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As many as four exotic whiteflies of Neotropical origin
have bheen reported from different coconut-growing
regions in India in rapid succession in the last four
vears. The spiralling whitefly, Aleurodicus dispersus
Russell was the earliest reported invasive species on
coconut from Kerala in 1996. The rugose spiralling
whitefly, Aleurodicus rugioperculatus Martin was first
reported in 2016 followed by three species (Paraley-
rodes bondari, Paraleyrodes minei and Aleurotrachelus
atratus) in 2019, At present, all are found to coexist on
coconut in South India. In such combined incidences,
one species occupies the breeding and feeding niche of
another under optimum weather parameters and
attempts to displace one or more of its competitors.
The Bondar’s nesting whitefly, P. bondari is associated
with rugose spiralling whitefly in most districts of
Kerala and Tamil Nadu, whereas the nesting whitefly
P. minei is interlinked with A. rugioperculatus in
Kasaragod, Kerala, and also found to co-occur with
the palm whitefly, 4. afratus in Mandya, Karnataka.
In Kayamkulam, Kerala, P. bondari, P. minei and A.
rugioperculatus co-lived for a brief period during
2018. Due to the incursion and subsequent coexistence
of these exotic whiteflies which share more or less the
same niche with similar habits on coconut, it is imper-
ative to identify them correctly for carrying out fur-
ther studies on their bioecology, population dynamics
and management. Hence an illustrated diagnostic
account of these exotic whiteflies is given here to faci-
litate their visual identification by economic entomo-
logists and field workers. The COI sequences of these
exotic whiteflies are also given to enable rapid confir-
mation of the field diagnosis.
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Management of non-native pests in a new environment
poses great challenges as they upset indigenous biodiver-
sity, and usually multiply and spread rapidly in the
absence of natural enemies. With the liberalization of in-
ternational trade, introduction of planting material from
different countries has paved the way for accidental entry
of several exotic pests in the recent past, and the coconut
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system is no exception for such incursion. As many as
four exotic whiteflies of Neotropical origin have entered
India in just four years, starting with the rugose spiralling
whitefly (Aleurodicus rugioperculatus Martin), which
was reported in 2016 initially from Pollachi, Tamil Nadu
and Palakkad, Kerala, and later expanded to all coconut-
growing regions in peninsular and North East India with-
in a short span’. This incursion has been kept in check by
the combined action of the exotic aphelinid parasitoid,
Encarsia guadeloupae and in situ habitat conservation of
the sooty mould scavenger beetle, Leiochrinus nilgiria-
nus™. Entry of two exotic nesting whiteflies (Paraley-
rodes bondari and Paralyerodes minei) into Kerala in
2018 (refs 4, 5) and their coexistence with 4. rugiopercu-
latus have reduced the population density of 4. rugioper-
culatus. Recently, in Mandya, Karnataka, palm whitefly
(Aleurotrachelus atratus), another exotic species, has
been reported; it was observed to be in consistent associa-
tion with the Neotropical nesting whitefly (Paraleyrodes
minei). Co-occurrence of these four exotic whiteflies with
similar habits has often caused confusion in their identifi-
cation, and further studies on their bioecology, natural
enemies and management are hampered in the absence of
accurate diagnostic support. Therefore, in this article, we
provide a pictorial guide to all exotic whiteflies infesting
coconut for their field-level identification by economic
entomologists and extension workers supported by taxo-
nomic characters. The COI sequences of these whiteflies
are also given to enable rapid confirmation of their identi-
ties.

Methodology

Life stages of the exotic whiteflies were collected from
three locations, viz. Kayamkulam, Pollachi and Mandya
in the coconut-growing regions of South India.

Molecular characterization

Molecular characterization of the five whiteflies (A/leuro-
dicus dispersus, A. rugioperculatus, P. bondari, P. minei
and A. atratus) was done to facilitate their rapid identifi-
cation by non-entomologists. Genomic DNA was isolated
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from the adults after they were morphologically identi-
fied. Primers LCO 14905'-GGTCAACAAATCATAAA-
GATATTGG-3" HCO 2198: 5'-TAAACTTCAGGGTGA-
CCAAAAAATCA-3" synthesized in salt-free status
(Eurofins Genomics India Pvt. Ltd) were used for the
amplification of mitochondrial cytochrome ¢ oxidase
subunit I (COI) gene6. Polymerase chain reaction (PCR)
was carried out using a thermal cycler Techne Flexigene
(Duxford, Cambridge, UK)’. PCR was carried out with an
initial denaturation at 95°C for 5 min followed by 35
cycles of denaturation at 94°C for 1 min, annealing at
55°C for | min and extension at 72°C for | min 30 sec.
Final extension at 72°C for 10 min was done for end-
filling. The products were analysed in 1.0% agarose gel.
The amplicons obtained were purified from each reaction
mixture using a PCR purification kit (Qiagen, Hilden,
Germany). The purified products were then sequenced
(AgriGenome Labs Pvt Ltd, Kochi).

Results

We recorded different life stages of A. atratus from the
abaxial leaf surface on palm leaflets from Mandya. In
many of the colonies of 4. atratus, we could locate the
adults and pupae of the nesting whitefly, P. minei mimick-
ing the adults of 4. atratus. This calls for a thorough dis-
tinction of all these species and the nature of their
association. With the presence of pupae and adults of P.
minei in the colony of A. atratus, at least some of the A4.
atratus colonies had nearly dismantled and collapsed. In
many countries, feeding by 4. atratus was found to cause
necrotic lesions on palm leaflets and significant drop in
nut yield as well. However, in Mandya, 4. atratus colo-
nies on palm leaflets coexisted with P. minei life stages,
and this caused a kind of competitive interaction that
probably reduced the aggressiveness of A. atratus
coupled with favourable weather conditions such as uni-
form distribution of rainfall in the region during May-
July 2019. Though the pupal colonies were intermixed,
adult whiteflies were not co-living, but P. minei adults
mostly rested on the colonies of 4. atratus. In addition,
we could observe a few colonies of rugose spiralling whi-
tefly that were heavily parasitized by E. guadeloupae and
replaced by P. minei and 4. atratus. We could neither lo-
cate colonies of Bondar’s nesting whitefly, P. bondari
nor spiralling whitefly, A. dispersus in this study.

The guild of exotic whiteflies was found to vary in dif-
ferent coconut-growing regions of South India. Simulta-
neous occurrence of two nesting whiteflies (P. bondari
and P. minei) in association with A. rugiopercualtus was
reported from Kayamkulam®, whereas P. minei and 4. ru-
gioperculatus were found together in Kasaragod, Kerala®,
Furthermore, P. bondari and A. rugioperculatus co-
occurred and in favourable weather condition could also
reduce the pestiferous potential of rugose spiralling whi-

1102

tefly in Pollachi. This association of nesting whiteflies
with rugose spiralling whitefly not only hindered the
development of whiteflies, but also encouraged higher
parasitism of E. guadeloupae on A. rugioperculatus. Co-
occurrence of Bondar’s nesting whitefly and Paraley-
rodes psuedonaranjae on pond apple as well as 4. rugi-
operculatus and P. bondari on mango was documented
from Florida, USA’. In addition, coexistence of the nest-
ing whitefly, P. minei and the woolly whitefly, Aleuroth-
rixus floccosus (Maskell) was also recorded on citrus
from Greece'®. Further, in Coimbatore, Tamil Nadu, co-
occurrence of two spiralling whiteflies (4. dispersus and
A. rugioperculatus), two nesting whiteflies (P. bondari
and P. minei) and a new woolly whitefly, Aleurothrixus
sp. was observed on guava (unpublished data).

Due to the overlapping of different whitefly species on
the same niche, it is necessary to train extension workers
and nursery workers in their field identification so that
infested planting material in transit within a carton is
identified accurately at species level. A brief account of
the exotic whiteflies on coconut in South India is given
below to facilitate their detection based on colony charac-
ters and diagnostic features.

Aleurodicus dispersus Russell

Spiral mode of egg-laying (Figure 1(1a)) and covered
with powdery mass, prominent projections on nymphs
with two tail-like structures (Figure 1(1 b)), convex pupa,
non-corrugated operculum, blunt and tongue-like lingula
(Figure 1(14d)), slender adult, adult 2.1 mm long, pure
white with no markings on wings (Figure 1(1c¢)). Minor
pest of coconut, polyphagous with guava being the pre-
ferred host' '™

Aleurodicus rugioperculatus Martin

Spiral mode of egg-laying on palm parts (Figure 1(2 a)),
inconspicuous projections on nymphs with normally one
tail-like structure (Figure 1(2 b)), convex pupa, rugose
operculum, triangular and pointed lingula (Figure 1(2 d)),
adult robust, measuring 2.3 mm, white with greyish-
brown mottling/pattern on wings (Figure 1(2c¢)). Poly-
phagous, with coconut being the most preferred host'' ™',

Paraleyrodes bondari Peracchi

Stalked eggs (Figure 1(3 a)), nymphs flat with prominent
silken threads from dorsum and marginal hairs (Figure
1(3 b)), pupa flat with flower-petal like compound pores,
small adult measuring about 1.0 mm with X-shaped
markings on wings (Figure (3 ¢)) resting in more or less
clearly demarcated nests. Male genitalia (Figure 1(3 d))
rod-like with anterior and posterior horns®'"">.
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Figure 1.

Identification features of five invasive whiteflies infesting coconut: (1) Aleurodicus dispersus:

a. Eggs; b, nymphs with anal fluffs; ¢, adult whiteflies; d, Tongue-like lingula; (2) Aleurodicus rugiopercula-
tus: a, Eggs; b, nymphs; ¢, Adult whiteflies; d, Rugose operculum with triangular lingula; (3) Paraleyrodes
bondari: a, Eggs; b, nymphs; ¢, Adult whitefly; d, Male genitalia; (4) Paraleyrodes minei: a, Eggs; b, nymphs;
¢, Adult whitefly; d, Cock-head like male genitalia; (5) Aleurotrachelus atratus: a, Eggs; b, Nymphs; ¢, Adult;

d, Interrupted sub-marginal fold near operculum.

Paraleyrodes minei laccarino

Stalked eggs (Figure 1(4 a)), nymphs flat with less prom-
inent silken threads from dorsum and marginal hairs
(Figure 1(4 b), pupa flat with flower-petal like compound
pores, small adult measuring about 1.0 mm, devoid of
markings on wings (Figure 1(4¢)), rests in loosely con-
stru;:tleld nests. Male genitalia (Figure 1(4d)) cock-head
like™"".

Aleurotrachelus atratus Hempel

Elliptical, stalked eggs (Figure 1(5a), turn black before
eclosion. Eight prominent white spots on nymphs (Figure
1(5 b)) which later coalesce and partially cover the black
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body, marginal serrations on pupa, round lingula (Figure
1(5d)), sub-marginal fold interrupted at vasiform orifice.
Adult longer than broad (Figure 1(5¢)), wings held roof-
like'®.

A pictorial depiction of the life stages and diagnostic
characters of the five non-native whiteflies infesting co-
conut is given here to enable their easy and correct identi-
fication by economic entomologists and field-level plant
protection workers (Figure 1), as these are found to coexist
in many places in South India. This could be used as a
ready reckoner by quarantine officials, other plant protec-
tion personnel and extension workers for on-site detec-
tion of these whiteflies. At present, except 4. dispersus
and A. rugioperculatus, the other whiteflies have a more
limited presence in South India and this would be useful
for those involved in field examination of non-native
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Figure 2.

pests occurring on plant materials that are transported
across regions, states, countries and continents. This
study indicates the coexistence of whiteflies and likely
competitive interactions among the species in different
coconut-growing regions in India. Since more than one
species of whitefly coexist in nature, correct identifica-
tion would be of paramount importance and further con-
firmation could be accomplished through rapid molecular
characterization.

It is remarkable that four whiteflies belonging to two
taxonomically distinct subfamilies, Aleurodicinae (Aleu-
rodicus spp., Paraleyrodes spp.) and Aleyrodinae (4/eu-
rotrachelus sp.) are cohabiting on the same host plant in
South Indian conditions. Molecular phylogenetic analysis
also indicated the relative affinities of the five whitefly
species (Figure 2). There are three groups in which the
invasive whitefly species infesting coconut could con-
verge, viz. Aleurodicus, Paraleyrodes and Aleurotrache-
lus (Aleurothrixus) groups. The first two groups are
intrinsically more closely related than the Aleurotrache-
lus (Aleurothrixus) group, which is distantly placed
demarcating the evolutionary significance of two sub-
families within family Aleyrodidae.
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Phylogenetic tree and molecular lineage of invasive whiteflies infesting coconut in India

The aggressive competitiveness and coexistence of
non-native whiteflies would be critically examined in the
pest-inflicted zones for which correct identification of the
exotic whitefly species and their molecular linkages are
of paramount significance. The present study thus clearly
identifies the whitefly species at field level and evolve
management strategies to combat the pest. In association
with other species in the same niche, the pest manage-
ment options could be deferred while conservation
biological control still holds the central fulcrum in the
bio-suppression of invasive whiteflies in India.
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