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INTRODUCTION 

In recent years eonsiderable injury has been done to y01mg orchard 
and nursCi-Y trees in certain purts of the Pacific Northwest by the egg
laying actiyities of various species of :Membracidue, commonly kno\vn 
as "tree hoppers." This injury was of such importance that lif(:
history studies und control experiments were begun at the Ynkimn, 
'Wash., laboratory of the BUTeau of Entomology in 1923 and con
tinued until 1928.1 The present bulletin givef' the results of these 
biological studies, orchard observations, and control experiments. 

Until quite reeently the tree hoppers in orchards of the Pacific 
Northwest have been referred to indiscriminately by both entomo
logists and orcha.rdists as the "bufl'nlo tree hoppel:", althongh 'Wilson 
(31)2 in 1915 lmd Loy(·tt (18) in 1923 report('(l on certain otilt'r speeies. 
During the course of the author's studies, howev('1', it developed that 
there ure present ill Washington, Oregon, and Idaho 15 or more 

I The observations on /letiria ru/,;riella wero made lit Wenat.chee, \Ynsh., from 1925 to 1032, with the 
assistance In 1U3(}-32 of Plluill. Allen, .Jr. 

I Italic numbers in parentheses refer to Literature Cited, p. H. 

14370°-34-1 	 ;t. 
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species of the genem Stictocephala and Ceresa, of which S. inermis 
Fab., C. basulis Walk., and O. bubalus Fab. are the more common 
and the ones responsible for the injury to fruit trees. 

Studies and control e:-.:periments were confined largely to S. inermis 
and O. basalis, with minor observations on O. bubalus, O. albidosparsa
Stal, and EIelil'ia rubidella Ball. 

The normal food plants of the tree-hopper nymphs appeltr to be cer
tain succulent herbaceous plants and not fruit trees. Hodgkiss (17), 
in discussing the .Membrl1cidae in general, states that the yOlmg 
stages require more sueeulent foods. He reared nymphs through the 
en,rlier stages on young apple and pear kees, but in their later sta,ges 
they became restless and were then f~d upon other succulent, tender 
plants, principally the thistle. 

STICTOCEPHAI,A INERMIS FAB. 

DISTRIBUTION 

Stictocephala inel'Tn:iR is the most {'ommon of nll the membracids 
found in the orehnrds of the Pncific Northwest. Itis probably more or 
less generally distribu ted thl'oughou t the Sttttes of 'Washingtoil, 
Oregon, nnd Idaho wJ1l'I'l'Yl'l' suitable environmental conditions pre
vaiL \Yhere tl{'et'ptnblt' food pilluts and suitabl(' wood for the deposi
tion of eggs n1'(' preS(lllt and \\'J1('re ('limatie factors arc fa.vorable, as in 
the or('hards of the n,l'id distl'iets, in whieh ("oyer crops of ttlfalfa are 
grown) it bp('ollles sUflit'icntl.\T nhundant to be of economie importance. 

This sppdes is found gel1cruHy throughout IlIost of the United 
Stntes, except in thc Southeast, and is also present in the Canadian 
Provinces bordering on the United States. 

SYNONYMY AND COMMON NAME 

This species was ol'iginnlly deseribed by Fabricius (7, p. 677) and 
plaC'('ct in his genus .i11emul'Q.cis in 1775. In 1830 Say (24, p. 243) 
describe(l it as goniphol'a of the same genus. Fitch) i!l 1851 (11, 
p. 48), referred inel'lniR Fab. to the genus Smilia of Germar. \Vallwl' 
(29, p. 1141), in 1852) placed Say's specie'S in the genus Oeresa of 
Amyot find SC'l'yille. In 1869 Stti.l (26, p. 246) phtC'ed ine'l'1nis in his 
new genus /::)'tictoceplwla. Rathvon (23, p. 551) in the S,lllle year used 
thE, same speeifie dpte'l'llu1\H,tion but placed it in Germitr'S Smili(L 
(misspelled as 8millia). Sinec Uhle'1' (27, p. 471), in 1871, placed the 
species bn.ek in the g;.>uus Stictocephaia of St:11 (spelling it as Sticto
cephallls) it hns retnined thut classificntiOll. . 

The mon' important dis('ussions of il1.ermis are by Hodgkiss (17), 
Ii'unkholls('l' U2, 13), and the writer (32, 33, 34). This species wus 
under discussion by the writer (32) under the name of pacifica Van 
Duzee. 

Stictocephala inel'mis hus bCl'l1 eulled tll(, "green cloycr trec hopper" 
by the wl'it(>r (8."3) nud othel's. ' 

The lIlore im portftn t synonymy is as 1'0llows: 
11Iembrllcis inermis Ji'ai>ricills, 1775 (7, p. 077) 
Membrocis goniphora. Hay, 1830 (24, p. 243) 
8mil-ill inerlllis Fit,ch, 1 R51 (J 1, 11. 48) 
Ceresa I goniphorn Walkor, ]852 (29, p. 1.141) 
Sticl.occphllill inc1"Inis Stil.!, 1869 (ie, p. 246) 
Smillia iner1l!is Rathvoll, 1869 (23, p, 551) 
Stictoceplialus inermis Uhler, 1871 (27, p, 471) 
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FOOD PI,ANTS 

In the Northwest the author has found the nymphs of S. inermis 
ahnost exclusively on alfalfa (Medicago sativa), and in the earlier 
stages they are invariably found as far down within the crown of the 
alfalfa plants as they can get. A.t such points the plant is succulent, 
direct sunlight is cut off, and the maA-lmUm humidity prevails. Some 
have been found upon sweetclover (11lelilotus spp.), and a few in the 
earlier stages have been found feeding on dandelion (Tar'axacum 
officinale) and upon a species of wild mustard. In one infested orchard 
in which there were scattering a1£a1£t1 plants, ali of which were heavily 
infested, extensive sweeping failed to reveal the presence of any of the 
insects in a thick growth of green foxtail (Setaria viridis). Funk
houser (12) records this tree hopper as common on sweet clover and 
red clover (Trifolium pratense) and occasionally on timothy (Phleum 
pratens3). Essig (6, p. 205) regards it as common and often injurious 
to grasses, alfalfa, sweetclover, and other forage plants and weeds. 
Since alfalfa is an introduced sI)('cies, it is obyiously not the original 
food of this tree hopper, Itncl the insect must have tmnsferred its 
attention t.o thiE, plt1nt in recent years. Nymphs placed.by the author 
upon opemng apple leaf buds fed upon them to a certarn extent, but 
all died within 9 days. 

CHARACTER AND IMPORTANCE OF INJURY 

The injury to fruit trees ('iLused by SticiocephalcL inermis is the 
result of the numerous punctures made in the bark [l,nd outer wood 
in the proeess of egg laying. Twigs in whi('h eggs have been laid 
have a characteristic roughened, ragged appearance (pI. 1, Ll, B, ILnd 
D; pl. 6, A, c). 

:Most of tbe egg laying is clone in the older wood of the previous 
season's growth, but the roughened ('ondition pt'rflists for 2 or :3 ycars, 
after which time the ('urlt'd frngments of bnrk wither, !Paving only the 
deeper wounds and hankd s(,urs, giving the btuk IL slightly lumpy 
n.ppeurnncc. On peu,('h twigs, injury by S. 1'nel'mis ('auses gum to ooze 
from til(' wOhnds. This gum hardens into n dark,' brittle exudatc, 
giving thc bark the appcanlIl('e shown in plate 1, C. 

The injury ('t1.lIsecl by this species o('eurs rather generally in apple 
and penr orehnrds in the Pa('ifi'e Northwest wherever nlfulfa is grown 
as n, ('oyer crop, oceusionn.lly in pench and 'willow trees, and on rare 
occnsionfl in prune and poplar. The injury is pn.rtieull1rly important 
in I-year-old nnd 2-ycnr-old H,pple and p(~l1r trees. In older trees the 
injury is largcIy confi.ned to. the twigs or smaller branehes within 6 or 
7 feet .of the grotUlci, especutliy where the branches hang well down 
into or toward the alfalfa. 

The nymphs cause modt'l'tlte injury to nlflllfa by sl1('king out the 
'plant j ui.ec in su('h n, mnnner ns to gin' til(' stems n, girdled appenrance 
(pi. 2, 0). Wildermuth (30) has dc'scribed flimilar injury to alfalfa 
by Stictocephala. je8iina, Say,. hut in ,the N orthwes~ the dalllage d?lle 
by S. inerrnis und other spe('](\s to alfllifn, has been fOlUid by 't,he Wl'lter 
to be comparatively lUlllllportant. 
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DESClbp'fION OF S'fAGES 

THE EGG 

The cgg (fig. 1, A) is aLout 1.5 mm in lcngth and 0.4 111m in diameter. Whit.c, 
apex slightly pink; roughly cylindrical, comprcssed latterly toward apex, broadly 
expanded below, bluntly rounded at the basc; margins more or less curved; 
chorion vitreous, transparent. 

THE NYMPH 

The nymphs have mueh the same geneml shape as do the adults, 
but the body, instead of being covered by the prothoraeie shield, is 
covered with many tuberosities, spines, and hairs. There is 1 pair 
of these dorsal tuberosities on the hend, 2 pairs on the pro thorax, 1 
pnir each on the mesothorax nnd metathorn.x, none on the first nbdomi
nn! segment, but 1 each on the 7 sueceeding abdominal segments. 

The number of tuberosities does not appear to be specific, us 
Wildermuth (30) figures the same for S. jestina and Hodgkiss (17) ~ 
describes the sume munber of tubcTOsities for O. bubalu8, O. taurina 
Fitch, nnd O. boreaUs Fttirm. The general appeU,l'llncc of the nymphs 
remains nbout the same throughout the five instars, except that in the 
first the dorsal tuberosities have but n single subspine, whereus Inter 
instnrs hnve multiple-bmnched tuberosities. Also, of course, the 
wing pnds devekp during the fourth nnd fifth instars (fig. 1, E nnd F). 

DESCRIPTION OF INSTARS 

First instaT (fig. 1, B).-Length 1.5 to 2 mm. Head com presser! cephalo
caudad, oblique and rounded in front, mouth parts directed backward and reach
ing J"he middle of thc sccond [Lbdomiual segment. Eyes whitc with dark cellter 
from which arise three stout, :;implc hairs. Onc pair of unbranchcd tuberosities OU 
apex of hcad, ending in long, slender, slightly rccurved hairs; several pairs of 
hairs on head abC. face, those Oil the upper part of the head curving upward, those 
on the face curving downward. Prothomx with two pairs of tuberosities, the 
front pair uubmnched, the sccond pail' with a single stout spinc in addition to a 
long spine terminating each tuberosity. Mesothomx with a single pair of tuber
osities with two short spines branching otf (fig. 2, A, a). Metathorax with !t 

single I-branched tubcrosity. First abdominal segmcnt with no tuberosity, but 
instcad a small, simple hail'. Succccding abdominal scgmcnts each with a pair 
of single-spined tubcrosities in addition to the long hair terminating cach, sloping 
and curling caudaU, ovcrlapping thc succccding one. Anal tuberosity smaller 
and with two short spines at its base. Thrce or four hairs on cithcr side of ench 
thoracic and abdominal segmcnt. Hairs fringing end of anal segmcnt. Color: 
·White whcn first hatchcd, but aftcr an hour.or so turning to pale straw color anci 
then to purplish brown on head and part of thorax ltlld abdomen, body generally 
hyalinc, tuberositics slightly suffused. Legs pale. 

Second instal" (fig. 1, C).-Length 2.5 to 3 mll1. Hcad comprcssed cephalo
caudad, rounded, spinose, reaching to the first abdominal segmcnt. Tuberosities 
complex. Eyes supporting three hilil's, singlc pail' of complex tuberositics at 
apex of head with two branchcs, hairs on f:we and hcad as in first instllr. Pro
thomcic tuberosity with 4 subspincs (fig. 2, Ol. Mesothoracic, metathoracic 
and abdominal (fig. 2, D) dorsal tubcrosities each with from 6 to 7 subspines, 
cxccpt anal tubcrosity, which has but 2. More median hairs on sideI' of scg
ments throughout. Anal tube fringed with spines and hairs. Color: Body 
gencrally hyaline; hcad IWcl prothol'l1x clarkcr than in first instal', espccially 
along dorsum and at spots along Rides and on legs. 

Third il/,.~t(/,r (fig. 1, J)).-Length ;~.5 10 4.5 Hun. Hcac! somcwhut comprcssed 
ceplmlo-clLudad, but lpss j,llltll in earlier in~tltrs. Tubcrosities and hairs on helld 
as hefore. Prothoraeie slIhspines large, (i in lllllniJcr, and stout (fig. 2, E) . 
.Mesothoracie, metathomeic, and abdominal tubcrositil's with about 10 subspilles 
cach (fig. 2, Ii'). Tubcrosity subspincs ini.ermingling. Abdominal tubcrosities 
curving backward, last pair not reaching thc anlll pair, which are smaller and 
with only 3 or 4. subspincs. Thoracic and abdoll:tinal hairs short and stout. 
Body spinosc. Color: Hyaline 1.0 pale grccnish on head, dorsulll, und spots along 
sides. Morc color than in prcccding iustar:>. 
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INJURY TO FRUIT TREE TWIGS BY STICTOCEPHALA INERMIS 

At ~\pplr rwif!s !-'liowillt! ('h:lnH'lt',-il"tic' ShllL~l!Y. rOIlI.!lJlIIH'd ilppt'Unlllf'P ('Olh(ld h~' IIw ()\·ipo~ifion \\·OlJtHJ~. 
X 2:'1_ B. 'I'll(' ftlHll'. l\\il'l.I Ilulural ~i7(1. (\ Ifll1H~ to YOIIIlV JIPa"h tn'r SliOWlllj.! pnllrtldinl! parti('ll)S 
of rlnrk, hritll{' (l\utluh' forllwd h~ II\(' sap O(J7itW from til(' \\",lIl1ld,.... >: .1.,. Il, ('har:l('lt'ristic' ('urlinc: 
liuC'k ofolll~r Imrk at o\iposilion 1"('al""; 1tI1H':lr I\\ir~ X 1.'i :Xolt'lhllt only two!'l'nrsflP(Jrariulho 
newer wood in Llw l\'Hlpl' ;11II1 lUHIt' in (lIP .s1111 )'nllrJ~l'r j.!'fOWI h III tilt' riJ,!hl. 
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A B 


A JllH} B, Egg l'olJl'lws of II..,,'li{,/OCl plJll/1I illrrmis willi lmrk rNwn'NI showing Ill£' nrrnngC'mt1nt of the ('!-!f.!S. 
X l,li, ("', A if:llfn stf'lll:-- showil11! S('tu", ('ulI!'wd hy III(' (I·plling of nymphs of 8, ;11( rmi·' ('ollntwd in rl'nrin~ 
l'U;.,rl';". X :l,I' 1>. Empty ha1c'liinL' lJlPluhr:l1w" prOll'1ldiu:! fruJI) t'l!1! pOlll'll(\~ of ....... lilt TlIli.':i, X I.a. E, 
:\yrnphs of S. I1lHTlHfl' b:-uiuM from t'J!AS ill appll' twi!-!~. X I.a. 
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Fourth inslar (fig. 1, E).-Lengih 5 to 5.5 nun. Head compressed cephalo
caudad, hut le!:ls tlmll before. gyespin('s several. Body curved, spinose. 
Mouth parts horizontal, reaching to meiathorax only. Wing pads cOllspicliOUS. 

Fr(lURE I.-Successive stng~s iu the development of SIit-loeeI'II" IIrr11l;8: A, Egg, X30; D-F, first to fifth 
nymplll\! insttlrS, IIX2fi, ('Xl3, OX15, l';X7, ~'Xi; n, adult, Jlt ViOIV, Xi;.If, adult, ~idc view, Xi. 

Thoracic and abdominal tlllwrQsities with 15 to 22 subspines (fig. 3, A and B), 
tuberosities broader Itt hltse, extending the whole width of segment. Abdominal 
tuberosities strongly euryed eaudad,_slIilspillesilltermingJ(;'d. Color: Brownish 
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testaceoUf> on head, dorsum, and mcdian part of thorax, with spots of brown on 
cach abdominal segment. Tuberosities somewhat suffu~ed. 

Fifth instnr (fig. 1, Fl.-Length 7 to 8 111m. Head compressed caudad, but 
less than formerly. Ventose. Eye spines numerous. Prothorax strongly 
elevated, keel sharply rounded; hookcd, spinose. Thoracic tuberosities leaning 
forward, abdominal tuberosities leaning forward but cun'ing strongly backward. 

J<'HiUItE 2.-Dorsnl tuberosities or Slit/Octplwla inermi.,: A. First-instllr IIIcsothorncic tuberosity with 
extrll sllospinc (a); n, n, nil other tuherosilies in the tlrst instllr hun II sin!(le sllhspinc .ts ill the IIIctathor
acie tuberosity; (~, scrol1(i-instnr protllorncic tuuerosity; D, scconrl-instnr llorsal Hhdominnl tuberosity; 
E, thlnl-instar prothoradc tuberosity; F, third-instnr dorsal nb(lollliulIl t.uberosity. Grcatly cnlargcd. 

Subspincs intermingled, Ilumerous, 20 to 25 on eae11 tuberosity (fig. 3, C). Body 
spinose. 'IVing pads eonspicuolls, reaehing second abdominal ::;cgmcnt. Color: 
Head, part of pronotllm, dorsum, venter, ami spots along Ride!) faintly testaceous 
to pILle green, otherwise hyaline. TlIbel"OsiHcll faiutly suffused. 

THE ADULT 

Description of wZu!t, (pI. 4, B; figs. 1, 0, H, ancl 14, m.-Length 7.5 to !) mm. 
Head broad, nearly smooth, very finely auel faintly punctatc, faee eloscl~' striate 
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between ocelli lLnt! eyes, Clypells lLncl lorn, short and rounded lLt the lLpex, 
wletopidiulll perpendicular, (lorSlLl crest high (Llld arcuate, widening abo\'e to 
rounded superhumcmls, TegminlL lLnd wings entirely hyaline, Upper part of 
felllom genemlly black, sometimes this marking lLbsellt, ProlJotum donsely but 
closely punctate, llletopidiulll cou\'ex, median carina distinct but irregulttri sides 
of metopidilllll meeting before the middle of the bodYi posterior processes long, 
slender, gradll[l,ll~' aCllminate, curving downward, extending heyond abdolJlen, 
~egl11en ts of abdomen in some cases bordered wi th I>laek, Last segmelJ t of ab
domen of female broadly angular, Culur: Brilliant groen to yellowish, 

LIFE HISTORY AND HABITS 

In commoll with the other tree hopp('l's herein cliseussecl, 8ticto
cephala inermis hiberna.tes in the egg sta.g(' in the hnrk of fruit tr('es 
(pI. 2, A, B), These ha.tch in ('nriy spring, the nymphs l1Ultlll'e by 

FWPRE 3.-Dorsal tuberosities of SHrlncephu/(l ;1iermis: A, F'ourth-illstar prot.horncic lulwrosily; B, fourth. 
instnf dorsal abdominal tubl'ro~ily; (', fHth-inslar prothonH'ic tuiJerosity. Olhrr luh('rosilics in the 
fiflh instllr turn clludnd, Orcntly el1lar~cd, 

enrly SllIl1l1H'r, and the nduhs lay tlwir ('ggs d11l'ing th(' middle and 
la.ttcr part or the S1l111 II1PI', '1'h('1'(' is OlH' g('nl'rntion n )'('fll', 

The studil's hel'(' J'('col'(]l'd \\'el'(, ('ul'ri('cl 011. It t 'I" Hkimn, 'Yflsh" in 
1923,1924, nnd IU21i, with oc('nsioll:t1 ohs(,I'Yntions in 102G, lU27, flllCl 
1928, l\fnny ohs(,ITations \\'('1'(' math> in Ow o['('hl1]'[ls, otll('t's in t.1ll' 
inscctury, flome in I'pnring cngl'S plneC'd 0\"('/' nll'alfn plnnts, and still 
otllPI's in IUl'gPl' mg('s pluced OV'('I' :dfnlfn, pl:llltS :md smull Jruit 
tre('s (pI. 8, A, B) 

METHOO (W S'I'IIDY 

Each senson hefore bakhing hegan, twigs contnining cO'gs werp 
pla.c{\d with their l'lIt pnels in jnJ's of wn~er, Some weI'(' nJJowed to 
l'cmnin in the In born,toJ'Y, Whl~I'l' the tempel'tLtllJ'(' rn nged from 40° to 
75° F,; others \\'('1'e pln.cl'(i in tllP ins('C'tnl'Y at 011 t-dool' tl'mp(,r:l,tul'PS, 
\Yhen the eggs 'begnn to hatch in thp ins('ctnl'~r, it WitS time to mnke 
observa.tions in tlU' oJ'('h:u'ds, Aftl'l' the first season it wns not diffi
cult to foretell n.t, nhout whllt, time hn,tching would COmnWllCl', 

When hatching hegnn, rep,'('sentn tive samples of twigs eontnining 
cggs were brought from the orchard to the inSl'CUlry, whero thl'Y worc 
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kept with their cut ends in bottles or jars of water. The nymphs 
emerging from these fell upon the paper-covered table, where they 
were L~,:nmted hourly throughout the hatching season. Each day 
indhridunJs were placed in lantern-chimney cages {)n 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 alfalfa 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 
cages were transferred to the large cages placed over normal alfalfa 
plants in the insectary yard. General observations wem made on 
these to check ugninst material reared in the insectu.ry and under 
observation in the orchard. 

DATE OF HATCHING 

The eggs of Stictocephala, inermis normally hu.tch during April ~nd 
early May (tables 1 and 2; pI. 2, D, E; fig. 4). In extremely early 

3: 
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FIGUltl~ ·I.-nntchillg of eggs of S/iciocephllia inermis ill relution to temperature, Yllkirnll, "Tash. 

seasons, ns in 102u, ha,tehing ma,y start as early as the lust of March, 
wll('l'ens ill ('xtJ'('1l1rly Intr srasons, f~3 in 1927, it may not start until 
lnte April. 'I'll(' timr of hn.tehing is apparently intimatrly correlated 
with blld and hlossom devrlopment of the fruit trees in the orchards. 
In t111' () yrnrs from H)23 to 1928, inclusive, \\Thile these insects were 
hring ohsel'Yed, the hn.tching invariably comlllenc,rcl when the Wine
sap blossom huds werr in the stage Imown ns "the pink", just pl'e
('('ding tho opening of thr blossoms. The most fn.vorable weather for 
hatching appeared to be when the mornings were warm, with a rela
tively high humidity, prec('ded hy a night of the same character. 

The hn telling period is llluch shorter if continuously favorable 
weath('l' conditions preyuil, fiS in 1923, when the entire hatching 
p('riod lusted only abollt 2 w('eks (table 1). If interrupted by un
fuvol':1 hit> wra thel' ('ondi tiOllS, tlw ha,tching period lllay be extended 
to u month, as OCCUlTt'd in 1925. 

http:insectu.ry
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TABLE 1.-S1Lmmary of the hatching of eggs of Stictocephala 1:nermis in Ute insect
ary, a.nd lhe relation to temperature, 1923, 1924, and 1925, Yakima, lVash. 

Eggs hatched ~relllperattlrc Precipitation 

1923 1924 1925 

1923 1924 19251--_-_--1--_----1---,--~- 1923 um 1U25 
Min. Max. Mean Min. Max. Mean Min.' Max. Mean 

No. No. No. 0 F. 0 F. 0 F. 0 F. 0 FI
, 0 P. 0 F. 0 P. 0 F. Inch Inch Inch 

Apr. 9_ •...•.__ . (I) 32 66 49 40 74 58 48 80 6a ....... '" .• _.. 

Apr. 10__ •.. _._ ...._. '137 41 ~9 56 39 64 51 5a 80 60 

Apr. 11_..••._••1 6 3i3 48 i2 58 35 67 52 56 60 61 ::.: .. '" --';r 

Apr. 12•...••___ 15 3 310 40 62 52 47 68 55 a8 66 54 1' ..•...._.. 

Apr. 13.... 36 309 36 64 50 40 (10 47 35 68 53 ......... __ ._ 

Apr. 14____ 11 190 35 68 51 34 52 41 44 (\4 54 

Apr.15____ (I) 40 101 45 75 60 35 55 44 48 541 50 "" ..... '(i.'aG 

Apr. 16._.... __ • 29 482 49 78 64 34 62 47 43 6;) 51 __ .15 

Apr. 17___ • ___ ._ 20 160 50 57 53 30 59 4~ 34 058 46 0.08 .02 

Apr. 18.... 4 17 0 :34 63 47 30 058 4\1 a7 4(1 4:1..... .06 

Apr. ]9~___ fj 1 69 33 60 49 32 5; 44 32 5S 44 T 'I' 
Apr. 20. __. 34 23 125 42 59 47 a3 65 49 a5 59 47. OS l' 

Apr. 21._.. 44 44 202 32 5\1 41i 35 75 57 .\0 G4 51 '1' 'I' 

Apr.22____ 73 81 321 41 05 53 46 65 54 33 60 48 'I' '1' 

Apr.23.... 154 16 289 43 69 56 :17 57 46 37 Iii 50 

Apr. 24.___ 177 26 79 42 7a 58 27 59 ·14 35 56 4.7 __ . ___ ...... _.. 

Apr.2fi.• _. '215 22 11 38 76 57 20 65 47 41 60 50. __ . __ .. _•. ___ • 

Apr.26____ 292 65 104 38 77 50 29 71 53 39 ,\4 52 _.•. __ •• ______ • 

Apr. 27.___ 297 72' 100 47 06 57 :18 77 59 40 67 54 ..... ____ . 

Apr. 28____ 57 167 100 40 05 54 46 70 64 32 70 52 _.. __ .'" 

Apr. 29.. 20 264 154 44 58 50 52 70 03 40 70 Iii ... 

Apr. 30.. __ 0 179 32:1 32 56 46 41 no 55 44 fi7 571__ 0.02 

May 1..... 3 67 74 35 59 48 :19 76 58 ,I:; 71 5;; '1'1 __ " 

1\1ay2_._~~ ___ ~. 239 52 ·17 i8 60 41 08 53._ ._ ¥ 

May 3_____ _____ 150 28 .... _•. _... :10 66 .13 an) liS 541 __ _•. 
May 4_•••• __.•. 1 18 _____ ... , ....... ___ 33 58 45 47 77 iii __ ) 'I' 

May 5.. _.. 16 "' __ ' """ ........ ____ • _ 50 821 05! l' 


May 6.•__ • _____.-:.:=::.:. .:=::.:..:.:..::.::.:::.:.::.:.:.-: ::::~: _':':::':"1_52 
. _.80"1- ~'.iSI":: ,_...:~.__.: 

TOt81.. __ 1,3751,5314,159 ..... __ • __ •__ •• __ ._ ............ ' .....i. . .Hi, .0'2j .,'jU 


I 1Vinesap blossnlll buds in early pink stage. 
, Hatching a 'reddy in progress in the field for at least 2 days. 
3 Total for Apr. 13 divided equally with Apr. 12. (Estimate.) 
• Apples in full bloom. 
'Total [or Apr. 29 divided with Apr. 27 and 28. More is estimated [or Apr. 29 owing 1.0 higher tem· 

perature. 

TABLE 2.-Hatching of eggs of 8tictocephala inermis in orchards, Yakima" lVash., 
1924 and 1926 

I 
Condition of eltllS Propor· 

ci~~t~~. \--------;--------.,-------- ~~j~l)f~Date eggs examined 
alllincd ,\I,'ve IIIItche(] 1-) I e)(gsI 

. . ell' hlltchetl l 

1924 NU7IIbrr Nl£lIlber IPercellt NnmiJer Perct1lt Nnlllbcr Pcrcf7li Perceni 
Apr. Ill............... M5 t.iOl 93.18 ao 4.li5 14 2.17 .\. 75 
Apr. 24.__ " .... ____ • 402 400, 86.58 :15 7.58 27 5.84 8.05 
Apr. 25....... ____ .... 478 300 32.84 53 11.00 29 6.07 1l.SO 
Apr. 2(L_~_~_K_ .. ____ ... 486 3-10 71.81 100 20~58 :n I.Ot 22.2.7 
Apr. 28_....... __ .... 507 279 55.0:1 193 :18.07 as 0.00 40.90 
Apr. 29. __ . __ • __ ..... 506 240 4U.21 ISII :17.:15 68 13.44 4a.15 

~f:y~~·::·::::::::::: !~ri m ~J~ ~~~ ~~:~g ~~ i~:~~ ~~:~g
May 2... __________ ._ oliO .il 12.44 208 fl5.:!7 III 22.10 8.1.01 
May:l.... ___ .... _.. 441i 74 Ill. II:! 271 flO. 90 100 22.47 78.55 
May 5. _. S:lO l77 21. 3:\ 5-12 (i5.:10 \I \ 1:1. 37 75. as 
May 8 __ aOa 18 4,f,Q :1:11 8·1.22 4·1 I I. 20 0·1. 84 
May 10.. aSo III 4.15 2811 7,1.87 81 20. liS tH.75 
MIlY 14. _____ .. ___ .•• 3811 0 2.:11 aoo 77.12 80 20.57 U7.0U 

'J'otll!. •.•___ .. .=--o.-iii1-1-=--3,ii07 ________ -~~-.::_ ---2, \18:1 ~~.:. _-··--·;;:j7-~···· - .. -. 
I Bnsed on nil eggs not: dend, 

l-l370o-34--2 
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TABLE 2.-I-Iatching oj eggs of Stictoccphul(L in()rmis i1~ orchards, Yakima, nrash., 
1924 and J.925-Continued 

Conditiou of eggs Propor

I 'rotn' 	 tion of 
Date Cggtl. eXHlllined 	 eggs cx viable 


lImined eggs
Alive Hute'lO!! Dead hatched 

1925 NlL'mber Number Percent Number Percent N,wlber Percent Perant
Apr.G________ ...______ 640 575 89.85 10 1.5(\ 55 8.59 17.00 
Apr_10___ . _________ ._ 5[,.1 401, 72.07 85 15.32 65 1I.n ii.35 
Apr.l:!_______________ li20 ~~g 58.07 210 3~.87 50 8.00 36.84 
Apr.W __ . ____ . __ .. _ • ~0850 '.321 48.07 405 :8:~~ 65 7.18 4,,~.. 2921
AIJr.17. ____________ . 46.59 333 35 5.08 '" 
Apr. 23'. ____ . ___ .. __ 322 59 3184.. 3002 217 67.30 46 )4.29 70'~1'.3621 
Apr.2-1.......__ • __ . 000 204 352 58.67 44 7. a3 " 
May'- .. ____ .------- 381 22 5.77 300 80.32 53 )3.91 93.21)
May 5._. __ . _______ .. 670 25 3.73 585 87.:11 no 8.00 95.00 
Mny 103 ___________ •___~:~~ ___:~_~~I--~~~_~~~~ 

TotnL_. __ ..... 6.027 2.410 ___ __ a,073 ____ ._____ 538 __________________" 

1" Exmninations OJ] Apr. 2~ were lnmic ill 2-yenr-oltt trees, wherens others were in twigs from lorge trees. 
3 'rhe live eggs remnining after ahout this timo wcre So ~rown over with new wood that the nymphs 

would be unable to escape. 

k'ACTORS INFLUENCING THE HATCHING OF EGGS 

'I'lMB 01' DAY 

Prncticn11y all hatching of eggs of Stictocephala inermiB takes place 
between 7 a.m. 11nd 2 p.m., but usually about 90 percent of it occurs 
between 8 a.m. nnd 12 m. (table 3). \tYhcn the preceding night 
temperature has been lLbove 50° V., hatching takes place earlier 
than it otherwise would. Apparently eggs do not hatch at night or 
in the vcry l'ltrly morning, even when the temperature is sufficiently 
high. 

TAIlI,!i) 3.-Su1I!'/I1.ar!J of records of the number of eggs of 81icLocephala inermis 
hatching each h01l1' in the -ins/'clary, Yaki·m(l., Wash., ItJ28, ItJ21" and 19:25 

.\ -=~_-_·~_,=~;,;-al-nn~-pr-o-~~-,rl-i<-Hl-f-)~-llI~~S hatching-----(-F-'o-r-t'-lC-3-y-e-n-rs-_

'rime; hour ended 
1 102:.1 1024 1025 

-,Yumber Pacent ~rll.l/lb--::--;:;;;;:; -;;u-:-;:;-;;,~:-; -NUllifier IPerefllt 
7 n.m ___ . _ \l O. (i U I 0.1 
Ha.llI.. fil a.8 201 17.0 :Ju 0.0 348 5.0 
Un.lIl ... _ :125 24.:1 :345 32.• 5 688 16.5 1,358 10. a 
LO a.lIl fl4fJ 4~. 4 422 27. Ii !l30 22.4 1,90R 2S.5 
II n.m.. 177 I:!. a :101 19.7 1,·127 3·1.:1 1.110.1 27.1 
12 m. 100 7.5 1'1\1 n.7 751 18. 0 J,OOO 14.2 
I p.r;. ___ :J1i 2.7 44 2.!1 24a 5.8 32'J 4. (J 
'.!Jl.lll. 70 l. 7 70 1.0 

I 

3__)._"_1:_,:<_:t_II'_,_,_.__.:..·_"·_·_j,_3..:J5_·-"'!_"·_LO_O_.0-1-,----1:;:11 t-: l[)().~O -4,.~~ -!ci-; ~~ 

Few eggs hn te h on dn,ys ,,,hen the llH'nn tt'mpcrl1 tUl'C is below 45° F. 
Since noarly all of the C'ggs Iwteh dtll'ing the forenoon between the 
hours of Sand 12, tLl(' tempel'utul'C' during thn.tpet-iod is an importn.nt 
factor. TIlt' wri t('l' hns cit-tc'l'lllincd thnt 50° F. is the eritien.l tem
jJomturo below which ImLching or tho ('ggs rarely oe('Ul's. Of 1,335 
eggs hu.tehing in 1923 and 4,159 in 1925, none hatched n.t a shnde 
tell1peru.ture below 50°. Of 1 ,5~ 1 hatching in 1924, tL few are l:ecorded 

http:importn.nt
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as having hatched at temperatures ranging from 45° to 49° on April 
14 and 15, i1nd 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 at 50° during the forenoon, con
siderable hatching oceurred. Even when a Jninimum of 26° had 
bel3n reached in the morning, hatching ocemTed during the forenoon 

J' after a few hours of 50° temperature had passed, as on April 24 and 
25, 1925. 

There also appeal'S to be a critieal temperature above which 
hatching ceases. Only five eggs have been reeorded as hatching at 
tempemtures above 75° F., and only 56 eggs out of a total of 7,025 
are recorded as hatching at 70° and above. 

To summ'1rize, when the morning temperatm'c 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 oTehards on mornings when 
hygrothernlOgraph records indicated high humidity, us occurs es
pecially following night rains 01' durini? the period when the orchaTds 
aTe being irrigated. The daily hatchmg period has been somewhat 
prolonged on days of excessively high humidity, especially if the 
temperature was correspondingly favorable. On the other hand, 
greatly Teduced hatching has been noted on days with considerable 
wind, even when the most favorable tempemtures prevailed. 

It appeu.rs that a certain degree of humidity is neceSS!1lY to permit 
the eggs to hatch. The moisture in the air seems to render more 
pliable the edges of the egg pouehes, nJlovv1.ng the extremely delicate 
nymphs to break through the eggshells, push themselves past the 
sharp edges of the bark and beyond the surfaee, and to free themselves 
from the hatching membranes. It has often been noted that nymphs 
11ttempting to emerge late in the morning arc sometimes too dried 
out to complete emergence and die in the attempt. 

!i;ITUATION IN THE ORC'lI;\RU 

Differences oecUl' in various situations in the orehaTd in the time 
when hatching takes plaec. This means that the entire hu,tching 
period is somewhat longer in the field thu,n is the case with single lots 
of material under observation in the insectl.uy. 

The earliest eggs to hatch are those in water sprouts growing from 
the bases of the trees. These sp:routs I.tro elose to the ground, where 
they absorb more of the reflected heat from the soil and also from the 
trunl\: of the tree. They 11re also probltbly first uffeeted by the earliest 
flow of Sltp,. which evidently increases the moisture content of the 
bark, cambium, and wood. 

One- and two-year old trees, whORe trunks arc still new enough to 
be suitable for egg dpposition, are mueh like wn.ter sprouts, and the 
eggs in them hateh carliN' tlll.t1l do eggs in tWi*R in the larger trees. 
Examination of twigs from I.t large tree on April 24, 1924, and again 
'on the 25th showed thn.t u.bout 8 to 12 percent of the eggs had hatched; 
samples from a 2-YOl11'-old tree on April 25 showed oyer 53 percent of 
the eggs hatched, while a I-year-old, sJlllI.ller tree examined on April 
24 showed over 77 percent hatched. The ~70ung trees receive thl:) 

http:insectl.uy
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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 twi~s on the south side of large trees ha,tch earlier than 
eggs in the tWigs on the north side o:f the same trees (table 4). On 
April 24 and.25, 17 tmd 25 percent, respectively, o:f the live eggs had 
hatched in twigs on the south side, while at that time none had 
hatched in the twigs on !;hc north. side. On April 26, the day on which 
hatching started in the tvv-igs on the north side, over 35 percent had 
hatched on the south side. After a few dt\,ys more, however, there 
appears to be little or no difference between the two sides, the general 
temperature throughout the tree being apparently sufficient to hutch 
the eggs on the north side. while those on the south side 11111y possibly 
be somewhat retarded, in certnin instances at least, by excessive 
temperature in the sunlight on that side. 

TABLE 4.-Comparison of lite -rate of hatching of eggs of Stictocepha.ll! incrmis in 
thc basal twigs and lhe terminal twig.~, }'akillla, IVa.sh., 1924 

NOH'l'lT SlD.i~ 01" 'l'REg 

In bllslll twigs' __.____ ___..,--_I_n,te_r_m_iD_R_!-,ll_Vi_gS_'-,-___I
! I'ropor. l'ropor·Dllte of exuminu· 


tion Totlll Live I Hatched Dead ~~h:l,?: 'l'ota! Live Hatched Dead ~!h:l,~ 

eggs eggs e~gs eggs eggs eggs eggs eggs eggs eggs 


hatchet! , hatched 1 


------j.__. ---. _.-- --- --- --- ---------
/'·tu,m- IVlJm~ ;\'1'um_ Aru,lIt- Nttm- ,!'llt71l

ber ocr NII.."I"r bcr Percellt /ie.r ber N!L1lIber ber Percent 
Apr.24......... _. 129 127 0 2 0 110 H7 0 19 0 
Apr. 2.';' .....". 121 12() PI I I 0 125 II·' 0 11 0 

~U:~: ~~:~::.::: 1~~ ~~ 371 1~ ~g:j~ m l~ ~ Ii ~:U 
\pr._"I'..... , .. _\ 1:1-, 13(,' 0 I 0 119 -,-, 'w -, 20._ "-,, __ _..., v 
Apr. 30 ......... _. 121 05 14 12 12.84 12fi tl8 28 10 24.14 
May 1. _" _....... 100 71 :15 ;1 I :1:1. (\2 100 1:1 5\1:4,\ In.IH 
May2...•. '..... 102 13 73 iii &1.88 112 5 iO 37 03.:~1 
May3 __ ._._..... 122 Ii r,~:li 80.00 J()[:J;j 53 15 61.6:J 
May 5........... 209 62 1~-6(.1 30'\ (\5.:16 200 37 150 19 .'W.4i 
Mil;' 8 .. _...... _ 105 0 0 In I(Xl.OO U5 Ii "0 9 93.0"2 
May 10 •• _....... 87 5 H I 3ri 80.80 91 0 .I 20 100.00 
lIfny14·· .. • .... ~!-2__~'~1 Ui.iS ~1__'_2 ~\:~~~ 

1'l'otIlL~ .~~. I. 55f) j X(J2 :;70 lSI j~~ __ w_~~ 1562 I 720' 011 j 228! _~_.~ ___ _ 

SO\.'TlI Sllm 01' 'I'REE 

Apr. 24 •.•.. I as ·10 11 3,•..5 \ 41 41.0i' 12!l 12i i O! 2 0 
Apr.25,. ..... , ... 111 47 "1 111 5:1.00! 121 115! (I 0 0 
J\pr. 26.. ):\¥ T~l ' I~~ Ii ~i\: 8~ I 130 126 8 5 4t Wt
Apr. 28..... ..... n'.) H 112 58 40 S •
Apr. 211. ,_ .... ' '1 H2 24 . 25 79.49 115 12 lIS 35 85.00 
Apr. 30..... ,.... 122 411 51 29 f.~,I:SOO·4 II(](O~, 5:1 :'?S ~~ 43.01 
lIIIlY L.. .. .... III 9i 11" 23 ~ _., 71.50 
May 2.. .. • ...' \IS 9 I,ll 20 88.4<1 OS 24 ~(\ I!, 70. 00 
May:) .• ,. ...... 127 ,1 05 2i 91>.00 95 II) liS 21 74.;12 
May 5 ...... 207 40 lIS 40 iO. GO 20S 211 157 2'2 Sol. 41 
Mny 8.. , ......... JOI 0 95 (i IQO.oo 02 12 70 \ 10 85.37 
May 10. .......... II),! 1 110 1:1 OR. 00 I 104 10 84 10 89.36 
MIIYJ4 __......... ~~~,~.~~ __:_I,___72_~~ 

Tot.nL ...... I.M>1 27:1 1.055 \ 2:~I_,_.:... ..~.. I.r~2(I__.(~J.~J.~..:....: ... 
I illL,nl 'wig SI,mpl"" were from the first fell' inches nex!: to junct.ure with !nrger limbs; tennlnnl sllmples 

were (roll.. the Just few filches in nU\I.,·(!SL wood. 
I Bused on nil eggs not delld. 

MOU'I'AU'I'\' OJ>' "GGS 

From Lim(' to time varying llumbers of the eggs of Stictocephala, 
inennis undel' observation Illwe been found dend. The Hetunl mor
tality in samples brought for exnmiJ1l1,tioJ1 hns been found as high u.s 
22.5 percent, ItIlcl !'L J1ll1nb(,I' of stunpies, totaling 3,252 eggs, showed 
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TREEHOPPER REARING CAGES. 

A, ~mal1 ca~cs pJuccd ov·cr ulfaUa plnUL"i in the Held. H, Lur!!~r ~·IIJ.W~ l'11l'lo!,lJ)~ young fruit lrees. 
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un average of 11.7 pereent dead. The higbest pel'centn.ge of dead 

eggs wns found in the ends of the pouehes where the eggs are exces

sively el'Owcied by the growing and swelling bnrk and wood. A 

higher pel'centnge or dead eggs was generally found at the close of 

the hatching period Umn at earlier dates. 

N o difference in mortality appeared 3,ll1ong COJ]JJ)

eggs taken from vttl'ious pOl't:'ons of the tree. 
 lID 

Examinations of eggs in twigs which had 

been held for long periods in the insectary . 

with their basal ends in water showed FWURE 5,-Embryo of Fitietnrephal« 


Percentng:es of mort".Iity only slig:h tly iner11lis removed from chorion, sho\\,
" " ~ ing deyclopmeni 2 dnys hefore

in excess uf those observed in th e hatching, X30. 


orehard at th!:' end of tl1(' hatching periocl. 

A few of the living eggs are g;'own over by new wood tissue in 

enrl:r spring before hatching. In such ('nses the nymphs are unable 
to escape, and so perish, 

MECHANICS o~' HATCHING 

The embryoniC' development within the egg apparently takes pIaee 
ehil'fly in till' l'nrly spl'ing shortly before hntehing oecurs. About 2 

doss before the eggs 
-\-.l f IU'C ready to hatchr r: ~ 1: the embryo has the 

• 'b )~-..-•.l'i~1b :lppearance shown 
. . .". t,?: 111 5.figurl.' The 

• 	 0" . 0 ~_-!-j/iC hntdling: process is 
'., ." shown III figure 6/"- rf I ( 	 and is, briefly, as

L-aJ ~I 	 follows:l 

K 
A B C D, ~.jt/' The em bryo

.)lll I) nymph enclosed in:.:.: ,..•/'l~;(, tl;c embryonic euti-
AI '. elf _~" V// \, I .. ~ clIla, often refer~'ed£i~ ~:n, ~fi··ll; (r- ~~./' \';-- the "hatdnngto liS 

I< .0/ 7 ---!/ ~ ~.~". -z -" membrane", breaks 
! :::..- PI! a~,\~\. ~ \ __ .•.•. \ through the e~gshell~'.:~),_ 

!1----7 0\ 	"-0.. r, u·-1"\' and forces Itself
-:r~;;" 	 .:-:;'~ " /i _." }" pm·tly Oll t of tl.lc cgg

7· t poncho The lIlsect 
") then breaks through 

a
1 \ r the hatching mem-AIV

--J.EL------~F-------::G:--'1L- brune and by means 
of pulsations within 

FIGURE G.-),{unner o( hatchinf( of lree-hopper nymph: A, First np
pearnnt'C or nymph nllO\'l\ surface of hnrk; 11, 2 minutes Inter; C, 2 to the body and a bnck
fi minules nfter first aPI'l)llrflnCO, II, legs inside hul.chin!! membrane, 

a, legs, b, head ward and forwnrd as h, hend tuberosity; D, II lOut 2 mInutes nner siage C, 

tuberosity, c, dorsnl thoru('ic tubcroslti~s; E', n few seconds nftcr stage well ns sidewise 

D, showing first. two ahdomim,l scgments, II; F, a few seconds lnler, 

showing fifth abdominal Se~'1I1ellt nnd legs (q) pulling free frOm shrlvelod movement works it 

hawhing mcmhrnnc; G, a fen' seronds luler, showinf( tho nymph entire
 self free of the memly free excepl. for tho annl ~eglllellt, whirh is stU! nttllched inside lhe 
hatching mcrnbrnnc~. X30. 	 brane. In this proc

ess the insect is 
nided by the tuberosities which are present on the first-instal' nymph. 
Observations of 15 individuu.ls in the inseetllT'Y showed that the total 
time required for eml'I'gcn('~~ from the egg 1'l1nged from 7 to 16 min
utes, with un avcrugc o/' nbout 13 minutes. As soon us the young 

http:individuu.ls
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nymph can get a foothold it pulls the remaining abdominal tuherosi
ties loose. After freeing itself the nymph tn.kes a few steps n.nd then 
usually remnins quiet for seveml minuteR. 

When considerable Ilumbers of young have IHltched, the empty, 
. white, shriveled hatching membranes stand out conspicuously against; 
the dark background of the twig (pI. 2, D) with their lower ends 
attached d.,"m within the egg pouch. These remain for some time, 
and bYGhe ~nd of the hn.tching period they give a badly infested twig 
a whitish, fuzzy appearance. 

At times thousands of nymphs appear at apP"oximately the same 
time and fall to the ground with en('h stir of air like miniature gusts 
of snow. The prcsence or hurdrcds of the whitish nymphs protruding 
at one time from the ragged bark of badly infested twigs (pI. 2, E)
sometimes two or more 'at tbe same time from a single egg pouch:-is 
an inter'esting sight and was evidently responsible for Lovett's belief 
(18) that 90 percent of the eggs hat('h within a few homs. Actually, 
of course, the percentilge hat(,hing on nny one day is much less than 
that figure. 

HABITS O~' NYMPHS 

As previously indicated, the nymphs normally feed on certain 
herbaceous plants; in the Northw('st they are found chiefly on alfalfa. 
The foliage of fruit trees is e\'idcntly unsuitable as food for the young 
nymphs, for practically nIl of them dr'op from the tree very shortly 
after hatchin~, and the writer has been unable to reill' nymphs on 
apple folinge III the insectary. If there nrc strong nil' currents when 
the nymphs arc hatching nnd dJ'opping to the ground, they may be 
blown some little distnncc from the tree. Those whi('h happen to 
l'ench suitn,ble plants establish tbemselvef: nnd feed on sucll plants 
until becoming ndults, "which requires from 50 to 90 days. In the 
earlier stages the nymphs prefer the shnded, humid conditions pre
vailing at the bnse of the nlfalfa crowns. As they develop to the 
fourth and fifth stnges they are not so pm'tinl in this rcspect, and may 
be found severnl inches up on the alfa If'n, stems. 

Feed:ng nymphs remnin nt the sume pInce for houl's nt a time and 
do not appeur to move about yer'y llluch. In the later stnges the 
nymphs are nlwnys found with tlH;>ir hen.ds tUl'll('d townrd the base 
of the stems, 1 t has been suggested tllllt this habit is probably for 
the purpose of obtuining n pJ'otectiYc I'Pscmhlnnce, although when 
the insect is feeding upon nlfnlfn. it is diHkult to see thnt nny protec
tion is n,(forded by this positioll. 

The feeding of the nymphs ('!luses modernte injury, similnr to that 
shown in pltLte 2, O. In alfnlfn. in or('hnr'ds in the Northwest, how
ever, this lws not been found extensive enough to be of serious 
importance. 

MOl,TING 

The nymphs pass through five instal'S before reaching maturity. 
The molts are very much alike nnd Itre about as follows: The nymph 
fastens itself with its f('et to the plant upon which it has been feeding 
and l'emiLins quiet [or a numb('r of hours, The outer integument 
loosens, at It number of plaees over the body nnd separates from the 
new skm formed beuen,th. The old int('gument breaks at the back 
of the hend and then splits n.long tbe medin,n dorsnl line, as well as 
over the mouth pn.l'ts, The legs, after being pullpd free, nre waved 
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about until they ('n.tch hold of til(' It'af 0)' ~tPIll, whell tl)('y ussist· in 
pulling the tip of thc n.bdomcll f,'('l' from (,11(' jntpg'umcnt. Two 
nympbs WCTC timl'd for the length of t 11(' molting Pl'OC'css. One 
required J.5 and the othc,' 17 minutcs. Aftcr frel'ing tlll'lllSl'lvcs they 
remained q'Jiet for 23 and 45 minutl's, respcctively. The old integu
ment is left attaC'hed to the undersidC'l of ll'uvl's of ulfalfa or sweet
dover until brushed. or knocked oft 

NYMI'HAL DEVELOPMENT 

Detailed ooservations as to thc duration of the nymphal insta.rs 
were madC'. in 1924. The insects were renred in lantern-globe cages 
on thrifty alfalfa plunts, supplcmented with freshly cut alfalfa stems 
and leaves taken from fiS nettl' the bilSC of alftltfa pla.nts as possible. 

The record of the lengths of the nymphal insturs of Sf'ictocepha.la 
1'nermis, as observed in rearing 57 individuals ill the insectary in 1924, 
are given ill summary form in table 5. 

TABLE 5.-Length of the nY'IlI.pl!al in,~tars of iiI iru/il'ilil/(lls of Sticloceplia/a iru'T1nis 
hatched a/ daily 't/III'rvals from. AIJr. U to May 12, 1924, Yakima, Wa.~It. 

"00:-\ HATCIlEIl FIlOM APR. 12 '1'0 20 

["C II ' 'I'otlllI First ~(WOJ1d 'I'hirel ~'OIlrth /' ." I I n\'lllphnlinstnr instur instur inslnr In<tnr ! jlCrlO<iL 

___I 
.~~__ I __------------ -1

! l)ay., I)av~ /Jay., I /Jays I Day., Days 
~lnxill1l1l11 12 al (II 
~lini11l1l1ll 	 1 ~i 12\_~;~1 ~2 i5 

I·-~---
. 23.:1 fl. I H. \I II.G : 2U. I S2.0 

"00:-; IlATCl.mD FROM APR. 21 TO :1O 

~rnXilllllm_ . _._..~~--:-~ 	 I 221 10 I' 10 i 1!J I 2\) I 7, 
lIIinilllllItl .. .. "'-'-'"'' - - ..__J_21 ___.-' ___71~_JOI, ___ ~2 •___ li~ 

_._A_\·_er_ng_'c__________l Hl.71 HoO: s.31 12.9 I 2~.61 70.[, 

gOOS 11.\T(,I1"1) FHO~,.1 MAY 1 '1'0 12 

~[UXiIJlUlIL __ ~ ... 
l\Hnimum...•• 

A vcrnlZe~~ .... '" - ~ 

lIInxirnllnl for nIL '" 
Minimunl for nil 
A \'crnKc Cnr niL. _ . 

As will he noted in table 5, the en,rl1est-hatched nymphs require a 
much longer time to ren.ch mn.tUl'i ty thitn In.te-hn.tched nymphs. In 
this table the hatching records obtnined for 1924 are divided arbi
trn.rily into three groups, nceording to the period in whieh they 
hatched. There is n. nULrkcd tendency for the late-hatched nymphs 
to catch up in their development with those which hn,tehcd enrlier in 
the seuson. The nymphs in this scries of obscrvn.tions hntched over 
11 period of 31 days from April 12, bll /; nil becn.me mn.ture between 
June 26 und JuLy 13. Many of the !a.test to hateh wcre ntl10ng the 
earliest to ren.ch maturity, the 1l1st one to ren.ch Illn,turity hn.ving 
emerged from the egg April 13, whereas the first one to nlltture was 
hn.tched on Mny 7. 

In 1924, to determine the difference between sunlight n.nd shade. u.s 
fn.<'.tors in development, newly hn,tehed nymphs were enged on an 

http:IlATCl.mD
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alfalfa plant growing- in the shncie, whel·e no direct sunlight PO)1('

(mtNl at lllly time, and othl'rs were cnged 011 11l10thel' nlfn.lfn. plant 
out in the open ynrd, where they recoived as mtwh sunlight as WitS 
possible. On ,July 5 th(,l'e were n adults in the (,i1g-e in the sunlight, 
whereas nOne uppmtt'ed in the shaded c.uge until July 16, when 12 
adttlts emerged, n,1l of which wore males. Apparently it required at 
leust 11 dn,ys longer for deyelopment in the shaded cage than in the 
one in the sunlight. "lH~thor the shade had anything to do with 
pl'Oducing all mall'S is not known, neither is it known whether males 
req uire a longer period for their development. 

ADULT STAGE 

A (l'ciu.'llcnl d('scription of the adult of 8t1clocfphala inermis is given 
on page 6. It is readily distinguished from its close associate Of7"esa. 
bubalus (pI. 4, A), the true bufl'alo tree hopper, by the rounded 
humeml nn~d('s and the nbsl'nce of hUllleml homs (plate 4, B). S. 
inermis is in.t('rnwdiatc in size between O. bubaZus and O. basalis. It 
is r('adily distinguished from basal'is, being grel'nish throughout, 
wh('reus bascdis is dark on the under side of the body and usunlly hus 
dark nUlrl~illgs on til(' lq;s. 

Reco['ds of the kngth of adult life of individuals confined in the 
ins('C't!l.ry nre shO\vn in tnhle 6. Under normnl orchard conditions 
the uy('ruge length of life is probubly about 2 months, and adults are 
found in the orchard from lnte June uutillate September. 

TABI.I-; 6.~~·JAm(fI'l)il!l of adllll,~ of SI1'cloceplwla inennis in w1Ijinemenl, Yakima, 
Il'(/,~It., 1.924 

i ' .Mini,;l\linimul1I . 

Xumhcrof 1~nl(th or Xllmbcr oC Xllmbt!ror mum 


1 
length orindivhlun):-; lifc of individullls indh·idllllis life ofRrou" group 

!Juv.' f)IlV'~ 
1. ni III. ~o 
:l :Js 1::3 as 
5. M 20 3; 

MATING 

According to F\inUlOUS('[' (J 2), who descrilwd th(' process, muting 
hegins almost illlllWdillt<'iy after tho sex('s reach nuttUl'ity. nlating 
lusted TWIll 5 minutcs to 1 hour in different species, nnd he observed 
no forms ill flight dUl'ing mlLting. 

In spi te of repoH tNt observutions at nil hours of day and night, the 
writeI' luts )H'vel' obsC'ryed the llluting pro('ess. 

OVII'OSITION 

Them St'ems to 1)(' n prc,cwiposition period of about 25 days. Few 
,. 

eggs are evor found before the middle of July, and few seem to be 
laid ufter the first of September. There is thCl'elore 11n egg-lu;ying 
period of possibly GO dltys, and a period of about 35 or 40 days during 
whi('h most of til(' ('ggs Hre deposited. 

Oviposition OCCllrs citipfly between the hours of 10 n.m, and 5: 30 
p.1I1., though lL few eggs mny be deposited lnter during the long, 

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


17 BIOLOGY AND CON'l'ROL OF TREE HOPPERS 

warm, sunny evenings of August. Numerous observations failed to 
indicate any ovipositions earlier than 10 a.m. Funkhouser (12), at 
Ithaca, N.Y., reported most oviposition as taking place during the 
afternoon, and this is probably true of S. inermis and allied species in 
the Yakima Valley. Wildermuth (30) states that S. jestina deposits 
its eggs at night. This may be on account of the higher tempem

... tum prevailing tlu'ougbout most of the regions wherejest'inn is known 
to occur. 

The eggs nre laid in groups of 1 to 11 in pouches in the bark and 
wood (pI. 2, A nnd B). They are placed chiefly in the youngest of 
the previous season's wood, although a few may be laid in the most 
mature of the current season's gro\\Tth. 

On large trees, more eggs m'e deposited on the SOll th than on the 
north side. On twigs exwncling in a more or less horizontal direction, 
nearly all eggs are deposited on the upper sides. Y ollng trees Imd 
sprouts stunding more or less vertically IHl.Ye more eggs on the south 
side. In young trees, most of the eggs are d('posited within 2 feet 
of the ground. In older trees, low-hanging twigs drooping into the 
alfalfa are especially fftyomble plnces for deposition. Very few ~ggs 
are fou!ld more than 6 Or 7 feet nbove the ground, although somotulles 
an occasional egg pouch is found well up in the large trees. 

The eggs arc inserted t,hrollgh the bnrk and into the on tel' wood 
(fig. 7, P, G, II, and I; pI. 2, A and B), the innor pnds extending 
slightly into the out('r slll'fn('.(' 0(' till.' wood, their out('r ends at or 
slightly past the surfnce or the inner senr; so the tips of the eggs nre 
often visible when the loose bark flap is lifted slightly, or is removed 
by the elements, as often happens after seveml months of e:\.'posure. 
The e.xlJosure of egg tips is of importance in the matter of control 
of the ins('et. In badly infested twigs the egg pouches or scars are 
very numerous Illl.d often eut into each other, in which case some of 
the eggs exposed by the lnt!'r ruts are killed. 

MANNEH OF DEPOSITION 0.' EGGS 

In making the slit, for the, eggs, the female raises her body as high 
us possihle, unsheathes her o\rlpositor with its si~wlil(Q posterior edge, 
and slowly and methodically pushes it perpendicularly into the bark. 
In this perpendicular thrust the ovipositor often bends u. number of 
times during a single insertion, owing, no doubt, to the resistance of 
the bnrk nnd wood. By slow up-and-down sawing movements the 
ovipositor is grndunJly wod~ed bnckward until it is about in line with 
the body, when it is withdrn,wn. After tbis slit has been mnde a 
couple of supplementn,ry slits are made n,t the side of the main incision. 
These fLre usually not so deep as the main slit and run in difl'erent 
directions from the originnl (fig. 7, 1). 

After making the supplementary slits the femnle again inserts })(,l' 

ovipositor into the egg slit from which it was lnst withdrawn, resumes 
the initial position, and slowly deposits an egg. Alter about 45 
seconds, or less, the ovipositor is partly withdrawn and reinserted in 
advance of the egg just lnid. In reinserting the ovipositor the tip is 
tlu'ust forward of perpendicuhlr at It considerable angle. The time 
required for the whole operation of inserting each egg ranges from 
35 to 70 seconds, but usually averages between 45 and 60 seconds. 
Sometimes it is necessary for the ovipositor to be withdrawn and, 

14370°-3·1-3 
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reinserted n number of times before deposition is nccomplished. It 
requireR the longest time to deposit the eggs at the ends of the slits, 
und cOllsidernblc 111nnipuJn.tion is often necessary to nccomplish tIus. 
'"Thcn the full number of eggs for the pouch hns been deposited the 

0-

FIIOI'nt: 7." O\'ipo<ition 1~'ioJl"<)f Stir/naphuia illermj., nn" (he.a ba~alis. C. busa/i.,; .1, ,cw o\'iposition 
wound, showin!( tips of Cl'/:S (ll), X:I; fl, !l'ons\','csr sec'lion I llrOllgh n n,'w wound. showing cFgs (a) dc,'ply
irm'rtr,1 betwN'J1 thr bark ond th" wood, X 5: C, i:y,'nr.old o\'iposltfolJ wound, X 2; n, trnns\'('rs" SC,'UQII • 
through flU o\'ipo,Won wOlln<l, showin~ decay (II) p"lIctrnl.ing Ihrough 10 the henri wood, X 7; R, scc
ifon of t\\ ig with burk rrmoVl'd, showill!( th~ position of Im.,uli,. "f!~S in till' ('gA pOIJ('h, X 4. S. iller7lli.'; 
/', Applo Lwtl' wilb hm'k rCIllo\'"d 10 show position of iller'lllis ~ggS ill 1.110 em: rOlldl, >' 4; G, ovIposition
sC'nr of illfTIIII,','X 2: n, Irjllls\,l'r~" sPl'tion thrOll~h o\'ipositioll POUdl in nn npple. IwiR, showing ((I) tho 
rhollo\\' position of the C~g. lind (i>J tho ('urlc!! etl~es of the outer burk C'hnructerisli(' of this spe('ies, X ,i: 
f, o\'ipositioll sear {el nnd ;,upplenwutnrr indsions «(I lind b) whirh cnuse tbo ('urlilll( of (,ho ouler bnrk,
X·I. 

female withd1'lnn:; her ovipositor, l'e~hen,thcs it, wnlks n.wn.y, nnd 
)'(\sts, 

The stJpplemen tar}, slits kill the outer bark on either side of the 
egg slit., cnusing tho frec edgeR t·o eu)'l awny from the cut (pI. I), and 
resulting in the roughened, shaggy appenrance chnracteristic of the 
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bark of infested twigs, . Although the purpose of the supplementary 
slits is unknown, the lulling of the outer bu.rk around the egg 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 wooeL does not 
grow, thus protecting her eggs. C. basalis cuts tt deep, long,longi- , 
tudinnl slit, which usually opens and widens insteud of growing over. 

The number of eggs in each slit or pouch ranges from 1 to 11 
(tnble 7). The average number of eggs in 3,7G5 pouches, dissected 
under the microscope in 1923, 1924, nnd 1925, wus 5.6. 

TABLE 7.-Number of eggs per pouch laiel by Sliclocephn/a in ermis, YakimG". n'ash., 
1923, 1924, 1925 

The number of egg pOllches mn,de by thci7lel'lnis f('nHlle ",'as not 
determined because of difI1rulty in tlpproximating normal enyiron
mentul ('ondition:=;. In rearing cages placed over young fruit trees 
into which were introducrd ltu'ge numbers of femn.les, the highest 
nverage numlwl' of l'gg pouches in (l,ny one cage was S.G P('J' f('male, 
with nn aWl'uge of 47 eggs for ('nch femnle. Hodgkiss (17) reports 
one female us depositing 252 eggs in 59 scars nnd Ilnother individunl 
\\S phwing 212 eggs in 39 scafS. It is prohabl{'. thn t not lrss than 
200 ('gogs would r0presrn t :l fnil' avemge per inclivid lIul rol' conditions 
in the Yakima Valley. C('rtn.inly few femulcs al'C seen o\'ipositing 
compared wi.th the thousn.nds of eggs deposited. 

CERESA BASALIS WALK. 

HISTORY AND DISTRIBUTION 

Anotlwr mcmbrucid moro or l(\ss commonly associated with 
Stictoceplwla inermig is Ce/'e,~(1 basalig. This species is at present 
less nUJllC],OIlS than S, ~'l1el'mi8, und the evidences of its presencc arc 
less abundant. In some resperts, how(\\'er, it is more injurious on 
nccount of the nnture of its injury, which is morc pronounced than 
that of n,ny of the other species with which the writer is ncquainted. 

The first reference to C. baM/is as occurring in the Pncific N orth
west was by Wilson (31) in Oregon in 1915. Downes (5) listed it as 
occurring in British Columbia in 1917 and 1918 and reported it as 
the commonest membracid found there, The writer (32, 38) dis
cussed it os comJllon in Washington and elsewhere in the Pacific 
Northwest in 1024 and. later. Essig (6) ]ll('ntions it ns occurring 
nlso in Cnlifornia, lTtnh, and New Me:-.:ieo, and in eastern Stnt.es. 
Funkhouser (13) reports it from the following States und Canudian 
Provinces: New Hampshire, .Massachusetts, Connecticut, New York, 
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New Jersey, Pennsylva,nia, Kentucky, Ohio, Indiana, Illinois, Kansns, 
Colorado, Utah, Idilho, New.Mexico, California, Oregon, vVashingtoll, 
Nova Scotia, Quebee, Ontario, Manitoba, Saslmtchewan, and British 
Columbia. It j,;; therefore probably distribu ted throughout the south
ern Provinces of Canada and througbout the United States except in 

, the extreme Southeastern States. 

SYNONYMY AND COMMON NAME 

This species wns first described by ,Yallwr (29, p. 527), in 1851, 
from specimens from Nova Scotia. In 1889 Provtillcher (22, p. 235) 
l'(';dl:'scl'ibed it as bl'e1vicol'ni~ find also as semic/'ema. Osborn, in 1893, 
as rl:'ported by Nutting (20, p. 290), designn.ted it me/a'llogaster. God
ing (14, p. 406), in 1894, d!lSsifiecl it ~lS basalis n.nd nlso designated 
it fiS a new species, tU7'bida. Buckton, in 1903 (4, 7J. 174), des('ribed 
it ns 8emibru1l71ea tllld plnccd it in the ~{Onus Stictocepital<L of Stat 
After Van Duzec's discussion of it iu Hl08 (28, p. 114), under its 
original designation of Cel'esa, b(l,~alis, all subsequent refcl'ences hn.ve 
retained this name. 

The most impOl'tilnt l'E'(E't'E'ncE'" to thi~ speciE'S arc by Funkhouser 
(13), in 1927, nnd b~y the writcl> (.32) in 1924 und (38) in 1930. 

TIllS speeicshas bE'cn caUNl by the common namE'S ttwcstern tree 
hoppE'r" by the 'Hi t('l' (32, p. 97); the "bnsill trE'e hopper," by Essig 
(6, p. 204); und the "dark-colored tn'e hopper", by the writer (33, 
p.2). 

TIl(' morE' importnnt sJllonymy is us follows: 
C'm:so basalis Wu]kpl', 1 Riil (29, p. 527) 

('crc$(l br(,l.icornis Pro\'U11C]1('I', lR89 (;:12, p. 235) 

CercBa sCII!1:crcl/l(l. PrnYIUlchcl', 1889 (22, p. 235) 

C'crcs(1. melallogasler Osborn, 1893 (20, p. 290) 

('erl'w lurbidn Goding, lR9'~ (14. p. ,10(;) 

Slicloccplm/n scmibrunl!ea. Burktoll, 190:3 (.j, p. 17'4) 

CCI'(lS(1. basalis VUll Duzct', 1908 (28, p. 114) 


CHARACTER AND IMPORTANCE OF INJURY 

The oviposition scnnl of C. ba8ali8 consist uf long, deeply cut, lon
gitudinill slits, whieh pellE'trnte tlu'ough the bltrk and int() the wood 
(fig. 7, A, G; pI. 5, B). lUthough thE' scnrs appear slight wll('n first 
milde, the edges of the slit sepumte as the twig grows until fl, denr
cut and YCl'y pronollncE'd incision results. The widening of the scar 
oftcn contulUE'S through succE'E'ding seilsons, until the, wood under
nE'n th thE' wound is cxpo:'E'd (pI. 5, A, a). Tlwse wounds often be
comE' infE'stE'd by the woolly apple ilphicl, liJl'i0801na la'llt'gel'Wil Hn.l1sm., 
which interferes seriousl;- \\'ith thE'ir healing. 1n some instnnees de.
CilYS entpr through thl'se wounds nnd pl'llE'tmtc into the wood (fig. 
7, lJ). 

v\'hile }E'SS nutnel'OlIS thnn the scars made hy S. 1'l/l'rmis, the woullds 
caused by this J)l('mbl'n,{'id Hn' much 11101'(' ('onspicuous nnd mor'c 
]'('llCliIy noticed. TIl(' wounds arC' cl('('per', nnd the actual dnmnge to 
the tree or twig is IJ1u('h grE'O,tN. Tl1PSC wounds oftE'1l cnuse the 
death of the tcrminnl growth of the twigs (pI. 5, 0 und D). Usually 
a half dozen Seftl'S in the tE'rmmnl 6 inchE's of the twig are sufficient 
to kill it. 

As in t,l1('. cnsc of injury by Si1'ctocephala inermis, nun;ery treE'S and 
young orchard trees arc the most seriously affected. Egg SCUl'S of 



Tech. Bui. 402. U.s. Dept. of Agriculture 	 PLATE 5 

THEE.HOPPEH INJUHlES ro TWIGS 

A. 	(lId IIV11'1)"'11 ion ~I'ilr:-o of ('/ rt .WI 1,(1,\1(111.'1 :llld (' /J1t/J., 111.11: fl. '\ IIU III I:' uf IH1S/I/i.'f wicit'lll'd to ~llt'h UJI ('\1"111 
:l~ 10 ['\IUI"I' I ht' wood IIwfpnll'atli,l.. old fI\"i(l(J~11 JOIl >(':11"" of (" II/Jlm/wo!. HI o\'ipo-.;Hion ~(';11'''' of e. /J(l.Im/ls 
in fl. pl'ai'. II, wilh,\\. r. nilI'll" ,I, Im·II.... I. "TIII '. prillH'. ,)(; ~;l. ('. T\\ f1-YI'ar-C1ld applp I n'p showinl! 'Sf'riolls 
111[,\\.. /:11 iOT! 'I~T 11111 h .....'I;dflc·( pltflitl im"lJli~ anll (. IUf,'l.f111s. tlHl ,Ipat 11 of I hi' t wig-s llll) lm(1 lilt' )(luf ('lustprs 
'HI'" ('athl'd Iry tiut "r':lr'" of e. Iltl.'mll·' , 1>, T(lrmillni nppJp ~wic: killpd by (' IUUUlIi,l1: thl? t\\ if! hf'Yllllli 
tlw h'ar dl1~lpr is. d('tltl :I~ (1\"ipo~il inJi ~lib" l'l'{l I1HHlt~ in tlw twig: tu Within 1 hwh of 11u' 11'1'111111:11 !lIId. 
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A, .\ PJlh~ I wi'..! ... )1ou, jll~ :'-1'ar'" of (', {(Sfl !IOI'IIIII,", 'il II, "r (. lUI.'m/i.-; fll h nnrl tl. ~1I1d of Sliclnn /lIm/a intT'ld.\' 'tt 
r; II Hlld d :-,hllw al ... o Ihll JII'f\':\'llf'{' of ,Iu' woolly ::pph' aphid: till' (wi!! at till' I'i~rhl jo.; Illi' 1(lnnin:1i (If flip 
(HII' Ull tIll' I"rl and ~IIIJ\\ ... 11':-.:-. inft·:-.f:lIitJlI H. nVipf)"ilioll :,('~~r:-- of (', 'm/,uJu.,- 011 .~lJll. C, '('wo f!roUp" 
of (·.lm...."Ii.'o( 1'1!J.!."l wilh h'lrk and wuod rl'IlJt)\I'd ~Il(j\\ill!! til(' ('lIrn'" IiIl(' madt' h~ 111[1 £'il1d" of Illl' ('gl!~, 
'rlw ~trollp at tll(' 1('(1 \\ n~ t~lkl\1I dllrll)t! ,(1(' hnlt'him.r 1l{'l'ilirl aurl !-'i1cl\\" UnhnldH'ti l\l!I!~ at t!w ('lid..;, )<::1. 
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this species have been found in apple, peach, pear, willow, locust, and 
prune trees. Fortunately, O. basalis is comparatively scarce at the 
present time, or very serious injury would result to fruit trees in the 
Northwest. 

FOOD PLANTS 

The only known food plants of this species in the Pacific N orth
west arc alfalfa and sweetclover. It hus been reported by Downes 
(5) 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 instal'S of Ceresa basalis are very similar to those 
of Sticlocephala inermis, already described. The main apparent difference be
tween the nymphal instal'S of the two species is in the somewhat darker spots 
on the integument of basalis. Measurements of the several instal'S (fig. 8) are 
as follows: First instal' 1.65 to 1.85 mm, second instal' 2.35 to 2.75 mm, third 
instal' 3.25 to 4.0 mm, fourth instal' 5.0 to 5.75 mm, fifth instal' 6.0 to 6.75 mm. 

Detailed examinations of the tuberosities of the five instal'S of C. basalis show 
the same number of t.uberosity spines in the first instal' (fig. 9, A) as in S. inermis, 
7 to 10 tuberosity spines in the second instal' (fig. 9, B), 11 to 20 or more in the 
third instal' (fig. 10), 13 to 26 or more in the fourth instar (fig. 11), and 25 to 33 
or more in the fifth instar (fig. 12). The tuberosities are shorter, heavier, and 
comparatively broader at the base than those of S. inermis (fig. 13, A and B). 
There are more subspines on the tuberosities than with S. inermis, and these are 
shorter and more slender. In the second instal' short subspines appear on the 
base of the tuberosities. These become more numerous in succeeding instal'S 
until there are at lea.... 7 or 8 of them on each tuberositv in the fourth and fifth 
instal'S. . • 

DESCRIPTION OF ADULT 

Head broader than long, roughly punctured, not pubescent; eyes prominent, 
extending as far laterally as humeral angles; ocelli distinct, reddish; pronotum 
deeply punctate, very hairy, humeral angles prominent, snperhumeral horns 
short, obtuse, horizontal; dorsal crest convex; posterior process slender, dark, 
slightly decurved at tip. Under surface of body blaek below and segments dark 
bordered. Under parts of head and large part of femora black or dark brown. 
Length 7.5 Hllll. (See pI. 4, C; figs. 8, G, H, and 14, D.) 

LIFE HISTORY AND HABITS 

The observations on the life history and habits of this species were 
made, for the most part, coincident with those on Stictocephala in
errnis and other species, but certain experiments were conducted on 
tillS species alone. Much of the discussion for S. inel'rnis serves 
equally well for Oer'esa basalis. 

IDBJ'RNATION AND HATCIDNG 

The eggs of O. basalis (fig. 7, B, E~ 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 Stictocephala inermis are 
deposit.ed in the middle or btter part of July. it is probable that no 
basali.s eggs are laid until the 1st of August. 

As the eggs are deposited much deeper in the wood thun are those 
of S. ine7'rnis (fig. 7, B, a., compare with H, a), they seem to require 
more accumulated temperature to incubate them, and consequently 
they d() not begin h!Ltching until 3 weeks or more after those of 
S.inel"mis, or at about the time the last of these have hatched. 

http:deposit.ed
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Records of the Ilfl,tclting of eggs brough t into the insectary iu 1924 
and in 1925 ure given in table 8. Observations made in the field as 

FIGURE S.-Successlve stnges In the development of Cerc.,a bu.m/i.,: A, First Instllr nym~h, side \-iew, X35; 
E, first instllr, front view of hond, X45; e, second Instnr, X IS/' n, third instnr, XI5; E, fourth instnr, Xi;
P, fifth instnr, XSi G, ndult, side ,-lew, Xi; H, adult, front v ew, X7. 

to the progress of hatching in 1924 are shown in table 9. In 1924 and 
1925 the first hatching in the orchard was observed on April 30, and 
the last on May 13 in 1924 and Mn,y 17 in 1925. 
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~ 
/h Ie \ 

1. { jA:-".\{ 
~ \ (! " Ji 

.~J . rr/ ~ \/
. "\, _~ \J' ( 

b \ \ C r ;\d~~ e 'f' 
FIr-un: U.·-Dorsal tutwrositfcs on n~'mphs of ('erMa Imsa/i..: .'1, First jnstnr; n, hend tutwrosily; h, firsi 

prothoraclc tuherosity; r. secont! prothoruC'ic; It, lIlesothornric; r, abdominal; f,IIIIIlL H, :'~('oni1 instnr 
(the same c1esil'uo (iOIlS). 

'rAIlI.E S.-SII,II'IIItMII oj the Iwtchillfl of efllls of ('f'rext/ r)(l~flli~ il' Ihl' iItHI'I"lm"]I. lind the 
relation to {eJII.pemiltr(', lfM,; Clnd lfU;;, Yakima, Il'ash. 

I 

\ Eg~g bulch." 
HJ2.j

Date 

:'Inxi· I I Mini· :'1:lxi·1025 Melln Mrnn
lIlUllI i filum mum-----------1I 

J!I2·1 	 1~' 
SUIII' SUIIl., OF. ( " F. OF I Q F. e F,

• F.l\InY '- •.•••"" .•••••____ •.• __ • lirr 0 	 :10 70 [",q ,15 71 55__ ._.I'lfr 0 
!\IllY 2.... . ...... _. __ _ __. 0 ; Q 	 47 7,~ 110 <II f>li Ii, 

110 [h3 :10 I.~ [j.,:'fnyL.. 	 -i 0 0 I 
MllyL ,11 0 	 ~j~ ! t)..\) 45 47 77 01 

35 t f>!l 51 50 so 116!\I."Y5... 	 ...j 21 141 H 52 68"fllY tl.... .' 72 1050 	 ·10 51l ii5 
MnY7.... ..: .;\ 3\1 72 oS -1-1 4H 40 
!\In~·8.... 140 47 80 IH 43 56 48 
!\Iny9. ___ , .i HI Il [Jol 87 71 :!Ii US &1f 
May 10••. '" .' 12:\ .,,° \ 55 90 73 50 73 HI 

..... ,... ·1 7 92 4~ 74 liOMayIL (/3'011 	 57 7~ 
,IVMay 12.... -. 7 ~O 6IJ 93 7S 75 ';2 

Mnyl:L........ 0 , /IS 77 53 78 fi!j 

Mny H_.. •. 'f{ , 5K lH 70 
fIt)May 15....... 	 ... U21 &I Il4 -..
Mny Ill... 	 .1 O~ 82 ,

l\{ny 17 ~ _ ~ ., 2 fi8 79 /is 
JVfny J8.~,""_ .. _ 2 liH (;8 /l:J 

.._-.. - -- 
o _ ....~. ~ ~-c •Towl_ .. _ 	 InO ---~'l ··lG71 	 .. 

I 'Lust recorded hatching of S. iT/um;' in tile inscctury, 
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'fA Ill. I·; n. ·1 {II Il"ll'in!l oj e!/{/•• oj CCl'cs(t ba••Il/i.~ in aJlple t/l'i!I'~ in an orchard, Yakima, 
11'0811., lin, 

I ('ondition of eggs Il)rOPOr
1'otlll 

II' 

lion of 
Date of observation e~gs' viapIc 

, ubsen'cd " I eggsI Alin) ,1Il1lched Dend hnt.ched' 

----------1----,-----·-,--j---,---I ' /--,-
~ lo/umbrr INumber Pt'rc(1l11Nr l.mlJer Pactnt :.f\"fL1flbrrf Pt'rer",! Perct1lt

MIlI.22_____________________ ._ 1 210 , liS 84.S I ' 0 ! 0 I 32 I 15.2 0 
Apr. L.,,, ___ ,.'"._oo._ 1,105 I (1,>8 8fl,7 (), 0 j 14i I 13.:1 0 

1Apr.H..,., '.',._ •.•. "". ,361 2i i5.0 0, 0,' o! 25.0 0 
l\[ay L 632 485 i6. i j 0 : 0 I 14i I Zl.3 0 
MIlY:I., ., ,-- lOS! Hi 74.21 33' 16.7. IS 9. 1 18.3 
1\,InyS._ •.. ", ,. 1,IIli G02 51.(i 212 IS,"2 1 353, 30.2 26.0 
l\[ay 9, . , 70s ! 184 20.0 Ji·1 24. 6 :150 49.4 48.6 
l\[lIyIL" " _~:'i_.__.r'..; ___ ." 40:l _~J_~~5~,!~~~ 

'Potnl or u\·crnge., 5, tiSt i !!,5Hfj' 45.5. ~S2 15.5; 2,213 i 39.0 61. o· 

I Dosed on nil eggs nol del.d. 

Th(' hfl.tching pl:'l'iod fol'O. ba.'1alig 1S vl:'ry short (lO'days 01' 2 weeks), 
probfl.bly bl:'(,llllSI:' of the high tI:'IllP('.I'l\,tLu·es O(~(,lllTing at that time. 

FJ(ll'lm 10. Dorsal tulwIOsities on lhird-instllr nYlllphs oC Cerr"fl/m.,n/i." .1, II NIt! tulll'rMity; n. nrsL pro

thoracic tuborosity; C, second prothorllcic; n, mesothorllCi('; /.:, IIIclntl\orlll'lc; P, IIhdominnl; G, 111101. 


Tlll:' hatching process of b(L8alis I:'ggs is fl.S descl'ibl:'d fol' tl1(' eggs of 
'ine1'1nig, fmc! the wenth('1' conditions cond u('i Vl' to thl:' hatching of one 
species arc flpparently favorable for t:hp ()ther, although basalis 
requi.rl:'s a higll!:'r d('gl'(,c of tempcrntlll'(" or It gr(,n,ter tH'('uInulll.t.ion of 
day dcgl'c('s ill til(' spr:ing to stn.rt hntehing. 
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FI(Wltp. Il.-Dorsul tuberosities on Courth·inslllr nYlUphs oC Ceresa basalis. (Designations as in /1g. 10.) 

:FIGI1RE 12.-Dorsnl tuberosities on nCth·instllr nymphs or ('ercsa ba.,alis: A, Mesothorucio tuberosity; 
B, mctuthorllCic tuberosity; C, ubdominul tuberosity. 
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MORTALITY 0.' EGGS 

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

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 efl'ect of the drying wood. 
In live wood most of the dead eggs are 
found at the ends of the egg pouches 
(pI. 6, 0), and these have probably 
been injured by the pI'essure of the 
growing wood and bark. 

Occasionally the eggs 11l'e seuled 
over by the growing bark and wood. 
An extreme case of this was obsenTed 
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 these eggs n. month after\ a 

the close of tho normal hatching period 
}'IGURE 13.-Diagrnmmntic rcprcsentntion of 

dorsal tuberosities! A, at b, Ilnd c, first, see showed them to be fresh, plump, und 
ond, and third abdominal tuberosities of seemingly alive, with normally devel
Siiciocephaia iner11lis (long, slender, spinate,
curving more or less strofl!!ly ctludud); B, u oped embryos showing eyes, abdomi
b, c, first, second, nnd third nbdominal tuhcr

t 

osities of Ceresa basali., (broad, stoU!, ICllllinll nal segmentation, and legs. 
forwnrd, and not. curYin!! so strongly cnudud Since the death of the terminals is ns in Siicioccphala inerfllis). 

usually the direct result of oviposition 
farther back by this species, the insect is its own worsL enemy. This 
higb mortality is an important fCLetoI' in keeping this insect from 
becoming a serious economic pest. 

TARLE lO.-C01lL),arison of the mortality of eggs of Crresa basalis in live part,~ and 
dead withered terminals of Ihe .sILme twigs, Yaki'llw, IVash., 1021, 

In dead, witlwrcd III live parts of PrOJlortiOlI of ~1lr.St('rnlilUlis of$ulJIe t.wigs dend intwigs 

Dnte of observntlon 


gggs Eggs E!!J(s I Fggs !Aye nt'ndhlltched delld hlltC'l.wd (iclI(1 twillS terlllinalsor nlive or tlhvc 
"'--'---"'" ------,-------- 

lVllrnber Number Nlim/leT Nlim/leT Pr:((lIt PercciltApr. L ______ • ___• ____ • ____ •• __ .. ____ ._ .. _. 
Apr. S._________________ •________ " ...... U:\8 85 ~'O 02 lUI 75.61 

2·' /I 3 ~ 20.00 f,o.OOMIlY 1 .• __ ••. ________________ .... 440 W :m 01 11.10 7U.OO
MllY 3 __ .... .. •..• ____ ... _•. 148 I :12 17 . Iii :K 6U 
Mny 8..... ____ • ............. .... .. no 11)') 78 2:U 14.2'2 7-1. 'ifj

J'\-[ny 9 .. __ ..... _.. _________ .••• __ ...... . :!l2 iXi 411 2.51 24.0'J S·I.51May 14______ . ____ ..... ___ ._. _____ .. 433 201 :15 9W al. 70 911.47--.. - - .....•-.~.-- ~.~ ..~..-. _ ........_. 

'l'otIlL..~.~ .. _.. __ ~_ ......_¥ .. ._ .. __ ~_~ a,0:17 570 2[~J 1,011_ .. "... 

http:hlltC'l.wd
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HATCHING O~· EGGS 

As in tile case of Stictocephala inermis, the eggs of Oeresa basalis 
hatch during the forenoon, although they have n. tendency to hatch 

... j
\ . 
II 
I 

FlOUIU: J4.-0utline or dorsal view or six species or MernIJrncidne: t. Ccrean butwltl••; B. S/ic/occplwill illtr
1nis: C, S. pacifica Vnn Duzee; D, C. bll••ulis; E. c. bm·j.t. Wlllk.; P. 1:). lL'icklwmj VUlI DU1.ce. XU. 

earlier in the morning than do those of S. inermis. Summarized 
records of the hourly hatching observed in the insectary in 1924 nnd 
] 925 nrc shown in table 11. 



I 
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l'ABI,E] lJ.-Nlt1/lber oJ eggs oJ Cercsa ba.~az.i.~ haleilin(1 daily and hourly in Ihe 
insectary, Yakima, lVnsh., 1924 and 1925 

Number of eggs hatched during t1w hour 'I'cmpernlure in OF. ntended nt 
'0Date 

~ ~ . ~ ~ = q :s ~ :; ~I~I~ ~ = ~ c::. e: 0; _ C". 0.0 c.. =:::e:c::o--+!:'Ic:. 

.------I.-'--~ ~~_ _=__=_~.:_ ~_~_ 1'- :=--=-~ M 

May L.... . ...• 0 0 0 I 0 0 0 I 0.15 40 4S 51 52 56 55 54 
5.......... () 0 0 0 17 4 0 21 3. 13 3S flO 54 58 "I HI fit 
G.•__ . 0 0 0 I as 22 11 72 . 10.73 44 48 52 58 115 70 71 
7........ .... 0 0 S :17 IS l() 0 i:! 10.8S 47 .15 III I03 flr, flS 7l 
s...... ..... 0 flO 57 31 0 0 0 13S 20.57 51 GO ti7 7·1 78 80 81 
9..... 2 101 32 Ii 2 0 () J.l3 21. al 58 05 72 78 82 85 87 

H) ., .. ,. 0 97 21 .1 0 0 0 12:1 18.33 60 07 7.'i ~! 81; 80 00 
11 •. __ • 0 80 13 0 0 0 0 03 13.80 GI O~ SO 85 87 00 92 
12.... . . .. 1 5 I 0 0 0 0 7 I. I}! 67 76 81 &1 85 87 92 
13........ 0 0 II 0 0 (j 0 0 0 r.o 7·1 81 84 87 &~ I00 

ToIIIL•••. __ .•.• 3 3:!3 132 HI 75 31l I I 671 'l~'-.-... -r-~-
1= =.= = I=i.=-=~-~"'I= -= 


1U~4 I I 

Pen'!!nloge of 

totoL......... 0.4·1 4!J.{i:1 19.67 12.07 II. 18 5.:17 1.1'1 


1925 
Mnr 5* ____ .* __ 0 I II I I 1·1 7.37 55 m Ii.~ io 78 n_____ ...... ~ .. [) 0 0 0 () 5 2.03 .17 05 7:l 76 80 ..I: '. 

7........ 0 0 0 0 () (J 0 45 .J[j 46 ,iii 46 '". 
8.......... 0 0 0 0 0 0 0 '1-1 4:J -\,1 .1-1 .j·1 .. .. 
9...._ 0 2 2 I V 3.W 49 f>-l :;,~ 62 0-1I'. ".

11..- .•. :::" 5 18 -I 7 3 37 IR.48 53 55 59 tH 08 
12.. -I 10 10 . 0 ../.. 40 21.05 fil 50 60 65 70 .. -- ... " 

1:1..::::' 0 :13 0 I 0 ·10 21.0.1 57 61 1i5 70 75 ... 
~ 

... 
1-1..... :J 21 3 I (I .. 2S 14.74 Iii 1i:J 70 'm so .. 
15.......... 0 S :l 0 0 II 5.7H 57 fl3 ,0 75 ,0 .. - .. .. 
16.... __ 0 5 0 0 0 5 2.0,1 65 67 70 74 70 

~ 

17............. 0 I I 0 0 2 1.00 !A~ 61 115 70 7:l ... 
IS.__ ..... 0 0 I I 0 2 1.05 5n no 6:! (;:1 02 . 

-~<-....'-- -" -.-.-~ _._- --,-,- - --.--...- .-~ .-- ~- --_. _.
-~-·I~: "'-r--~-r''I'otnl.. ........ 23 IO.~ 35 HI [) /90 


-- ==I~=I== =o====r'= ==(~Percentage of "'" . 1 
Il 'I ,lotuL... 1'2.11 r".84 IH.42 10.00 ~.O:I 

: I I 

The newly hn.trhed nymphs of C. bCLSCLlis hn,ve n. tcnd(lncy to remnin 
for sevcral hours 1I pon the underside of the twigs and do not fall 
immcdilltely to the gr'ound as do the nymplls of S. inennis. By mid
dn.y, however, tlll'Y have nIl disappeared from the trees. 

Obscl'vations IluHle in the insectary in 1925 Oil the development of 
30 nymphs nre shown in table] 2. l.'be total nymphal period rnnged 
from 62 to SO dn.ys, with !In average of 70.1 days. 
T AHr,g 12.-Lcn{llh oJ the nymphul-ill.~t(lrs oJ sa individlWls oJ ('cresa i}(tsalis hatched 

Jrom. Muy 11-17, inc/1I8it'e, 19,?{J, at Yakima, Wash. 

EOGS UA'l'Cfll<:J) l\IA Y I! AND 12 
.. 

/WOS JlA'/'C/U:l) MAY J:J A!'iO 14 

. .. .... '''. .. I' 121 !!I I 1.r! ' 10 i isJ\fnximulII.. IS 
1\IInilllulIl..... .. .,.. 1___to_f___II_i1___U_'_'_,~. __,-I-c-l+'__.,..(...,),1I 

A vcrn~e........ ~ .................... : lUi I 1~.21 II.U: 1.14 I H.O j 71.11 


t 
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T.\BL}; 12.-Length oj the nllmphal1'nslars oj 36 indivillltais of Ceresa basalis hatched 
from May 11-17, inclusive, 1920, at Yakima, Jl'ash.-Colltillllcd 

RGGS HATCHED :\[A Y 15 AND 17 

I First 'Second I 'rhird ! Fourth Fifth Totnl
Itom , . 1 nymphalI; instnr ! instnr I iustnr f Iuslar Ilstar p(.\riocl 

__________ ; ___;--___t._._ 

i Day" I D(lV,' I f)ay"
Maximum••• " _,. •. ' _..... ..1 IS . 17 , 14 
Minimum......... , .. ,,' • __ ..: II i J3 I U .11 j 12; /)U 


t -.-- ..• -~ .....- •. --_. __ i__ ~..........-.. ,-.----.--.:~-. ~~_'-------


Aycrngep~ .. ,·f 1,1. X I /5.51 lUi /3.31 /5.71_ 70.7 

:\Inxlrnum (or nil .. 
l\linimu!Il (or nil .. ,
.-\yern~e (or all.. _. ::1 I~g j jq 121g I lJ I )I I iO~ 

ADULT STAGE 

:"Iost of the' n.nnphs change to adults in July, the ('arliest definite 
record beulg .Tlll:v 11. By the middle of the month adults are uSllnlly 
out in numbers, and they hn,ve been found in the fi('ld until October 8. 

The (\arliest recol'd of egg deposition for G. basaliB is one for August 
1:3, ::33 days after the fin;t ndults mn.tured thnt year, so there seems to 
be it preoyiposition period of npproA'imntely a month, as in the case of 
Stictoceplw[([.inermis. 'With C. basalis, however, oviposition con
tinues lnt<'l' into the fnll thun with S.inermis. 

OVIPOSITION 

Fenuti<'s luwe heen obs<'IT('d depositing eggs from 9 a.m. to 6 p.m., 
nnd few, if nn~·, (>ggs nrc d<,posited outside these hours. 

As with 8tictocephala ine7'1m'B, the eggs of Cere.'!(I, bwwlis nrc deposited 
ill wnter sprouts arising ilt the bases of tlw trees and in the twigs 
thnt hnng down toward or into the alfalfa, CoY('r crop, but seldom 
higher in the trees than 6 or 7 feet from the ground. Eggs nre also 
laid in llUI'SelT stock nnd young orchard tre<'s. 

The eggs lU'e deposited in the upper side of twigs running more or 
less horizontnlly, but on twigs or young trees stnnding yerticnlly 01' 
nearly so they muy be found on nny side though in greater numbers 
on the south side. TI1('re is often an oyerlapping or ultermingiulg 
of oviposition scnrs of this species and of Stictocep/wla. inermis and 
('e1'esa bubalus, but the majority of basalis egg scars arc b<'yond those 
of i1lermis nnd bubalus in newer, softer wood. As mentioned pr('
yiously, I1ltlny <'ggpoueh('s nre 11l1ld<, in 01' n('ltr the terminal growth 
of twigs not mor(' than one eighth of an in('h in diameter, ,,,hel"e there 
is illsufIiC'ipnt wood to stnnd such wounds without disastrous I"esults 
to both the twigs !l,nd th(' e'ggs d<'posited in th<'111. 

TlJl' eggs arc inserted through th(' bUl"k !lud lI1uch deepcr into tho 
wood than are. the eggs of S. inermis. Although the egg" arc deeply 
placed, the margins oJ the wounds are spread so wide tlmt the tip ends 
of Lhe. eggs are 'oft('n visible (fig. 7, A). 

Counts of tlte eggs in 671 egg pouches showed a mnge of from 1 
to 38 with un uvemge of 19.9 (table 13). 
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TABLE l3.-Number of eggs per p01lch d('po.~il('d by Ceresa ba.mlis, Yakima, lVash., 
1924-27 

Number Number I Number INumber I Number INlImber Number Numbcr 
or eggs per or ponChes. I or eggs per or pouellCs or eggs per or pouches or eggs per orpollchcs •pouch pOlich I pOlich pOlich
----1--- ! - ~ - __r--- ___i 

I I II 10 21 25 :11 S 
2 1 12 21 22 42 :l2 2 
3 I 1:1 Ji 23 43 33 2 
4 2 JI Zl 24 32 34 2 
5 5 15 :11 2., 39 a5 [) 

~ I~ i~ ~~ ~~ ~ ! ~~ a 
H 16 IS H 28 26 ,; 3S 1 
» 7 10 21J 2\l V • 

JO I.) 20 55 :10 23 Ii 

Totul PO\\('h(,8 _____________ • __________________ ... _______ _ 

Totul cggs ___________________________________ . ____________ _ 671 


13,334 

A\'crnge oumber of cggs per pOllch___________________________ 19.9 

Repented obseryutions have fuikd to indicate thut there is n,ny 4 
difference in the metbod of oviposition between this species und thut 
already described for S. inermi,s. Instead of cutting the supplemen
tu,ry slits, however, us in the case of 1'nel'mis, this Rp('cies witltdrH,ws 
the ovipositor after h:wing cut the longitudinal slit, ':rests a few 
minutes, [md then commences depositing her eggs us described for 
S. ine7'm'i,s, the first egg in the slit being plnced in the end lnst C0111

pleted. The length of tinw requu'td in depositing nn egg i<; nbout 

the sume ns forinel'mis, 45 to 60 seconds for ('itch egg, but since on an 

fl,verage itbout 20 eggs arc pJnced in each wound, instead of the 6 in 

the case of 'incl'mis, the time necessary for O. basalis to complete nn 

egg pouch is aboll t thr('e times us lon~. 


Becauso of difficulties onoolln tereel m rearing tho insects, tho egg
laying capacity of ulClividual females wus not ascertained. It. seems 
probable, however, that they IllY us mllny as &. in ennis, which is 
l'('port('d (17) to Iny us muny liS 252 eggs ('ach. 

CERESA BUBALUS FAll. -4 

The hllfralo troA hopper, CeresG bubalu8, is rare, compflrod with 
~<"tictocephala inermis flnd C, basali8, in most plflces in the Yakim!1 
VILlIey, In ceriuID other locnlitios, howov('1', it (,quaIs theii(' in nU1l1
h(')'s, Ilne! in eolloctions Illude at Parma, Idnho, C. bubalus j}l'odomi
nat('ci. Although this slwei('s is the largest of those iitudied and its 
injury mor(' s(,Y('1'e than that of 8. inermis, it is so sCllrco in 1l1ost 
]ocllliti('s thut it is of 1('ss economic importanee than ('ither S.inermis 
OJ' C. baB(lli.~. On u('count of its sellrcity in tho Yukimn, Vulley few 
observutions of impol'tnnce woro mndo upon it . 
. It is l'e~dily distinguished from S. inel'mis and {J. basalis by its larger 

SIZO Ilnd Its Inrg(l pronotltl horns (fig. 14, A; pl. 4, A), nnd from C. 
basali,~ nlso by thl\ Inek of tlw du.rk coloring on the legs und V(\l1 tral 
side of the body, whkh provails in basalis. 

DISTRIBUTION 

Ceresa bubalus is 011(\ oi tho most widely distribut('d of th(\ 11om
bracidlll' in this counLry, having boon ro('orcled in l1(1lldy nIl of the 
States, except those in the extrome Southeast

l 
und from most of tho 

j 
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southern Canadian Provinces. It is generally reeognized as perhaps 
the most injurious of all the Membracidae. 

SYNONYMY AND COMMON NAME 

Fabricius (8, p. 14) described this species in 1794, placing it in 
Germar's .J.~lembracis. In 1803, however, he changed tho species to 
the genus Oentrotus (9, p. 20). In 1840 Blanchard (2, 1!. 181) changed 
it back to the genus A1embracis, but ill 1846 FairmalTe (10, 1). 286) 
placed it again in the genus Oentrotus. In 1851 Walker (29, p. 531) 
placed it tentatively in the genus Oeresa" an allocation which was con
firmed by Uhler in 1862, as reported by Harris (16,jootnote, p. 221). 

This species is conmlOnly called the "buffalo tree hopper" on ac
count of its high pronotulll and the hOl'lllike projections of the an
terior angles of the pronotulll which give it a fancied resemblance to a 
male buffalo. 

The 1110re inlport!Lnt synonymy is as follows: 

Mcmbracis bubalus Fabricius, 1794 (b, p. 14) 

Centrotus bubalus Fabricius, 1803 (9, p. 20) 

Mcmbracis bubalus Blanchard, 1840 (2, p. 181) 

Centrotus bubalus Fairmairc, 1846 (10, p. 286) 

Ccrcsa I bubalus Walkcr, 1851 (:29, p. 531) 

C~rcsa bubalus 1Jhlcr, 1862 (16, p. 221) 


CHARACTER AND IMPORTANCE OF INJURY 

The oviposition scars of C. bubalus arc conspieuously difl·erent from 
those of either of the other species studied (pI. 6, B). The incisions 
art' mllde in pnirs, two short euts s(1Jniert'seentric and parnllel, in each 
of which from {) to 12 t'g~s are deposited. The cuts, which prevent 
the wood from growing over tht' WOlUlcis, inerens(' in size from year to 
year, causing extreuH'ly ugly sC'nrs nnd roughened, gnarled twigs 
(pIs. 5, A, b, and 6 A, a, B). 

Badly infested twigs are dwarfed and weakened and so are ensily 
broken hy the wind. As in the cl1se of the S('·nr5 of the nssociail'd 
species O. basalis, theso pronounced lesions oft('n furnish sllitable nud 
convenient hiding places for the woolly apple nphid and for the OYl'r
wint('ring eggs of the green apple nphici. 

Goodwin and Fenton (15), in n histological study of the pnthological 
changes produced in the plnnt tissue resulting from thest' mn.!formlt
tions, determined thnt owing to th{' formation of ('orky lnyel"s of ('dIs 
on either side of the lesions the wounds fniled to henl and thnt IlS the 
SUlTOlUlding wood continues to grow tho wounds becon'le de{'per Ilnd 

~ ,...'ider, en,using the wood botween the ('uts to slough off. They sin t(l: 
Altogcthcr, mcchanical illjtlr~' is vcry scvcrc and thcre arc e\'idcnccs that dccuy 

oftcn scts in duc to thcse wounds. While thcsc may evcntually hcal over, the 
organisms h:wc alrcady entercd thc hcart\\'ood, and ultimatcly this sccondary 
illj tlry may kill the cntirc limb. 

FOOD PLANTS 

The present studies of this species 1111ve been limited, and tho 
nymphs hn,vc not 'boen observed. It is probable, however, that their 
chief food plant in the orchnrd is nlfalfll. They may ftlso feed on 

'sweetclover. 
Fllllkhouser (12) reports Oeresa b11.balus as common on grasses and 

low shrubs and as feeding upon succulent herbs, particularly sweet



32 TECIL~ICAL BULLETIN 402, U.S. DEPT. OF AGRICULTURE 

clover. Brittain (3) reports it as feeding upon sheep sorrel (R1lmex 
aeetosella) , Canada thistle (G"\rsium arvensis), clover (Trifolium 1"e
pens), goldenrod (Solidago spp.), curleC"1 dock (Rumex erispus), plan
tain (Plar.tago major'), and dandelion (Tam.meum oiJieinale). 

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 (21) has observed a species of tree ropper, probably bubalus, 
us seriously injurious in Michigan to 1-yeH-old and 2-year-old fruit 
trees set out in alfalfa land, while an adjoining lot of trees set in clean 
cultivated land was entirely free from infestation. 

COMPARISON OF OVIPOSITORS 

The ovipositors of the tIu'ee species, Stietoeephala inermis, Oel'esa 
basalis, and O. bubalus, were examined, inasmuch as these three species 

FIGUltE 15.-0,·!posilors; A, Cere.a ba.,ali.,. n, Stictoc"phu/a incrmis: 0, Ceresa buba//lS. All X 25. 

make quite distinct incisions in which to deposit their eggs. Al
though 0. baBalis is the smallest of the three, it has tho longest ovi
positor (fig. 15, A) and makes the deepest incision. Stictoeephala 
inermis, which makes the most superficial incision, has the shortest 
ovipositor (fig. 15, B), and O. bubal'1t.~, the largest of tho tIu'eo species, 
which makes the double, mediwll deep cuts, has an ovipositor midway 
in length between those of the other two (fig. 15, 0). The avel'llge 
length of several ovipositors of each species wus found to be as follows: 
0. basalis, 3.7 mm; O. bubal1l8, 3.4 mIll; and S. inermis, 2.7 mm. The 
ovipositors of tho species of Oeresa ure nlso somewhat broader than 
thaI, of S. hw·mis. 

Tho sharp sawlike (\dge of the tip of the ovipositor readily accounts 
for the ability of the fenutles to cut their oviposition lesions 

CERESA ALBIDOSPARSA STAL 

In Mnr('h 1927, I-year-old seedling pear tl"ecs were found with 
membrncid eggs inserted in the buds. It wasappnrent that these must 
be the eggs of some species other than those pl'Cyiotlsly studied. 
Samples of these twigs were brought to the laboratory and kept for 
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observation and hatching of the eggs. The eggs proved to be those of 
Cel'es(J, albidospa7·sa. 

DISTRIBUTION 

C. albidospal's(J, Stal is recorded by Funkhouser (13) fiS occurring in 
California, Nevada, Texas, and British Columbifl,. This is therefore 
the first published record of its occurrence in the 
Pacific Northwest. It is probably a western species, 
since there is no record of its having been fonnd 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 albidosparsa was originally described by 
Stal in 1869 (26, p. 245), since which time it has 

been referred to only eight tinles 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 nfime. 

DESCRIPTION OF ADULT 

Pale green; 8 mm in length; with short, 
curved, red-tipped pronotal horns (fig. 
16). 

POSITION OF EGGS 
8

The eggs are deposited singly or in 
FIGURE IG.-Ceresasmull groups of 2 or 3 in the .buds, albidosparsa: A,Front

either at the base or among the bud vien"; B, dorsal "'lk?... 


scales (fig. 17). Most of them are XO. 


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. 


HATCHING 

and empty hatch- • • 


FIGURE H.-EggS 

in" meml~rnn~s of Just preVIOUS to hatching, the e~gs protrude from
Ceresa alb.dosparsa '" 
in buc!sof I-year-<)Id the bud about two thu'ds of thetr ength. ThIS may 
~ling pear troo. be partly due to the effect of the extendin", bud scales, 
x-. 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 Cltn more readily affect the eggs in 
their semiexposed position in the buds than is possible with those 
within the bark and outer wood. 
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NYMPHAL INSTARS 

Several nymphs in vials were reared through the first instal' on 
alfalfa. These are readily distinguished from the first-instal' 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 o.ther species walked slowly 
from place to place, these darted here and there with apparent haste. 

A close study of the arrangement of tuberositieil 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. Outdoor hatching 

occurred from May 6 to 10. From these 
one adult reached maturity on July 18, after 
passing through the five ins tars characteris
tic of the other species of Membracidae. 
Moltings took place as follows: May 24-25, 
June 3-6, June 9-11, June 20-25, and July 18. 
The total length of the period of the nym
phal ins tars was hetween 69 and. 73 days. 

HELIRIA RUBIDELLA BA:LL 

Heliria rubidella was first described by Ball 
(1, p. 28) from Colorado in 1918. Since 1926 
it has been found in considemble numbers 
on apple trees at Wenatchee, Wash., as re

FIGUnE IS.-Front view of hend ported by Y others, Webster, and Spuler in 
~~~e!~C;lgfd~~~:~:~arxls~Ph of 1929 (35, p. 269) and by the writer in 1930 

(33, p. 1,2, 12; 34, 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.3 

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 (pI. 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 as 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 (pI. 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 (pI. 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 The writer is indebted to P. B. Ailen, Jr., temporary !I.'sistant at the Wenatchee, Wash .• laboratory of 
the Bureau of Entomology from 1930 to 1932, lor this discovel'Y nnd lor other observations on tbis species 
which had not yet been reported. 
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of the insects was a result and not the cause of the trouble, although the 
insects do feed upon the sick branches, thereby doubtless hastening 
their death. 

ASSOCIATED SPECIES OF MEMBRACIDAE 

The following asso.ciated species have been recorded from specimens 
collected in these studies, from other collections, and from literature: 
Oeresa albidosparsa,4 O. basalis, O. burealis Fairm.,4 O. brevis Walk.4 

(fig. 14, E), O. bubalus,4 O.femorata Fairm.,4 O. taurina Fitch./ Sticto
cephala franciscana Stal, S. inermis,4 S. pacifica Van D. (fig. 14, 0), 
S. wickhami Van D. (fig. 14, F), Oampylenchia iatipes Say, and Heliria 
rubidella Ball.4 

Stictocephala pacifica, according to Van Duzee,5 probably does not 
occur 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 erroneous identifications. 
Stictocephala, '1J)ickhami, 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. Oeresa brevis is rep
resented by a few specimens determined by Van Duzee from Idaho, 
which had previously been determined as O. borealis. Funkhouser 5 

has recognized both O. femorata and O. taurina. 
Oampylenchia tatipes has been found in considerable numbers 

throughout the Pacific Northwest wherever observations have been 
made upon species of the genera Oeresa and Stictocephala. Like them, 
it 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 incidentally from time to time in the studies of the 
other forms. Individuals of this species reach 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 a 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 feet 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 instal'S 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 occasionally be carr~ed by vehicles 
passing through orchards or fields, or in fruit boxes or on other orchard 
equipment. Since the adults are extremely shy, however, it is very 
improbable that they are often distributed in this way. 

'Not recorded by Funkhouser (13) as occurring in the Pacific Northwest (WlIShington, Oregon, and 
Idaho),

, In correspondence with the ",!'iter. 



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 (12) reports that while individuals of the genera Ceresa 
and Stictocephala have been lmown 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 alfalfa 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 
(111yrmica rub7'a scab7'inodis val'. sab111eti Meinert). 

Considerable numbers of this species of ant have been observed 
associating with the nymphs in tIle cages mentioned. They were 
observed waving their antennae and st,roking the posterior extremities 
of second, third, and fourth instal' nymphs, causing the nymphs to 
void a clear, colorless liquid from the anal aperture, which the ants 
then proceeded t.o 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 laid, 
many nymphs fall on, or are blown by the wind to, utterly barren 
ground and are unable to reach suitable food plants; still others fall 
into irrigation ditches and are lost. Of the many, many thousands 
of nymphs that hatch from each tree in heavily infested orchards, 
only a comparatively few survive and reach maturity. 

PARASITES 

Two species of hymenopterous egg parasites, Gonatocerus n. sp.G and 
Tetrastichus sp.,7 have been reared from the eggs of Stictocephala 
inermis; but since these are so rare they affect little control. 

OTHER ENEMIES 

Of the various species of spiders observed feeding upon the hatching 
eggs and emerging nymphs, two species have been determined as 
Philodromus minuta Bks.7 and Dendryphantes militaris Hentz.7 These 
spiders and other undetermined species are commonly observed 
throughout the hn.tching period upon the twigs from which S. inermis 
nymphs are emerging, and have often been seen devouring the tender 
young nymphs while they were emerging from the eggshells. 

A species of mite belonging to the genus SeiU8 8 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 . 

• Determined by A. n. Oahan. 

1 Determined by A. R. Sboenmker. 

• Determined by n. E. [~Willg. 
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At least two coccinellids, Adalia bipunctata L.9, and IIyperaspis 
quadrivittata Lec.lO have been observed feeding upon the hatching 
nymphs. Both of these have been seen devouring numbers of the 
emerging nymphs, one after another, within it few minutes' time. 

A single specimen of II. quadrivittata was placed in a Petri dish at 
1:15. p.m. and given 20 newly hatched nymphs forfood. It ate 15 of 
them during the first 1.5 minutes, and still others during the next 15 
minutes. At 2:15 it was given 20 more nymphs, se\'eral more of which 
it had eaten by 3:15. 

An ant, Formica jusca jusca var. argent1·a Wheeler 10, has been 
noted it number of times eating the hatching nymphs. 

Another ant, ll1yrmica T1lbra scabrinodis var. sabllleti 11einert, was 
often seen in the cages carrying portions of dead nymphs about in 
its mouth, although it was not actually seen eating them. It is 
reasonable to suppose that ants are responsible for the death of 
many of the nymphs, since they are invariably associated with them, 
llnd the mortality of the nymphs is yery high. 

Adults of Oeresa bubalus, O. basalis, and 8tictocephala inl'rmis col
lected a.t 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." Great numbers of these 
mites were present under the tegmina and on most of the ventrnl 
spaces on the body. It was noted that the more heavily infested 
individuals were comparativel:)T sluggish and therefore more readily 
captured by hand. Only rarely lJa\'e these mites been found on 
membracids in the Ytlkima Valley. 

Coc('inellid and syrphid larvae of undetermined species haTe been 
observed feeding upon the hatching nymphs in the orchard. 

Other species of predatory illseets, SUdl as those of the genem 
Hemembius, Oh1'ysopa, and Oecanthus, douhtl('ss fee-d upon the ('merg
ing nymphs, since they are occasionally pre-se-ut during the Inst part 
of the hatehing season. 

No observations have- been made fiS to whe-th('T hirds feed upon the 
tree hoppers under dis(,ussion, but Wi I dermu th (30) records several 
species of birds as feeding upon S. fest ina in alfalfa fi0.lds in Arizona. 
S. jestinn is considernbly smaller than any of the, sp('cies studied h('r(', 
but it is probable that It few individuals of these larger spe-cies are de
voured by certnin birds. 'Wildermuth nlso re-eords toads as predntory 
on S.jestinn, and it is probnble that toads nlso help check the increase 
of the northwestern spcdes. 

NATURAL PROTECTION 

Little proteetive resemblnnee ean b(~ elllimed for the shape of the 
species here discussed, at lenst under the-ir present acquired environ
ment. The general green color, however, gives them ct'rtniu prote('
tion among tho groen food plants upon which th('y feed, and among 
which they spend most of their lives. This greenish coloring also mny 
be of inCIdental proteetion to tht'1Il while tlH'Y nm resting on the 
petioles of ]£Ilwes nnd 011 tll(\ lenves thomselv(\s, but it probn,bly is of 
little value to tll(lm when they nre on the twigs ovipositing 01' resting. 

• Determined by II. S. Barher. 

JO Determined by s. A. Uohwcr. 
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The habit of remaining quiet for hours at a time is doubtless ofno little protective value to the adults.
The almost universal position assumed by the nymphs of Heliriarubidella behind the buds, which they closely resemble in both colorand shape, evidently affords them considerable protection.The habit of nymphs and adults of stepping rapidly around to theopposit~ side of the twig or other object, when disturbed, is also ofprotective value.
The hard pronotum with its shurp posterior end and, in the speciesof OereS(L, the more or less sharp humeral horns doubtless afford considerable protection.
As Wildermuth (30) has pointed out, the habit of exploding abubble of liquid from the 6p of the abdomen when disturbed is probably also of protective value when tlus bubble is exploded in the faceof an enemy. 

PREVENTIVE AND CONTROL MEASURES 
SPRAYING AGAINST THE EGGS 

Lovett (18) suggested the use of 8 gallons of a heavy miscible oil to100 gallons of wat!.'r, but expressed a reasonable doubt that such aspra.y could reach the egg masses hidden underneath the bark. Thestudies conducted by the writer, as indicated earlier in this bulletin,have shown that the eggs of the tree hoppers are sufficiently exposedto be reached by contact sprnys, and numerous tests were conductedwith sueh mnterials. 
LABORATORY TESTS 

Tests of various mM.erials of possible vlllu(I ngainst the eggs ofS#ctoceplwla inenm·s were conducted in tho laborat.ory in 1923 and1924. Twigs containing tree-hopp!.'!" eggs were brought in from theorchard Imd were sprayed with such materials as were being tested incertain experiments (19) for the control of red spidel"s 11 and the SanJose scale. 12 Spraying wus done with a hand atomizer, the twigsbeing thoroughly drenched on all sides, after which they were placedwith their cut ends in jars of wnter and kept until suflicient time hadelapsed for the eggs to hat('h. The results of these tests, which areshown in tables 14 and 15, indi('ated that lime-sulphur at the usualdormant strength is not very cffeetive agaillst the eggs of the treehoppers, that lubriel1ting oil emulsions at 4 percent of actual oilshowed u. mortality of 90 to 100 percent (induding 1l10rtnlity fromnatural eaus!.'s); thnt miscible oils nre as efi'eetive (nt equivnlentstrengths) I1S the luhl'icl1ting-oil emulsions; that the distillate oilsare less effeetive thiln the mom viscous lubri('ating oils; and thatkerosene emulsion at 8 to 16 per('ent is about equivalent to the lubrieating-oil emulsions at 4 pereent. It was also evident thnt applications made wlule the ('ggs were dormant were fully as effective asapp1ieations 111llde us time for hatching approached. 
" Pllratctra7lVchu.' pi/n,w3 ('. lind .F. lind Brvvbill P;lIctio"a Koch.
n Aspidiot"" pcrllicio.•"" COlllst. 
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TABLE 14.-Laboratory tests of dormant sprays on the eggs of Stidloccphala inc1'mis, 
Yakima, Wash., 1923 

Condition of eggs atDate eggs were- Total count 
Test Materials used Dilution eggs 

Sprnyed Connted Hatched Dead 

.do.... 348 340 

A 

D 

J.ime·5ulphur (260 Daum6) concen· °BalLmi 
tTllte............................ __ 3 Mllr. 17 

...•.do............................... 4 .... do•..•. 
May 
:\-111Y 

15 
16 

flu,m· 
bcr 
289 
351 

Number 
147 
113 

Nllm· 
ber 
142 
ZlB 

Prr· 
cenl 
40.1. 
lii.S 

C ••...do............................... 5 ...do.••. May 17 449 89 360 80.2 

Perce1lt 
D 

E 
F 

J.nhricnting-oil emnlsion (soap emnl· 
siller) ............................. 

. .. .do............... " .............. 
Materinlnsed in test D, plus U per· 

eent cresol' ...................... 

oil 
2 
4 

2 

Mar. 14 
. do..••. 

.. do ... 

May 12 
do..... 

May 

q-q.1
269 

370 

93 
0 

64 

tiO 65.8 
269 100.0 

31.5 83.1 
0 Mat.erial used in test D, plus ),'i pcr· 

cent cresoL ...................... 2 ...do .... May 12 179 24 155 8t1.1i 
H 

I 

J 

K 

L 

M 

Material llsed in test 0, plus I per· 
cent.crc.'oL .... " ............... 

Material IIsed in test E, pins U per· 
l,('Ot. cre~ol ... __ .. " ............ 

.l\lat.erinlnsed ill test E, plus ~~ per· 
t't'Ul cresoL ...... '" __ __ .. __ .. 

Material used in test E, plus I per· 
cent cresol. ... __ .......... __ •... 

l\Interinl IIsed in tc.,~ E, plus 0 per· 
cent cresoL ~ +, " ~ _... _. ~ • ~ ~ _ . + • ~ _ • 

-- .. &Crude oil emulsion. .. - -~. - - -~ 

2 

(j.b 
2.li7 

...d').••. --.do••••. 

...do .... May 

...do .... May 12 

1\1ar. Ii Mny 15 

Mllr. J.l hIllY 12 
Mor. 17 l\lny 17 

3:18 

·1-10 

300 

342 

:140 
4a8 

28 

0 

0 

0 

0 
64 

310 91.7 

440 100.0 

200 100.0 

342 100.0 

340 )00.0 
374 8.5.4 

N .... d(1....... 6.07 <10 ... __ ~ 97.7 

0 .. __ .do........ , ..::::: :::.. 10 ::.do.... __ .do.... 3m 33 ;1l7 90.6 
P Crude ell emulsion, plus ).'.! perCl'llt 

cresoL ..........................__ 2.67 .. do .... .. do .. 207 7 ~f,o 97.4 
R COlllmercial dist[Jlute·oi! emulsion ... 4. I do ..... do.. 3R5 182 2m 52.7 

KK K~rosclle emulsion ................. Ii I Mnr. 20 Mny 2! 302 27 a:15 H2. [) 
7,7, ..... do......... .. ~ ..... -. ~-, -,._ .. ~ ..... W.lli I...do..... . do... 2S0 20 21iO H:.!.U~ ~" 

I{Apr. 30 }C'K Cntrente!!. ......__ ............... 052 791 101 Ifl.»
I 
I 

. ·1 .. ·· .. · i May ~ 

, 'rhe <'resol used WtlS cresylic acid, 07-{~J percent, pule. 

'l'ADLl:J I5.-Laboratory tests of dormllnt ~fJ1'(lys 0/1. tlte eg(/s of tSliclocephala iT/ermis, 
YakimCl., Wash., 19;;4 I 

SPHAYKD ~rAR. 7, EXAl\IINED MAY I 

('ondition of eggs Uf. 
count'rest Dilulion Totul~ll1tcrilll used no. eggs 

Hntched Dead 

Num· NU1TI' p". 
o B(lII./IIe ber Number ber cent 

) [,ime·sulphur (300 BIIIIJlJ6 concenlrnle) ................... " 225 135 gO ·lO.n 
2 __ •. do...... __ ~. ~~. ~ .p __ ~,,_~~~W.M~ .. ~ _. ~ ... ~~ .,,~"_"R"' ___ • 220 125 95 4:1. ~ r 

Percent 
oil 

:I (.uhriculin\!·oil (brown neutral) emulsion (SOIl!, elllulsifier). 2 260 55 205 78.R 
4 I.lIbriclltin~-oil (red engIne) emulsion (soup elllul~itlcr) •.. 2 295 70 22,>; 7l1. :I 
5 ....do........... 3Iii li5 2.')0 71i.·\ 
6 .... do.......... " 2·10 ~I() 2'.10 Ill. 7 
7 I.ubricuting-oil (red ~ngine) ClIIulslon'(cascll,.lilllC emulsi· 

fier). ........... . .. -- 2 220 4.; 175 71l.5 
8 ~liscihle oil 2 185 :J5 150 Ill. I 
U tlo :I alfi 211 295 113.7 

10 i";llIll1erdlllhihricutlng·oil (hwII'1I nculrlll) enlliisior;: 2 280 r.o :1:10 82.1 
II l 'UlIIllIcrciul spray oil 2.:1 TJO flo 176 71i. I 
12 .... du...... !?;If) 2fi 210 89.4 
13 l'ntrellteli. :115 250 05 2O.1l " 

, For soecilkatlons of spray llIuteriflls see U.S, Dept. Agr. '['echo UUl. No. 25, illl. 29-32 (/9). 
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T"\BLE I5.-Laboratory tel;t.~ of dormant sprays on the eggs of Stictocephala i'ltermis, 
Yakima, Wash., J924-Colltillued 

SPHAYED APH. -I, EXAMINED MAY 15-17 

I Condition of eggs nl 
'fest 1I1nterial used Dilution Totnl counl 
no. eggs 

--1--------------------1---- __ Hlltchedl_~ 
NIl7n- NU7n- Per

o Ballmi ber NtL1nbu ber cen!. 
US Lime-sulpbur (300 Baumc concentrnte}___________________ r, 186 112 74 39.8n _.. _do ________ . _______ •________ . ____ . __ •• ______ •____ •.• _ 6 376 167 209 55.6 

Percent 
69 1,11 bricllting-oil (brown nentm!) emulsion (SOllp cmulsi- oil 

lIerl._. __ ......... __ .• ·· .. _·_ ... ____ .. _.. • ____ ... _· __ - - 2 '1.27 44 183 8'J.6 
U Lubricating-oil (bro" n neutrnll emulsion (SOllp emulsi

fler). ____ ._. ____ ..... ____ . ___ .... __ ._ .. _... ___ ...... -. 3 427 6 421 98.U 
70 Lubricating-oil (red en!.:ine) emulsion (soup emulsifier) •.. 2 200 37 229 811.1 
71 Lubrit"ting,oil (red engine) emulsion (cllsein-limeernlllsi

72 
fler} .. ________ ...._•. _.... ___ .. 

~ - _... "~ _____ do..________________ ...... -_ - -. ~ .. ~ 

2 
:I 

233 
281 

55 
48 

178 76.4 
233 82.9 

7:1 Miscible oiL _____ ............. 2 2M 42 212 83.5 
Y . ' 

do ................ __ .• __ .... 
~ - ... 3 404 0 404 100.0 

AA ...do _. __ ... .j 320 25 295 92.2 
BE lIfiscihle oil. plus~Iicoti~e-slllphutl; I!UOO.~:::::::_ 4 fi62 5 657 9U.2 

75 CornnH~rcinl oil emulsion ". __ -" ~. _. _. --I 2 170 M 116 68.2 
if) _....do 1 3 4H 18 396 95.7 

CC L'lItrelll.ed I.. aso 227 159 41. 2 
f 

A somewhat higher percentage of kill was obtained in the laboratory 
than in the field, partly because of the more thorough application of 
the spray. ltis also possible that the slower evaporation under indoor 
conditions is conducive to gren,ter penetration, and consequent greater 
lethal effect upon the insect. 

OitCHAItD TESTS 

The results of field tests of vltrious materials conducted in 1923 find 
1925 are given in til.bles 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 hu,tch. While the percentages of 
kill in the field were somewhat lower, results were in general agreement 
with tbose obtnined in the lnborn,tory. 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 eggs. Lime
sulphur at a 4° Baumc strength, 011 the other hand, appeared to be of 
little value. 

TABL}] 16.-0rchard tests of dorm(wt sprays on lhl! eggs of Sticlocepltala incT1Itis, 
Yakima, IVash., 19i;3 

[AppliclIUons made with n power sprayer] 

PfJO'f' I. SPItA ygD l\IA H. 29, COI'N'I'E]) lilA Y 111-22--;-------
Dilu- ; 1 Condition or eggs III 

'rest LIon of Totnl, countMnt"rinl used no. nclunl eggs' I
oil Unlched Delld 

----------------1-- -_. ~--------. --~-
Per

PCTcf'111 lVumbcr .f'.l1l1ll{lfr ,iVU ",iJeT cent 
] LlIhri('lltillg-oil Btllulsioll. ~._ 2 :1.11 2tKi 14.1 41.:!r • 

2 Luhrkntiug-oil emulsion, plus H pt!rcf!lll ('rt!.'iol 2 41n I~I Zl!! 5fl.!! 
a L.llhrk'alill~·uil cmulsftHl, pillS t~, Pt'I'l'l'JlI ('I'l':;ul ·1 400 lOa ~~17 74.2I 
·1 UlsllJlnll"(JiI"IHUlsluli II 211-1 Htl 11f> 43.0 
ft lffllr£lJll(·t! aSI :134 47 12.:1I 

PLOT 2. :,\1'HAYlW API(. 10, (,OUN'fED MAY 2:1-25 

I t ),lJbrklll.ir;~~oiI ;';IIIJI~i(l1l .~- •• -- ~2' \ :14f>\ 21XI I 1-1.1 \-12.0
2jLubrlclltillg-Uill.'IIlIIISIOll, pillS ~~ p[ln'elll "rusol :lmI '!01J 151 41.11 
a l,uhricllUIlg·olIllIHUlsloll, pIllS ~~ percellt ('re,<ol "511 ,,:1 ·lfJll BII.1i 
·1 l\[Jsdhle oil. _______•_____ .. ._.___ ..•. a -142 101> a34 75, Ii 
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TABLE 	17.-0rchard tesls of dormant spray.~ on the eggs of Sticlocephala inermis in, 
sprouts growing from. the bases of tree stumps, Yakima, Wash., 1925 

[Sprayed with a bucket pump Apr. i, examined May 13) 

('ondiOon of eggs Ill. 
countTest 	 ITotalMaterial RS u~e(1 

----~----.--no. 	 eg~s 

llntrhed Dend 

lVu,m· ~Ytlm-
ber 1\9umber br!' Perc",t 

1 r.ime-sulphur (28° Baume concentrate) diluted to 4° Ilaum{> ... " 495 !lliO 145 211. :\ 
2 Lubricatmg-oil (brown.neutral) emulsion (cosein·lime emulsifier) 

at 3 percent actulil oiL.. __ . __ ... __ ............. aS5 liO 305 8.,. II 
3 Same material lIS test 2, at " percenL Ilctunl oil, .,' ... . .. , li60 40 5:"'0 92.11 
4 Material used in test 2, plus lime·sulphur (28° Bnum~ COlleell' 

trate), the mixture to read 2° Baum~.... ' .. ., . 5-15 35 510 9a.1i 
5 Material used ill test 2, nlus lime·sulphur (28° Bllume eOllcell' 

trate), I gallon to 50 ga Ions'"........ ... ..... ... 5-10 Ii [~\5 99.1 
l\laterilll used in test 2, hut at 6 percent actual oil, plus nicotine 

sulphate (40 pcrt'ent), 1 part to 1,000 pllrls of the emulsion ••. 525 0 .,)25 , 100.0 
i Same as test 6, but with 3 percellt acltllli oil.. , '.. 552 2i 5~? j !l5.1 

un!8 L'ntreated ...... 	 :lO5 250 18. () 

No tests were made separately on the eggs of C. 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 sCftle in early spring. 
In one orchard 114 percent oil emulsion was used throughout, and in 
the second orchard a 4 percent oil emulsion was used in part of the 
acreage and lime-sulphur (4° Baumi') was used in the rest. rfhe results 
of these counts are shown in table 18. 

TARLE 18.-Eggs of Ceresa ba~alis killed by orchard spraying for the San.Jnile scali', 
Yakima, lVash., 1921i 

Condition of eggs Dead 
Dille eggsTreatment 	 ,---.,.----;------1 or over· eXlIll\inNI 

Alh'c I Ulltched Delld grown I 

l\ru1llber 	 J..\"'1L11llJer ""'umher Prrccn/, Parent 
.E1l~ille·oil emulsion, 4 percent............ Aw.2'.lllml IISS SS 2,5U4 70.68 


:O-Tar5. 
('heck......................... "....... do...... 455 50 140 21. iI 
Engine'oil cllluislon, 4 ll6fc'ent•.. "•. l\:lnr 1.. .. 2i0 15 500 66.27 
Llme·sulphur, 4° Bnum~ , do"". " 450 20 255 35.17 
Check.............. ... ., do...... 416 02 177 2i.02 
.Engine-oil emulsion, 4 perceut. ",,' " ~:rllr 15 '." • 135 0.5 870 81.31 93.9:1 
Llme·sulphur, 4° naum~ ". , .do 150 370 225 30.20 50.34 
Check..... " ................ " do.::~:. 70 ii5 liS 17. J6 24.02 

I Eggs Overb'l"Own nre considered liS dend tn records (or control. 

, All eggs Lhllt could hlltch hilt! hlltched by this dute. 


A factor to be considered in interpreting these results is that the 
portions of the trees where eggs of O. basali8 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 (12) suggested the use of contact sprays against the 
soft-bodied nymphs, and this was tested in 1923. The nlfall"a in 
IouI' orchard blocks was sprayed with a power outfit on May 2, when 
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the alfalfa was 12 to 18 inches high and the tree-llOpper eggs had 
nearly all hat.ched. Four different materials were used in the plot.s 
as follows: (1) Nicotine sulphate 1 to 800 with a casein-lime spreader, 
one half pound in 50 gallons; (2) nicotine sulphate 1 to 800 in a 1 I 
percent lubricating-oil emulsion; (3) lubricating-oil emulsion, 1 per
cent; and (4) lubricating-oil emulsion, 2 p<>rcent. No noticeable 
control resulted in any of the plots, probably becnuse of the difficulty 
in wetting the lowel' portions of the plnnts, where the young nymphs 
f('('d. If the spraying could be done immediately after the nlfalfa has 
h<>en cut, it mif!"bt be possible to wet the plants far enough down 
within the crowns to kill the nymphs, but this method promises little 
Yaille. 

CLEAN CULTURE 

8in<'e these membracids, with the exception of lleliria rubidella, 
feed exdusively tlu'oughout the nymphnl period upon the more suc
culent vegetation growing in the orchal·d, such as alfalfn, sweetdover, 
and weeds, it is npparent thnt the elimination of all such food plants 
will be an effective c Intro! mensure. Repented obsCl'vations made in 
the Yakima Valley have shown that orchards which nrc free of weeds 
suffer very little tree-hopper infestation except in trees OIl borders 
adjacent to alfalfa fields. Few installces were observed in which the 
hoppers traveled more thllll two tree rows from suitable food and 
protection, such as weeds or cover ('rops. 

In the arid districts of the Pa6fie Northwest, however, a cover 
crop of some kind, usually alfalfa, hns been found almost essential 
from the standpoint of general horticultmal practice, and the loss 
sustained by the totnl eliminl1tiOll of ('over ('rops would fnr exceed the 
guin from the repression of the tree hoppel'S. If other control meus
ures were not l1yuilflble, however, the tempol'lu'Y elimination of eover 
crops might be worth considering ill the, cnse of n. serious infestntion. 

If eleall culture is likely to be prncticed Intel' on, sweetclover is 
prl:'fl:'ruhle to alfalfa ns It covel' crop. Alfalfa is very pel'Sistent after 
OJle(' becoming estnblished, and diffieult to eliminnte by cultivation. 
Sweet clover, on the other hand, is readily eliminated after the first 
two seasons. 

OTHER POSSIBLE CONTROL METHODS 

The pruning out and destnwtion of infested twigs is sometimes 
ndvlsed. In etlses of severe infestation this is obviously imprnctical, 
and in the euse of YOllng trees it would often mean the removal of 
the entire tree. In light infestMiolls, OJ) the other hand, the tree 
hOPP(,I'S ftre seldom sufficiently injmious to warrn.nt the efl'ort. In 
the course of the regular pruning process, however, nny infested twigs 
Iloted might well be removed. 

~rhe usc of hopperdozers, which has been suggested, for controlling 
the adult tree hoppel's iII nlfalfl~ fields was reported by Wildermuth 
(SO) ns imprncticuble, itS but It small pnl't of' the hoppers were cap
tured. Hopperdozers would be nltogether impl'i1dical in orehards, 
eyen if they were otherwise suecessful, on U(,COUIlt of the presenee of 
the trees and because the cover crop of uncut alfalfa or sweetcloyer 
would not permit their use ILt nny time when the ndults were present. 

http:warrn.nt
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SUMMARY AND CONCLUSIONS 

Considerable injury to fmit trees in the Pacifi(' Northwest is caused 
annually by the egg-ln,png activities of several species of Membruridne 
commonly known as "tree hoppers." The more important of these, in 
the order of their eeonomic significance, m'e 8tictocep/w/a 'il1el'mis, 
Ceresa basaf.is, and G. bubalus. The lust, the bufl'ulo tree hopper, is 
generally credited with the iujury caused by them all, hut it is l(~~H 
important in the Patific Northwest thnn either of the other two. 

In the nymphal stnges these membmeids feed upon the nl1'nli'n or 
sweetdover und possibly upon some of the sll('culen t woeds growing 
in the orchnrdsY Theil' feeding upon these plants has caused no 
noticeable injlU'Y. The chmnge they cuuso rE'sults from the wounds 
('ut into the twigs of fl'llit trees for the pUl'j)ose of oviposition. 

Eggs are deposited in apple, cherry, pench, peal', prune, willow, 
locust, poplar, and many other kinds of treE'S nnc! shrubs. For the 
most pnrt 1- and 2-year-old wood is used for egg deposition. An 
exception to this is the ehoice of the eurren t season's growth by O. 
basalis. 

Although the incisions are usunlly smull, there ure so muny of them 
in cuses of sevel'e infestation that tbe growth of the tree is retarded. 
This is especially serious witb 1- and 2-yeur-old trees. In the ('nse 
of O. basalis the deep wounds mucle for egg deposition in the terminal 
portions of the twigs often cause these twigs to withE'I' und die back 
for seveml inches. 

The scars flU'nish suitable feeding plnees for the woolly apple uphid 
(Eriosoma, lanigerum). The irritation caused by these nphids pre
ven ts the wounds from henJing, nlld the unhealed wounds fum ish 
elltrnnce for flUlgous uncI other diseases. 

1'he insects win tel' over in the egg stnge only. These eggs are 
deposited from July to early Odob('r and hatch in April find early 
}.{ay the following spring. Upon hn telling, the nymphs, excepting 
those of !leliria, 'l'ubidella, fall to the alfalfa OJ' such other ('over crop 
or weeds ns lllay be pl'esen t. There they feed and pass through live 
instill'S, reuehing ll1utLU'ity late in JUlie 01' in July. Tho adults live 
about 60 days. 

Geresa bubalu,s deposits from {j to 12 eggs in two short, pnl'nllcl 
rows; G. basalis, about 20 eggs:in stmight, deep, longitudinnl wounds; 
Siictocephala 1:nennIs deposits nbout G eggs ill ench tiny superficial 
seal'; G. albidospa7'sa deposits eggs singly in buds; and l!elir!a rubicLell(~ 
deposits them singly in the btu·k. 

Besides these species, there nre several others llssoein ted with them, 
some of whieh iLrc not readily distinguislmhlc' fl'OIlI them, but owing 
to their SCllrcity they Itre of little ecollomic importnJl('('. 

Of the various methods of control suggested 01' tried, spmyillg the 
eggs with tl. 4-percen t oil emulsion or llliseible oil is the most pl'ueti(~al 
and satisfaetory measure. \'\11i1e it is l'nrely possible to kill all of 
the eggs, the dormant oils destroy enough to accomplish rensonablc 
control. Such applieatiolls are regularly put on foJ' the C'ontrol of 
the San Jose scnle and EuropenIl red mite, tl.nd extra applications 
for the tree-hopper eggs nre 1UmcceSSat'y, LiIlle-slllphlU' proved 
ineffective. 

Clenn cultivntion is worth consiclemtion as a last resort in ('uses of 
severe injUl'y where the use of oil sprnys is ulldesirable, 

II Except lItliria rllbide/la, which l(\cds upon the fruit-tree twig:;. 

http:basaf.is
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