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Abstract. The recent discovery of citrus tristeza virus (CTV) and
its most efficient vector, the brown citrus aphid (BCA), in new
countries in the Caribbean Basin has heightened fears of the
U.S. citrus industry that the aphid will be introduced into the
continental U.S. and further CTV-related losses will occur.
Florida has a high incidence of mild and decline-inducing
strains of CTV, but stem-pitting strains are rare. Stem-pitting
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strains have been detected throughout South America includ
ing Colombia and Venezuela. Most infections in the Carib
bean Basin can be traced to use of CTV-infected budwood
from other countries including the U.S., but CTV incidence is
still generally low in most locations. Importation of budwood
and other propagating materials by growers, nurserymen, horti
culturists, and tourists from abroad where severe CTV strains
are prevalent poses a constant threat to the citrus industry.
However, it is unlikely that CTV strains will spread long dis
tances by aphid vectors. Spread of the BCA is occurring in
advance of CTV infection in some areas, but CTV incidence is
expected to increase once the BCA is firmly established in
each new area. BCA migrates readily over short distances.
However, long-range spread, i.e. between geographically
separated regions, is much more likely by movement of in
fected plant material than by direct flight of aphids.

The recent discovery of the brown citrus aphid (BCA),
Toxoptera citricida (Kirk.), and citrus tristeza virus (CTV) in
many new locations and countries in Central America and
the Caribbean has fostered fears of the aphid's introduc
tion into the continental U.S. and further CTV-related los
ses by the U.S. citrus industry (Roistacher, 1991). Although
detailed data on the distribution of these two pests is not
available for some locations, BCA is present as far north
as Nicaragua and in most of the Caribbean Islands includ
ing Cuba (Yokomi et al., unpublished; O'Reilly, 1993; Lee
et al., 1993). CTV incidence is low in most areas, but ap
pears to be increasing rapidly where the BCA is present.
CTV has been a continual problem in Florida and Califor
nia for many years and causes both losses in yields and
eventual death of trees if sour orange rootstocks are used.
Fortunately, indigenous aphid species in the U.S. are only
moderately efficient vectors of CTV (Yokomi et al., 1989).
In addition, many Florida and California CTV isolates pro
duce no or only mild symptoms. Although losses have been
high in some areas of Florida and in southern California,
damage is much more severe in Asia, South Africa, Au
stralia, and South America where the most efficient vector,
the BCA, is endemic and where severe decline-producing
and stem-pitting strains of CTV persist. Where the BCA
and strains of CTV that cause decline are both present,
tree loss on sour orange rootstocks is rapid and complete.
Where stem-pitting strains of CTV are present, grapefruit
trees may be severely damaged even when grown on toler
ant rootstocks and even sweet oranges may be affected.
The purpose of this paper is to examine the known distri
butions of tristeza and the brown citrus aphid in the Carib
bean Basin and to explore the possibilities of their further
spread by various avenues into Florida and other U.S. cit
rus-producing states.
Sources of Information

Information concerning the present distribution of T.
citricida and CTV strains was compiled from a combination
of literature, a recent survey by a team of U.S., Caribbean,
and Central American scientists (Yokomi et al., unpub
lished), a recent survey of Cuba by IF AS scientists (Lee et
al., 1993), a recent survey by Departement du Centre de
Cooperation Internationale en Recherche Agronomique
pour le Developpement (CIRAD) scientists conducted in
the Caribbean Basin (Aubert et al., 1993), recent work
shops in Maracay, Venezuela (Lastra et al., 1992) and Lake
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Alfred, Florida (anonymous, 1993) on citrus tristeza and
the brown citrus aphid, reports from various Caribbean
nations through United Nations Development Program,
Food and Agriculture Organization (UNDP, FAO), and
personal observations and confirmations by the authors.
This paper also draws upon published reports and work
in progress on citrus tristeza virus epidemiology (Gottwald
et al., 1993; Fishman et al., 1983; Yokomi et al., 1991;
Gottwald et al., unpublished), and brown citrus aphid
transmission and biology (Costa and Grant, 1951; Grisoni
and Riviere, 1993; Hermoso de Mendosa et al., 1984; McClean, 1975; Yokomi et al., unpublished).
The factors affecting short- and long-distance dissemi
nation of cereal and other aphids is well documented
(Isard, 1990; Taylor, 1896; Wallin and Loonana, 1971;
Yokomi and Oldfield, 1991) but those affecting T. citricida
are not (Seif, 1988). This paper evaluates the potential for
long-range dispersal of T. citricida, examines the prob
abilities of dissemination of both the BCA and CTV based
on information and deduction, and attempts to put the
situation into proper perspective. To do this we have as
sembled what we know of T. citricida biology and have de
duced what we don't know by extrapolating knowledge
from other aphid/plant host systems.
Tristeza and the Brown Citrus Aphid:

Historical and Present Distribution

The CTV distribution map (Fig. 1A) includes mild, de
cline, and stem-pitting strains. Data used in this figure were
compiled from individual country surveys. These surveys
were conducted in 1991 and later by a cooperative effort
among U.S. and other scientists throughout the Caribbean
Basin (Lastra et al., 1992). Recent sampling for CTV in
Cuba suggests that incidence is probably low (O'Reilly,
1993; Lee et al., 1993) but nearly the entire industry is on
CTV-susceptible sour orange rootstock. Incidence of CTV
in Florida, Venezuela, and Colombia far exceeds that of
other citrus-producing areas in the Caribbean Basin (Table
1). Stem-pitting strains occur in Colombia and Venezuela,
but are rare or absent elsewhere in the Basin. Florida has
a high incidence of mild and decline-inducing strains of
CTV (Garnsey and Jackson, 1975; Brlansky et al., 1986).
CTV infection in Florida is estimated at 85 to 95 percent
in commercial sweet oranges and at about 50 percent for
grapefruit. Tristeza also exists in southern California
where it caused severe losses in the 1950s to 1960s, and to
a limited extent in the San Joaquin Valley where it is sup
pressed to low levels by an intensive three-county CTVeradication program. The virus has recently been detected
in low incidence in Texas and is thought to exist, at least
in non-commercial citrus, in Arizona. The diversity of
CTV strains elsewhere in the Caribbean Basin has not been
studied, but serological tests indicate that both decline-in
ducing CTV strains and mild strains are present (Lastra et
al., 1992).
CTV is thought to have originated in southeast Asia
and to have been moved throughout the citrus-producing
areas of the world, including the U.S., by introduction of
CTV-infected budwood. It is likely that the original sources
of infection found recently in the Caribbean Basin can be
traced to importation and propagation of CTV-infected
budwood or nursery trees from other countries, including
the U.S. Although aphids spread CTV within citrus-growProc. Fla. State Hort. Soc. 106:

1993.
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Figure 1. Distribution of CTV and BCA in the Caribbean Basin. A) Generalized distribution map considering all known CTV strains. B)
Distribution of the brown citrus aphid, Toxoptera citricidus, in the Caribbean Basin. Arrows indicate probable historical routes of BCA migration from
the earlier infestation in northern South America.
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Table 1. Estimated citrus tristeza virus incidence of various citrus-produc
ing countries and areas.

Citrus Area

Bahamas
Belize
Bermuda
Costa Rica
Cuba
Dominican Republic
El Salvador
Guatemala
Hawaii
Honduras
Jamaica
Mexico
Nicaragua
Panama
Puerto Rico
Florida
California
Texas
Trinidad
Venezuela

Total Citrus
Acreage
2,960
59,280
300
42,000
348,000

27,170
17,290
12,350
500
29,900
19,760
844,700
35,000

14,820
13,585

791,000
250,000
25,000

14,820
150,000

Estimated
% Infection
36
13
31
25
<5
15
<1

<1
98
4

2
<1

4
16

10
85
15
1?

Equivalent
Acres Infected
1,065
7,706
93
10,500

< 17,400
4,075
<172
123
490
1,200
395
<8,400
1,400

2,371
1,358
672,350
37,500
250?

11

1,630

99

148,500

ing areas they are less likely to spread it between countries
or over longer distances. Importation of budwood and other
propagating materials by growers, nurserymen, horticul
turists, and tourists poses a constant threat of introduction
of isolates that could damage the U.S. industry. Citrus
growers, nurserymen, and backyard growers who travel
abroad may encounter a desirable cultivar, and uninten
tionally introduce contaminated budwood from symptomless trees that carry exotic strains of CTV. Some of the
most severe strains of CTV are found in Asia in cultivars
which do not show symptoms. In Florida and California,
where losses from CTV decline have occurred, producers
have tended to replace declining trees on sour orange with
scions on more tolerant rootstocks such as citrange, trifoliata, and citrumelo; however, over 20 million trees on sour
orange rootstock remain in the U.S. The prevalence of
CTV isolates in Florida and southern California has caused
some to conclude that the introduction of CTV from other
countries is not important (Table 1). Central American and
Caribbean CTV isolates that originated from the U.S. via
contaminated planting materials are not a new threat. How
ever, introduction of decline isolates into central California,
Arizona, and Texas is a primary concern. The introduction
of exotic CTV isolates from Asia, Africa, South America,
and other areas where more severe and stem-pitting iso
lates are endemic, either by direct introduction into the
U.S. or by first establishing a foothold in Central America
and/or the Caribbean, is the major concern in Florida, but
loss of trees on sour orange is also a consideration.
The magnitude of Caribbean Basin sources can be put
into proper perspective by examining the estimated CTV
incidence vs. the estimated commercial citrus acreage
(Table 1). From this information it can be seen that cur
rently the U.S. has a much greater reservoir of CTV than
the Caribbean citrus areas (Table 1). This may change as
natural spread occurs in areas where infection is now low.
Fortunately, citrus aphids indigenous to the U.S., al
though capable of transmitting CTV, are not as efficient
as the brown citrus aphid, which has not yet been found
in the continental U.S. (Yokomi, unpublished). Like CTV,
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the BCA apparently originated in Asia. The BCA has
spread throughout much of the world, including South
America, and by the early 1970s it was found in Venezuela.
However, it was detected and confirmed in Panama, Costa
Rica, and Nicaragua only within the last 5 years (Lastra et
al., 1992). It has been reported in nearly all islands of the
Caribbean except the Bahamas within the last 2 years and
in Haiti, Jamaica, and Cuba during the summer of 1993.
The presumed historical routes of the aphid northward
from South America through Central America and through
Caribbean Islands is shown (Fig. IB). Its apparent steady
movement from northern South America toward Florida
and apparent explosive movement in the Caribbean are of
great concern. The current known distribution of the BCA,
based on recent surveys and reports in Central America
and the Caribbean Basin, is shown in Fig. IB. The recent
spread of the BCA to Cuba now places the vector within
90 miles of Florida (shore to shore) or within approximately
200 miles of Florida citrus-producing areas (area to area).
BCA also occurs in Hawaii where it is believed to have
been imported directly from Asia (Garnsey et al., 1991).
Introduction of this efficient vector of CTV in other coun
tries has been followed by severe losses from CTV, and
many fear that the Florida industry could be heavily dam
aged within a few years if the BCA is introduced. Losses
of more than $500 million over the next 20 years were
predicted for the decline phase of CTV alone if the BCA
is introduced into Florida (Behr et al., proceedings of the
CTV/BCA task force meeting, Lake Alfred, Oct. 1993).
The BCA is considered the most efficient vector of
CTV, and recently the ability of the specific biotypes in the
Caribbean Basin and Central America to transmit CTV
were compared to the aphid species indigenous to the U.S.
or BCA from other areas (Yokomi, unpublished). Eradica
tion of the aphid where it now exists in the Caribbean
Basin is unfeasible. Although information is available con
cerning CTV spread and vectoring ability of the BCA from
areas in the world where CTV is widespread and the BCA
is endemic (McClean, 1975), there is no information on
how rapidly the virus moves into areas where there are few
CTV-infected trees and/or BCA has been newly intro
duced. Accurate information on what happens in the first
several years after the BCA arrives in new areas is essential
for developing control and regulation strategies for
Florida. Attempts are being made to collect this informa
tion from Caribbean research plots. Such knowledge will
help the U.S. citrus industry to develop effective and prac
tical disease and vector control strategies and to develop
accurate forecasts of crop losses. For example, if we learn
that initial spread is slow when only a few trees are in
fected, it will indicate that efforts to control further spread
by identifying and removing infected trees and controlling
aphid buildups could be effective in delaying or avoiding
losses. If spread is extremely rapid, it will indicate that
such measures are not likely to work and that efforts
should be aimed at more long-term solutions such as crossprotection or use of resistant varieties. If the rate of spread
varies markedly between locations, we learn what factors
are associated with low rates of spread and possibly use
them to our advantage in other sites.
One characteristic of the BCA is the prevalence of large
colonies and the rapid proliferation of colonies and mig
rants within an infested grove. The viruliferous wingedadult aphid that first visits a tree and transmits CTV may
Proc. Fla. State Hort. Soc. 106:

1993.

deposit young on this tree and then move to several other
trees in the area within 24 hours and do likewise. Thus,
transmission of CTV by the BCA is favored by numbers
of aphids and by efficiency of transmission by individual
aphids. BCA will migrate more rapidly than CTV in new
areas.

It is very unlikely that the progeny from the aphid that
first infected a tree will spread the virus further to sur
rounding trees. While aphid migrants can be produced
within a few days, CTV usually requires 6 to 12 months
after aphid transmission for the virus to become systemic
throughout the tree (Garnsey et al., 1987). For spread to
occur, a new colony must be established in this same tree
after the virus becomes systemic, the virus must be ac
quired by the aphids feeding, and the virus must be carried
by new winged-adult aphids to the next tree.
Indications of CTV Increase Over Time
and Aphid Movement Within Groves

Where the BCA is absent, CTV epidemics normally
require several years before all trees in a grove are infected
(Cambra et al., 1988; Fishman et al., 1983; Grisoni and
Riviere, 1993; Moreno et al., 1988). Normally, CTV-in
fected trees on sour orange rootstock are removed soon
after they decline and become nonproductive. Epidemics
of CTV have only rarely been followed closely enough to
develop forecasts of tree loss since rapid serological diag
nostic tests have been developed only in the last decade
(Bar-Joseph et al., 1979; Cambra et al., 1979; Garnsey and
Cambra, 1991; Permar etal., 1990; Velaetal., 1986). CTV
increase in sweet orange on Troyer due to spread by the
cotton aphid, Aphis gossypii, has been monitored for 12
years in Spain (Gottwald et al., 1993) (Fig. 2A,B). In Spain,
CTV incidence reached 50% in 8 to 15 years. Data from
CTV epidemiology plots in South Florida are demonstrat
ing similar rates of virus infection over time (Gottwald,
Garnsey and Irey, unpublished data).

Greenhouse transmission tests have demonstrated that
T. citricida is 6 to 25 times more efficient at vectoring most
CTV strains compared to A. gossypii (Yokomi, unpublished
data). Extrapolation of these data to U.S. conditions in the
presence of the BCA is tenuous. However, because the BCA
is a much more efficient vector of CTV compared to the
cotton aphid, we assume that the epidemic would progress
much faster, rendering individual groves on sour orange
commercially inefficient or completely destroyed in a few
years time after first infection. This is especially true in
Florida where up to 20 percent of the trees in some areas
are already infected with severe CTV isolates, and provide
a high initial inoculum level. Where the BCA is present,
60 to 80 percent of the trees in a grove can become infected
with CTV in 1 to 2 years (Grisoni and Riviere, 1993).

The movement of CTV within a grove was also examined
(Gottwald et al., 1993). Based on CTV distribution during
the initial stages of epidemics, inferences concerning aphid
vector movement were made. One would guess that once

an aphid migrates into a grove and begins feeding on a
virus-infected tree, the aphid would establish a colony and
winged adults from this first colony would move into im
mediately adjacent trees transmitting the virus and estab
lishing a clumped or aggregated CTV distribution pattern
due to vector movement to adjacent trees (Fig. 3a). This
pattern can sometimes be elongated along rows due to
some horticultural factor that influences the insects to
move primarily in one direction, directional vector move
ment, leading to an elongated clump of diseased trees (Fig.
3b). Both of these situations and resulting patterns of dis
ease are quite common for insect-vectored virus diseases
in many horticultural crops. However, data from the early
stages of CTV epidemics in young groves indicated that
patterns of CTV incidence were different. CTV infections
associated with aphid movement were diffuse or nonadjacent (Fig. 3c). This nonadjacent pattern can best be
explained by aphids normally moving several trees (8-24)
away rather than to immediately adjacent trees in an ap-

B
k=0.413
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Predicted
Confidence
limits

84 86 88 90 92
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Figure 2. Predictive models for CTV increase over years in 2 Spanish sweet orange groves subject to spread of CTV by an indigenous cotton
aphid which also infests citrus. Data was collected over a 12-year period by yearly serological confirmation of newly CTV-infected trees. Forecasts
based on such models predict that CTV will reach 50% incidence in groves within 8 to 15 years after first infection, depending on CTV isolate and
rootstock combination.
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Figure 3. Distribution patterns for aphid spread of CTV. Gray squares indicate CTV-positive trees. White squares represent CTV-free trees. A)
Random and B) directional vector movement to immediately adjacent trees resulting in clumped or aggregated patterns of disease are common
among insect-vectored virus diseases which form groups of infected trees. C) Nonadjacent movement of citrus aphids in Spain, however, gives rise
to apparently random CTV spread patterns. Arrows indicate probable scenarios for introduction, primary spread, and secondary spread that could
have given rise to each of the indicated patterns.

parent random movement over larger distances (Gottwald
et aL, 1993; Sief and Islam, 1988; Gottwald and Garnsey,
unpublished). Movement in older groves having trees with
interlocking branches has not been studied, but presuma
bly, non-winged aphids could simply crawl from tree to
tree along the branches and down a row further accelerat
ing the spread of CTV.
Factors Affecting Long-Distance Movement of Aphids

Long-distance movement of aphids most often involves
humans unintentionally transporting the insects to new
areas. Natural long-distance spread also occurs, but is less
likely than other means. Cereal aphids and certain other
aphids have been caught in the upper levels of the atmos
phere and are thought to have carried cereal and other
viruses with them to new locations (Taylor, 1986). In those
cases where viruliferous aphids were apparently spread by
wind currents, it was usually over land and always in the
direction of the prevailing winds (Wallin and Loonan, 1971;
Isard et al., 1990). The close proximity of BCA in areas in
the Caribbean to Florida has made long-distance natural
movement of BCA a topic of concern, especially considering
the reports of spread of other aphids by wind. Therefore,
the factors involved in long-distance movement of aphids
were examined more closely to put the airborne mode of
aphid spread and introduction in proper perspective.
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The following factors contribute directly to the long
distance spread of aphids: escape, transport, trajectory,
diffusion, survival, deposition, and redistribution (Taylor,
1986). Each factor can be examined in terms of prob
abilities to determine the overall likelihood that a viable
aphid from the Caribbean or Central America will arrive
and reproduce on a suitable host in Florida, Texas,
Arizona, and California. In this discussion we examine the
probability of the BCA spreading from points in the Carib
bean to Florida. Aphids normally are stimulated to form
migrants when food reserves dwindle, populations become
crowded, etc. Migrations of BCA follow population peaks
which usually only occur 2 or at most 3 times a season
(Carver, 1978).
Escape: Aphids are not strong fliers and usually take
flight only under relatively calm conditions, i.e. when wind
speed is less than 1.1 mph (Taylor, 1986). This condition
usually occurs in early morning or evening. When an aphid
takes flight, it immediately enters a boundary layer of air
15 to 30 feet thick from the ground to just over the tree
tops, which passes through the grove (Isard et al., 1990;
Taylor, 1986; Kennedy and Ludlow, 1974). Many aphids
never escape from this layer and are carried passively by
air currents to new locations in the area. For longer dis
tance spread the aphid must escape from the boundary
layer to upper air layers. To accomplish this, aphids fly
strongly toward the light (the sky), which consumes consid-
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erable energy reserves. When they achieve an altitude of
about 50 to 200 feet, they are surrounded by light and no
longer have the drive to climb. At this point they begin to
hover at a lower energy consumption level (Kennedy and
Booth, 1963). During this transition, many are often lost
to eddies that force them to the ground or into obstructions.
Therefore, very few winged aphids that are stimulated to
migrate ever break free and make it into the upper air
layers. For those that do begin to migrate, 4 hours of flight
at 1.1 miles per hour satisfies the migration drive of an
aphid and results in movement of about 4.4 miles (Kennedy
and Ludlow, 1974). At the end of this time the aphid will
begin to descend to the ground, air currents permitting.

Transport: Different altitude levels have quite different
transport capabilities (Wallin and Loonan, 1971). Once
above the boundary layer, some aphids are transported to
upper levels and lost, some are again forced to the ground
by further eddies, and only a proportion of the migrating
population achieve the appropriate level for long-distance
transport.

Trajectory: Once in the upper air layers, aphids are not
in oriented flight but simply hover and drift en masse with
the wind currents. Probably the most critical issue is the
direction that the air mass is moving. Those that have at
tained the proper level must now be carried in the proper
direction, for instance from Cuba due north to Florida.
The probability of the proper trajectory is low, because the
prevailing air masses move from west to east which would
carry the aphids into the Atlantic Ocean. We estimate that
only 5% or less of the time would the trajectory be in the
proper direction toward Florida and this would have to

coincide exactly with the high population times and stimu
lation of migration of the BCA.
Diffusion: Assuming that the trajectory is correct, many
of the aphids in the air parcel are lost to diffusion (Taylor,

1986). Diffusion follows the inverse power law: y = as~b,

where y = number of aphids, a = a constant between 0 and
1.0, s = distance (in meters), and b = slope of the deposi
tion gradient. Simply put, aerial aphid densities decrease
logarithmically with distance (Taylor, 1986). From what
we know about aphid gradients from other crops, and the
distances between Florida and points in the Caribbean, the
estimated number of aphids that would be left after the
effects of diffusion and mixing of air parcels is extremely
low. For instance, based on the known diffusion gradients
for cereal aphids, only 6 and 2 brown citrus aphids of
every 100,000 that attain the proper altitude would reach
a destination 200 miles (Cuba) or 700 miles (Haiti) away,
respectively (Fig. 4).
Survival: Citrus aphids can survive for up to 48 hours
without feeding. Thus, some die in flight depending on
the duration of the flight. Others die in flight due to the
development of parasites, age, or poor health. Parasitism
is often high when population levels are high and is a major
stimulus for migration. Some are washed out of the aphid
cloud by rainstorms, or adverse wind currents such as up
or down drafts. Also depending on food reserves, aphids
can only fly/hover for about 12 hours before their energy
reserves are fully spent and they begin to fall out of the
air layer (Cockbain, 1961).
Deposition: Once in the vicinity of citrus in Florida, the
aphids must descend and alight. This requires active flight

Atlantic
Ocean
Unlikely
Prevailing Wind

Direction (5%)

Bahamas

Puerto
Rico

Gulf of
Mexico

Dominican
Republic

Jamaica

Haiti

Figure 4. Dilution effects of diffusion, air mixing, advection, and other factors on an aphid cloud moving northward. The diagram demonstrates
the worst case scenario in which the brown citrus aphid is first established in Cuba. At present the nearest known source of the aphid is eastern Cuba.
The diagram also assumes a northward movement of an air mass from Cuba which is highly unusual (estimated at <5% of the time). The prevailing
winds are from west to east. The aphid cloud broadens over distance due to the factors indicated in the text such that only a small portion of the

aphid cloud would come in contact with Florida.
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and further expenditure of energy. However, even in
moderate winds they are subject to up and down drafts
such that they will only rarely make landfall where they
wish. Of the 17,594,846 acres in central and south Florida
only 791,290 acres or 4.5% are in citrus and usually less
than 30% is citrus canopy. Therefore, when the aphids
alight in Florida, only 4.5% will encounter citrus acreage
and 1.4% will contact citrus foliage.
Redistribution: Once the aphids make landfall, few will
encounter citrus. Thus, for those that do not alight on
citrus foliage, further movement or flights will be neces
sary in search of citrus trees before their food reserves run
out completely and they die. If the aphid alights in or very
near a grove but misses a tree, redistribution is very likely,
whereas an exhausted aphid with little or no food reserves
is unlikely to be able to search far if citrus is not in the
immediate vicinity. In addition, trees encountered must
have new flush to sustain the aphids.
Probability calculation: Based on the above factors, the
probability is given as (p) or chances against [p\ 1]. Probabil
ity is calculated as p = (no. of aphids that leave source) X
(rate of escape) x (transport capacity) x (trajectory) x (dif
fusion) x (survival) x (deposition rate) x (redistribution
success).

Considerations for Long Distance Movement of BCA
From Caribbean and Central American Sources

The tremendous amount of human traffic in the form
of tourism and trade between the Caribbean Islands and
U.S. citrus-producing states make chance introduction of
the BCA more likely as the vector populations continue to
increase in the Caribbean and Central America. The North
American Free Trade Agreement (NAFTA) which includes
Mexico may provide additional potential channels for in
troduction from Central America if and when the BCA
makes its way into Mexico. Accurate knowledge of the
proximity of this efficient vector of CTV, the potential
damage that might occur, if and when it is introduced, and
how fast spread of CTV can be expected upon introduction
of the BCA is extremely important.
Long distance aerial dispersion of the BCA into Florida
has been suggested as an important hazard, however, the
probability of windborne entry is negligible when com
pared to the likelihood of other means of entry into the
U.S. If we make some highly conservative assumptions for
each of the factors affecting aerial dispersion of BCA, i.e.,
allowing all factors to have the minimal influence possible
(thus the best possible chance for aphid spread is assumed),
we can begin to estimate the probabilities of natural spread
from various points in the Caribbean basin to commercial
citrus regions in Florida.
The probability of an aphid that takes flight from vari
ous points in the Caribbean arriving in Florida and landing
on a citrus tree are extremely remote. Most of these factors
are undetermined for the BCA. Calculations based on con
servative best guess estimates and data from cereal aphid
spread indicate that only one out of every 10 million to 10
billion aphids that take flight will make it to Florida de
pending on where they originate. Cuba is the nearest con
firmed location of the BCA to the U.S. and is thus taken
as a worst case scenario. Nicaragua is the nearest con
firmed location in Central America, but the prevailing
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winds in Central America are rarely toward the north.
Since the probabilities of windborne aphids entering the
U.S. are extremely low, we should be much more con
cerned with other more likely modes of spread, principally
unintentional introduction by humans. The continued
northward migration of the BCA through the Central
American land bridge toward points in the U.S. is quite
probable. The large volume of human traffic traveling the
Pan American highway from BCA-infested areas "in Cen
tral America into Mexico and then into California,
Arizona, and Texas, presents numerous opportunities for
the BCA to move continually up the Central American
isthmus and become established in new locations ever
closer to the U.S.
There is extensive commercial and tourist traffic
among locations within the Caribbean Basin and between
U.S. citrus-producing states and points in the Caribbean
and Central America. Commercial shipping by air and
water is also on the rise in the region. Numerous confisca
tions of plant materials, including citrus, are made by U.S.
agricultural inspectors at international airports, land bor
ders, shipping docks, and other points of entry. Because
of restrictions for moving plant materials by commercial
shippers, judicious inspections by agricultural inspectors
at ports of entry, and awareness of insects by growers, the
probability of introduction of BCA by commercial means
is probably low. Lack of knowledge of plant introduction
quarantines, restrictions, and of pests and diseases by
tourists and the large number of tourists who pass by ag
ricultural inspectors either intentionally or unintentionally
without declaring plant materials, makes this mode of in
troduction more probable. BCA has not yet been found in
the Bahamas, but is likely to become established soon. If
that happens, private boat traffic between Florida and the
Bahamas will become another important potential avenue
for introduction.
We have ranked the relative probabilities of different
modes of introduction of the CTV and BCA into Florida
and other citrus-producing states based on the above dis
cussion and calculations (please see Table 2). The probabil
ity of introduction of CTV by natural spread is considered
none for Florida and remote for Texas and California from
Mexico; whereas the probabilities of spread by commercial,
tourist, pleasure, and noncommercial traffic, and by growers
and horticulturists is more likely. For the BCA the relative
probability of natural spread is extremely low, whereas,
spread by commercial traffic, and by tourist, pleasure, and
noncommercial traffic is considered much more likely.
In Cuba where the BCA was recently found and Mexico
where the BCA is presently absent, CTV incidence is very
Table 2. Relative probabilities of different modes of introduction of CTV
and the BCA into Florida and other citrus-producing states.

Mode of Spread
Natural spread to Florida
from Carribean
Natural spread to Texas and

CTV

BCA

Extremely low

Extremely low

Low

Extremely low

Low

California from Mexico
Commercial traffic
Tourist, pleasure, and non

Moderate

Low to moderate
Moderate to high

commercial traffic
Growers and horticulturists

Moderate to high

Low
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low and severe strains of CTV rare. However, the major
portion of the citrus industry in both of these countries is
presently on sour orange rootstock. Therefore, once the
BCA becomes firmly established in Cuba or is introduced
into Mexico and becomes established, epidemics of severe
CTV will be slow to start due to the low initial inoculum.
Unfortunately, even though the epidemics will be slow at
first, the entire industries on sour orange eventually will
face very large tree losses due to CTV decline similar to
what happened in Venezuela and Brazil when BCA was
introduced.

In Florida only ca. 20% of the citrus acreage is on sour
orange, but CTV incidence is high. Because of the high
initial CTV inoculum in Florida, once the BCA becomes
established, epidemics will be very rapid and large tree
losses on sour orange would be anticipated. Therefore,
unless some control for the BCA can be instituted, 20% of
the citrus acreage could be lost within a few years after the
BCA is introduced.
An additional concern is the spread of stem-pitting
strains of CTV that may be in very low incidence at present
in plant material brought into Florida from Asia, etc. and
residing in dooryards or remote locations. Stem-pitting
damage is not restricted by rootstock and can cause severe
production losses, especially in grapefruit. Although it is
believed that there is a very low incidence of stem pitting
in Florida, the BCA is an excellent vector for stem pitting.
Some citrus species, including mandarin, are symptomless
for stem pitting and therefore hard to detect, but still allow
virus multiplication and are sources of inoculum for
aphids. Stem-pitting isolates usually do not kill trees of
susceptible cultivars, but severely reduce fruit yield and
quality. Unfortunately, because the trees are not killed they
continue to be a reservoir of inoculum unless removed.
Therefore, although stem-pitting epidemics would prog
ress slowly at first due to low initial inoculum levels, even
tual additional production losses are anticipated for the
Florida grapefruit industry and also for sweet oranges.
Apparently, severe CTV epidemics in other countries
have been triggered by large scale propagation and distri
bution of infected plants. If a cultivar is introduced into
Florida, propagated commercially, and widely distributed,
(as was the Star Ruby grapefruit), and this cultivar is in
fected with CTV, initial inoculum levels would be greatly
elevated. Any means which increases the initial level of
CTV incidence, will accelerate the rate of CTV epidemics.
Literature Cited
Anonymous. 1993. Citrus tristeza and brown citrus aphid workshop. Pro
ceedings of the workshop, April 1-2, 1993, Lake Alfred, Florida. Pub
lished by: Florida Citrus Mutual, University of Florida, Institute of
Food and Agricultural Sciences, and USDA, Agricultural Research
Service. 51 pp.

Aubert, B., J. Etienne, R. Cottin, F. Leclant, Ph. Cao Van, C. Vuillaume,
C. Jaramillo, and G. Barbeau. 1992. Citrus tristeza disease: A new

threat for the Caribbean Basin, Report of a survey to Colombia,
Dominican Republic, Guadeloupe, Martinique, and Trinidad. A
CIRAD, IRFA report. Montpellier, France. 19 pp.
Bar-Joseph, M., S. M. Garnsey, D. Gonsalves, M. Moscovitz, D. E. Pur-

cifull, M. F. Clark, and G. Loebenstein. 1979. The use of enzymelinked immunosorbent assay for detection of citrus tristeza virus.
Phytopathology 69:190-194.
Brlansky, R. H., R. R. Pelosi, S. M. Garnsey, C. O. Youtsey, R. F. Lee, R.
K. Yokomi, and R. M. Sonoda. 1986. Tristeza quick decline in south
Florida. Proc. Fla. State Hort. Soc. 99:66-69.

Proc. Fla. State Hort. Soc. 106:

1993.

Cambra, M., P. Moreno, and L. Navarro. 1979. Detecci6n rapida del
virus del la "tristeza" de los citricos (CTV), mediante la ttaiica inmunoenzimatica ELISA-Sandwich. An. INIA/Ser. Protec. Veg. No.
12, p. 1-11.

Cambra, M., J. Serra, D. Villalba, and P. Moreno. 1988. Present situation
of the citrus tristeza virus in the Valencian Community, p. 1-7. In L.
W. Timmer and S. M. Garnsey (eds.). Proc. 10th Conf. IOCV.
Carver, M. 1978. The black citrus aphids, Toxoptera citricidus (Kirkaldt)
and T. aurantii (Boyer de Fonscolombe) (Homoptera: Aphididae). J.
Aust. Ent. Soc. 17:263-270.
Cockbain, A. J. 1961. Fuel utilization and duration of tethered flight in
Aphis fabae Scop. J. Exp. Biol. 38:163-174.
Costa, A. S. and T. J. Grant. 1951. Studies on the transmission of the
tristeza virus by the vector Aphis citricidus. Phytopathology 41:105-113.
Fishman, S., R. Marcus, H. Talpaz, M. Bar-Joseph, Y. Oren, R. Salomon,
and M. Zohar. 1983. Epidemiological and economic models for spread
and control of citrus tristeza virus disease. Phytoparasitica 11:39-49.
Garnsey, S. M. and M. Cambra. 1991. Enzyme-linked immunosorbent
assay (ELISA) for citrus pathogens, p. 193-216, In C. N. Roistacher
(ed.). Graft-transmissible diseases of citrus-Handbook for detection
and diagnosis. FAO, Rome.
Garnsey, S. M., E. L. Civerolo, D. J. Gumpf, R. K. Yokomi, and R. F. Lee.
1991. Development of a worldwide collection of citrus tristeza virus
isolates, p. 113-120, In R. H. Brlansky, R. F. Lee, and L. W. Timmer
(eds.). Proc. 1 lth Conf. Intern. Organ. Citrus Virol., IOCV, Riverside.
Garnsey, S. M., D. Gonsalves, P. Ito, R. K. Yokomi, R. Namba, and S.
Kobayasi. 1991. Location effect on incidence of citrus tristeza virus in
Hawaii, p. 156-161, In R. H. Brlansky, R. F. Lee, and L. W. Timmer
(eds.). Proc. 1 lth Conf. Intern. Organ. Citrus Virol, IOCV, Riverside.
Garnsey, S. M., D. J. Gumpf, C. N. Roistacher, E. L. Civerolo, R. F. Lee,
R. K. Yokomi, and M. Bar-Joseph. 1987. Toward a standardized
evaluation of the biological properties of citrus tristeza virus.
Phytophylactica 19:151-157.
Garnsey, S. M. and J. L.Jackson. 1975. A destructive outbreak of tristeza
in central Florida. Proc. Fla. State Hort. Soc. 88:65-69.
Gottwald, T. R., M. Cambra, and P. Moreno. 1993. The use of mono
clonal antibodies to monitor spatial and temporal spread of citrus
tristeza virus in symptomless trees in eastern Spain. In P. Moreno, J.
V. de Gracia, and L. W. Timmer (eds.). Proc. 12th Conf. Intern.
Organ. Citrus Virol. (In press).
Grisoni, M. and C. Riviere. 1993. Analysis of epidemics of citrus tristeza
virus (CTV) in young citrus groves exposed to aphid infestation under
different climatic conditions in Reunion Island. In P. Moreno, J. V.
de Gracia, and L. W. Timmer (eds.). Proc. 12th Conf. Intern. Organ.
Citrus Virol. (In press).
Hermosa de Mendoza, A., J. F. Ballester Olmus, and J. A. Pina Lorca.
1984. Transmission of citrus tristeza virus by aphids (Homoptera:
Aphididae) in Spain, p. 23-27. In S. M. Garnsey, L. W. Timmer, and
J. A. Dodds (eds.). Proc. 9th Conf. Intern. Organ. Citrus Virol., River
side.

Isard, S. A., M. E. Irwin, and S. E. Hollinger. 1990. Vertical distribution
of aphids (Homoptera: Aphididae) in the planetary boundary layer.
Environ. Entomol. 19:1473-1484.
Kennedy, J. S. and C. O. Booth. 1963. Free flight of aphid in the labora
tory. J. Exp. Biol. 40:67-85.
Kennedy, J. S. and A. R. Ludlow. 1974. Co-ordination of two kinds of
flight activity in an aphid. J. Exp. Biol. 61:173-196.
Lastra, R., R. Lee, M. Rocha-Pena, C. L. Niblett, F. Ochoa, S. M. Garnsey,
and R. K. Yokomi. 1992. Citrus tristeza and Toxoptera citricidus in Cen

tral America: Development of management strategies and use of
biotechnology for control. Proceeding of the CTV Workshop,
Maracay, Venezuela, September 1992.

Lee, R. F., K. S. Derrick, and C. L. Nibblet. 1993. A survery of Cuba for
citrus tristeza virus, the brown citrus aphid and citrus blight Sep
tember 1-20, 1993. University of Florida, IFAS report. 5 p.

McClean, A. P. D. 1975. Tristeza virus complex: its transmission by the

aphid Toxoptera citricidus. Phytophylactia 7:109-114.
Moreno, P., J. Piquer, J. A. Pina Lorca, J. Juarez, and M. Cambra. 1988.

Spread of citrus tristeza virus in a heavily infested citrus area in Spain,
p. 71-76. In L. W. Timmer and S. M. Garnsey (eds.). Proc. 10th Conf.
Intern. Organ. Citrus Virol., Riverside.

O'Reilly, S. 1993. UF/IFAS scientists investigate the brown citrus aphid
in Cuba. University of Florida, IFAS News Release. Oct. 12, 1993. 2 p.
Permar, T. A., S. M. Garnsey, D. J. Gumpf, and R. F. Lee. 1990. A
monoclonal antibody that discriminates strains of citrus tristeza virus.
Phytopathology 80:224-228.

93

Roistacher, C. 1991. The threat of "The citrus killer." Citrograph 76:4-5,
8-12, 22.
Seif, A. A. and A. S. Islam. 1988. Population densities and spatial distri
bution patterns of Toxoptera citricida (Kirk.) (Aphididae) in Citrus at
Kenya Coast. Insec. Sci. Applic. 9:535-538.
Taylor, L. R. 1986. The distribution of virus disease and the migrant
vector aphid, p. 35-57. In G. D. McLean, R. G. Garrett, and W. G.
Ruesink, eds., Plant Virus Epidemics. Academic Press. 550 p.
Vela, C, M. Cambra, E. Cortes, P. Moreno, J. G. Miguet, C. Perez de San
Roman, and A. Sanz. 1986. Production and characterization of
monoclonal antibodies specific for citrus tristeza virus and their uses
for diagnosis. J. Gen. Virol. 67:91-96.
Vela, C, M. Cambra, A. Sanz, and P. Moreno. 1986. Use of specific
monoclonal antibodies for diagnosis of citrus tristeza virus, p. 55-61.
In L. W. Timmer and S. M. Garnsey (eds.). Proc. 10th Conf. IOCV.

Wallin, J. R. and D. V. Loonan. 1971. Low-level jet winds, aphid vectors,
local weather, and barley yellow dwarf virus outbreaks. Phytopathol
ogy 61:1068-1070.
Yokomi, R. K., S. M. Garnsey, E. L. Civerolo, and D. J. Gumpf. 1989.
Transmission of exotic tristeza virus isolates by a Florida colony of
Aphis gossypii. Plant Disease 73:552-556.
Yokomi, R. K., S. M. Garnsey, T. A. Permar, R. F. Lee, and C. O. Youtsey.
1991. Natural spread of severe isolates of citrus tristeza virus isolates
in citrus preinoculated with mild CTV isolates, pp. 86-92, In R. H.
Brlansky, R. F. Lee, and L. W. Timmer (eds.). Proc. 1 lth Conf. Intern.
Organ. Citrus Virol., IOCV, Riverside, CA.
Yokomi, R. K. and G. N. Oldfield. 1991. Seasonal fluctuations of alate
aphid activity in California citrus groves, pp. 71-76. In R. H. Brlansky,
R. F. Lee, and L. W. Timmer (eds.). Proc. 11th Conf. Intern. Organ.
Citrus Virol., Riverside, CA.

Proc. Fla. State Hort. Soc. 106:94-99. 1993.

OCCURRENCE OF SEVERE STRAINS OF CITRUS TRISTEZA VIRUS
AND CITRUS BLIGHT IN REGISTERED SCION GROVES IN THE INDIAN RIVER1
R. F. Lee,1 K. S. Derrick,1 P. McClure,2,
L. Ellis,2 and P. Rucks3

1 University of Florida, Citrus Research and Education Center
700 Experiment Station Road, Lake Alfred, FL 33850
2Becker Groves, Inc., P.O. Box 1240, Ft. Pierce, FL 34954
3Jack Berry Groves, P.O. Box 459, LaBelle, FL 33935
Abstract. Three registered scion groves of about 1,400 trees
located in the Indian River were monitored annually for occur
rence of citrus tristeza virus inducing decline on sour orange
rootstock (CTV-ID) and citrus blight (CB) beginning in 1991.
Severe strains of CTV were detected by use of dot immunobinding assays (DIBA) and/or double antibody sandwich
indirect enzyme-linked immunosorbent assays (ELISA) using
the strain differentiating monoclonal antibody MCA-13. Trees
were assayed for CB by DIBA using antisera made against the
12 kDa blight-related protein. There was a low incidence of
severe CTV strains in the 2-3 year old scion groves, and 3
trees were positive for CB in the 1991 survey. Trees harboring
severe strains of CTV or CB were removed after the initial
survey in 1991, and mild, cross-protecting CTV strains were
graft-inoculated into the remaining trees. No additional trees
were positive for CB in 1992, and only one additional tree
was positive in the 1993 survey, but severe strains of CTV
have continued to occur. Low concentration of the severe CTV
strains as indicated by ELISA suggests the introduced mild
CTV strains are providing cross protection against the severe
strains. The grove surrounding one budwood block was sur
veyed for severe CTV and CB to determine the challenge pres
sure from adjacent areas, and 20.7% and 5.1% of the trees
contained severe CTV strains and CB, respectively.
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The budwood registration program in Florida (FBRP)
was established in 1952 with the purpose of preventing
propagation of psorosis through citrus nurseries (Norman,
1957). The program allowed for the establishment of
blocks of registered budwood trees in field locations which
could be used for registered budwood after they bore fruit
in ensure trueness of type. Buds cut from the mother trees
were used to produce budlings in nurseries.
The same year that the FBRP was established, citrus
tristeza virus (CTV) was officially recognized as present in
Florida from results by Grant (1952) using Mexican lime
indicator plants. When the FBRP program began, CTV
indexing was included as a part of the program, and trees
were removed from registered status if CTV was present.
However, in 1964 mother trees were no longer removed
from registered status as they became CTV infected (Lee
and Rocha-Pena, 1992). CTV had been recognized as pres
ent and spreading for the previous decade, but unlike
California, Brazil, Argentina and other citrus areas where
CTV was present, there was little indication that CTV was
causing tree losses in trees on sour orange rootstock in
Florida, in fact sour orange was one of the most popular
rootstock being propagated (Bridges, 1974).
The complexity and severity of CTV changed in
Florida in the decades following the establishment of the
FBRP. In the 1950s, CTV-induced decline (CTV-ID) was
noted at scattered, isolated locations in Orange county in
1956 (Knorr and Price, 1955-59), in Orange, Lake and
Seminole counties (Knorr, 1957) and in the Ft. Pierce area
(M. Cohen, personal communication). In the 1960s the
spread of CTV-ID on sour orange was noted in the Ft.
Pierce area (Bridges, 1966), but CTV did not appear to be
a problem in other areas. In 1975 a destructive outbreak
of tree loss due to CTV-ID occurred in western Orange
and southern Lake counties (Garnsey and Jackson, 1975).
A survey conducted of budwood trees being used for prop
agation on sour orange rootstocks in 1979 indicated most
sweet orange scion and about half of the grapefruit scions
were CTV infected, but biological indexing of random
samples indicated few severe CTV and/or seedling yellows
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