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BIOLOGICAL CONTROL OF THE
CITRUS BLACKFLY IN MEXICO

By Tlenaenr By, Sytecu ! and Hanky Lo Maceny, Munt Pest Control Division, Agri-
enfturad Research Sercice, .80 Deparbment of cdgricialtyre, and Ereazan
disExen JtwiENge, Jircecidn Genorel de Oefensu .Urmo?n Secrctaria de Ayri-
cutluri y (;fmaa'cr fn, Mezicen Departwment of Agriculture®

Biological control of the citrus blackfly (iUewrocunthus woglumi
Ashiby) in Mexico is an ouistanding exaniple of the successtul domina-
tion 6f an economic ally important insect pest by intrortuced natural
enemies,

The harmonious cooperafion between the Mexican Defensa Agricola
and the T8, Agricultural Research Serviee has largely contr ibuted to
the suceess of the citr us blackily prograni. This cooperative effort be-
tween the (wo countries antedates the blackfl ¥ program and continues
in the mutunl interest of exclusion, containment. mnuo'i, and erndica-
tion of several insect pests on both sides of the international border.

The citvus black(ly is naiive to south Asin. It was first diwowled
i the New World on Jamaica, West Indies, in 1913 (Ashby 7975).°
Dietz and Zetele {7920) diseussed its subsequent discovery in Cuba ang
the Bahama Tslands in 1916, in the Republie of Panama und the Cunal
Zone in 1017, and in Costa Riea in 1919, Newell and Brown {7539)
described the infestafion discovered at Key West, Fla., in 1934; it was
eradicated there in 1937, The eibrus black(ly also has been recorded
from Mexico in 1935 (Ik aler and Dawmpt 1937), from the Republic of
Ecuador move recently (Yust and Cevallos 7954-55), and from Texas
in 1935, The Texus infestation was eradicated in 1956,

HISTORY OF SPREAD IN MEXICO

The cilrus blackfly was first recorded in Mexico at El Dorado,
Sinaloa. 1t is not kitown how it entered the country, bub it may have
been inirodueed on shipments of mango cuttings from India or from
frutt boals from Central Amerien.

! Deceaseld 19035,

2C, I Chitusen, in eharge of ihe Torwer Division of Foreign Parasite ITntrodue-
tiou, T8, Bareai of Entomaolozy and Plant Qearrantine, ptanoed soud initialed the
Liedogienl contrpl progeun awainsr the eitrus Dlacklly in Alexico.  Horbert I,
Smith develnped and Targely eavried ouk thiz work.  10e hesan hat Ak not come-
mele this weitren hisfory of tho progroon, 0 L Gardner and Paul W Oman,
Enfomolezy Rezearch Division, enmpiled his field nofes, eorrespondence, mul
nther impublizshed malertal, aud it iz on mnel of Phis materinl chat this publici-
Lionn is Iatsedd,  TIL T Maliby, who suceeeded Mo Smith, brought this information
up o fate and completed $his hullatin,

Tduarde Merino, tormerly wilh Defonsa Agvieotn, 0id the flinstrations for
gnres 2,4, 0,10, and 11,

The vears in ifadies afler the authors’ names are (e key 4o the reforenees
e onp, 20,

1
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FieURE 1—Spread of tis citrus blackfly in Mexico, 1935-57.
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BIOLOCICAL CONTROL OF THE CITRUS BLACKFLY IN MEXICO 3

From the original infestation in Sinalou, the blackfly spread north
and south along the coastal plain and by 1940 had become a sevious
pest of citrus in that region. In the same year a sinall infestation was
found in a lime grove in the State of Colima, several hundred miles
south of the neavest infestation in Sinaloa. By 1943 all citrus-grow-
ing areas in Sinalon and the coastal aveas of the States of Nuyarit,
J:ﬁisco, und Colima were infested,

During the next 2 years infestations multiplied to cover approxi-
mately half of coastal Nayarit and all of Colimu, and the fly was
found farther inland in Jalisco. In addition, small infestations were
found in the States of Durango and Morelos; the latter, at Cuerna-
vaca, resulted from infested mirsery stock introduced from the west
const in 1944

By 1948 the blackfly had spread north to the State of Sonoru, south
to the States of Michoacdn and Guerrero, enst to the Stutes of Zacutecas
and MAguasealientes, and west to Baju Califernia. In enstern Mexico
small mfestations were discovered in the central part of the State of
Veracruz and insouthern San Luis Potos.

During the next 2 years infestations were found farther to the cast
and southeast and (o the north and northeast. Arveas newly infested
inclugled the Stales of Guanajuato, Hidalgo, Puebla, Oaxaca, Chihua-
hua, Querétaro, Nuevo Ledu, and the novtheastern section of Tumau-
lpas, close to the .8, border. By 1952 the far-southern States of
Chiapas st Tabaseo also had been invaded.  The most recent, inva-
sion of o previously uninfested aven was veported in the State of
Campeche in Novenmber 1960, As of this date the citrus blackfty
had anfested practically ali the regions where citrus is grown on
commercinl scule in Mexico.

Figure 1 shows the spread of the blackfly from the original infestu-
tion in the State of Sinaloa in 1933 through 1957, Since the blackily
is unable to survive at temperatures as low as 24° F. for any length
of time, it does not vccur on host planis at high elevations on the cen-
teal plateau or Sierra Madre mnge. Ilowever, of those regions thai
are elimatically adaptable to citvienlture, only the State of Yueatin,
northern Baja Californin, and the Tervitory of Quintann Roo
remained uninfested in 1957, In January 1963 the State ot Yucatin
became infested.

HOST PLANTS IN MEXICO

ITosts of the citrus blackfly in Mexico are muels move numerous than
those reported in the Ovient.  Clausen and Bervy (1932) veported
that eitrus wis nearly the sole host in several countries of Asin. In
all vegions of Mexico citvus is the preferred and most important host.
Other favoriie foud plants in Mexico are mango, persimmon, pear,
quince, coltee, myrtle, cherimoyu, and sapote.  The bluckfly develops
on numerous other plants, hut infestations are nsually Heht or moder-
ate. Oviposition ocenrs on a large number of plants, bul development
to the ndult stage is never completed.  Shaw (£950x) listed 75 plant
species, belonging to 38 Tamilies, on whieh complete’ development of
the blackily had been observed in Mexico, Tn addition, he listed 56
plants on which the blackfly had been obsgerved fo oviposit but on
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Fiuavee 20 Uviposition and vegs ol the eitras blackily.  Note the spiral paltern
and Che ogg with the pedicel.
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which eggs failed to hatch or complete development did not (ake
place,

Heavy infestations of the cifrus blackfly oceur on such hosts ag
mango, pear, and coffee tn Mexico when these plants ave nenr heavily
infested cityus trees. When the blacktly is well controlled and infesia-
tions ave light on citrus, very few ofher host plants ave found to be
infested.

LIFE HISTORY

The citvus blackfly completes its life cyele in 2 fo 4 months in Mex-
wo. Usually there is a slight overlapping of generations. Mating
takes place soon after energence, i ovipeosition occurs several days
later.  Ewgs commaonly ave Jeposited in a typical spiral pattern on
the underside of leaves of the host plant {(iig. 2); spirahs average
about 40 eggs each. A female deposits move than 100 egus during an
adolt hife of approximately 10 days. Iges hateh in 9 to 25 days.
The duration of the first tarval stage is 8 to 17 days, the second T to
L6 days, and the third 7 to 22 days. The pupal sfage Tasts for 81 to
45 days. Figure 3 shows a lifo cyele under specific conditions of
tempormiure.

During the lavvid and pupal stages the blacklly excrefes copiouns
amaounts of honeydew through o vasiform orifice.

LIFE CYCLE { STAGES IN DAYS )
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DESCRIPTION OF STAGES

The adult citrus blackily (fig. 4) has slaty-blue wings, red abdomen,
reddish-brown eves, and \\’hlflhh antennae tinged with pale yellow.
When the insect 15 at rest, colovless spots on the w ings form what ap-
pears £0 be a white bund across the middle of the abdomen. Adult
females average 1.66 and males 1.33 mm. in length.

Igune 4, —Adult cilrus blockily, 21, Dorsal view ; B, side view.
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The curved, ciliptical egg is attached to the Jeat of the host plant
Ly a short pedicel newr its posterior end (fie. 2). When first lnid,
the egrg is yellowish white but soon furns light brown.

The first-stage larvn (fig. 5, L) is elongate-ovate, avernges about
0.300 by 0.150 mm, and 15 dusky in color. On each side of a pro-
nounced median ridge are two long dorsad spines and numerous shorter
spines.  The second-stage Inrva (g, 5, 7) is more ovate and convex
than the first stage and measures approximately 000 by 0.200 mm.
It is dark brown or dull black, with patches of vellow., Numerons
prominent spines cover the body.  The ovate third stage (fig. 5, C) is
more convex and nueh Targer than the second stage, averaging
0.870 by 0.740 . Iis body i shiny black, with a hemisphoerieal
dull-green spot on the anterior part of the abdomen,  The spines are
stouter and more numerons than those in the second stage,

etk G- Citeas Blackily laevae (doesal views: o1, First stige: 2, seeond
stage; O, third stage,

T2 H
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In the pupal stage it is possible to distinguish the sexes. Female
pupae are conspicuously larger than males, the former averaging 1.25
and the Iatter 1.00 mm. in length, The pupae {fig. 6} are ovate and
shiny Macl, with a marginal band of white waxy secvetion. Several
long, tapering, conspicuous spines extend from the convex dorsal
surface of the hody.

Figvne §,--Pupac of (e cilros blieklly, Note cierging adult.

DAMAGE

Damage caused by the eitrus blackfly results from its feeding, par-
ticularly on new growth of the host plant, and from deposition of
houevdew on which sooty mold teagus develops.  The fungus growth
interferes with the normal finetion of the plant’s leaves, redueing
respieation wid photosynthesis.  In Mexico there is almost o complete
cvop failere when heavy infestations of the Dlackily last longer than
Eoyear on citrus rrees. Tofestations of shovter duration may reduce
production as much ws 30 pereent, us well as depreciate fenit quality.
in general, growers report approxtnntely SU-pereent production losses
in wreas of heavy infestation,
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CHEMICAL CONTROL

The fivst aftempts to control the blackfly in Mexico were made with
insecticides. Previous to its invasion there, little was known of
cheniical measnves for its control.  Ierosene emulsions had heen tried
inJamaics by Ashby (7977) and in the Panama Canal Zone by Diety
and Zetelo (7920}, Oil emulsions were tested in Cuba by Brumer
(1937). Later the blackily was ceadicated with repeated oil spray
applications at Key West (Newell and Brown 79.29).

By 1047 considerable improvement had beea made in Formulntions
of Tnsecticides used in the control of the blnekfly, and in April of
that year the cube in oil formula was recommended to the ;\ll.exican
authorities for control of the blackfly at Ciudad Valles, San Luis
Potosi (Cooper and Tlummer 14503, "This formula was used success-
tully by Woglum (7948) and his Mexican eooperators in blackfly
control in the Guaymas-Fmpalme area of the State of Sonora in
LTI,

In 1936 the Mexiean Depavtment of Agriculture changed from the
cube in oil spray formulation {o one containing 3 pounds of 23-pereent
matathion wettable powder per 100 gnllons of water. Tt was used
1 a sevies of theee to four applications at 21-day intervals. Lade in
IN6L in the Stale of Nuevo Ledn the Mexican Department of Agri-
cultura changed o o spray formulation of 1 gnllon of carbopheno-
thion, cantaiming + pords of actual chemieal, por 800 gallons of
water, [t was used in aseries of three applieations at 86-day infoer-
vals. Appurently this trentment was more effective #han o Iavger
number of walathion applieations,

Spray formulations are nsed in Mexivo in those avens designaled ns
chemieal control zones of the blackily (fig. 7). These are north of
the generally infested areas where biological control measures are
effectively preventing commercial damage fo citrus. The objective
i the chemieal control zones in Mexico i bo keep these avens entirvely
free of the citrus blackfty,  When infestations of blackfly are loeated
in these zones, based on infensive surveys that are continnously bemg
made Phere, iaseeticide applications are promptly mmde fo eradicate
this pesi.

The advantage of mainfaining blackfiv-free zones in northern
Mexico Is twofold.  ¥irst, these zones provide a protective barrier
against {he introduction of the blackfly info adjucent citrus arens
of the United States. Second, they enable Hhe growers in these impor-
tank citrus areas to produee Tenil under eondilions velatively froe of
the Dlaekfiy.

BIOLOGICAL CONTROL
Early Work

Early in the history of citras blackily infestation in Mexico, it was
suspected that chentieal control of the pest wonld prove to be very dit-
feult and prohibitively expensive. s infestations became more nu-
merous and widespread and the host Lisi Decame longer, these early
suspicions were Jushificd. and an attempt was nmade 1o control the
biackily biotogically,
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In 1038 the Mexican Department of Agriculture requested the im-
portation of the purasite #'refmocerus serius Silvestri, which had con-
trolled the blackily in Cuba (Smith /845). Arrangements were made
with the former Burean of Entomology and Plant Quarantine of the
U.8. Department of Agriculture to obtain this species from the Bu-
reat’s luboratovy at Balloa in the Canul Zone.

In July 1938 three shipments of £, serius were sent to the Bureat’s
laboratory in Mexico City by air express. The parasites were buned
over to the Mexican authorities and were released ag adults in infested
lime groves in (fulinedn, Sinaloa, buk they did not become established.

As the blackily confinued to sprewd, it became an incrensing poten-
tial threat to citrug-growing areas in California and other bovder
States in the United States, as well as an actual threat to the produc-
tion of citrus in Mexico. Thus, in 1943 a working agreement wus
negotinted by the Governments of Mexico and the United States reln-
tive to biological, chemical, and quacvantine measures to control the
blackiy.

When Mexico reguested /2. serédus again in 1943, pavasitized material
was shipped from the Bureau’s Balboa luboratory, and Herbert D.
Smith was sent to the west coast of Mexico to supervise veceiving and
colonizing the pavasite. '

Twelve shipments of parasitized material were made during May
anedl June of 1943 from Balboa to Mexico City by plane in custody
ot o courier.  The material was processed at the Bureaw’s luboratory
and forwarded to severul locations on Mexico's west coast. From
these shipments 8,867 /. sesfus parasites emerged and were released
at 60 localities in the States of Colima, Nayarit, and Sinaloa.  Fstab-
lishment of the pavusite was successtul i at least three colonization
sites.

During 194+ and 1945 exienaive field collections of &, serius were
made at the colony site of Lo Adbaveads in Colima by J. GG, Shaw of
the T8, Department of Agriculbwre and by Alfonso Delgado and
other members of the Mexican Depattment of Agriculture (Shaw
19500). These parasites were veleazed in other infested wrens in
Colima and in the States of Nayvarit, Jalisco, Sinaloa, and Movelos,
Tater many ‘berations were nude in infested groves in other States.

Althongh £ serdus is an effective parasite in Cuba and other islands
of the West Tudies, it was unable to bring the citrus blackily under
satisfactory control on the west coast of Mexico except, in restricted
arens of persisting high humidity. At Cuernavaen, Morelos, Shaw
{19500) observed that parasitization by £ serins reached 85 pereent
at the end of the rainy season in the fall, bat that it deopped to 8
percent at the end of the dry season in Muy. Similar observations of
extreme oseillations in parasitization have been mudle in other areas
where the parasite has becone established.  Apparvently . serius ve-
quives nlmost continuous moist conditions to be cffective, Although
Cuba has n rainless period similar to that in many areas of Mexico,
it has heavy nocturnal dews during this period with suflicient. moisture
te maintain o constant, elfective parasite population.

Consideration was given ulso to the introduction of the coccinellid
Cabann elauseni (Chapin from Cuba, where it had been effective in
reducing heavy infestations of the Llackfly soon after its introduction
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from Malaya (Clansen and Bevry 1832). In 1947 & caveful search for
this predator was made in Cuba, but 16 was not found. Subsequent
surveys in 1948 and 1951 also tailed to reveal its presence.

The failure of £, serius to control the blackfly in Mexico made fur-
ther searches for natural enemies necessary. Smith went to Malaya
in the fall of 1948 to collect several species of citrus blackfly parasites
reported by Clausen as occurring there {Clausen and Berry 19392).
He sent the first shipments of natural enemies of the citrus blackfly
from Malaya to Mexico in 1948, These consisted of infested citrus
plants in nine Wardian cages and an airmail shipment of infested
leaves, No purasites were rveared from the maferial in the Wardian
cages, but o few adults of Prospaltelle divergens Silvestri and P.
smithi Silvestri emerged from the air shipment. These were released
1 the field but failed to become established.

Aleurocanthus in India and Pakistan

In 1949 and 1950 Smith spent § months exploring the citrus regions
ot India and Pakistan for natural enemies of the citrus blackfly that
might adaps to the dry climate of certain areas of Mexico. Figure 8
shows these Tocations in India and Pakistan and the Alewrscanthus
species found there. Previous to this exploration little was known
about the citrus blackily or its parasites in these two countries, nor
did the limited time spent there by Smith permit a detailed study of
the biology and life history of parasites and predators of this hisect.

Tha citrus blackily was present in most of the citrus areas of India
and Pakistan, but infestations were light or negligible. In areas of
persisting high temperatures, such as ab Lyallpwar in West Pakistan
and Agra and Nagpur in India, where maximum temperatures in May
and June fluctuated between 110° and 118° T, this Llackfly was not
found. However, in those areas where it did not oceur, considerable
damage was caused to citrus by a closely allied species, dlewrocanthus
huseini Corbett.  Although the citrus blackfly and . husaini are
similar and oceur together on the same leaves, the parasites of neither
host were observed to attack the other.

Twe other sAleurocanthus species were found on citrus in India
and Pakistan, but only in negligible numbers. Aleurocanthus citri-
perdus Quaintance and Baker was fornd only at Shillong in Assam.
It was heavily parasitized by an Amitus species, not 4. hesperidwm.
Aleurocanthus spiniferus {Quaintance) was seen on citrus occasionally
and damaged roses m: some regions. It was parasitized by P. smiths,
but parasitization was never observed to exceed 20 percent.

Climate in Mexico, India, and Pakistan

There nre two distinet ceasons in India and Pakistan as there ave
in Mexico. In general, the dry season extends from October to May
and the wet season from May to October. Table 1 indicates the sea-
sonal raindall distribution af several eitvus localities in these three
countries. The annual rainfall vavies considerably in diflevent regions
of India and Pakistan.  Aveas on the west coast rveceitve more than
70 inches and east const areas from 33 to more than GO inches. Tn
the Ganges Valley and in most of the central platean aven the vearly
average is 25 to 50 inches. In the southern Punjab and in Paldstan




BIOLOGICAL CONTROL OF THE CITRTS BLACKFLY IN MEXICO 13

10 to 20 inches fall annually, and in the entive Thar or Indian Desert
Iess than 10 inches annually are recorded. Further north in the foot-
hills of the Himalayas rainfall is generally moderate but suflicient
for agricultural purposes.

Citrus is grown in India and Palkistan in a rather wide range of
temperatures, as shown at representative aveas in table 2. In north-
central and south-central Indin {Allahabad and Hyderabad) and in
West Paltistan {Txthore) there 15 2 pronounced opposition between
sumimer wil winter temperatures. In Mexico similar but less pro-
nounced recorded differences occur in the northwest, for example, at
Cudad Obregdn and Los Mochis, and in the northeast at Ciudad Vie-
torin. DMean temperatures of the warmest month are generally higher
wnt India and Palistan than in Mexico. Mean temperatures annually
and for the coldest month at most localities arve sinilar in the three
countries,
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Chilentia L »1 63. 0 1, 6001

NILATILIE TVIINHOIL

T-0 MONTIS WITH LESS THAN 2-INCH PRECTPUTATION

Mexico: : : i
Apatzingin . , Can S 281 T4 | :
“Colimn L e Co340h 8§70 ¢
Lios Moehis .. - T R T I 3061
India: :
Allahabad e PURURNE NI & P 1 1, 062 i
Bombay. - . o0 IS S 808 , ...
Pakistan, Lihore. oo ... e e eie o 10U 503 i

Iddd ‘$a ‘riel

i
1

10- OR MORE MONTHS WITH LESS

Mexico, Ciudad Obregén. . L ... f 8. 212 v ; ‘ —min
Indiny Hyderabad oo oo v . ' +

FUALINOIUDY J0

Logass about 2/ inehies, or 50-mm., or more of preeipitation.
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TanLe 2,

AMean temperalures in several citrus localities in Merico,
India, and Pakistan

Loeality : Anvmal i\\'armes:. monthz Coldest wonth 1#ference
| i
Aexico: fcc. cp tec, P 1eg ®F °C. % F
Apatzingdn______. 282 828! 3L2 88.2' 245 762 6.7 120
Ciudad Obregén_. .0 26,5 79.6 1 33.6 926 182 647} 154 2719
Ciudad Yietoriz . _ 232 73.6{20.4 848159 60.6 135 243
Colima_oommeoo.o. 245 76,23 265 79.8;225 725 £0 7.3
Jalega. caono. ..o 1901 63,7 1 104 66.9115.2 59.3 42 7.6
; Los Mochis_. _... 243 758! 3L0 87.8 15,7 €60.2 153 27.0
ndia: i
Allahabad__. ... 257 785413356 925172 63.0 16.3 305
Bangalore__ _.._.. 234 7101274 BL 41203 687 71127
Bomnbay___._._... S26.8 802287 854240 Th2 57 10,2
Caleutta___ ... .0 252 77.4: 200 8581101 66.3 10.8 19,5
Hyderabad ... 26.0 8041337 96273175 636 16.2 20.1
Pakistan, Lahore - _"| 243 7281341 0341128 550 21.3 38 4
1

Natural Enemies of the Citrus Blackfly in India and
Pakistan

In most of India and Pakistan the citrus blackfly was found fo be
well controtlod by three of iis several purasites. In order of their
effectiveness they were Prospultella clypealis Silvestrl (fg. 93, dmdtus
Ahegperidum Silvestri (Lg. 10). and Prospaltelln opulente Silvestri
(fig. 11}, Other parasites reaved from this blackily were P. divergens.
Erearste mereets Silvestrl, Ereimocerus serivs, and P. smithi. Of
these parasites, . divergens oceurred only in Assam, which has n
very wet elimate. 2. omereceti was Ffound only m Assam and near Delhi.
F. serius was reared from the citrus blackily only in one locality in
Assam.  P.ogmithi ravely was reared trom this host and was found
only in scuthern India.

All the parasites of the citrus blackfly ave attacked by a secondary
parvasite, Ablerus maerochuela inguirendae Silvestri. It does not oc-
eur in Paldistan nor in many arcas of India,

Predators found to attack rhe citrus black{ly in India and Pakistan
generally werg ineffective, only occasionally exeriing any marked de-
cree of confrol. Tu order of cffectivences they were .dclefowenus
spp., Clatiene pureesefose (Sieard), and Delphastus spp.

Prospaltella c!ypealis Silvestri

P. elypealis was the most efteciive parasite of the citrus blackfly in
Tadia. Although it may occur in Pakistan. it was not observed there.
In the Poona aven 80 to 90 percent of the hosts observed were para-
sitized, The mortality of its immature stoges was very little as com-
parved with that of . kesperidum, an indieation that P. dypealis
was more adaptable than 1. fesperidum to the high daily ftempera-
tures in the area.  The length of life af femates under favorable con-
ditions in the field avernged aboul 1 month, with a maximum of §
weeks.
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Fiaone - Prospaitcln etypealis Sibvesie femate: 3, Dorsal view ;) A, side view.

1 ey peadis 15 probubly prethenogentics as maiing was rarely ob-
served, Oviposition fakes plwce i the three laeval stages snd in the
puprl stage of the host. with a preference Tor the secomd stage,  Kges
depositedd i the primary stage are envvied over fo 1he second stage
before hitebing,  The femnte deposiis i made egesin host pupae con-
tutning the larva of o primary parasite. which may he /7. elypeoulis
tr some other endophid species. This s accomplished by throsting
the ovipositor into the host body through the upper surface of the
leaf.  The hatehed larvi acts a8 o gecondavy purasite and feeds on
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Fravur Th---_Linitus hespesidnm Silvestr] temale @ o1, Dorsal view ; B, side view.

the primary larva. Temale egps are deposited divectly into the host
body on the wnderside of the leaf. The sex ratio of 12, clypeatis is
approximately L ro 7, with females predominating.  There is o xingle
ceneration (o each one of the hosUs, with many of the femnle parasites
emerging before the unparazitized hosts appear. A hoest pupa trom
which 74 elypeadis has issued shows aovery smad] emiergence hole and
contains a roge-colored neconium,

Amtitus hesperidum Silvestri

=L fiesperidiem was deseribed oviginally by Silvestd (7928) from

pupae of L eitriperdus. Previous 1o its having heen Tound on the
citrus blaekfly in Pakisean, it never had heen reeorded az a parsiie of
{his spectes. but only as a paeasite of 2L edfrdpordus and (L spiniferus.
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Fravng 11l —Praspalletle gpricnte Siivestri fowale: o, Dorsal view ; B, side view.

=L hesperidion was the only parasite found attacking the citrus black-
fly in Pakistan. It wag generally distributed there, occwrring
wherever the blackfly was found. Tts greatest purasitization was ob-
served at Lahore and Gujranwala, where in some groves it reached
) percent. During the fall generation of 194 approxinmtely 30-
perveent movtality of _L. kesperidum lavvae and pupae was observed
to occur inside the host pupae.  Apparvently this mortalily was due
to dry weather.

I India oL hesperddum was well distribufed, bat appeared to be
less common in the southern part of the country, I the north, near
Saharanpur, parasitization of 70 percent was recorded in one grove.
In other regions of the country parasitization was usually less than 30
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percent. In general, d. hesperidum sppeaved to be much less effec-
tive than P. elypealis in India.

Ovipesition by 4. kesperidum oveurs in the three larval stages of
the host, with an af}parent preference for the first stnge. Female
host pupae commonly produce two and oceasionally three parasites,
whereas male host pupae produce only one.  Whenever o, kesperidum
is present, in the host, both male and female host pupae usually widen
perceptibly, and this takes place while 4. kesperidium s still in the
minute first stage. This charactevistic is of considerable value, in
that it makes possible rapid estimation of pavasitization in the fizld
hetore purasite emergence from the host.

Adult female parasites have a life span of approximately 6 days;
males live 4 or 3 days. The ratio of males to females is abont 1 to 1.
There is o genevation to each generation of the host,

Prospaltelle opulenta Silvestri

P. opulents was deseribed originaliy by Silvesiri (7928) from speci-
mens reaved from pupac of cAleurecunthus inceratus Silvestri col-
fected in Indochina. In Tndia this species was found on the citrus
blackily in the avea between Dellii and Delira Dun, with the greatest
concentralion al Sabharanpur.  Although there was some competition
from (. kesperidum, P. clypealis. and £, meveeti, pavasitization vy
P_opulenta vanged from 60 1o T0O percent,

The life history of this species is similar to that of P. clypealis.
QOviposition occurs in all Tarval stages and the pupal stage, but the
second stage is preferved.  \s with 2. elypealis, male eggs nre depos-
ited in their own sister pupne or pupae of other parnsifes within the
host body,  Under favorable conditions females live from 4 to 6 weeks
in the field. The sex vatio is abont 1 to 1.3, with females predominat-
ing. Emergence of . opulenta from a host pupa is indicated by a
hole glightiy larger than that made by P. efypeulis and by u yellow
meconium.

Parasite Shipments From India

T the fall of 1040 preparations were made in Mexico fo receive ship-
ments of natural enemies of the citrus blackfly from India and Pali-
staun, The receiving stution, which had been af Colima, was moved to
the laboratory of the former TW.S. Bureauw of Entomology and Plant
Quarantine af Mexico City. ‘PR Gardner of the Bureau was nssigned
to the luboratory o receive, huandie, and colonize the parasites that
were collected and shipped by Herbert 1), Smith from Asia. A
guarantinge rearving voom was construeted in the laboratory and
cquipped with the necessary lemperatere-control chambers. Iminedi-
ately upon receipt of a shipment, it was unpacked and the material
placed in a chamber for parasite emergence.  All shipping containers,
leaves, and material from which emergence had not taken place were
destroyed in the incinerator,

From November 1049 to April 1830, 16 air-express and 9 aiemail
shipments of parasitized material were made to Mexico City from
Tndin and Pakistan, These consisied of 8000 canker-free citrus
leaves bearing parasitized host pupae and more than 80,000 pupae
scraped from citrus leaves, The nir-express shipments proved to be
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more satisfactory us they avernged 6 days en route, whereas the air-
mail shipments averaged 12 days. Emergence of the various species
of natural enemies of the citras blackfly from these shipments was
as fellows:

Purasites

ITymenoptera : Number cmorged
Matyeasteridae, Lmitus Resporidiibe oo e ——— 2, 823
Fuluphidue:

FRCRErREE OrOPE o e e e e e e e o4
Bretmoverig SCrTHY L. o e e e )
Frospatteihe clypealiso oo oo e —— *f, 809
Progpallelle gieergons. (oL co. i e i
Prospelietie opulend_ . o e e e 64
Prospaitofta St e 110
frospaliette s (near ofitrofie SIVOSI) oo 2053

Produators

Coleoplern, (‘ocelnellidae, Cotena pareesclose___ —————————— 40
Dipiera, Drosophilidae, Jdeletorenns indire Malloch

The emerged parasites were collected in small glass vials and given
hnne\-\\‘llo' solution for food.  After mating fhev were lﬂt“t‘it‘d in
colonies of approximately 100 individuals to a colony site in infested
citras groves, Releases were made under various environmental con-
difions in the prineipal infested citriy regions of Mexico. Repeated
releases of the same parasite species were made in some groves to
inerease the possibility of its establislunent.

Organization of the Blackfly Control Program

In 1948 the Regionad Committee of the Northeast. an organization
of cifrus growers in he Northenstern Siafes of Nueve Ledn, Tuman-
lipas, and San Tuis Potosi, was established to control the blackfty in
the oider infested arews and to eradieate 1& in the newer areas of in-
festation within these States. Funds to defray expenses of the cam-
prrign were oblained by assessing taxes of 1 centave, or approximalely
(116 cent, onceacl liter, ov guard, of gasoline sold, and 10 centavos,
or approximately 116 cenfs, on each of the estimated 10 million citrus
frees in the three States, Tater a similar regional organization was
estabiished and financed in the =one manner in the important citrus-
orowing State of Veracruz.

By 1051 the blackily had become such a serious threat to the citrus
mdu«hy that ihe Tresident of Mexico in November of that yenr
decreed the establishment within the Mexican Department of Xgri-
calture ot the National Blackfiy Committee to combat and to control
the citras blackily in Mexica. This organization abrovhed the North-
east and Veracruz comuniitees, Tt was composed of a president, his
stail, and direetors of Stake commitltees in fhe States of Michoxein,
Nuevo Ledn, Ban Lais Potost, Tamnulipas, and Veracruz. The Na-
fional Biacklly Commitlee directed ali phases of blackfly investign-
rions in Mexico md coopernied closely with representaiives of the
Pl Pest Control Division of the 178, Tleparttuent of Agriculture
m biological comtrol work and in the maintenance of chemical control
vones and guarantine stations near the 1.9, border.

The Staie blucki{ly commiitees in Mexico were composed of direc-
tors, appointed by die National Blackfiy Committee, and their stafls
of technicians and brizade leaders. The techniciang examined blackfly-
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tnfested leaves from various cilrus proves to determine the parasile
species present and their abundance. This information furnished
brigade leaders with data indicating where parasites were sufliciently
nbundant, go that chey could be ¢ olleeted for recolonization within the
State or in other Siates.

When the National Blackfly Contmittee was ovganized, it consisted
of approximately B30 employees. s blacklly infestations spread nnd
became more damaging, the force was incrensed by 1936 to aboui
LGOU employees, mosl of whom were engaged 1n varlous phases ot
blo}r}m( al conirat of the blackily,

I)mmﬂf the periotl of 19 51-38, when the Naijon: al Blackfly Commit-
tee was operative, a great deal was aumnplhhed in the conpaign (o
control the blackily, foaddition. an efficient and harmonious Mexican-
North American blackity program evolved, which has beconie increas-
ingly effective in eontrolliug this pest. Not Teast among the accom-
nllklmmnla of this period were the invaluable training and experience
given (o faboratory and field technicians that helped to ingure the
steeess of subseyuent biologival cantrol netivities.

Anadditional result of biclogical control suecesses during this cam-
patgn was rellected in the oreanization in 1954 of (he 1)up.|llanwnto
de Control Biologico de Defensn Agrieola within the Mexiean 1e-
pariment of Agrieulture. This new organization handled all hiologi-

eal control |nnhivn|~. niher tlmn (hat of the blackfly, whieh venined
mulm the supervision of the National Blackily Committee, Tn De-
cember of 19538 the National Blackily Committee was dissolved, and
biologieal contrel of the blackily wis divected by the Departamento
de Control Bioldgico. This ovganization and the 1Mant Test Contrel

Division of the 175, Department of Agriculture cooperate elosely in
all phases of control and quaraniine of the cifrus blackfly.

Colonization and Establishment of Indian Parasites

Faarly in The eitrus blacklly program it beemne apparent that .
saithe and the three dominant parvasites of this insect in India and
Pokislan--0* efypeadis, | hesperidim. and P, opndenfa—wankl prove
(o he the most elfective species in the confrol of ihe pest in Mexivo.

Prospaitella smithi Silvestri

Tn Indin 27 smeethi was observed o attack L spiniferus more vesdily
than the eitvrus blaekfly. 1 was leat released in Mexico in 1950 on
a dime tree in Coertavaes, where it beenme established.  IFrom 1lns
colony over 30,000 adults were collected and rveleased in orher paves
ol the vountry.  In one of the liberation Tocations, a small grove near
Ciudad Valles, San Tmiz Potorl, spectacular initial resalis were
vealized. A very heavy infestation was veduced (o only a fow lightly
infested Teaves per tree oo peciod of 8 months, Other suceesses were
recorded i the same area. and hy 1953 about 3 million £smiihi adalls
haud Deen colleeted and eolonized in all infested regtons in Mexico.

ITowever, stk did not live up o isinitinl sieeess of controlling
the blackily in Mexico. Tnder some elimatie conditions and during
favorable seasons it was effective. but in no region in Muexico has it
given continuous commsreial comrul as have L. desperihon. P.oely-
poealis, and PLoepulenta.
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Although P. smithi dominated £. serius wherever the two were
present, it was, in turn, always dominated by the other three Indian
parasites. The fiest lnrval stuge of 2. smithi atlacks the nonaggres-
sive second lavval stage of £. serius and kills it. The lavva of 4.
hesperidum lives in the host stomach where it is safe from attack.
The +L. hesperidum larva consumes most of the host body fluids by the
time 2. smithi veaches the second stage, and the laiter apparently dies
from Tack of food. Wherever -1. Resperidum occurs in controlling
nambers, 2. smithi is decimated but not eracicnted. With P. ely-
petlis, the explanation of dominance is not entively clear, P, elypealis
15 a feeding, fivst-stage larva when P. smithi issues from the host
malpighian tubes. ‘The former has a much longer tail than the non-
functional tail of P. smithi, whieh possibly gives it more agility. "The
explanation of dominance of 2. apulenta probably is like that of 2.
elypealis, as their morphology aud life history are very similar.

Prospaltella clypealis Silvestri

A total of 18,768 adullz of /. elypealis were veared from the intro-
ducedt Indian material during the spring of 1930 and were released
in most of the infested citrus regions of Mexico. Tu July 1950 adult
parasites were found in small numbers in only 5 of the 126 original
colony sites.  Parasitization in these live localities did not exceed 1
percent.  Parnsite populations remained at a low level wntil Febru-
ary of 1331, when they slowly began to increase in two of these loeali-
ties. By April, parasitization Liad reached 40 percent in one grove,
andd by September, 90 percent was vecorded. By the end of 1951 ap-
proximalely 200,000 P, clypealis adults had been collected and ve-
colonized,  During the suceeeding 2 vears about 1 mitlion adults weve
liberated in all infested regions in Mexico.

By the end of 1953 2. elypealis had Lecome established in many
widely separated areas. In Colima it offected complete control of
the blacklly in fwo groves within 2 years. or seven generations, afier
its original relense. At the port of Verneruz, heavily infested in the
spring of 1932, P, elypealis beeame the dominant conirolling parasite,
Tn the Cuautla area in the State of Morelas it also became the domi-
nant parasite. T was established guceesstully in northeast and north-
west Mexico as well. Inoan avea near Cludad Valles, San Lais Potosi,
it dominated .. hesperidion ws the contralling parasite after the latter
had greatly reduced o heavy infestation there. At the porl of ‘Fam-
piea, Tamanlipag, the same thing oceurred.  This pattern of domi-
nanee by P, elypealis over (L. Lesperidum. wus observed in several
regions of Mexico.  Tn the northwest at Cocorit, Sonors. the northern-
mosl loeality in the uncontrolled infested zone, 72 elypealis was well
established i nereasing in eflectiveness by the end of 1933.

Amitus hesperidum Silvestri

In the spring of 1930, 2,700 _1. hesperidum adults were reaved
from the Indian shipments and colonized in several citrus regions.
I July 19530 the parasite was vecovered in only two liberation laca-
tions. Population levels remained low until the spring of 1951, when
10-percent parasitizstion was obtained in one grove. By November,
§0-percent parasitization was recorded, and by the end of the year
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60,000 L. hesperidum adults had been collected in areas of high para-
sitization awd velewsed in other avens. During 1952 and 1953 about
242 million L. hesperidum parasites were collected for liberation in all
infestec vegions in the biological control zone in Mexico.

AL hesperidum proved to be ihe most important parasile in control-
ling the black#ty during the early period of biological control, Tt be-
cume established easily and adapted itself readily to many of the vuried
climatic conditions in Mexico.  If released in suflicient numbers under
optimum conditions, it could control an infestation in one generation.
T 1953 it was considered to be the only parasite that could he velied
on to reduce a heavy infestation to commereial control status in a
short time,  Tlowever, as infestations became Hghter, L. hesperidum.
wus dominated by P, elypealis and 22, opulenta.

During an exceptionally hot spring in 1053, when maximum tem-
peraiures ranged from 1107 to 1167 I for several days in the Valles-
Mante region of northeast Mexivo. mortality of immature stages of
AL hesperidion sometimes appronched %0 percent. The novmal mot-
fality of this parasite in the host is aboui 20 peeeent in1liis 1egion, or
stimilur to that in Todin, This abnermal inerease in mortality of im-
mattre stages resulicd in a buildup of the blackfly. Tn groves where
A hesperidien hadd been released for only 6 to @ months, infestations
inereased to damaging proportions and additional parasile releases
were required. Mowever. in many groves where the bluckfly had been
confrolled for a year or wore. damage was nor great, and by the end
of 1038 L. hesperidum again had (e infestations under control.

Prospaltellu opulenta Silvestri

T A pril 2930, 634 adulis of P. opulenia emerged from the Indian
material, and releases were made in a grove ai Cindad Valles, San
Latis Potosf. “This grove was in one of the driest localities in the Valles
avea,  Parasitization had reached 40 percent when the grove was cut
down in Febrmry 1931, A second grove where parasiles had been
released was destroved before parasites conld be collected. JTowever,
P. aprlenta adulis were observed fo have migrated to another grove
about ene-halF mile distant, and early In 1952 several hundeed adults
werr colleeied at this location, “I'he parasite populafion mereased in
{lis wrove and in another nearby grove in which it had become estab-
lished.  Approximately 207000 adults had been captured at these
Toearions by the end of 1952, During 1953 about 2,600,000 2. opulenta
parasites were eolleeted, and by November of that year the purasife
hael effeeced control in the area.

At one Joealily in the Staie of Veraeruz and anofher in the State of
Morveloz, 12, opudenta gave good conivel G months after liberation, The
former locality i very wel andl the fatter s extremely diy during most
of the vear. By the end of 1953 . opidenfe had heen released m all
infested regions in Mexico and had become established in most of {heny,
eludiinge the ¥uate of Sonora,

Native Predator

In many areas. especially in certain heavily infested groves, the
native coceinellid Zelphastus pusilivs (LeConte) (fig. 123 frequently
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eaused black(ly mortality as high as 80 percent and sometimes §0 per-
cent. This predator has been found m all regions of Mexico. It ap-
pears to be most elfective in leavy infestations when temperatures are
moderate and humidity is high.  Althougl it ennnot glone be depended
on to contrel the blackily, it ofren has effected move vapid control with
the Indian parasites when they have not been present in large numbers.
Other coceinellids, hemerobiids, mires. and entomophagous tungi
have been nnimportant in controlling the eitrus blackfly in Mexico.

Frovee 12.- -Defphastus pusittiey (LeConte) adull.

COMBINING CONTROL MEASURES

In sonme areas of the biologieal contvel zone (fig. T} a combination
of biologival, chentical, aind manual control measures was employed
pending the libevation of sufficient!y Tnrge nnmbers of pavasites to ob-
tain aniform and stable contrall. Sowetimes individual heavily in-
Tosted trees were spot spraved, wheveas at other rimes leaves from
Crees with henvy blackly populations were removed and burned,  The
lntter practice consists frst of o =nrvey to determine {he peveentage of
parasitization m a given loeatton.  UF the infestation of some frees is
heavy and parasitization is less than 30 pereent, all infested leaves
veadity seen e removed. 1E the infestation is moderate, infested
leaves are reiwpyved when paeasittzation 3g Tess than 30 pereent. This
nunual delolintion nethod is often Tess expensive than spraving and
as satizfaetory, especially in eity gardens, patios, and ofher rather in-
acee=sible locations.

SUCCESS OF THE PROGRAM, 1953-55

By the end of 1933 the citeus Packlly was well controlled by its
nultikd enemies inmany vilnes groves in the following States : Morelos,
Verueruz, Duebla Oaxaen., Cauerrere, Mexien, Colima, Jalisco, Gua-
najueta, Hidaleo, and San Lads Potosi, Tn Tamaulipas, Nayarit,
Michoaedin, Sinaloa, Senor. and Baju Californin (T iz area).
niost of the infested groves still had heavy infestations.  Tn Sonara
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and northern Sinaloa large-scale releases of the Indian parasites had
been made too recently to cxpect coutrol. However, initinl results
obiained there, especially with 2. opulenta, were encouraging sl even-
tual control was expected by 19i5.

During 1954 and 1933, captures und colonizations of the Indian
parasites continued, and the abilily of one or more species to etlect
control of the blucklly under the varied ¢limatic conditions of Mexi-
¢0’s citrus regions was Turther demonsteated.  The celative eflective-
ness of . hesperidun, P, ely pealis, and L. opudendg, at Teast in broadiy
defined climatic zones, wus becoming better understood, and these
parasites were being used more effectively.

T'he eitrus bisektly had been found in 24 Siates and Baja Cadifornia,
By Mareh 1935 in alinost all eilrus aveas in 21 of these States this pest
was commercinlly controlled. Durango and Chihualima had recent
infestations, and because of the relafive innccessibility of these in-
Tested ocalions, purasite releases were difticult and few were made,
Tlowever, ol Aesperidum built up rapidiy, and commercial control
appeared probable within a short time. In Baja California heavy
infestalions existed in some nreas, but hoth 22, of ypealis and P opulenta
had been established, and in some avens 80- to 90-peveent parasitizi-
tion occurred.  Tn Sonora only partial contrel had heen obtained, yet
I oprlente showed promise of hecoming acelimated to the hot, duy
conditions there. 220 opulente was established in many loealifies in
the Btnte, and in Cocorit, the northernmaest town in the biological con-
Frol zone, parasitization veached 95 percent.  Groves that had been
heavily infested in 1083 showed only a very light infestation by the end
of 1055,

PRESENT STATUS OF THE BLACKFLY IN
MEXICO

Effects of Climate

Fluctualions in parasitiwnfion by blackily parasites with consequent
Luildups of the pest in Mexico are attribuied fo both natural and
artificial phenomenn. Dhring extended periods of dry weather, inon-
tality of hmmature stages of parasites s high, During periods of
precipitation inmmediately following the dry season the blackily builds
np more rapidly ihan its parasites, and parasitization is low for a
fime. Toward the cnd of the rainy season parasitization increases
rapidly, and from OQctober fo December it conmuonty reaches a maxi-
nem for the vear. In the absence of oiher faclors alfecting suel
fluctuations, control narmally is reestablished withont the necessity
of parvasile veleases, TTowever, in owder o hasten conlrol, pavasite
releases nre usually made. Where ivrigation is practiced, (luctuations
in parasitization ave Tess common, bt only a small percentage of
citrns groves in Mexico receive vegular irvigations,

Extended perivds of hot weather likewise affect Black(ly parasites
aclversely, L. Aesperidium is particularly stsceptible to this condition.
£ elypeadis s less so, ud 2. opident is velatively rvesistaut to high
femperatures. Tollowing sueh periods, during which eggs and young
laeval stages of the blacklly and immature stages of pavasites are
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decimated, the blackfly builds up more vapidly than its parasites, and
sometimes it is necessary to release additional parasites to reestablish
satisfactory control.

Winds 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. elypealis and P. opulente were made there in Decem-
ber 1959 and January 1960. By January 1961 commercial control had
been. reestablished. It has been observed that light, persistent winds
also affect parasite uctivity. In those locations where such winds
ocour, parasitization commonly is lower than in adjucent protected
areas,

Effects of Insecticides

Maintaining commercial control of the blackfly 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
blackfly, they are decimated by insecticide drift, and blackfly popula-
tions increase during insecticide application. TUnder these conditions
1t s usnally necessary to liberate parasites to reestablish control.

At Apatzingdn, Michoaedn, where cotton and melon crops adjacent
to aveas of lime production ave treated regularly with insecticides,
seasonal fluctuations in parasitization are common. In February 1961
all locations sampled showed parasitization of less than 80 percent.
In April med'nm to heavy infestations of blackfly were reported in
76.6 percent of the lime groves of the area. More than 59,000
parasites were released there during this period of low parasitization.
By August 1961 parasitization in most areas sampled reached 30
percent or more, and satisfactory control of the blackfly had been
reestablished in these localities. It is neteworthy thut during the
buildup of the pest in the Apatzingin avea, it was possible to capture
36,200 adult parasites in a locality of high parasitization there. This
locality is remote from crop-producing arcas where insecticides were
being used.

Control Measures in Use

The present method of controlling fluctuations in parasitization due
to climatic irregulavities consists in releasing field-collected parasites
in localities of low parasitization. Swmples of infested citrus leaves
are sent regularly from all regions of citrus production to the labora-
tory of biclogical contrel in Mexico City, where determinations of
degree of infestation and percentage of parasitization are made.

The degree of infestation is established by making random coints
of live forns on infested leaves from a given locality. Samples with
1 to 45 live forms per leaf indicate a light infestation, 45 to 75 a
medimm infestation, and more than 75 a heavy infestation.

The percentage of parasitization in a given location is determined
by a comparative count of parasitized and unparasitized larvae and
pupae on random leaf samples. If parasitization is less than 60 per-
cent, liberations of parasites arve made. If parasitization is between
60 and 80 percent, control sufficient to prevent damage is considered
to exist, but the groves ave kept under ¢lose observation. If parasitiza-
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tion is greater than 80 percent in o given locality, it is considered to
be under technical control with no existing problem. Captures of
parasites for release elsewhere generally are made when parasitiza-
tion reaches 90 percent or move. In evaluating percentages of para-
sitization, the degree of infestation is always considered, since it Is
obvious that a parasitization of 80 percent, for example, is less ad-
vantageous in a heavy than in & light infestation.

Similar guides for liberating parasites are employed to regulate
fluctuations of parasitization caused by insecticide drift. However,
if liberations under these conditions are to be effective, they must be
timed with insecticide applications as well as with the stage of develop-
ment of the host. YWhen insecticide applications are made at close
or irregular intervals, parasite releases are not warranted.

Parasite collecting methods were shinplified early in the biologieal
cantrol prograni.  Prespaltelle species are collected as adults from
leaves of the host plant. Their characteristic jumping or hopping
movement makes it possible to “hop” them into long glass tubes.
This is a more rapid and more eflicient method than aspersion, and
resulting injury to the parasites is negligible. An experienced worker
an collect as many as 12,000 puarasites in o day.

Adult parasites are shipped in glass vials, 315 by 14 inches, with
ventilated cork stoppers. Each vial contains 100 parasites, Around
each group of 20 vials moist puper is weapped to conserve humidity
and o protect the vials from damage. Strong cardboard boxes are
usedt for shipment. Individual shipments consist of from 1,000 to
more than 100,000 parasites.

. hesperidum parasites usually arve collected as pupae inside the
blackfly host, together with leaves of the host plant. Since A. hesperi-
dum adults do not jump or hop as the Prospaltella species do, it is not
convenient to collect them in this manner. Also, since the adults live
only for 4 to 7 days, it is not practical to eapture and ship them after
they have emerged.

Teenves infested with blackflies and parnsitized by A. hesperidum
arg put in wax-paper bags, 100 leaves per bag, together with strips
of moist paper for lumidity. These are shipped to liberation loca-
tionsin cardbonrd containers. At liberation sites the parasitized mate-
rial is placed on protected branches of blackfly-infested trees, where
adults then emerge.

Since 1956 efforts to control the citrus blackfly biologically have
been concerned largely with combating new small-scale infestations
and regulating fluctnations in 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
Yucatin Peninsula in QOctober 1960. Although heavy infestations
continue to oceur, they are relatively Jimited in extent and duration.
In general, it can be said that as of September 1962 the citrus blackfly
is satisfactorily controlled in the entire biological control zone of
Mexico, as shown in figure 7.

SUMMARY

The citrus blackfly {(Alewrocanthus woghand Ashby) is native to
south Asin. Tt was first discovered in the New TWorld on Jamaica,
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West Indies, in 1913. From there it spread to other West Indian
islands, to Central and South America, and to Key West, Fla. It was
eradicated at Key West in 1937. In 1955 it was found in Texas,
where ibwas eradicated in 1956.

The blackfly was reported in Mexico in 1935. From the original
infestation in Sinaloa, it spread along the western constal plain. By
I3 all ¢itrus-growing areas in Sinaloa and the coastal aveas of the
States of Nayarit, Juliseo, and Colima were infested, By 1930 the
pest had spread north to Sonora, south to Guerrero, enst. to Tamau) ipas
and Veracruz, and west to Baja California. In 1952 the far-southern
States of Chiapas and Tabasco were invaded, and in 1960 the most
recent large-scale infestation oceurved in Campeche on the Yueatin
Peninsula.

In Mexico, cifrus is predominately the preferred and most impor-
tant host ot the blackfly.  Flowever, 73 plant species on which develop-
ment takes place huve been recorded.  Tn addition, 56 plant species
are tisted on which the black{ly oviposits but ou which complefe de-
velopment does not take place.

Damage caused to citvus by the blackfty results from its feeding and
from deposition of honexdew on which sooly mold fungus develops.
Infestations of short duration reduce production as much as 50 per-
cent. Infestations lasting longer than 1 vear have caused almost com-
plete crop Tailure in many citrus groves in Mexico.

The frst attempts to control the citrus blackfly in Mexico were
made with insecticides. but hecause of difliculties and prohibitive ex-
penses this method of conivol gave way to biological control eflorts.
However, in extreme novtheast and northvest Mexico ehemienl control
measures continue to be used to maintain a blackfly-free barrier zone
sonthof the T7.8. border.

In cooperation with the U8 Department of Agriculiure, the Mexi-
can Department of Aericulture introduced the parasite Erefmocerus
serius Silvesirt in 1938 and again in 1043, This parasife became estab-
lished after the second introduetion but failed fo control the blackfly
in Mexico, except in a few limited avess of persistent high hunmidity.
In 1048, 1949, and 1930, parasites were introduced trom Maulaya, India,
and Palistan. Three of these— {mifue hesperidum Silvestri, Pros:
paltelle elypealis Silvestrl, and P. opulente Silvestri—have become
dominant incontrolling the citrus blackfly in Mexico.

During the early years of biological control activities at least one
of the three Indian parasites beeame established i a)l infested regions
of the biological control zone in Mexico. The native predator Del-
phastus pusidins (LeConte) is present in all cilrus veaions of Mexico.
Parasites are collected in nveas of abnadance in the field and recolo-
nized in new infestations and in localities where low parasitization
OCCULS.

L hesperidum is an eflective parasite when liberated in heavy in-
festations. but it is dominated by the two Prospaltells species us infes-
tutions become lighter. Ti is (he least effective of the three parasites
i hoto dry aveas. P, edypealis altains opfimum perfornmnce under
humid conditions and is less effective in areas where long dry periods
provail.  P.oopulenia is betier adapted to o wide elimatie vange than
Lo hesperidium or P elypealis and is much more eflective than these
parasgites in the hotl. dry regions of northeast and northwes! Mexico.
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The predator D. pusillus is usetul in reducing heavy infestations, but
it cannot be depended on to effect satisfactory control in the absence
of parasites.

n 1943 a cooperative working agreement was negotiated by the
Governments of Mexico and the United States relative to biological,
chemical, and quaranting measures to contrel the blackfly, “The citrus
blackfly program was initiaied on a national seale in Mexico in 1951,
when by presidential decree the National Blackfly Committee was es-
tablished. In December of 1958 (his committee was dissolved, and
subsequently the work has been administered by the Deparfamento de
Control Bioldgico.

An efficient and harmonious Mexican-North American biackfly pro-
grant evolved, which has become increasingly eflective in controiling
this pest. T addition. invaluable training and experience in biologi-
cal control procedures have been afforded laboratory and field tech-
nicians, wheo now conduct Mexico’s extensive bioogieal control pro-
wrams against severn! important plant pests,

Sinee 1936 the blaekily biologieal eontrol program has heen con-
cerned Jargely with regulating luctuations in parasitization due to
elimatic irregularitios and to drift of inseeticides applied to crops near
eitrus mroves,  In general. it can be said that as of September 1962
the black(ly is satisfactorily controlled in the entire hiological control
zone of Mexieco, :
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