds, where apparently
they cause little, if any, damage.

HISTORY

Ceresa albidosparse was originally described by
Stal in 1869 (26, p. 245), since which time it has
been referred to only eight times in

entomological literature. These ref-

erences are all under the name given

above, as this tree hopper has not

been confused with other species or

described under any other names.

Little is known of its life history and

habits, and it has no common name.

DESCRIPTION OF ADULT

Pale green; 8 mm in leoagth; with short,
cu;ved, red-tipped pronotal horns (fig,
1G}.

POSITION OF EGGS

The eggs are deposited singly or in

small groups of 2or 3 in the buds, Figips 1. —Ceres
either at the base or among the bud vigwi B, dorsal vicr.
scales (fig. 17). Most of them are '

placed in terminal buds or in buds close to the tips
of the twigs. As many as a dozen eggs may be found
in a single bud, though usually there are only about
half that number.

FIGURE 17.—Eggs HATCHING
and emply haleh-

ing membrancs of  Just previous to hatching, the eggs protrude from
rsarioma? the bud about two thirds of their length. This may
Yolling penr tree. be partly due to the effect of the extending bud seales,

B which at this time are pushing out rapidly.

The time required for the emergence of the nymphs from the eggs
was about 13 minutes in the few cases observed.

The eggs of C. albidosparsa seem to hatch earlier in the morning
than the eggs of other species observed. Possibly this is due to the
fact that increasing temperatures can more readily affect the eggs in
their semiexposed position in the buds than is possible with those
within the bark amf outer wood.,
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NYMPHAL INSTARS

Soveral nymphs in vials were reared through the first instar on
alfalfa. These are readily distinguished from the first-instar nymphs
of other species by their much lighter color, yellowish heads, and white
eyes. The agility of their movements also readily distinguished them
from all other species. While nymphs of other species walked slowly
from place to place, these darted here and there with apparent heste.

A close study of the arrangement of tuberosities and hairs on the
head and face of newly hatched nymphs (fig. 18) revealed nothing
especially different from their arrangement in other species, particu-
larly O. basalis (fig. 8, B). Except for the white eyes and the cream-
yellow color of the head, these nymphs resembled those of the other
species studied.

Nymphs hatched from April 16 to 26, 1927, from twigs kept since
March 29 in the laboratory, at room temperature. Qutdoor hatching

occurred from May 6 to 10. From these
one adult reached maturity on July 18, after
passing through the five instars characteris-
tic of the other species of Membracidae.
Moltings took place as follows: May 24-25,
June 36, June 9-11, June 20-25, and July 18.
The total length of the period of the nym-
phal instars was hetween 69 and 73 days.

HELIRIA RUBIDELLA BALL

Heliria rubidelle was first described by Ball

(1, p. 28) trom Colorado in 1918, Since 1928

it has been found in considerable numbers

on apple trees at Wenatchee, Wash_, as re-

Ficure 18.—Front view of hend ported by Yothers, Webster, and Spuler in

‘E':?e;??igi{dmﬁ?:‘mga%?ph * 1929 (35, p. 269) and by the writer in 1930
(38, ». 1, 2, 12; 84, p. 15).

The eggs of this membracid are laid in the apple twigs, one in each
of two more or less closely placed parallel slits.?

The nymphs hatch late in April and early in May. Unlike other
species studied, the nymphs do not fall to the ground upon emerging,
but remain on the twigs throughout their nymphal stages, feeding
upon the plant juices and reaching maturity in early June.-

The adults (pl. 7, A-E) feed, mate, and oviposit on the twigs, spend-
ing most of their lives there except for rare flights to neighboring trees.
Inasmuch gs the insects do not feed upon the cover crop or deposit
their eggs in any of the cover-crop plants, it is evidently of no con-
sequence in the life of the insect.

Hundreds of individuals (pl. 7, E} are sometimes found on sickly
branches of apple trees, particularly of the Stayman Winesap variety.
This, at first, seemed to indicate that these insects were responsible for
the unhealthy condition of the branches (pl. 8). Later, however, it
was decided that the presence of the insects was probably due to an
especially attractive odor given off by the limbs and that the presence
3 Tho writer is fndebted to P. B. Allon, Jr., temporary sssistant of the Wenatchee, Wash., Isharatory of

the Brresy of Entontclogy from 1930 to 1932. for thls diseovery ond for other observations on this specles
which hnd not yet been reported,
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of the insects was a result and not the cause of the trouble, although tho
insects do feed upon the sick branches, thereby doubtless hastening
their death.

ASSOCIATED SPECIES OF MEMBRACIDAE

The following associated species have been recorded from specimens
collected in these studies, from other collections, and from literature:
Ceresa albidosparsa,* C. basalis, C. borealis Fatrm.,* O bremis Walk.?
(fig. 14, I}, C. bubalus,* C. femorate Fairm.,* €. taurine Fiteh.,* Sticto-
cephala franciscana Stal, S. inermis,® S. pacifice Van D. (fe. 14, O0),
S. wickhami Van D. (fig. 14, F), Campylenchio tatipes Say,and Helira
rubidelle Ball.t

Stictocephala pacifica, according to Van Duszee,® probably does not
oceur in the interior country of the Pacific coast at all, and records of
this species in the interior districts of Washington, Idaho, Oregon, or
British Columbia are probably based on erronecus identifications.
Stictocephala wickhami, while recognized by some students of these
groups, and found in collections as such, is probably comparatively
rare, or is not readily separated from inermis. Ceresa brevis is rep-
resented by & few specimens determined by Van Duzee from Idaho,
which had previously been determined as C. borealis. Funkhouser
has recognized both C. femorafe and C. taurina.

Campylenchie lotipes has been found in considerable numbers
throughout the Pacific Northwest wherever observations have been
made upon species of the genera Cerese and Stictocephala. Like them,
1t is found on the alfalfa cover crop in orchards, upon which it feeds
throughout its nymphal stages and also as an adult. This species has
been observed incitfenmﬁy from time to time in the studies of the
other forms. Individuals of this species resch maturity earlier than
the other membracids, adults having been taken as early as June 9,
and in considerable numbers by June 19,

DISSEMINATION

Although capable of flight, tree hoppers are not ordinarily seen
flying about in the fields and orchards, although when disturbed, as
by the approach of o person, they take flight so suddenly that it Is
often difficult to watch their movements. They seldom fly higher
than 8 or 10 feet, or farther than 100 {2et at one flight. The distance
flown by a number observed was about 50 to 75 feet. Presumably
they fly considerable distances during their 60 or more days of adult
life. This is apparently their only natural means of dissemination,
since in their nymphal instars they never move even from one plant
to another.

Infestation of new areas, at least at considerable distances, is prob-
ably very largely through egg-infested nursery stock and graft scions.
In the adult stage the insects might occasionaily be carried by vehicles
passing through orchards or fields, or in fruit boxes or on other orchard
equipment. %ince the adults are extremely shy, however, it is very .
improbable that they are often distributed in this way.

Id' g-’o}t recorded by Fankhouser (13) us ovcurring in the Pacific Northwest (Washington, Oregon, and
BHD.
§ Iy porrespondence with the woeiter.




36 TECHNICAL BULLETIN 402, U.S. DEPT. OF AGRICULTURE

THE RELATION OF ANTS TO NYMPHS

Much has already been written by others upon the interesting sub-
ject of attendance of ants upon the nymphs and adults of membracids,
Funkhouser (2) reports that while individuals of the geners Ceresg
and Stictocephala have been known to be attended by ants, the latter
genus has never been known to give off the anal fluid. The writer
has observed attendance by ants upon Stictocephala inermis and
Ceresa basalis in outdoor rearing cages set over alfalfe plants. Prob-
ably more than one species of ant attends the nymphs In this part of
the country, but only one species has been definitely determined
{(Myrmica rubra scabrinodis var. sabulets Meinert,).

Considerable numbers of this species of ant have been ohserved
associating with the nymphs in the cages mentioned. They were
observed waving their antennae and stroking the posterior extremities
of second, third, and fourth instar nymphs, causing the nymphs tc
void a clear, colorless liquid from the anal aperture, which the ants
then proceeded to feed upon with apparent relish.

NATURAL CONTROL

Mention has already been made of the natural mortality to which
the egg stage, especially of C. basalis, is subject. In the nymphal
stages the tree hoppers are also subject to a considerable mortality.
In dropping from the trees, in the twigs of which the eggs are lgid,
many nymphs fall on, or are blown by the wind to, utterly barren
ground and are unable to reach suitable food plants; still others fell
into irrigation ditches and are lost. Of the many, many thoussnds
of nymphs that hateh from each tree in heavily infested orchards,
only & comparatively few survive and reach meaturity.

PARASITES

Two species of hymenopterous egg parasites, Gonatocerus n. sp.f and
Tetrastichus sp.,;” have been reared from the eggs of Stictocephala
tnermis; but since these are so rare they affect little control.

OTHER ENEMIES

Of the various species of spiders ohserved feeding upon the hatching
eggs and emerging nymphs, two species have been determined a5
Phaledromus minuta Bks.” and Dendryphantes militaris Hentz.” These
spiders and other undetermined species are commonly observed
throughout the hatching period upon the twigs from which S. inermis
nymp%s are emerging, and have often been seen devouring the tender
young nymphs while they were emerging from she eggshells.

A species of mite belonging to the genus Setus ® was found in con-
siderable numbers associated with the overwintering tree-hopper eggs,
and was doubtless responsible for the destruction of a great many of
the eggs, inasmuch as discolored, empty, shriveled eggshells were
- almost always associated with the presence of these mites in the egg
pouches,

® Dotermined by A. B. Qahna.

I Determined by A, R, Shoonmker.
! Dotermined by Il €. Bwing,
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At least two coccinellids, Adalic bipunctate 1.°, and Fyperaspis
quadrivitfale Lec.’® have been observed feeding upon the hatching
nymphs. Both of these have been seen devouring numbers of the
emerging nymphs, one after another, within a few minutes’ time.

A single specimen of H. quedrivitfate. was placed in a Petri dish at
1:15 p.m. and given 20 newly hatched nymphs for food. It ate 15 of
them during the first 15 minutes, and still others during the next 15
minutes. At 2:15it was given 20 more nymphs, several more of which
it had eaten by 3:15.

An ant, Formice fusce fusca var. argentia Wheeler ', has been
noted a number of times eating the hatching nymphs.

Another ant, Myrmice rubra scebrinodis var. sabuleti Meinert, was
often seen in the cages carrying portions of dead nymphs about in
its mouth, although it was pnot actually seen eating them. It is
reasoneble to suppose that ants are respoasible for the death of
many of the nymphs, since they are invarinbly associated with them,
and the mortality of the nymphs is very high.

Adults of Ceresa bubalus, é) basalis, and Stictocephala inermis col-
lected at Parma, Idaho, in August 1924 were badly infested with a
red mite, determined by H. E. Ewing as ¢ parasitic larvae of the genus
Achorolophus of the family Erythraeidae.” Greut numbers of these
mites were present under the tegmina and on most ol the ventral
spaces on the body. It was noted that the more heavily infested
individuals were comparatively sluggish and therefore more readily
captured by hand. Only rarely have these mites been found on
membracids in the Yakima Valley.

Coccinellid and syrphid larvae of undetermined species have been
ohserved feeding upon the hatehing nymphs in the erchard.

Other species of predatory insects, such as those of the genera
Hemerobius, Chrysopa, and QOecanthus, doubtless feed upon the emerg-
ing nymphs, since they are occasionally present during the last part
of the hatching season.

No observations have been made as (o whether birds feed upon the
trec hoppers under discussion, but Wildermuth (30) records several
species of birds as feeding upon S. festing n alfalla fields in Arizona.
8. festing is considerably smaller than any of the species studied here,
but it is probable that a few individuals ol these larger species are de-
voured by certain birds. Wildermuth also records toads as predatory
on 8. festina, and it is probable that toads also help checlk the increaso
of the northwestern species.

NATURAL PROTECTION

Little protective resemblance can be claimed for the shape of the
specios hero discussed, at Jeast under their present scquired environ-
ment. The genaral green color, however, gives them certain protec-
tion among Sm green food plants upon which they feed, and among

which they spend most of their lives. This greonish colonng also may
be of incidental protection to them while they are resting on tho
petioles of leaves and on the leaves themselves, but it probably is of
little value to thom when they are on the twigs ovipositing or resting.

¥ Dewerinined by H, 8, Barber,
1 Determined by 8. AL Heliwer,
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The bhabit of remaining quiet for hours at & time is doubtless of
no little protective value to the adults.

The almost universal position assumed by the nymphs of Heliria
rubidelle behind the buds, which they closely resemble in both color
and shape, evidently affords them considerable protection,

The habit of nymphs and adults of stepping rapidly eround to the
opposite side of the twig or other object, when disturbed, is slso of
protective value.

The hard pronotum with its sharp posterior end and, in the species
of Ceresa, the more or less sharp humeral horns doubtless afford con-
siderable protection.

As Wildermuth (30) has pointed out, the habit of axploding a
bubble of liquid from the tip of the abdomen when disturbed is prob-
ably also of protective value when this bubble is exploded in the face
of an encnry.

PREVENTIVE AND CONTROL MEASURES
SPRAYING AGAINST THE EGGS

Lovott (I8) suggested the use of 8 gallons of a hesvy miscible oil to
100 gallons of water, but oxpressed a ressonable doubt that such a
spray could reach the egg masses hidden underneath the bark, The
studies conducted by the writer, as indicated earlier in this bulletin,
have shown that the eggs of the trec hoppers are sufficiently exposed
to be reached by contact sprays, and numerous tests were conducted
with such materials.

LABORATORY TESTS

Tests of varicus materials of possible valuo against the eggs of
Stictocephala inermis were conducted in tha laboratory in 1923 and
1924. "Pwigs containing tree-hopper cggs were brought in from the
orchard and were spraved with such materials as were being tested in
certain experiments (/9) for the control of red spiders ! and the San
Jose scale.”  Spraying was done with a hand atomizer, the twigs
being thoroughly drenched on all stdes, after which thoy wore placed
with their cu$ ends in jars of water and kept until suflictent time had
elapsed for the eggs to hatch. The results of thesa tests, which are
shown in tables 14 and 15, indieated that lime-sulphur at the usuat
dormant, strength is not very effectivo against tho eggs of tho trec
hoppers, that lubricaling oil emulsions at 4 percent of actual oil
showed a mortality of 90 to 100 percent {including mortality from
natural causes); that miscible oils are as offective (et equivelent
strengths) as the lubricating-oil emulsions; that the distilate oils
are less offcetive than fhe more viscous lubricating oils; and that
kerosene emulsion at 8 (o 16 percent is about equivalent to the lu-
bricating-oil emulsions at 4 percent. It was also ovidont that appli-
eations made while the eges were dormant were fully as effective as
applications made as time for hatehing approached,

W Burafetranychux pifosis C.nned B, pod HBrpobia praclices Kopl,
B lspidivtuy prerniciosus Cotnet,
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TaBLe 14.—Laboratory fesis of dormant sprays on the eggs of Stictocephola inermis,
Yaktma, Wash,, 1528

Date ogis were— Ce“d’l’zﬁug{ cyps &t

Materinls used Dilution
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frnds ) hiny 15 147 W2 4004
4 .. A ey 16 3| 288 | 678
i May 17 8| 360 | Bg2
Pereent
oif
2 ny 12
1

Mlay 4
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TapLe 15.—Labyratory tests of dormant sprays on the egys of Stictecephala inermis,
Yakima, Wash., 1824

RPHAYED MAR, 7, EXAMINED MAY 1
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+ For speciiiealions of sproy twsterinds see (L8, Dept, Apr.'Cech. Bai, Mo 25, pp. 20-32 {15).
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Tasre 15.—Laboratory lests of dormant sprays on the eggs of Sticlocephala inermis,
Yakima, Wash., 1824—Continued
SPRAYED APR. I, EXAMINED MAY 1517
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Maulerinl used Dilution ogLs | —_—
Hatehed Daoid

- Num-| Per-
“fnumé Nuwber | ber

TAme-sulphiur (30° Doaumé cancentrate) 3 192 74
PR L NP dmmm——— 6 b 7| 0n

Pereent
oif

3 X 44

[
ar

i,iii}rid}tftié&;ii-{}ﬁi i‘h‘pz-l'i:_t'._)-cx'nt-:léion {soup cm_uisiﬂér) .-
Larbrienting-oil {red enpine) gendsion {ensein-lime cmilsi-

I S

48
42

4
25

L
54
ig

] f:}u E-S.lil-j-)l.'ll.l.il'- :
Canmeareial ol engdsion .
PR <1 . .

G A e ST AT S

LRl R R~ T~

Untrented ’ . . . oo Al 227

A somewhat higher percentage of kill was oebtained in the laboratory
than in the field, partly because of the more thorough application of
thespray. Itisalso possible that the slower evaporation under indoor
conditions is conducive to greater penetration, and consequent greater
lethal elfect upon the insect.

ORCHARD TESTS

The results of field tests of various materials conducted in 1923 and
1925 are given in tables 16 and 17,  In 1923 applications were made
at two different times, first when the eggs were dormant, and later
about a week before they began to hatch. While the percentages of
kill in the field were somewhat lower, results were in general agreement
with those obtained in the laboratory. The lubricating-oil sprays at a
4 percent strength, with or without the addition of lime-sulphur or of
nicotine, were found quite effective in killing most of the eges. Lime-
sulphur at a 4° Baumé strength, on the other hand, appeared to be of
little value.

Tanue 16.~Crchard tests of dormant sprays on the eggs of Stictocephala inermds,
Yakima, Wash., 1023

[Applications made with o power sprayer]
PLAYE L SPRAYED MAR. 0, COUNTRD MAY 1622
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TagLE 17.—0rchard fests of dormant sprays on the egge of Sticlocephala wnermis in
aprowls growing from the bases of {ree stumps, Yukima, Wash., 1085

[Sprayed with e bucket pump Apr. 7, exatmincd May 1]

Conditian of eges sl
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Hutehed Dand
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Lime-sulphur (28° Baumé congentrate) diluted (o 4° Baumé. 1 450 [ 145 0
Lubricating-oil (brown-neutral) emulsion (cﬂ.aem limte eroulsifierd

ol 3 percent actunl oil. . HAb | 305 B9
Same maeterinl us tast 2, AL 4 [)erl:enl. sctund oil | Fiv an | 520 924
Malerinl used in test 2, plus lime-sulphur {24° Banmg coneen-

trate), the mixture Lo read 2° Baumé, . E 35| &0 36
Malerin] used in test 2, Plu:s litme- sulphur [2° Baumé vancen-

trate), L gallon to 50 gallons | 50 L] W1
Materidl used in Lest 2, but al 6 percent setual ofl, phis nivotine

swiphute (40 porcent), 1 part to 1,000 parts of the emulsion .. 525 525 1.0
Bame ns Lost l'>, hut with 2 permm. nelual gil . . .. D32 T a2 5. 1
Tntreated . . . ElLE b1 I . R

No tests were made separately on the eggs of €. basalis, but counts
were made of the eggs from orchards which had been given the regular
dormant sprays for the control of the San Jose scale in early spring.
In one orchard a 4 percent oil emulsion was used throughout, and m
the second orchard & 4 pereent oil emulsion was used in part of the
acreage and lime-sulphur (4° Baumé) was used in the rest. The results
of these counts are shown in table 18.

TARLE 18.—Eggs of Ceresa baszaliz killed by archard spraying for the San Jfoxe seale,
Yakima, Wash., 19.25

Canilition of egps
13ale epgd
exutningd

Trentment ar over-

Alive | Hatghed Iend grown !

MNuabert Number |Nuaber] Percent | Percent
Engine-oil einulslon, 4 nereent. . ... ... . A "!Iuml L) B8 | 2584 FOBY ...

P 455 1
Fnznm oil erntilslcn, 4 porcent. . oo pir (1] 60
Lime-sulphur, 4* Boumé . B . i 450 255
Chegk_ R Lo de 416
anmevoil emu]s!nn Iy mrct.ul. Moy e 135
Linte- ﬁulphur 1° Baume .. . . Lo L - 1540
Check. . e mmem e e 70

REgny

=

! Egps avergrown are consitlerad as deutl tn records for enntrol.
1 All epps Lhal gandd huteh had hatehed by this dute.

A fnetor to be considered in integ’)reting these results is that the

portions of the trees where eggs of €. basalis were deposited, i.e., in
sprouts growing about the base of the tree and in the terminal twigs of
the low-hanging branches, are the portions of the trees most often
slighted in the spraying.

SPRAYING AGAINST THE NYMPHS

Funkhouser (f2) suggested the use of contact sprays against the
soft-hodied nymphs, and this was tested in 1923. The alfalfa in
four orchard blocks was sprayed with a power outlit on May 2, when
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the alfalfa was 12 to 18 inches high end the trec-hopper cggs had
nearly all hatched. Four different materials were used in the plots
as follows: (1) Nicotine sulphate I to 800 with a casein-lime spreader,
one half pound in 50 gallons; (2) nicotine sulphate 1 to 800 in & 1
percent lubricating-oil emulsion; (3) lubricating-oil emulsion, 1 per-
cent; and (4) lubricating-oil emulsion, 2 percent. No noticeable
control resulted in any of the plots, probably because of the difficulty
in wetting the lower portions of the plants, where the young nymphs
feed. I the spraying could be done immediately after the alfalfa has
heen cut, 1t might be possible to wet the plants {ar enough down
within the crowns to kill the nymphs, but tlus method promises little
value,
CLEAN CULTURE

Since these membracids, with the exception of Heliria rubidella,
feed exclusively throughout the nymphal period upon the more suc-
culent vegetation growing in the orchard, such as alfalfa, sweetclover,
and weeds, iv is apparent that the climination of all such food plants
will be an effective ¢ .ntrel measure. Repented observations made in
the Yakima Valley have shown that orchards which are free of weeds
suffer very little tree-hopper infestation except in trees on borders
adjacent to alfalfa fields. Few instances were observed in which the
hoppers traveled more than two tree rows from suitnble food and
protection, such as weeds or cover crops.

In the arid districts of the Pacific Northwest, however, a cover
crop of some kind, usually alfalfa, has been found almost essential
rom the standpoint of general horticultural practice, and the loss
sustained by the total elimination of cover crops would fur exceed the
gain {rom the repression of the tree hoppers.  1f other control meas-
ures were not available, however, the temporary elimination of cover
crops might be worth considering in the case of 8 serious infestation,

If ¢lean culture is likely to be practiced later on, sweetclover is
preferable to alfulfa as u cover crop.  Alfaifa is very persistent after
once beecoming estublished, and difficult to eliminate by cultivation.
Sweetclover, on the other hand, is readily eliminated after the first
two seasons.

OTHER POSSIBLE CONTROL METHODS

The pruning out and destruction of infested twigs is sometimes
advised. In cases of severe infestation this is obviously impracticnl,
and in the case of yonng trees it would often mean the removal of
the entire tree. In light infestations, on the other hand, the tree
hoppers are seldom sufficiently injurious to warrant the effort. In
the course of the regular pruning process, however, any infested twigs
noted might well be removed.

The use of hopperdorers, which has been suggested, for controtling
the adult tree hoppers in alfalfs fields was reported by Wildermuth
(30) as impracticnble, as but a small part of the hoppers were cap-
tured. Hopperdozers would be altogether impractical in orchards,
even if they were otherwise successful, on nceount of the presence of
the trees and because the cover crop of uncut alfalfs or sweetclover
would not permit their use at any time when the adults were present.
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SUMMARY AND CONCLUSIONS

Considerable injury to fruit trees in the Paeific Northwest is caused
annually by the egg-Inying activities of several speeies of Membracidee
commonly known as “tree hoppers.” The mare imiportant of these, in
the order of their economic significance, are Stictocephale inermis,
Cerese busalis, and . bubalus, The last, the buffalo tree hopper, is
generadly credited with the injury caused by them all, but it is less
mmportant in the Pacilic Northwest than either of the other two,

In the nymphal stages these membracids feed upon the alfalfa or
swectclover and possibly upon some of the succulent weeds growing
in the orchwds.® Their feeding upon these plants has caused no
noticeable injury. The damage they cause results from the wounds
cut into the twigs of [ruit trees for the purpose of oviposition.

Egys arve deposited in apple, cherry, peach, pear, prune, willow,
locust, poplar, and many other kinds of trees and shrubs. For the
most part 1-and 2-year-old wood is used for cgg doeposition. An
exception to this is the choice of the cwrrent season’s growth by ¢
basalis.

Although the incisions are usually small, there are so many of them
in cases of severe infestation that the growth of the Lree is retarded.
This is especially serious with 1- and 2-year-old trees. In the case
of C. basalis the deep wounds made for egg deposition in the termninal
portions of the twigs often eause these twigs to wither and die back
for several inches,

The scars furnish suitable feeding places for the woolly apple aphid
(Lriosoma lanigerum), The lrritution caused by these aphids pre-
vents the wounds from healing, and the unhealed wounds furnish
entranee for fungous and other diseases.

The insects winter over In the egg stage only. These eggs are
deposited from July to early October and hateh in April and early
May the following spring. Upon hatching, the nymphs, excepting
those of fleliria rubidelle, fail (o the alfulfv or such other cover crop
or weeds as may be present.  There they leed and pass through five
instars, reaching maturity late in June or in July. The adults live
about 60 days.

Ceresa bubalus deposits {rom 6 (o 12 eggs in two short, parallel
rows; C. basalis, about 20 eggs in straight, deep, longitudinal wounds;
Stictocephala inermis deposits nbout 6 eggs in euch tiny superficiul
scar; C. albidosparsa deposits eges singly in buds; and Heliria rubidelie
deposits them singly in the bark.

Besides these species, there are several others associnted with them,
some of which are not readily <istinguishable from them, but owing
to their scarcity they are of little economic importance.

Of the various methods of control suggeste(} ol tried, spraying the
eggs with a 4-percent oil emulsion or miseible oil is the most practical
and satisfactory measure. While it is rarely possible to kill all of
the eggs, the dormant oils destroy enough to accomplish reasonnble
(‘Ol'ltl‘()ﬁs Such applicutions are regularly put on for the control of
the San Jose scale and European red mite, and extra applieations
for the tree-hopper eggs are unnecessary. Lime-sulphur proved
ineffective.

Clean cultivation is worth consideration as a last resort in cases of
severe injury where the use of oil sprays is undesirable.

u Except /leliriu rubideita, which fecds upon the fruit-tree Lwigs.
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