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BIOLOGICAL CONTROL OF THE 

CITRUS BLACKFLY IN MEXICO 


By Ib:nm:J('1' .D, S~[l'l'H 'ul1d HAnny L, )1.\(;I'IIY, 1'1/lILt Pcst Oontrol Diivisioll, Arf,'i
ClIlt U/"(If. Hc,~c(I/'Ch 8cr'vicc, -U,S, DcpCI,'tlltclt/. of AgriclIlturc, .mll BU:AZ,\II 
,JOU:;~I':Z Jt~IJ:1H:z. D[rccdtJn Gellf?'/'fI~ (ie Dejc'Il11U, .:Ig/'ieol(1, Sccrctal'iu, lie j\Y";,
('/lUllr(/. Y (lill;atiC:rI(I" ;l[c:cicanDc/lurtmCII/, 0/11uric/I/lllrc" 

BiologiC'ttl contl'Ol of the rilru:-; blaektly (Alf!w'o('ant7t.118 'lcoglwlli 
Ashby) in :U('xicois an outstanding example or t'he successful domina
tion of an ('('onomien.lly impol'tant insed pest by introducecl Jlatul'al 
elH','111 ies, 

Tho harlllo:l ious cooperation hetween the ~[exi('an Defeusa Agricola 
and thee,S, AgTieult lll'tlll{eBearch S('lTiC(' hn:; largely contributed 1:0 
tho suecess of the citrus blackfly program, This eo6pel':ttin~ efrort be
bn~en tho t\\'o countTieB nntedates the bluckfly prog1'lll11 and continues 
in the Inutual int('l'l'st of exclusion, eOlltainllll'nt', ('ontl'ol, and. eradi('tl
tiOll of SeYel'al ins('C't; pests on hoth sides of the intl'rllational border, 

Thn ('itrus hltlC'ldtyis natiyl' ('0 south ~\,sitl, It was first. diseov\~rcd 
in the Xe\\- 1Yol'1(1 on .Ta;mai('ll. 1rl'st Indies, in HH3 (Ashby 1(15).3 
Dil'tz and Zetck (J[)J()) discllSSNl its subsequent <liReO\'cry in Oublt alld 
tho Bahama Islands in HHG, in the Rcpllblir of Panama, und the Canal 
Zone in 1017, and in Costa RiC'a in 100n, Scwell and Brown (Jt)S.?) 
des(,l'ibed theinfl'MaJion <liscon'red nt Key1Yesi', FIn., in ID~H; it was 
(,L'adiC'(I/ed there in :wa7, TIll' eitTlls blaekfl\' :d:-;o has bccll l'PC'ol:ded 
ft'OI1l )[exieo in 1933 (Baker nll(l Dampf l[}3~V), from the Republic of 
Eeundor more r('c('ntly (lust nnd ('('\'llllos ][}:.'i4-:),J), and from Tl'xas 
illlD:l.). The rl\'xas ini'C'stutioll ,,'as el'lltlie:lt'ecl in 1!)3G, 

HISTORY OF SPREAD IN MEXICO 

The cit rus blackfly "':IS fil'strecorded in :Mexico at El Dorado, 
Sina.loa, It is not kuowll 110\\' ii' cnh'rC'd tl1(,'. count r.r, bllt'it, m:t)' 11:1Ye 
bN'1l in(I'ocill('('(l On shipments of mango (,lIlfill~S :from India. or :frolll 
fl'llit boats frOIll Centl'al,.\m('l'iea, 

1 D('('('ll "e(\ 1));i~, 
, C. P. (;1/11/51'11, in chnrg'(' nf til(' fOI'IIl('r I)i\'isiol1 of To'ol'('ig-11 Pal'asite JIlf:l'odIlC

tloll. r.s. HUI'NUlOE 1'~lIt()IIl()log-y and Pl:ll1t Qmll'lIntill('. plallned 1111(1 initiai'('d the 
hiolog'i('al eoni:rol pl'og:rlllll :1!!aillst the ('itrus blaekfly ill i\rl'xieo. Hel'hl'rt n. 
~mith (lp\'('lolWd and IUI'g'('ly ('ul'rip(] nllt t11i~ \\'ork, HI' Iwg-lIll bllt did 1I0t C'OIll
1'1('1(' this \\'I'ii:t('1l histOl'~' 01' till' PI'Og'I':IIIl. '1', R, (:Ul'(ltl('1' :111<1 Palll "'. 01111111, 

En(:olllolog:y ReSN1.l't'h Dh'ision, ('llIlIpilrll his ti('111 1I01('s, ('0 I'l'eSI)OIl 11I' II ("(', allil 
OtlH'I' 1I11\1l1hlished lila (1'I'in1. alld ii' is on IIlIlC'h of this llIaiC'l'in[ that this llllhliC'a
liol1 is hnsl'll. n, TJ. :'Ifall'hy, "'hn "11('('('('(1(>11 :'Ill', Snlith. hl'nllg'hi' this illfoL'lllntioll 
lin III {In t(' alld ('olllpl/'t('(J i hi" hnIl(,jin, 

Elln:ll'iln :'I[I'l'il1n, 1'01"111(')'1)" wilh nl'fl'llSa "\ g:l'ii'nl a , {IW the il1n"l1'nijolls lor 
1l,!!'III'I'S ~••1. n, '10, a 1111 11, 

3 Thl' year;:; ill .i!lllil'S nn!'I' nJ(> n1l11101'8' IIIlIlH'S aI'(' Ih(' kl.',\' In t'll(' l'('fl'l'('11(,1'8 
I1st:('<l Oil p. 2!l. 
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FIGURE 1.-Spread of tfi<; citrus blackfiy in Mexico, 1935-57. 
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From the or.iginal infestation in Simlloa, the blackfly spread north 
and south along the coastal plain and by 10-10 had become a serions 
pest of citrus in that region, In the same year II small infestation was 
found in a lime grove in the StlLte of Colima, se\'entl hundred Iniles 
south of the lIcal'est infestation in Sinaloa, By 19-1:) all citrus-grow
ing areas in Sinalolt and the coastal areas of the States of NaYlu'it, 
J!ttisco, [md Colima were infested, 

Dudng the next 2 years infestations multiplied to coyer approxi
mately hnU oJ coastal Xayarit and all of Colima, nnd the fly was 
:follnd farther inland in ,Talisco, In adclition, smldl infestations were 
found in the States of Durango and Moreios; the latter, at Cnerna
v!lca, resulted fL'om infested nursery stock introduced from the west 
coast in 1944, 

By 1D48 the blackfly had spread north to the State of Sonora, south 
to till} States 01' .Micitoaeun illld Guerrero, east to the States of Zacatt'.(,11S 
and Agnllscrili('ntes, and wpst to Baja California, In eastern i'lcxico 
smaIl infestations wero discovered .in the centml part of tho Shtte of 
Veracruz and in southl'L'n ~all Luis PotosI. 

During the. next 2 yea L'S infestations ,,"PI'e fOllll<l fadher to the east 
and soufh('.ast, and (0 the, north and nortileast. _\Teas lIewly ill-tpsted 
inell1.ded the StaIN; ot: Guanajual:o, Hidalgo, ruebla, Oaxaca, ChillUa
hua, Queretaro, Xuevo I ..eon, and the northeastern section of 'l'am:tu
li\)a~, close, to the. U.s, border, By 1%2 the. far-southern Statps of 
(' liapas flll(l TaI.HlS(,o also had bpell in\'aded, The most retent inva
sion of It pL'e\-iollsly ullinfested arelL was l'Ppoded in the State of 
Campeehe in Non'mbcl' lDGO, _\s of this date the citrus blackfly 
had infested pl'HelieaUy aU the r('gions "'here citrus is grown on tt 

commercial sca.le in )[exico, 
Figure. 1 ~hows the sprea(l of the blackfly from the original infesht

lioll in the Stule of Sinaloa in 1!):30 tllL'ollgh 10;")7, Since the blaekf1.v 
is unable to SUL'\'i\'c, lIt. t:l'rnpera.i:nrl's as low as 2'10 ]f, for any length 
of till\(', it does not m't'IIL' on host plants at high ('leYatiol1s on the ('t'll
lral pht·pau or SiPlT:t Madre ranAl', 1[0\\,('\"('1', of those l'{·giom; that· 
are elilllnLieally adaptable to ('itL'iclIltUl'P, only the. State ot: Ynenh'in, 
nOL'thel'll Bn.jlL Cnlrforl1ia, and the TeL'ritory of Qllintana I{oo 
L'('n1ilined ullinfl'stt'(\ in ID57, In ,lanllill'y 10G:~ till' Stale of Yucnh'ill 
became i nfpsled, 

HOST PLANTS IN MEXICO 

Hosts of lh(' eilrlls bln('ldh' in )[{'xico arp milch nlon~ 11111l1l'I'OUS than 
those I'ppol'[ed in the OL'iC~lt·, (,bus('11 and BPlTy (JtJ3B) l'epoL'tpd 
nlat ('itl'lIs \\':lS nNI!'I" til(' sole host· in se\'pl'al ('()untl'ies of Asia, ·111 
nil L'('g:ions of ~[exi('o'·eitl'lIS: is th(· pl'pfl'ITP<l and most illlPOl'hllli: hos!. 
Oth('l' f:l.vorite food plants ill .\[(·xieo nl'p mango, Pl'L'SillllllOn, ppal', 
(luilH'{" eoll'('e, lllyL'tI!', ehl'rill1o,ra, and sapotl', T!rl' blnekfly develops 
on nlllllPL'OllS ot!r('L' plants, bllt infpstntions an' IIs11allylight OL' mOllel'
atl', (h'ipositioll O('('III'S on a· l:u'il'P IIUIlr\JPL' of plallts, bllt dl'\'clopn1<'ni 
to the adul t shlge is U('\'('L' (·olllplptN1. Sha \\' (19ijO(t) 1isled 7(, plant 
species, belonging to :lS fantilies, Oil whic,lt ('Ol1lpl('(l' de\'l'loplllt'lIt of 
the, blaektly had lJp('n o\)sPl'vNl ill .\ I"t'xi ('0, In add.itioll, 1m JistI'd 5ti 
plants on whieh the blackfly hall bl'PIl ObSPlTPd to 0\'1posil; hllt 011 
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" 

b';(jl'It~}:!. 0\' illo,.;i t ion and l'g"gS of UIC eitrUii IJhlt'kll.\·. Xolc the slliralllattel'll 
nnd the ('gg with the pedicel. 
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whic:h. eggs failed to hatch 01' complete development did not take 
place. 

HNn'\' in:feslations of the eiIL'us blaekfly OCCtll' on sueh hosts as 
mango, 'peaL', and coffee in )I!'xi('o wh!'1l tht:se plants are neal' heavily 
infested ('itl'lls trees. "Then the blacklly is well ('ontl'ollt,(l and i nlesta
tion~ ttL'O light on eitrus, vel',Y few other host plants ilrc found t.o Le 
infested. 

LIFE HISTORY 

The c'it.l.'lIs blackfly compl!'t!'s its life cycle in 2 10 +. months ill :Mex
ieo. 'Csnally the.re is a· slight on'rlapping of generations, :Mating 
lakl's plact' SOOIl after eIHl'l'gt'IIN', alld o\'ip{)sil'ioll oct'UI.'S l:I!'vcl'al. days 
lal('1'. ]~gg;.; commonly arc aepositedina typical spiml p:tltem 011 

the undpl'l:Iide of 1en.\'('8 of HlP host plant (fig. :2); spirnls avel'llge 
about <1(.) Pgg.·s l~a('h. .\. f!'lIull!' dcpos.'its mOL'!, than 100 l.'g'g'S. dllrin~ an 
adult. life. of approximately ]0 ua."s. l~ggs 11a[('h in n /:t} 25 (lays. 
The dlll'nf:ion of Ih!'. fir::>t lal.·\·al stage is H to 17 days, the second '7 to 
U; dltyS, and the thinl 7 to :2~ days. The ]lIlIHtl stngl' hsts fot' 21 to 
-LJ dnTs. Figlll'l~;~ shows ftlif() ('y('ll' \llld~'r spl'eific l'onditions of 
t('1ll perahll.'t'. 

Dlll.'illg' tlll' Jl1lTfll [111(1 pupal St;.lgl'S the blackfiy ('xcl'des copious 
ltlllOlIllts of honeyde\\- through 11 Ym;ii'orlll Ol'i riel', 

LIFE CYCLE (STAGES IN DAYS) 

I 
"C, I-~ 14, 31 63 OF. 

Eggs \ I sl 3d ! J pup'al "-,-~ Adult-~- -'1 

40 :~~I LT' I r .. 1- 104 

t 
30 ! Mea!l ~1 1'1' i\ '1:\ I" ~. - .. ----1- 86 

. ~ I I , \ " , \ I, I\J~ ~ ~I\ 
20 f--.~~2,jtJ ~ I / \ IV I \ ~, 1 ~ l ' il";l ,v

iT \HI/ 1/~ ~J : \ A I' V I f! ~' I, If I I, 
68 

.II i'/:\l' /,I.I! 1\1\ \1\ IIi I " • ,: .'v-: \...1\ 1\ ' I~ \ 1'1 I l 
Mini~lUm [ :' i I I \/: .1:' \1 ',Vi I I:. _ _ _ __ 50 

laO I"---~'--r" \7-: I':' - 1,\,'1 ",t':\~~ I !'~1: ,~ 'l,-, .. ,r r- ! ' ,!11 :./,I ' \, Ii /' ." L. I' V \ : U\
~' ii, , " - I , \ I f 1 

____ - - - __ ~__. LJC i ., 32to,; "
[ l 

OCT. NOV. DEC. JAN. FEB. 
°(.24.1 10.1 13.3 11.0 15.0 
° F. 75.3 50.1 55.9 51.859.1 

MEAN MONTHLY TEMPERATURE 

[,'tGI'III'; a.···,Lit'p ('Y('le or tilt' ('ilT'lI"; hla('kll.\' unlll'l' i>I1P('itie ('oll<iitiIlIlS of 1t'1Il
lll'l':l tlll'l'. (Courll'''J" 01' I)PIHIl'lallll'lllo Ill' Coutl·o[ I: iO[')1,;'i ('0, !.Ii rl'('tion (:('n
t'rnl lie Dl'fenSlt .\,!;'l'ieo[a.) 
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DESCRIPTION OF STAGES 


The adult citrus b1uckfly (fig. "1) has slnty-blue wings, reel abdomen, 
reddish-brown eyes, and whitish antennae tinged with pale yellow. 
",,"'"hen the insed is at r('st', eolorless spots on the wings form what ap
peal's to bt\ a white bnnd across the rnic1dle o:f the abdomen. Adult 
females fLye.mge 1.6G and males 1.33 111m. 111 length. 

8 

]l'n:nn: 4.-...\t1ult cilrllS blacklly; •.1, Dorsal I'iell'; B, sille "iell'. 
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Tho curved, ('Hipth-al egg is attnched to the ]('t~f of the host plant 
by (t short pedicel lleal' its posterior end (fig, ~), When first laid, 
the egg is ye llowish ,\'.It ite but soon til I'IlS light ('1'0\\,11, 

The first-shlge larva (fig, 5, ..t) is elongate-onth" a\'cr:tges ttbout. 
O,!300 by 0,150 111m" and is dusky in ('0 I()!:, On ('[tell side o:f It pro
llounCNilllcdinn ridge ttt'e· two IOIlg' (lOl'~!tl spil1l's alld HumerOUs sholter 
spines, The scc-oml-stage hU'\'ll. (Jig, ::J, 1:1 )i;; more. O\'n,tP n ntl COllyeX 
than the Jil'st stnge llnd 1lH,':tStll'P" n Pln'oxi mil t('ly OAUO by 0.200 111m. 
It is dark bl'own or ilull hInck, \\'it'h p:\tehps of ypllow. Numerons 
prominpnt spines coyel' the bocly. The onlt~' third singe (fig. 5, 0) is 
IIlOI'C conn'x nnCt l11u('h lat'g('I: nllln the ~e('()lId stagl', an'l.'agillg' 
(l.STO hy 0.140 1.;n1. Its body is shiny hlack, with a hemisphel.'ieal 
dull-gl'l'en spot on the nntpl'iol' purl'. of thp abclOInPIl. The spines !U'(\ 

stoutel' and more l1UmeL'Ons thnn t.hose in th(' se(,OIHl stage. 

c 


b'Wl'Il!' il.·.. l'itrus 1J1i\(·kfl.\· 1:1 rnlp (dor:::nl \'i('w J: .1, Fil':;[ iitngl'; N, !'il'('OllCl 
stHg-t~; (\ Uli.nl ~hlg(\~ 
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In the, pupal stage it is possible to distinguish the sexes. Female 
pupae are, conspicuollsly larger (han males, the f01'l11er averaging 1.25 
and the latter 1.00 mm. in length. The pupae (fig. 6) Itl'C ovate and 
;,;hi11)1 blaek, with t1, marginal hand of "'hite waxy secretion. 8m-eral 
long, tnpet'ing, (,OllSpiCllOllS spines extencl from the convex dorsal 
SlI I'f:we of the hody. 

FlGn!f~ (j,"~l'\l!lal' of the dtl'llH hl:l('ktly. :'\otc emerging adult. 

DAMAGE 

Damage C'aus('d by the ('iteus blaC'kfly results fl'om it's feeding, Pfll'
til'l1lady 011 np\\, growth of tlll\ host plant, and :i'l'Ol11 (kposilion of 
hOIl('.nlew OIl ,,-il iell sooty mold fungus d('\-elops. The :i'llnglls gl'owth 
int(·,'f('l'('s wit,lt til(' nOl'lllal funetiolt of the plnnt's 1e'an's, l'ecilleing 
n1spil'ation and pllOtosrntil(lsis. III )[pxieo tlwl'(, is al11los/: a complete 
l'l'OP failtlL'e ,,-hell he'a \'y in feslations of the bl:l('kfly last longer than 

n '1lt' Of1 ('itl'uS rn·(·:-{. In[('statio(lil or shoL'fl'l' dUl'ation nmv l'(,r111ce 
Pl:'o(iudion n~ much :lil 30 1)(,1'(,(,l1t', as \\"ell as dcpl'e('ini:p :fruit" quality, 
Til !!£'I.lC',·al. gt·()\\·(·l's l.'(·fHH'l approximately 80-p('n'C'lIt pl'odudiol11os:olC's 
ill Hn':lS 0 f heR\',)' j nfcstat ion, 

I 
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CHEMICAL CONTROL 


The fit's! aUC'mpts to cOlltrol tlle hlaekfly in ){C'xieo w('t'e made with 
insedicic1es, Pl'cyiolls to il:sinnlsion t1wl'e, little was known 01' 
('hC'llliealIl1Pltslll'C's for its eon/l'OJ. Kerosenp en1111sions had heen tried 
ill ,Jamaica by .:bhby (ill!;;) tllld.in the Panama Canal Zone by Diet)l 
lLnd %pt(lk (I.9JO) , Oil C'mliisions wet'(' tested in Cnba by Bnl1wl' 
(][Ml) , JAlter thehladdly was el'flc1ieat(ld with l'Ppeatpd oil spray 
appli('ntiolls at Kt'y 1'"e8t' (Xewpl1 and Bl'owlI .1tMD) , 

By UHi ('ollsidernhle impt'owl\1pnt' had be(ln m,dlp in fOl'll1l1lntions 
of insl'C'ticides 1ISPc1 in Ill(' ('oMrol 01' till' blnekfiy,ancl in April of 
that war thl:' (,lIbl' in oil fOl'lllullt \\'ilS n'('oJllIlll:'n<1('\l to the :Mexicnn 
authorities for control of the blackfl)' at CitHlacl '~alles, San Luis 
PotosI (Cooper and Plu IIlmer .Wij(}) , Tit is fOl'll1l1lil was used success
fully hy WOgIUll1 (J{),18) allrl his ~rl:'xi{'an eoopem!ot's :in blnekfly 
('onl:t'01 in fhe (illn~'mas-El1lpalme fll'('lt 01' the Stnf-c of SonoL'lt in 
Ul-I-7-~H, 

In In;;(i t-lw )fpxiean "kpnl'tll1('nt of .\gl'iclIltuL'e chang('d il'oIll the 
('ubc in oil Spl'Hy fOl'll1ulation to on(, eontn ining :3 pounds of 25-pC'rcent 
Illalafhioll w('ftabl(' pow<h'l' pel' 100 gallolls·of wntC'l', Itw:is lIsed 
in it sl'1'ips of t Itt'l'l' to f01l1' appli('ations at- :H-dny intervals, Lnte in 
10(\1 in the Stat(' of Xueyo Lp6n tlte ~[('xi('an ])(lpiu'illll:'nt of Agri
c'UItIlI'(' ('ltangl'd to fI. spnl.r fOl'll1l1latioll of 1 gallon of eal'bophello
thioll. ('ontailling '~ponnds of :l('(nal <"I)P111i('a1. 1>('1' 800 gn:tlons of 
water, It was lIs('(1 in a sel'ips of thl.'('(· appli<'nfions nt aD-clay inl:('1'
ntis, ~\ppal'('ntl)' this tl'pntnwnt- was mOl'l:' pfl'('(,t-in' tl1:l11 It largc1' 
Illllllb('I' of mal at hioll appli('at'ions, 

Spray fOl'lllul:ttinlls at'p IIs('(lil1 )f('xi('oill thORP nreas dl'signatl'cl as 
!'ht'mic'al cOlltrol )lOIlt'S of t-Iw 1>ln('kll\' (lit!',j), Th('sp- nrc ]1orth of 
tho ,!!"PIIl'l'allyinfl'slPd ;\I'PHS wl1('I'(' iJiolog.i('al ('ontrol llWHSI1l'(,S nrc 
C'fJ'l'di\,ply PI'P\'PlltillP: ('ollllllPI'('ial clanHIt!'l' to ('itTns, 'I'll<' ohj('rt:iYe 
in thp. dlPlltienl ('olltTol WII(,S ill i\11'xi('o iH to kN')l (ltl's(' al'l'as pntirc].\' 
fn'(' of 1Itp, ('itl'uS IJlal'kfh', 1nwninfp;;;tntions of blaekfly nre ]oeatl'd 
in tltp!-'l' )lOllI'S, lJaspd on 'intpllsi\'p i'IItTl',YS that- al'p. ('ontiliIlOllsly being 
Il\l~dp thl'I'I', ills('('( i('irll' a ppl i('at iOlls nrC' promptly llm<ll' 1-0 l'l'ac1 i(':tI,!, 
tillS l)(lsi. 

The f1.lL \,:Intngp of lila i lit ninill,!!" hlnckfly-fl'ee )lO]1l'S in ]101'Oll'1'n 
~rpxi('o i-; twofold, First, tlll'S(' )l01lC':'i p,'m-idp n. IH'ofpetin', ban'il'l' 
against till' illf:t'o(ln<'l ion of til!' hlnekfl)- into a<lj:l('('nt- ('il'1'IIS arCHS 
of th(l rnitNI ~"Hatl's, S('('olld, i"lll'Y (,Habll' flH' gI'OWPl'S in thl'sc .impor
tant. ('itl'IIS 1II'(':1S (0 PI'O<1\l('(' :fl'llit IInc1l:'r C'onditions l'plntiyply fl'(,c of 
tho blnl'kfly, 

BIOLOGICAL CONTROL 

Early Work 

Eal'h' ill thp histolT of ('it'l'l1s hlnddh' infpstafion ill .\Ipxieo, it '\'ns 
511SPl'et'('ll that ('hem i(:nl ('01111'01 of thl' lipst woul (] p l'O\'l' to hp "('I'Y <l i f
Ji!'1I1t and pl'oltibitin·ly ('xl)(,llsi\'(', ~\s infl'shlliolls ])l'('an1(' IIIOI'P 1l11

I11C'1'OUS fllld widpspl'l'1Id a lid. (itl' hosl list bl'('alll(> lOIlg-PI' .. t hl'SP ('ad" 
slIspi('iollS \\'('1'(' jllstifil'd .. 111)(1 all attplIlpt was made' to ('olltTol tile 
b1al'ldly biologiC'" lly, 
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In 1938 the Mexican Department of Agriculture requested the im
portation of the ptll'ttsite l!,'retmocel'u8 sei'ius Silvestri, 'which had COll

trolle(l the blacldly in Cubit (::imith 1945). Arl'ilngements were made 
with ,.he -former l3nrcltl1 of I~ntoml)logy and Plant Quarantine of the 
U.S. Depn,rtment of Agricultul'e to obtain this species from the Bu
L'eau's laboratory at Balboa in the Canal Zone. 

In July 1D:3H three shipments of E. sei'ill8 were sent to the Bureau's 
bbol'atol'yin l[exieo City by nil' express. The pal'lIsites were tUl'I1ed 
01'1.'1' to the :MexiC'lIll nuthorities and were released as adults in infested 
lime groves in Cuiilleun, Sinaloa, but they did not beeomc est!l,blislwd . 

..As'the bladdly ('ontinued to spread, it' beeame nn inc'1'easing poten
tiilJ threat to eitl'lIs-growing areas in California, and othel' bordel' 
SUttes in the FnitN1 States, as 'well as an aetnal threat to the produc
tion of c:itrus in )Iexieo. Thl1s, in 1043 a. working agreement WilS 
negotiltied by the GOlrermnents of Mexico and the United States reln,
tiY(~ to biologicftl, chemieal, and quarantine n1eaStIl'es to control the 
blackfty. 

'When Mexico reqllest(>d E. 8(,I"ius agnin in 1943, pnrnsitized mntcrin1 
was shipped :from the Bureau's Balboa laboratory, and Herbert D. 
Smith was s(>nt to the 'West coast, of )[exico to snpeL'l'isc rec(>il'ing nnc1 
colon izi ng the pal'llsite. 

Twel\re. shipm(>nts of parasitized material were made during May 
nnd June 01 HH3 from Balboa to )IexiC'o City by plane in custody 
of a ('ouL'ier. The material ,I'as pl'ocessed at the Bureau's laboratory 
tlnd forwfu'(l(>(l to seveml ]oeaJions on )[exi('o~s west coast. From 
these. shipments 8,8Hj E'. S('J'iU8 pal'tlsif'(>s enwrged and were relensed 
at GO localiti('S in the. Slates of Colima. Xnynl'it, and Sinalmt. Bstab
1i8h111ent of the parasite was suc'C'essi'ul in at ll'ast three colonizntion 
sites. 

During 1D-J-~ and HH5 extensil'£.' Jield ('ol1e('/ions of E. S('/'i/IB ,,-ere 
nlad(' fit th('. eolony site of La. Albarl'n(la in C'o1inuL by .T. G. Shaw of 
the l:.~. Depal'tnl('nl; of ~\gl'ieultlll'e lind by ~\Honso Delgado and 
oth(>r members of the )rexienn Depal.tl1lent of Agriculture (Shaw 
][);j()b). These pal'llsit(>s wprp l'('lens(i(lin other infesl'ell areas in 
Colima, and in the States of Saj'llI'it, .Talis('o, Sinaloa, alHl Morelos, 
La.tf'l'many :bemtions were m:tde in infest('(l grol'ef; in other Sbttes. 

•\lthough /0, 8(,I'ill.~ is an ('ll'e('li\'e parasite in ('llhil and othel' islam1s 
of thp West lndit'::', it "-:1S unable 10 bring the citrlls bla('kfly uncleI' 
satis'factorY control on the west; COllSt of )(exico exc('pl, in restricted 
arens or ll~l'sisting high humidity. At Cll('rnaYacn, 1\[ol.'e]0:;, Shaw 
(J[);;Ob) obselTNl that parasitization by E. 8(,I'i1l8 l'cacllecl 85 pel'c('nt 
at the (>nd of the rainy season in the fall, hut tllat it dropped to 8 
percent at the (,1lc1 of the dry senson in )Iay, Similnr obs(>lTaf:ions of 
t'xtr('me oscillations ill p:ll':lsilizal'ion h:lYe he('n made in other areaS 
\1-her(1 the parasite has bec'ol1le estahl i::;hN1. ~\.ppal'elltlj' E. 8('}'/'Il8 l'e

quires almost (,Ol1tintlous moist: ('ol1(litiol1::; to b(> efl'ecli.n. AII'hough 
Cuba Ilfls It l'ainleBs l)('rio(\ similar to that in many fU'N1B of "Mexiro, 
it-has hell"y noeturnnl dc\\-s during this period with sufliei('nt; moistUl'c 
to maintain a, ronstant, en'('cti\'(~ parllsite population. 

Consi(lprntion was g-inn rtlso to the intl'odllef:.ion of the ('0('('ine1Ii(1 
Ca/ann ('lallNl'lli Challin from Cuba, II'lwl'eit had 1>e(,11 efredin' in 
l'eclueilw,., hean'. infestations of the bhekfly soon after ils illll'odl1C'tioll 
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from Malaya (Clausen and Berry 1939). In 194'7 a careful search for 
this predator was made in Cuba, but it was not found. Subsequent 
snrveys in 1948 and 1951 also failed to reveal its presence. 

The failure of E. Se1ill.s to control the blackfly in ~Iexico made fur
ther searches for 11lltural enemies necessary. Smith went to ~Iala.ya 
in the bll of 1948 to collect several species of citrus blackfly parasites 
reported by Clausen as occurring there (Clansen and Berry 193f&). 
He sent the .fh·st shipments of natural enemies of the citrus blackfly 
from Mahtya to Mexico in 1948. These consisted of infested citrus 
plants in nine 'Yardiall cages and an airmail shipment of infested 
Ipiwes. No parasites "were reared from the material in the 'Vardian 
cages, bllt It few adults of P)'ospaltella di~'el'gen8 Silvestri and P. 
8mithi SihrestL'i emerged from the. nil' shipment. These ",ete released 
in the field but £Riled to become established. 

Aleurocanthus in India and Pakistan 

In 1949 and 1950 Smith spent 8 months exploring the citrus regions 
of India and Pakistan for natural enemies of the citrus blackfly that 
might adapt to the dry elimate of certain areas of Mexico. Figure 8 
shows these locations in India and Pakistan and the .f.tlew'oaanth~18 
species found there. Previous to this exploration little was lmowl1 
about the citrus blackfly or its parasites in the~e two countries, nor 
did the limited time spent there by Smith permit a detailed study of 
the biology and life history of parasil:es and predators of this insect. 

The citrlls blackfly \YUS present ill most of the citrus areas of India 
and Pakistan, uut infestations were light or negligible. In areas of 
persisting high temperatures, sueh as at Lynl1pur in ",Vest Pakistan 
and Agra and Nagpur in India, where maximum tempemtures in :l\fay 
lind ,Tune fluctuated between 110° and 118° F., this blnckfly was not 
found. However, in those areas \\'here it did not occur, considerable 
d(unage was caused to citrus by a closely allied species, Ale1t1'Oaanth~ts 
11ll8aini Corbet.t. Although the eitrus b.1ackfly and .fl. htlSaini are 
similar and occur together on the same leaves, the parasites of neither 
host were obsel'\Ted to attack the other. 

Two other .tlle-w'o('antlms species were found on citrus in India 
and Pakistan, but only ill negligible numbers. Ale1t1'Oaantli1t.s citl'i
pel'dus Quaintance and Baker was fmmd only at Shillong in Assam. 
It was heavily parasitized by an .!.l1nitu.s species, not A. hespm'id1f1ln. 
.tlleztl'ocanth~ls spinijeJ'us (Quaint.ance) was seen on citrus occasionally 
n.nd damaged roses in some regions. It was parasitized by P. smithi, 
but parasitization was lleVer observed to exceed 20 percent. 

Climate in Mexico, India, and Pakistan 

There al.'('. t\\"o (listillct. seasons in India. am1 Pakistan as there are 
in }fE'xico. In geneL'al, the ell'.\' senSOl1 extends from October to ::\Iay 
and the \Yet senSOli from ::\[ay to Oe/:oher. Table 1 indicates the sea
sonal ntin:fall distribution at. seYel'al eitl'us localities in these three 
eountl'ies. The allllualminfaU yaries considerably in eli ffel'ent regions 
of India and Pnkistnll. .heas 011 the west coast receive more. than 
70 inrhes and east const areas f1'OI1l ;)i) to more than (iOinches. Tn 
the Ganges ,-ralJey amI in most of the central plateau tlrett the yearly 
average is 25 to 50 inches. In the southern Punjab and in Pakistan 
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10 to 20 inehes fall annually, and in the entire. That' or Indif\ll Desert 
11;'ss than 10 inehes annually are" reeon1ed, Fal'theL' north in the foot
hills of the Himalayas l'alnfall is geneml1y moderate but suflicient 
for agricultural purposes, 

('itrus is growllin India and Pakistan in a rather wide range of 
temperatures, as shown at representatin~, [lreas in table. 2. In north
eentl'lll and south-eentml India" (.\llahabad and IIydernl.md) and hl 
"Vest Pakistan (Lahol'e) there is tL prol1otlllced opposition between 
summel' and winter tempemtul'es. In :Mexico similar but less pro
nounced 1'C'col'd('d liifferenC'es occur in the nol'th\\'est, for example, at 
Ciudad ObL'egon and Los )Ioeilis, [llleL in the northenst at Ciudad Vic
toria. ~Ienn tempemtul'(>s of the Wttrll1est month are generally higher 
in India and Pakistan than in ~lexico, :Mean tempemttll'es annually 
and fol' the coldest month at most localities are similar in the three 
\~olllltl'ies, 

.De"q Dun-IV 
• SJhmnpLI-WH 

·RloIKoet-H 
.Det~I-WH '" 

·Bm,lIy-H 

.A&,J-H 

INDIA 

Bu.hJnpu!-H 
• • Nagpu,-H 

• Chahsgaon-\'IH 

ARAlJIAS 
Hyderlbad.SEA 

TIBET 

nil r Of' 
nE.W;AI, 

Aleurocanthus 

(. cdnperdus 

H~ JIlHOlO' 

w~ INogluml 

}j'JGUIU~ ~,-!II(,III'OC(/lllhll~ species [ullud ill IlJ(lia :Lnd Paldstan, 

http:IIydernl.md


r.

'1',\131.1'; 1.~·''''((18()n(ll 1I1«(t.1l 1'(I,il~r(l1l ilt Nf'l'('/'al citrus localilieN in J[o'i('o, Jl/dilL, (Lwll':.J.-ist(Ul 
Ho

., 0 \J(ll'i'l'lI:> WI'I'II l.m,;; 'l'H.IS 2-JS(,1f J'HJ~('JI'I'I'A'l'I().\" .., 
t":l 

11"lrihuliull I L('"~I II Ilf ~ I,(I!·"III~ ,IItHll"l rainfall lluw rtf.. .-; 
corded (") 

t"'Jun. )o'l'h.1 ~'lIr.l ~~,r. ~~ ul~F(~~~-! ~(:Iy1A ug j~~'~~l. j O('t. I';;c, ;; 

!.\ . 
t b:1

Yeurs:\ I ('xi l'n: Jllc"rs .11111. r:l 
CInelli!! \'il'forill a5. fJ no:? ~. r-< 

~ +Ii i i· 17 t"' 
'i'llll1pi('o 4n. :3 1,2:-)2 t'1i + + + 'j ..,

India: ! .... 
BlIllgnJof'(' 34. (i 1 il7!l ~+ + + + ,":1:Cnielllfn (ia.o I I, HOO l i + + t + + I,· 00 ,.. 

C» 

7· 0 ~I OS'I'II;; II' JTII J,J'!;;;; 'I'll AS 2-J S('II I'H,,('II','J''''I'J ON ... 
:\If'xj(oo: :1 

,\pnt1.ill/Vin 2il. I 714 I •.• 1 ]7 
~/I- + + + +('oliJnn , 84. [) il70 • _.1 ]7 tl+ + + + + 

L08 :\Iul'iti;; 14. :{ :301 t'1+ + + + "dIndin: ~ 
AlInhllhnd 41. 8 1,002 .-t. 130+ + + +
BOlllhn", 71. 2 1,808 GO o 

Pnkistnl1,L:,hol'('. ..., -- ... -'" '" " In,8 [iU3 + -I.+ + + 
2;{ ":l+ + 

..---_. o :..
HI (HI .IIOHH ~IOS'I'IIS WITII J,~;SS '1'1IA1\' 2-JNCH PHBCII'I'I'A'J'ION .... ::0 

o 

1\fpxiro, Ciud:lfl Ol)l'('p;tlll • ._- •• J--;';·-I~··;121..-J:-J-~~~~I'~----c~=~-r~-T~J.---r-~-C~II-~ 17 8 
llldiu, Hydernbnd - _-.~~~~~~~~~_--"--·-I 7. ,1 188 ----1----1---- ----I + + ----r---L---;~~:.~:---+--- .._~4~ a 

::0 
tr.l 

1 -I- about, 2 illl'h('''J 01' 50 111111., 01' 11101'0 of pl'o('ipitntioli. 

http:1I1�(t.1l


BIOLOGICAL CONTROL OF THE CITRUS BLACKFLY IN ~IE~~CO 15 

TABLE 2.-11Jean temperai1lres 'in seL'eral citr1lS localif.ies in J.1Jexico, 
India, and Pakistan 

Locality .-\.nnuul I"'urmest month IColdest JIlonth I ll!Jferenec 

I 
00~rexico: ! 0 c. P. I . C. o P. I • c. o P. o c. F. 

Apatzingtltl _______ i 2S. 2 S2. S , 31. 2 SS.2 ! 24.5 76.2 6. 7 12. 0 
Ciudad Obreg6n_. _i 26. 5 79. 61 33. 6 92.6 lS.2 64.7 15.4 27.9 
Ciudud Yictoria _.' 23. 273. 6 29. 4 S·t 9 15.9 60.6 i 13.5 24.3 
Colima ___________ 24.5 7G.2 I 26.5 79. S 22.5 72.5 4.0 7.3 
Jalap"'_________ '_'j 17.4 63.7 j 19.4 66.9 15.2 59.3 4.2 7.6 
Los~Iochis_ .,_. 24.3 -_i5.S II' 31.0_ 87.8 15.7 60. 2 15.3 27.6 

India: i 
, 

Allahabad_ _ _ __ _ 25. 7 IS.4 I 33. <> 92.5 ; 17.2 63.0 16.3 29.5 
Bangalorc_____ -_,_ 23.4 74..0,27.4 S1. 4 I 20.3 6S.7 : 7. 1 12. 7 
Bombay________ .. : 26. S SO. 2 , 29.7 S5. 41 24.. 0 75.2 5.7 10.2 
Calcutta_______ • __ : 25.2 -.17.4 :,29.9 S5. S . 19. 1 66. 3 10. S 19.5 
Hyderabud •. ______ I' 26.9 SO.4. 33.7 92.7 ! 17.5 63.6 16.2 29.1 

.Pakistan, Lahon' ____ . 24.3 75. S 34. 1 93.4112. S 55.0 21. 3 38.4 
t 

Natural Enemies of the Citrus Blackfly in India and 
Pakistan 

In most of India. and Pakistan the citrus blackfly "'us found to be 
well controlled by three of its :ieveral para:-:ites. In order of their 
efl'ecti \'eness they were Pl'ospa/tella elypealis 8i Ivestri (Jig. 9), .thnitu8 
lIespeI'id!lln Silycstri (fig. 10), and Pl'ospaltelht olJUlenta Silvestri 
(Jig. 11). Other pumsites reared from this blackfly were P. divergens, 
Enccu'sia 1I!e)'ceti Silye~tri, fi'J'etmo('('}'Il,s seJ'i1l8. and P. s-ntithi. Of 
these. para1'ites, P. dh'cl'ge/!.~ occurred only in 'Assam, which has a 
Y(lry 'yet climate. E'. 11lei'ceti \":1R found only in Assam and 11ear Delhi, 
E. sei'ius was reared from the eitrus hlackfly ollly in one locnJity in 
.\ssam. P. smithi rarely was reared from this host und was found 
0111\' in south(lt'\l Inelin . 

...in the parasites of th(' cirrus bladdly are attacked by :t secondary 
p:u:asite, Abl('ru.~ ma('}'or/IIII'/ll inquil't'nd((. Sih·estri. It does not oc
(,Ul' in Paki:;tan nor in lllallY areas of India. 

Predators found to attac-k rhe citrus blackflv in India, and Pakistun 
generally were inell'ectiYe, only occasionally ~xert:ing any marked de
gree of control. In order of ef\'ecti\'enpl's ihey were Aeletomen1l8 
spp., Ciltann pw'cc8elos((' (Sical'{l) ,and Delplwstus spp. 

Prospaltella dypealis Silvestri 

P. CIYPNill:S was the. most ell'eetiw parasite of the citrus blackfly in 
India. ",Utho\lgh it may O('CUl' in Pnkistnn. it was not obset'Yed there. 
Tn tll(> Poona a'rea SO to no IWl'cent of the ho:;ts oiJsPl'Ye<l were pum
sitized. The modality of its immat:lll'e stages was very little as com· 
p:n'Nl with i'hilt of J. It(','~p(,l'idllm, nn in(lieation th;lt P. d!lpealis 
was more :ulnptnble than A. hespe/'idu}}1 to t1l(' high daily tempel'll
hu·e,.; in the area. The \('ngth of life o·f females 1lnder fa\'orable COll

ditions in the field ayernged about 1 month, with a maximum. of ()
,yeeks. ,. 
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1:'l(i['III': D.- 1·/'(I.~[llIltd[(( dY[lcali,y :-;iln'slri f('lIlale: .1, Uorsal Yi~'W; /I, l;id(' "icll'. 

I'. (·l!!Ii((tli,~i~ prohahly ]In.!'! 1I('llOgl'llrie, as Iliai illg \\'as l':u'('ly ou
s(,I'Yed. (h-ipo:,itioll tnkes pltlt'e ill tile thl'('(' la)'\'al :-:tngc's alld ill the 
1'1I1H1I sla,!!'p of tile jlO:,t, with:t prpf('),('IH'(' for the H'('Olld stag'(·. Eggs 
d('positt'(l ill t'llC', p!'illlill'y ;'(age :I1'l' I':lLTi('<l o\'et' to tilt, :-:l'l'oml :-:tage 
1)('1'01\' llalThillg. TIl(' J('lllall' d('posits its malp ('ggs ill lIost pllpal' (:011
tuillill.!! tIw lilL'\'fI, of II pl'il1H1I',\' parnsitt'. ",hid\ llm~" hl' i'. clYjI('ali8 
01' SOI1I(, otlll'!' Pltlophid. spp('il's. This is :\('('olllplishp(l h,\' tltl'lI:-:ting 
tlIP o\'ipo,.;itol' jllto till' ho,;t llod,\' tlIl'ough the· 11])1)('1' ;;111'1':\(·(' of tlH'. 
kn,t'. TIll' 11:.\ t (']1('<1 In LTa aet:; a:; a, S('('()I\c!flTY pfu'nsi h~ and fCNls 011 
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the pril1Hu'y lan'a, li'l'l1lail) ~'~'gs arc dl'po:,it('d din:dly into the llOst 
body 011 th(·. IlIHIl'I'side of the I(':d', Till) SPX ratio of f', dyp('a/is is 
npPl'oximatt'I,r 1 to I, witlt j'Ptllah'S IH'('\lotllinaJing, TItt'I't' is;l singh~ 
,l!t'IlPrulioll (0 ('(1('11 {)JJp of t Il(' ho:,t";;. with tlIall,\' of til(' f'l'tllnlt' pal':u,;jte:, 
C'1l1C't'ging bef'o t'(. til(> IItlpams[iiz('d hoAs nppl':tl', ,\. host· pnpa. fl'Otll 

which p, d!llI(((li,~ has i;-;s\I('d "ho\\'s U \'PI',\' :-tll:tU f'1lH'l'g'l'IH'p holt' and 
('oIHaim: a L'o:'l'-t'olol't'(1 tll(l(·Ollilll1l. 

Amitlls hesperilillm Silvestri 

A. he8pel'idliln was (lesl'l'ibNL ol'igina.ll,\· hy ~iIYl'l'it 1'[ (J.rJ,28) from 
pupal' of .1. rilriJII'rdll8, PI'l'\'[Olts io itl'i ]ll\.\'illg hpl'll foutld on t11(' 
{·itt'US b1a('kfty in r'akistall. it tH·\,pl,' had h('PIl 1'(,('(lI'<I('\1 :I:' a parn~itp of 
this spe('ies. but only as a pat.'asite 01'.1. ('itril'(J'(ill8 and.l. 81)inifall'~. 

http:ol'igina.ll
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lJ'IGUHE ll.-l'f"8Jlnltcliu opulent(/. Sih'c;;td 1'c111111e: .it, Dorsal view; 1J, side ,'ie\\", 

..:t, heSlJe1'idllln was thc only pamsite found attnckillg the citrus black
fly in Pakistan, It. was gencrally distributcd thcrc, occurring 
\\'hcI'e\'er thE' blaekfly 'YnS found, Its ~rcatest" parasitization was ob
selTed at Lahore and Gll.irnnwaln~ "wl1cre in SOll1e gro\'esit reae1wd 
DO percent, During the fall generation of ID,W appl'oxilllatply ;~o
lWl'cent 1l1ol'htlity of A, h(,8P('l'idllln Jaenw and pllpac was obsel'\'ed 
to occurinsi(1c the ho::;t. pupac, _Apparently fhis IHortnlil), WflS due 
to c1IT\\'cathcr, 

Tn'In<lifL ..'1. h(,8PCl'irhllll WflS ,,-cll distril)llfc(L bllt appeal'(>(l to bc 
]css common in tl\('- southCl'1l pill'!" of thc coulltry, In thellorth, l1('flr 
Snhamnpul', pal'usitizntioll oriO ppl'('ent waf; recorded in one gTOYC, 
Tn other l'egions of the country parasitization '''us llsnally less than 30 
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percent. In general, A. hespel'idwn appeared to be much less effec
tive than P. cZypeaZis in India. 

Oviposition by A. hespel'idwn oC'curs in the three larval stages of 
the host, with an apparent preference for the first stage. Female 
host pupae commonly produce two and occasionally three pamsites, 
whereas male host pupae produce 01l1y one. "\Yhene'-er ~1. hespel'id'llm 
is present in the host, both male and fl'male host pupae usually widen 
perceptibly, and this takes place while 11. Msperidll1n is still in the 
minute first stage. This charad('ristic is of considerable value in 
that it makes possible rnpid e~tilllation of parfisitiztttion in the fleltl 
beforepal'tlsitc emergence from the host. 

Adult femttle parasites 11nye :t life spnn of approximately 6 days; 
males liYe 4 or 5 days. The ratio of males to females is about. 1 to 1. 
There is It generHtioll to each genemtion of the host. 

Prospaitella opulenta Silvestri 

P. oplllen.ta. was described ol'ig-inally by Sih'estri (J9gS) from speci
mens real'ed 'from pnpae 01' ..:.U.'w'o('llI1t7ws ill('emtus Sih'estri col
leeted in Indochina. In Indi:t this sp('cies was founcl on the citrus 
blacldly in the ar!.'a. li('tw('en Delhi and Dehm Dun. ,,·itlt the greatest 
concentration af: SabarnnplIl'. .Although there "'as some competition 
:front A. hfSjJ(,l'idw/1;. P. clypealis. ;lI1d E. mC)'c('ti, parasitization i;y 
P. Ol>'lilentll mnged from GO toiO perc·ent. 

The life history of fhis spe(~it.':> is similar fo that of P. clypeali.s. 
O,-iposition oC'Clirs in all lanaI sfagps nnd the pupal stage, but the 
second stage isprefHI.'('d. .\s with P. rlyp('({lis, mal(' Pggs :11'(' depos
it('d. in their own sist('r pupa(' or pupa!.' of othel' parasites within the 
host bo(h. rnd!.'l' 'favorable> f'OIHlitiom; 'female's Ii,'!.' :from 4 to (j weeks 
in th(' fi<;l<l. Th('. s('x ratio it; abollt 1 foi.;3, ,y.ith females predominat
ing. EmerW'llee oJ 1'. oJ>llll'llta. from it host pupa is inclicated by a 
hole slightlylal'g-er than that made by P. clyp('ali.~ and by a yellow 
meconium. 

Parasite Shipments From India 

In tlH' fall of l!HO prepal'atiol1s were mad(' in )[('xico to receive ship
ments of natural ('n('mies or the eit:L'lIS bl:tckfly :t'rom India and Pnki
Rtan. 'rho rcCt.'i,·ing station, whic·h Ilfld bC'en lif Colima,wt\s moyed to 
the labol'atm'V of the former r.S. BUI'pau of Enfomolo!rY and l"llnnt 
Quarantine at )[('xieo City. T.11. (;;)n\rl('l' of tIl(' BUl'eati ~yas assigned 
to tIle- laboratory fo rN'C'in'. handle, and ('olonize the parasites that 
W(,I'C' collt.'cted and shipped by HerbC'rt n. Smith from Asi;t. A 
qU(trantine rearing- room ,,-as consh.'uC'tNI in the hboratory and 
equipped with thC' n('('PSS:1l'y femperature-('onh'ol ehambers. Immedi
ately upon r('('eipt of :l shipnwllt,it was IInpnekNI and the material 
plac('d in it chamber for pa,l'iIsitt· ('J1ll'rp:C'IH'(,..,\11 shipping containers, 
lelrn's, nnd material from which Pllll'l.'gPJlre had not tak('n place were 
d('stl'O\-('d in tIll' il1l'il1prntor. 

Froin Xon'ml)('l' 10+0 to ..:\pril lOGO, lG ait'-expr('ss and!) airmail 
shipments of parasitizpd mal('rial "'(')'(' ma(l(' to )fexico City from 
Tndia and Pakistn n. Thpse ('ollsisi('(1 01' H.noo tan kel'-irec cih'us 
leans bparing pnrnsifizpc1 host pupa(' and ]1";01'(\ than 80,000 pupap 
scrapCll from citrus leaves. The ail'-('xpress shipments proved to be 

http:oplllen.ta
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mOre sntisfaetol"Y as th(>\, ll\'et"a.!!Nl () daVR ('n route. whereas the air
mail shipments (LVeragetl 1:2 (hl~\~S, EnH-'I:gence of tlle yarious species 
of natural enemies of the l"itrus blackfly Il'om these shipments was 
as follows: 

j'(//'(/silcs 
Hymenoptera : 

1'111 tygnstcridne, ,\.111 it 118 lICS]l('l'i!l1l11l,__________ "________ ______ ___ 2, S2:3 
]']u!uphi<1ne:

HII('(/1"8in '/11 ('l"cl'tL____ .~_______ • _____ " ________ " __ ""___ __ ______ fi4 
1~'/'ctll/oc('r/lS ,~('l'iII8__ " __ ". '. ___________ ". _____ • ____ • _____ __ 2U4 
1'1·{).~/)(/ltcl/(/" cTypcalis___________ _________• ___••____________ 21,8;:i1) 
j'/'08}Joltl'/'!U. (/it'('1'{1(,1l8. ____ __. __ • _____ .----________________ {j 
j'l'osJlaltella, (1)11 (enlll __________ ______ • ______ • _____ "_____ .___ 6::;4 
Pro.Qfl!lltel1a. smithL___ __ "________________________ '.______._. l:,m 
f'1'o,q/wltella sll. (Ill',lr citro/ita. Sil.n'stri) _.__________________ 2,O::;a 

I'ret/aIO/'S 

('oleopl'el'a, ('occincllidne, Oa lUI/(/. 1)0 I'('('scl,asa _____.___________________ 40 
Diptl'nl, DrOi;(I11hili<\ue, .\.ell'to;l'{'I1I/,~ -illfliN/, ~lallol'h _________ ,__________ !)() 

Thf' (,111(,l'gNl pat"n:.;ites \\'N'(' ('olJc.('tel1 in Rl11allg-lass yin.1s and g-iwlI 
honey-water solution :fol' ·food. After mating they were re1ensed in 
('oloni('s of apPI.'oximntp1y Jon indi\"i<1unls to n. ('olony site in infested 
('illTIS ..!!l'OYCS, HC]CHSCS WPI'l' mach' 1I1Hlpl' Yariol1s e1wil'onmental con
ai t iOIlR in ilH'. l)l'i n(' ipa1 i Ilf('stl'<l ('i 11'11;; I'('g-ions of ~rexi('o. Repeated 
l'e1('1ls('l, of t11l' RHIll(' pUI'a;;itc Rpec'ies w('r(' made ill some gl'oYes to 
iIH'\'eus('. tIll' possibili ty of its ('stahl ish mcnt. .-

Organization of the Blackfly Control Program 

In Hl.J,R thc ]~c.!!i()llal COllllnittC'e of thc Sortlll.'nst. an or.!!tlllization 
nf ('ill'uS ~l'owet'R'il1 Ih(' Sol'illl'astern StateR of SlIP"O Lct';n, Taman
Iipns, and San LlIis PotosI. ,,"as C'stahlishcd to ('ontl'Ol nil' h1aekfly in 
tlt(· ol(lc1' infeslc(l ill'cas and 1'0 l'l'lHli('ate itin Ill(' newel' areas of :in
j!~'$lation wit-hill tIlt's!.'. Stalc~,. Funds to defmy expenses of I:he ('am,
p~tigll\\"(,\,l' ohlaillNl by a:.;;;('ssing- taxps o·f 1 ('cnlaYo, 01.' appt'oximnlply 
D.lH) (,pnl'. Oil ca('h liteI', or qual't. of p:asol"llll' sold, Imc1 ]0 CPIlI':\\-OS, 
<n' appl'oxillwtply LHl CPllts, Oil eaell of th!.'. pstil1lat:N110 million ('itnls 
tI'PC'S ill Ihp tlll'(le StnlpR, Later it simihl' l'l'[(iolla1 ol'.!!:lI1ization "'as 
l'~tablishe([ :1n<1 finan('('d ill fill' sallll' mnnl1('r 'in l'heitripol.'hUlt ('it1'l1s
!!:l'()\\,i n.!! Stn t(' of Ycl'n (,l'UZ, 

Hv Illi)] thl' blnckfly had hN'OIl1l' SU(']) n. s(,l'ions fln'eat to the eitl'l1s 
indl~stry i'hnt (h(' pi:psidcllt 01' ~[exico in XOYember of tllnt year 
clecrcP(t thc ('s(ab1ishment "'ithin 111(' ~rpxi('an Dep:11'hnel1t, of Agl'i
(,1I1fllr~ of th(\ Saf'ionnl Bladdh' C0l1l111itt('(' to combat Hnd to i'ollfTo1 
tIl(' ('itl'l1s hInddl" in )[l'xi('o, '[hi,:.; ol'D:anizallon nb::ol'hpd II\(' Sodh
P~l:;t Hnd Ypr:lcl'1'lz ('oml1liiI Cl':;. It WH'S ('ol1lpose<1 of a president, his 
slalr. and <1il'l'dot's of Stal"~ cOl1lmitfc('s in til\' Rtaips of ~ri('hoa(,(l11, 
X UC\'O L(,(lll, Sun Lll is Polo;:;!, Ta 111 a111 ipa:c:, a n<1 YCI':1c,\,lIz. The Xn
tional BI:wkfly C'ollllllit!('('. <1iI'N'fC'<1 all plulS(,S of h1nckfly inYesf:ig-n
liolls in )fexl(,o Hllt1 r'ooper:lipd ('l();::('l.\' with repl'('sl'nt-atiws of t11(' 
Plah i P('st ('(lllIml i)iyisioll of fhi' r,:;.;. J)l'parh1lcllt of .\g-I'iellliure 
in biolo.!!i('nl ('olltrol work :lnd ill [Il(' lllaintel1:1llc'(' of ell('ll1i('a1 control 
7,Olll'" ~lIid ([lI:tralltine' station:.; Iwar ('lIt' r.s, h01'(ler, 

TIl(' SIMp hlnddly ('oIll1l1itt('('sin _,r('xico ,,'Pl'C COtlipoSPcl of direc
tors, ap]Jointc(lll\' the' Xaiiona.l Blackfl,\' COlllll1itfee, and their staffs 
of tC'cImieiflns aJlCi J)]'ifrac1e It't1(1cr8. The techn iciH IlS examined blnckfly
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infested Jenvl's hom Ylll'iollB eif.Tu,; gL'O\'PB to lIetennille, the pn rasitl' 
species present and thl'iL' nbun<inn('e, This infoL'lnntioll j'\H'nishpd 
brigade. leadPL'S \"ltlt dnta indic'ntillp: where Pfll'asites ,Yl'r(' suflieielltly 
abundant, sO that they couh! be ('ollected JOt' 1'l'colonizntion within tIll' 
Stnte 01' in other Slates, . 

lVl1ell the Xntionnl Blnrkfly COll\mittee was organized, it; rOllsistec1 
of approximately :lO emploY('es, ~\s hlarkfly infl'Blntions spread and 
became more damaging, thc forcc was incl'eased by l\)tiG to about 
(,GOO employees, ll'lOst 'of whom W(1['(' ellgagNl ill Y:trionB phases of 
biologiCill eonll'o[ of il,P bladdl:r, 

DUl'ing the pl'riod of Lnill-3H, Wlll'll tll(' X<ttiol1ill Biaekfly 00111111it
tl'l' was opl'l'ati\'l', [l, gL'(lnt <iNti \\'as Hc'('onlplisill'c1 in the eampai!!:n to 
eontrol th(\ blnddh', I II add it ion, nil t'l1icil'nt an(l ha1'1ll011 iOllS M('xic'al1
l'\orth _\ llH,'l'ic'nll l;laddl,v prop:nllll 1'\'oh'(1d, wh ieh has uecome inCl'eas
ingly ('lfC'ctivp in c'lmh'olling Illi::; Pl'st. :Sot least among nlC accolll
pl'i;;hnll'nts of this p('rio\l WPI'(' OW inYlIlllalJlp tL':1il1ill~ and ('xl)l'rien('1' 
gin:-n to laiJornt'OI',\" alld lipId I'l'('hllieialls thnt hl'1PNl to ,insure till' 
SI1('('('';B of ,,\I IISP([IIl'1lt triolo_gi('al ('Ollt l'ol ad'i\'il'il's, 

_\1\ additionnl I'('sidt of biologil'tll ('ontrol ;;nCl'l'BSl'S during this cam
pllig-11 \\'as I'l'fipdpd in tli(' ol'gtlnizatioll in 'In;)·~()f IIw U('ptll't:ullento 
de 0ontl'ol BioI6g-iC'o til' lkfl'l1Stl _\gl'f<-o1a within fill' Ml'xiean J)l'
pal't I1IPllt of _\.gri(,lIlt lIl'(', This IIp\\' ol'l:r;mizntioll halldlNl all biologi
('al ('ontL'ol ]Jl'ohll'lliS o!ll(,l' thnll that of tll(' hlat'ldly, which rl'1l1aillNl 
ulldl'l' til(' :;UPl'lTisioll of till' X;tfiona1 Hlaeklty COIlHllif'tN', III l)('
('('nJlll'I' 0 t' 'I !J;)S thI' Xa t iOlla I HI;\('klty ('Ollllllitt l'l' ,\'as cl issol\'(,(1, a 11<1 

biolng-ieal ('olllt'ol 01' I Ill' blat'krIywas (liL'('dl'<l by tl1('. l)('pal'fanwnio 
fip ('Ollt 1'01 Hiologi('o, Thi:; organizatioll and the Plant- Pl'st ('olltTol 
Di\'j,.;ion of tlll\ (-,:-;, J)l'l);ll'tlll(:nt- of _\gl'i('ultlll'(\ ('ool)(,l'ail' ('losl'ly in 
all phasl's of' ('ont 1'01 alld qllHl'tll1tillP of tlH' {'ill'lIs hlnl'kfly, 

Colonization and Establishment of Indian Parasites 

b:a1'1y in Iltl' ('itTIiS hlill'k/ly PL'ogl'(\1l1 it I>I'('a111(, appal'('nt that p, 
8111ilh; :Ina tlll' tllI'P('. dOlllinant- pl1l'asit(,s of Ihi,.; ill!:iN't- in lllelia aml 
Pnkistan-~P,I'!!lfint1i,~,_t, hf'81i1'!'irllllJl, an(l p, 0li1l/r'1I!1l-\\,ou1d PI'OW 
to bp tIl(' lIlo::;t l't1'('('( i\'l' :;pp('ips ill ill(' ('on! 1'01 or file' pC'st' in ) [('x i('o, 

Prospaitella smith; Silvestri 

Tlllmli:L p, ."J/Iillii \\'nB ohsl'l'y('(l to nttu('k./. RJiillif(l)'lls mOl'p rp;HlIly 
thall tilp ('itiTIS 1>l.\('ldh-, It was fil'"f' l'(,lC'as('<1 ill )[I'xi('o ill J%O on 
n_ liIllPtJ'l'{' in C'uPI'ua,{'a(':I, wilPI'(, it bp{'a1l1P I'stnhlisllPd, Fl'om this 
('olollY 0\'('1.' ;10,()()() adults W('!'l' ('ollN'{l'd and l'e]('flSNl ill ot:ilPL' Val'ts 
of till, ('ollnll'\", III (jill' of till' lilwL'ftt ion loeatiolls, a small gI'O\'P npal' 
('illdad Yalll's, ;-O:nnLui" Po! 0:"), Slwcftl(,lIhtl' initial l'p~uHs W(,I'I' 
I'p;tiiz(·(l. _\. nt',\' Iw:\\'y illfp,.:tntion \\':1"; I'l'!\tJ('pd fo only a :l'l'\\' lightly 
infl'sl(1d ll'tl,\"(\S PPl' i1'P(, in a ppl'io(l of Ii months, Of1H'1' SII('('pss(>" wpre 
('('(,!ll'tipd ill t Itt' ,,:I1l1l' :ll'l'n, :lJl(llw]!l;):~ nho1l!;1 million I', Nmilhi :I(lnl!R 
had \ll'('11 ('ollp!,(p(l nlld ('olollizl';l ill all infpstp(\I'C'giolls ill ~It\xi('o, 

] [0\\'1'\'('1', p, .\'If/itlti did not- lin' lip to if'S illil ial SII['('PSS of' ('ontToliing' 
fltp blacldh' in .\It·xi!'o, '-11(1('1' :,olllP ('Iilll;llil' ('()IHli! ion:; all(l chJ\'in~ 
t'n.vontblp ~l'n:'()II:; it \\'a;; l'fJ'l'l'tin', hilt, in 110 I'pgioll in _"('xi('o 1tas If 
~i\'pn eOJltillJlOUS ('OlllIllPI'l'ial ('01111'01 as h:t\'p j, hcsJ){'J'id1tll1, p, c7!1
11(-lIliN, lind P,oJlulcnta, 
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_Although p, 8mithi dominated E, SeJ'hl8 whereyer the two wN'e 
present, it was, .in tUt'll, a.lways dominated by the other three Indian 
parnsites. The fil'sf; lnl'\'al stnge of p, smithi attacks the nonaggres
si\Te second ]illTal sta.ge of E, 8(']'i1lS and kills it. The larVft of A, 
hesperidwn Jh'es in the host stomach where it is sare from attack. 
The A, ltespel'idwn lillTH, consumes most of the host body fluids by the 
time P. 8mitlti reaches the second stage, and the latter apparently dies 
from lack of food, 'Vherevel' _:1, hf!8pel'idum oc('urS in contl'olling 
numbers, P. 81nithi is decimated but not eradicated, 1Yith p, cly
pealis, the expla.natioll of dominanee is not entirely elear, p, clypl'ali.~ 
is lL feeding-, fil'st-slage lilrva when p, smithi issues from the host 
mnlpig-hian tubes, Thl' forn1(>r has a muelt longer tail than the non
functional btil of p, smithi, which possibly g-i'-l'sit more agility, The 
expIanation of dominance of p, npu!ent(t probnbly is like that of p, 
rlypeaii8, ns their morphology and life history are yery similar, 

Prospaitella clypealis Silvestri 

A total of IS,7GB adults of p, rl,llpe({J.i,~ WHe rea red from the intro
dtwed Ind ian lI1ai"l'l'i:tl (Juring the spring- of l!)im and wel'e l'eleasNl 
in most of tlteinfested {'itt'us'reuions of )rexi('o. III ,Tuly 1%0 adult 
pamsites Wl'I'e ·found in sma.ll rllllnb('rs in ()nl~' ;) of the '1:2() original 
colon\' sit('s, Ptlrnsitization in thl's(', fixl' loealil:i('s did not ('xceed 1 
pel'eeilt, Pamsitl'- popUlations remained ttt n low 1e\'e11lntil Fcbru
Ht'y of 1%1, when they slowly begill1 to increase in two of thl'se locali
til'S, By April, parasitizntion had rea.ched 40 pereentin olle gTOye, 
and by ~eptember; DO p('l'('ent. was recorded. 13,\' the end of U)51 a-p
proximatel,\T 200,000 P. rlYPl'lIlis adults had been C'olleded and re
colonized. During the sUC'C'(>N-ling-:2 Yl'al'S flbout 1 million adlllts were 
liberated in all infested regions in JrexiC'o, 

By the ('1)(1 of 1%3 P: rl,llJ?M1is lInd become eslablishl'(l in many 
widely scpamh_'d fIl'('llS. In Colima, it efl'ec(-e(l C'omplete control of 
the. blackfly in two g-I'OYe" within :2 year:", 01' sp\-en gpnel'ations, nrlC'l' 
its orig-inal1'('lease. ..:\t thp port of Yrrtlcl'tlz. heayil,vinfesl-pcl in the 
spring' of 10;";2, p, ('1Y7)(>((1i8 bN'anw the dominnnt ('on/rolling p:nasile, 
Tn the ('nanth al'en. in nil' Slate of )[01'('1 os it also hee-tlme the domi
llant nal'asi!l'. 11" WItS pslablish('{j SUC('('ssfulh' in IH)ltlwtlst atHl north
west )[pxico as well. Tn nn a I'P:I nNII' ('itHlnel Ya11es, Snn Luis PotosI, 
it c.10111 inaleci A. /t1'8//('I'id1l1l1 ns thp ('ontl'ol1 ing- p:lI'nsit('aftel' I-he lattN' 
had g-rl':.tllr reducpd n, he:wy infl'statiol1 there. _\J the pOI'I' of Tam
pico. Tanlil 111 ipaR, (he Ra 111(' th ing o('clIl'l'ec1. Th is paltel'll of (loll1i· 
IHUlCC' by p, clYPNiliR onl' .1.. 1,l'gJl(,l'idllln -was ohsel'Yl'cl in s('\-era1 
I'egions of)rexi('o, Tn the nOI'tIl\H'St: at Cocorit, f\ol1ot'a, tlte ]1ortlll'rn
most ]ocitlity in the t1l1contl'ollpdinfest('c1 ZOI1P, P. dYJI('If1is was w('l1 
t's/ahllshpd and il1Cl'('tlsing in pll'ec!"i\-eness hy till' (,IHI of 1!);):~. 

Amitus hesperidum Silvestri. 

In the spl'ing- of 10;:;0, 2~i'OO .J. hCSj1Nidllln adulfs weI'(>. l'('ared 
from the Indian shipments and ('olonized, in sent'al ('ih'us regions, 
In ,TlIly 1\);;0 the pamsite was recO\Terec1 in only two lib(,l'ntion ]oca
tions, Population Ie,-els l'Pl11ail1ec1 low until the spring of 1D51, :when 
10-perc('nt parasitization was obtained in one gron.', By);"o\-(,l11bcl', 
GO-percent pal'asitization was recorded, and by the end of the year 
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GO,QOO A. h(81)(·"idtllllJ adults had been collected in areas of high para
sit,izatlon aL'l_d released in other areas. During 1052 and 1D53 about 
~·k~ 1l1illion ..J. hesperi(/wJt. piu'asites we['c eolleetNI fo[' liberation in all 
inJe"te(l regions in tLl{' biological ('ontl'ol zone in )(o:ieo. 

A.lu>''fpe']>idwn pro\'(>(\ to'b(l the most important par,lsit(l in control
Ling nte- blaekflr during the endy p(lriod of biological contl'oI. It be
C'Hl1le I.'stablisl](ld easily and adapted itseH rNldily to mnny of the n1l'icd 
rlimatie eomlitions in Mexi(,(t, If l'l'll.'a&:>d in suflicil.'nt lIullll)('['s 1111(11.'[' 
optimulII eondition", it ('ould eontr()l an inft'station in one generation. 
In ID5:~ it \\'n5 ('onsi(ll'l'ed to be the only parasite that. coul'd be relied 
Oil to l'(lc1u('(' [l h('ill',' il).fl'stntioll to conllllerC'lnl ('ontrol shltUS ill ,l 

short tinw. H()\\,e\'(;l', as ilyl\'statiollS b('('ame I1ghtel', A. l/.esl)(?)'idum, 
WtlS (lominnt(lcl by p, ('l.vpl'ali.~ llnd P. opll1enta. 

])url.ng all exceptionally 110t spring in H):;:}, \\'hen maximum tem
1ll'r:nJuI'PHI'HngNl from ll!P to 11(\: F, fol.' se\'('rnl c1aysin the Y[l1]es
~(llntl:' 1'(lgiol1 of northeflst )r(lxil'o, nloL,tllIity of imlllnlul"l' shlges of 
A. /11'81101'idllll~ sonwtilll('s apPl'oaehNl !lO pel'('('nt. 'fhe IlOl'nlal mol'
tality of t 11i:-; par::tsil(' in Iltl' Ilost j;; about :20 per('Pllt ill tllis region, 01' 

sindla!' to that in India. This al.l11ol'mnl irH'I'l'tlSein mortality of il11-
Illitlll['!: stagl's l'esuHC'(\ in. a huildup of IIw blaekfly, Til gl'o\'rs wlten' 
.1. IIl'Nll('rirlllm lInd. I>l'C'1l ['('lensed for only (i to !) months. infestations 
ill\'I'l'asl'(l 10 danmgi Ilg Pl'opol'tions and addit iOllal pa rasi t (' I'eleasl's 
WPI'(\ r('(tllieet!. ]('0\\,('\'('1'. in many gl'O\'P:-; \\'11('1'(' tlte IJlnekfly had b('('11 

rontl'ollecl -rOl' a y('al' 0[' [\l()r('. d:ullagp was not gn·nt. nnd by tlte end 
of Ifl5:1 ~-l. h('spl'I'idullt again hnd theilrfe:;tations \111<1('1' control. 

Prospaltella opulenta Silvestri 

III .\.priLlf130, ()3,J lulult:-; of P. opulenta emerp-ed -from tllC Indian 
m:ltpl'i,d. and ['(lIPases ,,"('I'l' ma(le- in a grow ui- ('iuria(l Yalles. Sail 
Lllis P()to~L This i.!.TO\·P \\'ns in one of thr driest lora lities in t:he Valles 
flr(l(l. Parnsit ihat iilll had r(lnched ·W IWl"('(lnt: when the p-I'o\'e was cut 
(l()\n\ illl."phr'uaI'Y jn;)1. _\. sP('o/1<l grow wlwre parnsit('shacl l)('c11 
l'l'lNISl'(l WflS rkstroYl'(l hdol'e pnrnSill'S ('(Hlld \)p ('ollertNl, Howeyl'r, 
P. ojill/nlff( H(llIlls WPI'l' o!Js('I'\'('(l to ha\'e migrntrtl to another p-l'o\'(~ 
nhout Ollt'-ltnJl' l1Iil(' distant-, and pnl'ly in 10,):2 S('\'l'I'it! hUIHhNl il<1ll1t:.; 
w('re ('oIIN'I('(l at this location. TIll' 'parasite population inel'(lasecl in 
this p-ro\'(' ;lnd in annlh('J' 11(':lI'\)." p-ro\'e 'in which H hall heeollw ('slah
Iisl\('(l. ..\]lpl'oxilllalply :2li,()()() adult,':; h:l(l \)(I('n ('apilll'ecl at tlll'OO 
lontiolls by till' end of I!J.i~. DUl'inp- In;)!} nbout 2,(jOO,OOO P. oJiIi/enllt 
p:tm,;it("s \\"PI'(' ('olle('(ed, and hy XO\'(,Il'li>f'I' of that ypar tile parasite 
had pil'pct('d control ill tlil' are:l . 

•\.10111.' loeali(v ill the :-'tate of. \~('l'nc'I'IIZ [\11(1 nnotlll'I'in tl!(, Stall' of 
~[on'l()s, 1). ol'uj«ntrl g,l\'C' good ('Ollil'Ol () Illonths ai't(ll' lihpl'atioll. The 
fOl'llwL" lOCH lity is \'('1')' ,\'pl and i1wlat 1('1' is extl'(,l1Iply dry (luring J)1()£;r 

oi' till' ,\"('lLt', By til(' end of 1!l:;:3 P. OJ>lIlr Ill" had hN'n f('ll':tst'd in all 
inf('s(Nln'Q"ions in ~[('xi{'o and had b(leonw (·slablislwcl inll10st of th('I\l, 
ind\ldillg tht' Stn_lp 01' :-ionom. ' 

Native Predator 

In l1Iany IU'(',IS. ('fijl(·tilll]y in {'('rtain hC'rtyjly infC'sled gro\,(~s, the 
natin) ('ol'!'inellid ihlp/ws[u8 PU,yil/1l8 (LeConte) (fig. 12) Jreqllently 
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caused blnckfly mOl'tality as hi~h as bU rwn:ellt and sometimes 00 per
cent. This predator has been found in alll'egions of ~Icxico, It ap
pl'al'S to be most elrectin~ in 11pa\'y infestation:; when temperatures are 
llIoderate and humidity is]1 igh, ~\'lthouJ!h it cannot alone be depended 
on 10 control the blaekfly, it of(('n lIa:; ell'l'l'tl'(llllor(' rapid control with 
the Indian parasites when t1wy han! not been present .in lllrge llumbers, 

Othel' t'O('('illl'llids, h(>l11(>rol>ii(l::;, mill'S. n.n(l ('ntoll1ophngous fungi 
lllt\,(" bel'n ullilllportallt in COllll'OlIillg till' eitL'IIS hlal'kfly ill ~rexico, 

}i'Wl"lll, }:!,-·J)c1plw,s/us Jlll.'!illlts (LeConte) adult. 

COMBINING CONTROL MEASURES 

111 SOIll(, lll'l'as of til(' IJiologil'aleontrol ZOIl(> (Jig, 'i) a combination 
o[ biologic'a1, ehelllieal, alld manual eOlltl'Ol 111l'nSlIreS was employed 
1>l'1l(ling till' lilwrntioll of snlli('il'lltly Inl'ge 1111111\)er,.; of parasites to ob
tain tlni fOl'llt and stable COlltl'OI. Sonll'till1('silldi\'idual hetlyjly in
J('stpcl tn'l'SWt'I'(' spol' sprlly(>d, Wh(>I.'PllS at olher I'illl(>:; leaves from 
II'Pt's with h('tl\'Y bladdly poplIlatiollS ,,"PI'l' 1'(,IIIOYed nnd blu'ned, 'l'he 
1attpr pml'tiel' ('ollsi;;!s 1iI'~I' df a ::IlITP,\' to dptprlllillP the percentage of 
parasitization.1Il a ).!in'lI l!l('ntioll, If tItl' inrC'station of some. trees is 
he'll ",\" all(1 !lamsitiz:\( ion is 11':-:;; than ,j!) p<'I'('pnt, all infested 1eaYl's 
l'l'lldil" ::Pl'n arC' 1'(,1110\,('(1, Hill('. illfp:-:tntioll is model'nte.infested 
Iptl\'P:,' .H'P l'PlIlo\'('(l \\'h('n parll:-:itizlltioll is h·s,.; tItan ::0 perce'llt, This 
nUlllll,tl lIdol iat ion Illl't l10d is () 1'1t'1l 11':'s expellsi \'l' I ha II sprayi ng anel 
a;:; ::at i"f'letol',\', l'spe('ially ill eity gtll't1('lls. palios, nnd other rather in
:u'cp:,,,ill](' IO!'tltiol\s, 

SUCCESS OF THE PROGRAM, 1953-55 

B\" tlIP Plld oj' 1(1;:;:3 tItl' (,it I,'US lllnc1dh· was ,\"(·11 ('ontl'olled by its 
Ilntlinll Plwmies ill IllHlI\"('itrlls!!1'0Yl'S inl'lll' follo\\'ill£!: State'S: ~[OI.:('los. 
,-pnwl'lIz, Pm'bla, Ot\x:\c'n. (;lll'l'l'eI'O, .\fpxieo, ('olillln, .Talis('o, nlln: 
Imjllato. Hidalgo, and San Lui;-; PotosI, In Tanralllipns, Xa,)'al'it, 
.\fi{'ho(t('iin, Sillaloa, SOllora, alHI Baja Califol'llilt (La. Paz al'ea). 
1110st of the illfp:,ted gro\'e", still hall hl'iwj' inl'e:;talionfl, In ;';ollora 
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and nol'thcrll Sinaloa large-scale rclcm;e::; of the Illclitlli parasites had 
been made too l'c<:ently to exped contl'ol, However, initial results 
obtained there, especially with p, opulenta: ,rere. encollragillg ILnd even
tual ('ontrol was expected by 1955, 

During 19:H nll(l lUG;), eaptllt'es and colonizations of the Indian 
parasites ('ontinuNl, ancl the ability of one 01' more spe('ies to elrect 
('olltl'Ol 01' the bla<:kflv uncleI' the varied ('Iimatie conditions of ~Il'xi
co's ('itrlls l'egiolls ,\'nus -1\\I,thel' clPJllOllstl'ated, The relative elrective
I1<'SS of A, /i.elSp(')'idu1I!, p, ('lypeall\ tllul p, opulr'lItn, at least in broadly 
ell'fillNI dirnatic zones, Wfl::; becoming better understood, and these 
parasitps WPI'(\ being uSNl 1l10L'C el\'ceti\'ply, 

Thl' ('itTIIS blaektly had bepn foun(lin~..J: Stat('s and Ba:in, Califol'nia, 
By Mal'l'\t.l!l;15 in nlll10st all eitrll:; Hl'pas in ~1 of tlH'se Staies thir; pest. 
was ('omrnl~l'ciall'y controlled, Durnngo and ChihllalnUL had I'l'e('nt 
in festatiolls, ana beelwse of the l'p]ai'lvc .ina(,('pssibility of these i1l
fested loeat: ions, plll.'asite l'(~ll'nses W('I'('. dif1iC'1I It and few \H\I'l' ma<lt', 
Ho \\'t'\'l' t', ..:1.. /icspel'idum built up mpidly, and ('ollll11(,1'('in.l control 
appl'al'ed probable within a shOlt tin\(', III Baja Cali:fOl'nia. hea\',)' 
in-fl'stnt ions existed ill sOl1le ill'pas, bllt both p, dypealis and p, oJ)ulenta, 
hall bel'n eShtblished, and in some 111'ens RO- to DO-per('ent parasitiza
t-ioll O(,('III'I'ed, Tn Sonora. only partial <,ontrollta<l bel'11 oht:ainccl, Yl'i: 
/', olmlell/a, ShOWNl proll1is(\ of he('oming acclimat:pd to the- hot, (hy 
('OIHlitions (hpl't', I), OjlUll'lItll was l'stahlished ill Illall,\' lo('nlitit's ill 
tIw State', nndin COl'orit, thellOl'th('l'lIl11ost tOWII in the biologi('nl ('011
tl'ot ZOIll', pnl'asitiznJion reached n5 percent. G1'oYes that had 1>e('n 
hpa\'ily infpskd in1P5B showed Dilly a Yel'y light iniesiatioll by the end 
of :I%fl, 

PRESENT STATUS OF THE BLACKFLY IN 

MEXICO 


Effects of Climate 

Fll1duatiomi in pal'asitization. by hlaC'kfly parasites with ('ollseqUl'l1t
bllildups of the Ilt'st- ill ~rexi('o an" afh'iblltNl to hoth natural and 
al'tifh-ial pltellOIlH'nn, During pxf-PIHlcd pel'io<1s of <lIT weather, mor
tality of imlllatul'P stages of ]H1l'nsifes is high, During pl'1:iocls of 
}lL'l\cipihtfiOIl inIIl1Nlia{-elyl'ollo\Ying [lIP elry season the blackfly bllilds 
lip 11lOl'1' mpielly thallits parasites, nm1 pnmsifizatiol1 is low for a. 
till1l', T(J\YHrd th(' ('11(1 of the rainy SPH5011 parasitization il1('1'('ase5 
I'n,pidly, and :from OetolJPI' to ])('('C'mher it ('ol11mo11ly l'ea('lws a. maxi
mUIll for the war, In tllP absl'ne(' of otliel' fnd-ol's al1'e('ting Sl1ell 
flut'lllations, ('onll'ol ]\ol'mall\' is I'l'psfablishet\ witllOllt t1ll' JIl:(:essity 
of pal'asitl" l'eleas('s, Howe\:PI', in Ol'llee fo hasten control, pal'nsit-'e 
1'C']P:lSPS aee usually made, ,yltprt'. ireiglltioll is IH'aC'ficed, fluctuations 
in parasitization 11l'e less (,0Il11l101l, 1m!: only a small percentage of 
eit l'US 11,'I.'o\'es in ::\[exi('o l'('('('i \'(' l'('grt1n I' il'riga t ions, 

Extended periods of hot wpathet' likewise afi'eC't blnl'kfly parasites 
ll(I\-Pl'sely, A,lu'8pC/'idllln is pal'til'ularly susceptible to thir; ('on~lition, 
f), cl!/jJI',di8 j" It'ss SO, alltl.!>, 0p"lcn/(/. is l'l'latiYel,Y resist::\lIt to high 
t't'mpcl'tltu res, Following SIII'\t }lC'rioC\s, dlll'i ng whi('h eggs :\lId youllg 
.hl'val stagcs of the blaeldly <lnll illllllHtlll'C stager; 01' pnmsites a.re 
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decimated, the blackfly builds up more rapidly than its parasites, and 
sometimes it is necessary to release additional parasites to reestablish 
satisfactory control. 

1Vinds of high velocity have a pronounced effect on the interrela
tionship of host and parasite. After the hurricane of October 1959, 
the blackfly built up to damaging proportions in the State of Colima. 
Liberations of P. clypealis and P. op'l.tlentCt were made there in Decem
ber 1959 and January 1960. By January 1\)61 cOlmnercial control had 
been reestablished. It has been obsel"Ved that light, persistent winds 
also affect parasite activity. In those locations where such winds 
occur, parasitization commonly is lower than in ndjacent protected. 
areas. 

Effects of Insecticides 

Maintaining comlllet:cial control of the blackfiy is difficult in areas 
where insecticides are employed against insects of cotton and other 
crops. In such areas since parasites are more sensitive than the 
blackfiy, they are decimated by insecticide drift, and blackfiy popula
tions increase during insecticide application. U"nder these conditions 
it is usually necessary to liberate parasites to reestablish control. 

At Apatzingun, Michoacun, where cotton and melon crops adjacent 
to areas of lime production are treated regularly with insecticides, 
seasonal fluctuations in parasitization are common. In February 1961 
all locations sampled showed parasitization of less than 30 percent. 
In April mechlm to heavy infestations of blackfiy were reported in 
76.6 percent of the lime groves of the area. ~fore than 59,000 
paraSites were released there during this period of low parasitization. 
By August 1961 parasitization in most areas sampled reached 80 
percent or more, and satisfactory control of the blackfiy had been 
reestablished in these locn lities. It is noteworthy that during the 
buildup of the pest in the Apatzingun area, it was possible to capture 
36,200 adult parasites in a locality of high parasitization there. This 
locality is remote from crop-producing areas ,,,here insecticides were 
being used. 

Control Measures in Use 

'l'he present method of controlling fluctuations in parasitization due 
to climatic irregularities consists in releasing field-collected parasites 
in localities of low parasitization. Samples of hlfested citrus leaves 
are sent regularly from all regions of citrns production to the lttbora
tory of biological control in )Iexiro City, where determinations of 
degree of infestation and percElltage of parasitization are made. 

The degree of infestation is established by making random connts 
of live forms 011 infested leans fl"Om i~ gi,·en locality. Samples with 
1 to 45 live forms per leaf indicate a light infestation, 45 to 75 :1, 

medium infesbltion, and morE.' thfln 73 it hE.'avyinfestation. 
The percentage of parasit-izfltion in it gi'·en location is determined 

by a comparative count of parasitized amI unparasitized larvae and 
pupae on random leaf samples. If parasitization is less than 60 per
cellt, liberations of parasit{'s are made. If parasitization is between 
60 and 80 percent, control suHicient to prevent damage is considered 
to exist, but the groves are kept under close obselTation. If parasitiza
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tion is greater than 80 percent in a given locality, it is considered to 
b€' under technical control with no existing problem. Captures of 
parasites for: release elsewhere generally are made when parasitiza
tion reaches 90 percent or more. In evaluating percentages of para
sitization, the degree of infestation is always considered, since it is 
obvious that l), parasitization of 80 percent, for example, is less ad
vnntageous ill a heavy thtlll in a. light infest.ation. 

Similar guid€'s fOI" liberating parasites are employed to regulate 
fluctuations of parasitization caused by insecticide drift. However, 
if liherations under these conditions arc to be effectiYe, they must he 
timed with insecticide applications as ·well as with the stage of develop
ment of the host. "Then inseeticide applications are made at close 
or irregular jnterva1s, parasite re1€'ases are not warranted. 

Parasite collecting methods were simplified early in the biological 
control progmm. PJ'ospaUclln species are collected as adtllt~ from 
leaves oJ the host plant. Their characteristic jumping or hopping 
moyement makes it possible to (;hop:' them into long glass tubes. 
This is a more. rapid and more eflicient method than aspet·sion, and 
l:eslllting injury to the l)arasites is negligible ..A.n experienced worker 
ean collect as many as 12,000 pfll't1sites in a day. 

Adult parasites n-l'e shipped in glass vials, 31;1 by Ih inches, ·with 
ventilated cork stoppers. Each vial contains 100 parasites. Around 
en,eh gt'OUp of 20 v:ials moist paper is wrapped to conserve humidity 
and to protect the v:ials from c1funage. Strong cardboard boxes are 
used for shipment. Individual shipments consist of from 1,000 to 
more than 100,000 parasites, 

A. h('spel'idU1n parasi.tes usually are collected as pupae inside the 
blackfly host, together ,yith leaTes of the host plant. Since A. heSl)eri
cl1t1n adults do not jump Ol" hop as the Pl'ospaltelht species do, it is not 
convenient to collect them in this manner. Also. since the. adults live 
only for '.I: to 7 days, it is not practical to captul'(~ and ship them n-iter 
they have emerged. 

Leaves infested ·with bluckflies and parasitized hy A. heSl}el'id~t1n 
are put in wax-papet· bags, 100 lenws per bag, together with strIps 
of moist pftper for humidity. These. are. shipped to liberation loca
tions in cardboard containers. At liberation sites the. pnrasitized mate
rial is placed on protected branches of hlackfly-infested trees, where 
adults then emerge. 

Since 1956 efforts to control the citrus blackfly biologically have 
been concerned largely with combating new small-scnle infestations 
and regulating fiuctuationsin parasitization in previously infested 
regions. The most recent invasion of the pest in a region that had 
not been infested was reported from the city of Campeche on the 
Yuca.tan Peninsuln in October 1960. Although hea.vy infestations 
continue to occur. they are relatively limited in extent and duration. 
In geneml, it eanbe s;id that as of September 1962 the citrus b1ackfly 
is satisfactorily controlled in the entire biological control zone of 
:Mexico, as shown in figure 7. 

SUMMARY 

The citrus hlackfly (Lilew'ocant7!1l8 'I.uoglul1u: As11by) is 1latiYe to 
south Asia. It was first cliscoyel'ecl in the. New World on ,Jamaica, 
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'West Indies, in. 1913. From there it spread to other West Indian 
islancls l to Central and South America, and to Key 'Yest, FIn.. It was 
eradiea.re(l at Key 'Vest in 1937. In 1955 it was found in 'l'exns, 
where it was erndicat('d in 195G. 

The blnckfty was reported in )(exico in 19;35. From the original 
infe-'ltntion in Sinaloa, it spread along the western coastal plain. By 
1!H3 all ('ih'us-growing- lU'eas in Sinaloa and the coastal ar('as of the 
Stat('s of Xayai:it, .Jalisco, and Colima W('l'(' inf('stecl. By 1950 the 
pest, l1i1.d spl.-ead IIOL·th to Sonora, south to GuelTero, ('ast to Tamaulipns 
and V('racnlz, aJl(l-"Y(,Rt to Baja California. In 1959 the far-southern 
Stat('s of Chiflpas and Tabasco w('r('. inYaded, and in lOGO the most. 
I"('eent la,rge-scal(' infestation oecUtTe<l in Campeche on the Yucatan 
P('ninsuln,. 

In J[exico, CitTlIS is pr('(lominat('l.\· the pr('fen'ed a.nd most impor
tallt host of the. b1ncklly. How('\'er, 73 plant spN'ies on whieh de\-('lop
l)wnt tak('s plnc(' lIa \.(' b('en reC'ordNl. In addition, 5G 1)lnnt speci('s 
are list('d on wh.ich 111(' blackfty oviposits but 011 which complete el('
\'elopment <1o('s not take pla(,e. 

Damage callsed to eiitus by the blarkfly rl'sults from its f('celing and 
from deposition of honeydl'w 011 whieh sooty mold fungus dC\·elops. 
Inf('stations of short dumt'ioll l"edu('(' produ('lion as Jl1ueh as 50 p('r
cent. Ini'('stnJions lasting lon~er than 1 y('ar 1Ia,,(', etlus('d almost com
plete (TOP failure in many citrus g-rows inJ[exico. 

The first att('mpts to ('on1T01 the citrus blackflyin Mexico w('re 
Illitdo with ins('cticid('s, but hecaus(' of dif1ieulties and prohibith"e ex
p('nS('s this In('thocl of control gal'(' way to biological ('ontrol efforts. 
J [0Weyer, in ('xtreme nori:llPasi: and 110rthw('st. )(('xieo ehemica 1 control 
1l1(':lsures eontinue to h('. used to lllainbtin a blackflv-i'ree baniel' zone 
sOllth oUhe F.R. bonl('r. • 

In. ('oo[wration with the r.~. Departm('nt: of ..:.\gricllHllre, the ~Icxi
('an D('partment. of ~\J:!Tiellltllre jntrodue('(l the parasite El'etmoce1'Us 
seri1l8 RilwsfTi in 19:38 and n~,\inin 104;3. This parasite became estab
lislwd aftet· the s('cond introdllction but failed to ('ontrol the blackfly 
ill J[('xico, ('xecpt in :1 f(',,-limit('d areas of p(>t'sistent high humidity, 
In 1!HS, 19·UI, and 1D;)O, pnrnsit('s \wre intl'ocltlc('d from Jfala.yn, India, 
and T)akistan. Three of t]ws('-AmituR !tespel'irlilln Siln~stri, Pros
pa7tella r7ypealis Rih-('stri, :md P. oplilenta Silwstri-haye become 
(10m innntin ('ontToll ing I'he citnls blnckfly in J(exieo. 

Dming the ('ady years oi'biolog-iC'al control activities at least ono 
of the th'r('e Indian para;;it('s h('('anw ('stablish('cl in all inf('stec1 regions 
01' t11e biolog-ica.l ('01'11:1"01 zolll\in Jfexieo. 'I'll(' nath'e predator Del
7>ha8tlls Pllsi7l11S (L('Cont(') is pres('nt in all cil!"us r('g-iol1s of )(('xico. 
Parasit('s are C'oll('et('cl in nr('as of nblllHlance in I'll(, field nnel recolo
nize<l in l1e\Y inf(':;tations anclin loenliti('s ",lwr(' low parasitization 
occurs. 

_1. ht'Rpt'J'idull'1. is an e(I'N'Ciw parasi!:£' wlll'n lihrl'l1t'('(l in l1(':1\"Y ill
-[('stations. hut it, is dOlllin:tI'('<l h.'- the f:wo p)·o8j>!li'le71.( sl)('('i('s as inf('s
rations 1)('('ol11e ]i~ht('r. His thl' ](>n~t p(J\'d'i\'e of I'll(> t1m'p parasites 
in hot. dry arNlS. P. ('ll/jlm/is athlins Optilllll111 lwdol"lll:lll<'(> 1111<11.'1' 

Illllnid con(litiom; nlhIis Ip':5 ptrpdin' ill an'tls ",hen' lon~ dl·.\' period:; 
pre\'nil. P. Op1l71111a is het:tpr 'Hlapted to n \\"ide (·lil1latic r:\lI~(, than 
_t. 11I'RptJ'i(lIlJn or P. ('l!1Jil'ltlis and is milch morp pf)'(,(,t-i,-p than th('s(' 
p~lrasitesin the hot, dr.\' rl'g-iol1s of noril1(':lst· andl10rlhwest )[('xico. 
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The predator D. 1}llSillllS is useful in reducing heRYY itrfestations, but 
it cannot be depended on to effect stttisfactory control in the absence 
of parasites.

In 19-1:3 a coopernl'iYe, working- agreement was nt'gotiated by the 
Gonmunents of )[exico and t1ll' United States relatiye to biological, 
chemic:tl, and quarantine mensures to eontrol the bla(·kfly. The citTUS 
blacldly program wa;; initiatNl on a national scale in )Iexi.('o in ID51, 
whell by pl'(I;,;idential decree the Sntional Blackfly Committ('(', wns ('5
tabli:;lwd. hi DN'embH of 1!)3H thi!'i ('onllnitt('e was dissoln'c1, and 
subseqnently the work has b('('ll administered by the Departan\('nto de 
Control Biologic-o. 

_\n ('lIkient, and hfll"ll1onioll5 )feximll-Sorth _\meriC'an blaeldly pro
g-t':un eyol\'Nl, wlli('11 has beconll' iner(,tlsingly l,trpc-tin' in ('ontrolling 
this P(·st. In addition. in'·ttlualJlp, training nnd pxppri(,I1(,(" in biologi
('a.l ("ontrol pro(,Nlur('s ha,"(' he(,1l atronlecl l:thorator.r and fil·lIl t('('h
nii'ifllls, who no\\' eontlu('t )[(>xieo'" l'xt'(,lI"in' biologic'al cOlltrol pl'O

~ral1lsag:till:;t s('veral illlJ)OI'!':lllt plant l)(>sts. 
~ilH·('. 1!);)(i th(> blaekfl.,- hiological ('01ltr01 pt'ogmlll ha!'i 1)('('n ('011

('l'l'n('d JargC'ly withn'gll1ating III1('illntions in pilra:;ifization (hIP to 
(,I imatic in'('gula I'ities alHl to dt'ift of i1ls(,(·t i('illl'S appl iNl to crops .IWtH 
(·itl'lls g'l·O"PS. In gellt'ral, it ('nn he sa id that as of. SC'pt('mbet· 1!)(j2 
the bladdlv is satisfaetol"ih' l'ontrol1Nl in i II(' entire biolo!!ieal control 
ZOIl(' 0 f Mc-xiC'o.· ' 
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