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Abstract
A critical feeding period is the time after which 50% of a given species of insect can be removed from its
food source and complete development by undergoing adult eclosion. The critical feeding period was
determined for the greenhouse white fly, Trialeurodes vaporariorum, and the sweet potato whitefly,
Bemisia tabaci (Biotype B) (Homptera/Hemiptera: Aleyrodidae). Fourth (last) instar and pharate adult
whiteflies were removed from green bean leaves, staged, placed on filter paper in small Petri dishes
containing drops of water, and observed daily for eclosion. For T. vaporariorum reared at 25°C and L:D
16:8, 55 and 80% adult eclosion were observed when whiteflies were removed at stages 4 (0.23–0.26
mm in body depth) and 5 (≥ 0.27 mm in body depth), respectively, so that at least 50% eclosion was
only achieved in this species of whitefly when adult eye development had already been initiated (in
Stage 4), and 80% eclosion when adult wing development had been initiated (Stage 5). In contrast, 63%
of B. tabaci emerged as adults if removed from the leaf at Stage 3 (0.18–0.22 mm in body depth), and
80% emerged if removed at Stage 4/5, stages in which adult formation had not yet been initiated. The
mean number of eggs laid by experimental (those removed at Stages 4–5, 6–7 or 8–9) and control
(those that remained on the leaf prior to eclosion) whiteflies, and the mean percent hatch of these eggs
were not significantly different in experimental and control groups. Stages 7, 8 and 9 are characterized
by a light red adult eye, medium red bipartite adult eye and dark red or red-black bipartite adult eye,
respectively. Mean adult longevity also was not significantly different between experimental and control
groups. However, for all groups of T. vaporariorum, adult female longevity was significantly (at least 2
times) greater than male longevity. Our results identify the critical feeding periods for last
instar/pharate adults of two important pest species of whitefly. Since in both species of whitefly the
critical feeding period is achieved when weight gain reaches a plateau, it appears that the critical feeding
period is more closely correlated with the attainment of a critical weight than with either the time that
ecdsyteroid titers first peak or the time when adult development is initiated.
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Introduction
The sweet potato whitefly, Bemisia tabaci Biotype
B [also known as the silverleaf whitefly, Bemisia
argentifolii (Bellows et al., 1994)], attacks more
than 500 different species of plants in both field
and greenhouse settings, including food, fiber and
ornamental species. The greenhouse whitefly
Trialeurodes vaporariorum is also a polyphagous
species and is primarily a serious pest of plants
grown in greenhouses. World-wide, whiteflies
cause billions of dollars of damage in crop losses
each year by feeding on plant phloem,
transmitting plant pathogenic viruses (primarily
B. tabaci) and producing honeydew that causes
stickiness and supports the growth of sooty mold
(Perkins and Bassett, 1988; Gill, 1992; Zalom et
al., 1995; Heinz, 1996; Henneberry et al., 1997;
Henneberry et al., 1998; Chu and Henneberry,
1998). However, although there is a growing body
of literature concerning the basic biology of
whiteflies and the physiology of feeding, the
critical feeding period, the time (stage) after
which 50 percent of the whiteflies can be removed
from the leaf and complete development, i.e.,
emerge as adults, has not been investigated.
Precise staging systems both for identifying instar
and for tracking developmental progress of 4th

instar/pharate adult whiteflies grown on green
bean and other plants have been described
(Gelman et al., 2002a; b; Gelman and Gerling,
2003). Since for each whitefly instar, body depth
and not length or width increases (Hargreaves,
1915), and in 4th instars, body depth reaches a
maximum just before the initiation of adult
formation, 4th instar nymphal stages were
assigned based on body depth. Briefly, Stages 1, 2
and 3 were characterized by body depths of 0.1,
0.15. and 0.2 ± 0.02 mm, respectively; stage 4 had
a body depth of 0.23–0.26 mm, and nymphs with
a body depth ≥0.27 mm were assigned to Stage 5.
Stages 6 through 9 were identified based on the
appearance of the developing adult eye. Nymphs
entered Stage 6 when the small intense red dot
characteristic of the eye of Stages 1 through 5
began to diffuse. Stages 7, 8 and 9 were
characterized by a light red, medium red bipartite,
and dark red or red-black bipartite adult eye,
respectively. In T. vaporariorum, adult eye
development is initiated in Stage 4 and adult wing
development in Stage 5, before the diffusion of the
red dot is visible in whiteflies examined under a
stereoscopic dissecting microscope, while B.
tabaci initiates adult development at Stage 6
(Gelman et al., 2002a; 2002b). Here, we report
that even though whiteflies feed through Stage 9

(Lie et al., 1996; Costa et al., 1999; Gelman et al.,
unpublished results), the stage that precedes
adult eclosion, at least 50 percent of B. tabaci can
be removed from the leaf prior to the initiation of
adult development, and at least 50 percent of T.
vaporariorum removed when adult eye formation
is initiated, and these whiteflies will go on to
complete adult development, emerge, mate and
lay viable eggs.

Materials and Methods
Insect Rearing
Whiteflies were reared on a variety of plants to
maintain whitefly diversity. They were grown on
green bean cv. Roma II (Burpee, Warminster, PA,
USA), tomato cv. Bush Big Boy (Burpee,
Warminster, PA, USA), cotton cv. Stoneville ST
474 (Stoneville Pedigreed Seed Co., Maricopa, AZ,
USA), poinsettia cv. Freedom Red (Paul Ecke
Ranch, Encinitas, CA, USA) and eggplant cv.
Millionaire Hybrid (Burpee, Warminster, PA,
USA). All of the plants except for poinsettia
[grown from cuttings supplied by Paul Ecke
Ranch (Encinitas, CA, USA)] were grown from
seed as described in Gelman et al. (2002a; b). A
walk-in, climate-controlled insect growth
chamber (26 ± 2°C, L:D 16:8 and relative
humidity of 60–80%) was used to house the B.
tabaci colony, while the T. vaporariorum colony
was maintained in a greenhouse under similar
environmental conditions at 26 ± 4°C. Green bean
plants were infested by placing greenhouse-grown
plants into the B. tabaci or T. vaporariorum
colonies and removing the plants 24 h later.
Almost all of the adult whiteflies were removed,
and the infested plants were transferred to a
second growth chamber or to an incubator box
that provided the same rearing conditions as
described previously for the colonies. T.
vaporariorum and B. tabaci-infested plants were
maintained in separate chambers.

Insect staging
T. vaporariorum and B. tabaci 4th instar/pharate
adults were assigned to stages as described
elsewhere (Gelman et al., 2002a; b). An optical
micrometer mounted on a stereoscopic
microscope was used to identify 4th instar
nymphs (0.6–0.8 mm in length) and to
distinguish among the nymphal stages of both T.
vaporariorum and B. tabaci. Whiteflies from
more than fifty different green bean plants were
sampled for each of the two species of whitefly.
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al., 2002a), while 63% of Stage-3 B. tabaci
completed adult development and emerged even
when deprived of food at Stage 3, well before the
initiation of adult development which occurs in
Stage 6 (Gelman et al., 2002b). The ability of
some nymphs of both whitefly species to survive
when food is unavailable is noteworthy since
whiteflies continue to produce honeydew through
Stage 9 and, thus, in nature probably feed until, or
just prior to, adult ecdysis (Lie et al., 1996; Costa
et al., 1999; Gelman et al., unpublished results).
The quality of the whiteflies that went on to
emerge as adults was equal to that of controls in
that fecundity (eggs laid and hatched), and
longevity, of experimental and control groups for
each species of whitefly were not significantly
different. While differential fecundity,
survivorship and/or mating are primarily
responsible for differences in success between two
competing species, the ability of many B. tabaci
nymphs as compared to T. vaporariorum nymphs
to complete adult development and emerge when
food is unavailable at Stage 2 and 3, as well as the
relatively short life span of T. vaporariorum
males as compared to B. tabaci males may
contribute to the greater vitality of B. tabaci.
Thus, when a T. vaporariorum colony was
contaminated with some B. tabaci, in less than 3
months after B. tabaci nymphs were first
observed on plant leaves (approximately 2%
infestation), T. vaporariorum was almost
completely replaced by B. tabaci which now
represented approximately 90% of the population
(unpublished results).

In other insect species, the critical feeding period
also is achieved before feeding is normally
terminated. Thus, in the holometabolous
yellow-spotted longicorn beetle, Psacothea
hilaris, an important pest of sericulture in Japan,
the critical feeding period occurs on the third day
of the 4th instar, long before pupation, an event
that normally occurs at the end of the 5th instar
(Shintani et al., 2003). In that insect species,
starvation on or after the third day of the 4th

instar results in premature pupation and the
production of relatively small pupae. The longer
the larvae are fed, the greater the pupal weight.
Based on their results, the authors concluded that
size was not a proximate cue for pupation.
However, there is a threshold weight that larvae
must reach in order for a viable pupa to be formed
(Munyiri et al., 2003). In many insects, a
threshold weight must be achieved for
larval-pupal or nymphal-adult metamorphosis,

i.e., the occurrence of the larval-pupal molt or
nymphal-adult molt [Nijhout, 1975 (Manduca
sexta); Nijhout, 1981 (M. sexta); Jones et al., 1981
(Trichoplusia ni); Tanaka, 1981(Blatella
germanica); Sehnal, 1971 (Galleria mellonella)].
In some insect species, when diet is poor
additional larval molts occur so that the insect
achieves the critical weight, e.g., in Lepidoptera
(Williams, 1976) and Blattaria (Lefeuvre, 1969).
In others, the number of instars preceding the
metamorphic molt is constant, and the length of
the instar, and thus period of feeding, is
increased, e.g., in most Diptera, Hymenoptera
and some beetles [as reviewed in Sehnal (1985)].
However, in either scenario, there is a critical
feeding period (usually linked to weight) before
which 50% of the insects will not be able to
survive, metamorphose and complete their life
cycle. It is noteworthy that starvation may
reprogram the insect by causing a premature
hormonal change such as a rapid decline in
juvenile hormone titer that, in turn, cues a small
ecdysteroid peak that results in a premature
commitment to metamorphosis (Munyiri and
Ishikawa, 2005).

In B. tabaci, ecdysteroid concentration peaks
between Stages 4 and 6 and adult development is
initiated in Stage 6 (Gelman et al., 2002b). In T.
vaporariorum, ecdysteroid titers peak between
Stages 3 and 6 and adult eye and wing
development are initiated in Stages 4 and 5,
respectively (Gelman et al., 2002a). Thus, in T.
vaporariorum, both the stage in which the
ecdysteroid titer first peaks (Stage 3) and the
stage in which adult development is initiated
(Stage 4/5) are at least one stage earlier than the
stages in which these events occur in B. tabaci
(Stages 4/5 and 6, respectively). Yet the critical
feeding period is reached one stage earlier in B.
tabaci (Stage 3) than in T. vaporariorum (Stage
4).

Based on the determination of fluctuations in
weight during the 4th stadium (Table 1), it appears
that the critical feeding period is linked to the
attainment of a critical weight rather than to
either the timing of the ecdysteroid peak or the
initiation of adult development. Once the 4th

instar of either whitefly was removed from the
leaf and placed on filter paper, it did not increase
in body depth. On the leaf, B. tabaci 4th instars
increase in weight until Stage 3 and then reach a
plateau through Stage 8, while T. vaporariorum
increase in weight through Stage 4 and then reach

Journal of Insect Science | www.insectscience.org ISSN: 1536-2442

Journal of Insect Science: Vol. 7 | Article 33 8



a plateau. Stages 3 and 4, respectively, are the
stages in which the critical feeding period was
observed in B. tabaci and T. vaporariorum. And,
if in whiteflies, a critical weight is also required to
trigger an increase in ecdysteroid, which, in turn,
is responsible for initiating the nymphal-adult
molt, the critical weight is lower in T.
vaporariorum than in B. tabaci.

Disclaimer

Mention of a trademark or proprietary product
does not constitute a guarantee or warranty of the
product by the USDA and does not imply its
approval to the exclusion of other products that
may also be suitable.

Acknowledgements
We thank M. Chvatal for technical assistance,
Paul Ecke Ranch (Encinatas CA) for providing the
poinsettia plants used to maintain our whitefly
colonies and M. Blackburn and M. Greenstone of
the Insect Biocontrol Laboratory (USDA, ARS),
Beltsville, MD., for their critical readings of the
manuscript.

References
Bellows AN, Perring TM, Gill RJ, Headrick DH. 1994.

Description of a species of Bemisia (Homoptera:
Aleyrodidae). Annals of the Entomological Society of
America 8: 195-206.

Chu CC, Henneberry TJ. 1998. Arthropod management:
Development of a new whitefly trap. Journal of Cotton
Science 2: 104-109.

Costa HS, Toscano NC, Hendrix DL, Henneberry TJ. 1999.
Patterns of honeydew droplet production by nymphal
stages of Bemisia argentifolii (Homoptera: Aleyrodidae)
and relative composition of honeydew sugars. Journal of
Entomological Science 34: 305-313.

Gelman DB, Blackburn MB, Hu JS. 2002a. Timing and
ecdysteroid regulation of the molt in last instar
greenhouse whiteflies (Trialeurodes vaporariorum).
Journal of Insect Physiology 48: 63-73.

Gelman DB, Blackburn MB, Hu JS, Gerling D. 2002b. The
nymphal-adult molt of the silverleaf whitefly (Bemisia
argentifolii): Timing, regulation and progress. Archives of
Insect Biochemistry and Physiology 51: 67-79.

Gelman DB, Gerling D. 2003. Host plant pubescence: Effect
on silverleaf whitefly, Bemisia argentifolii, fourth instar
and pharate adult dimensions and ecdysteroid titer
fluctuations. Journal of Insect Science 3:25, available
online: http://insectscience.org/3.25

Gill R. 1992. A review of the sweet potato whitefly in southern
California. Pan-Pacific Entomology 68: 144-152.

Hargreaves E. 1915. The life-history and habits of the
greenhouse whitefly (Aleyrodes vaporariorum Westd.).
Annals of Applied Biology 1: 303-334.

Henneberry TJ, Toscano NC, Perring TM, Faust RM 1997.
Preface: In: Henneberry TJ, Toscano NC, Perring TM,
Faust RM, editors. Silverleaf Whitefly, 1997 Supplement
to the Five-Year National Research and Action Plan:
Progress, Review, Technology Transfer, and New
Research and Action Plan (1997–2001). p 2. Washington,
DC: USDA, ARS.

Henneberry TJ, Toscano NC, Castle SJ. 1998. Bemisia spp.
(Homoptera: Aleyrodidae) in the United States history,
pest status, and management. Recent Research in
Developmental Entomology 2: 51-161.

Heinz KM. 1996. Predators and parasitoids as biological
control agents of Bemisia in greenhouses. In: Gerling D,
editor. Bemisia 1995: Taxonomy, Biology, Damage,
Control and Management, p. 435–449. Intercept
Limited.

Jones D, Jones G, Hammock BD. 1981. Growth parameters
associated with endocrine events in larval Trichoplusia ni
(Hübner) and timing of these events with developmental
markers. Journal of Insect Physiology 27: 779-788.

Lefeuvre J–C. 1969. Recherches sur les organs alaires des
Blattaria. PhD Thesis, University of Rennes.

Lie H, Tjallingii WF, van Lentern JC, Xu RM. 1996. Stylet
penetration by larvae of the greenhouse whitefly on
cucumber. Entomologie Experimental and Applied 79:
77-84.

Munyiri FN, Asano W, Shintani Y, Ishikawa Y. 2003.
Threshold weight for starvation-triggered metamorphosis
in the yellow-spotted longicorn beetle, Psacothea hilaris
(Coleoptera: Cerambycidae). Applied Entomological
Zoology 38: 509-515.

Munyiri FN, Ishikawa Y. 2005. Endocrine changes associated
with the starvation-induced premature metamorphosis in
the yellow-spotted longicorn beetle, Psacothea hilaris.
General and Comparative Endocrinology 144: 150-155.

Nijhout HF. 1975. A threshold size for metamorphosis in the
tobacco hornworm, Manduca sexta (L.). Biological
Bulletin 149: 214-225.

Nijhout HF. 1981. Physiological control of molting in insects.
American Zoologist 21: 631-640.

Perkins HH Jr, Bassett DM. 1988. In: Brown JA, editor.
Proceedings of the Beltwide National Cotton Council, pp.
135–136. Memphis, TN.

Sehnal F. 1971. Rôle de l’hormone juvénile et de l’hormone de
mue dans le contrôle de la metamorphose de Galleria
mellonella (Lepidoptera). Archives de Zoologie
Experimentale et Generale 112: 565-577.

Journal of Insect Science | www.insectscience.org ISSN: 1536-2442

Journal of Insect Science: Vol. 7 | Article 33 9



Sehnal F. 1985. Growth and life cycles. In: Kerkut GA. and
Gilbert LI, editors. Comprehensive Insect Physiology,
Biochemistry and Pharmacology, p 1–86. Pergamon
Press.

Shintani Y, Munyiri FN, Ishikawa Y. 2003. Change in
significance of feeding during larval development in the
yellow-spotted longicorn beetle, Psacothea hilaris.
Journal of Insect Physiology 49: 75-981.

Tanaka A. 1981. Regulation of body size during larval
development in the German cockroach, Blattella
germanica. Journal of Insect Physiology 27: 587-592.

Williams CM. 1976. Juvenile hormone…in retrospect and in
prospect. In: Williams CM., editor. The Juvenile
Hormones, p. 1–14. Plenum Press.

Zalom FG, Castane C, Gabara R. 1995. Selection of some
winter-spring vegetable crop hosts by Bemisia argentifolii
(Homoptera: Aleyrodidae). Journal of Economic
Entomology 88: 70-76.

Journal of Insect Science | www.insectscience.org ISSN: 1536-2442

Journal of Insect Science: Vol. 7 | Article 33 10


	Critical feeding periods for last instar nymphal and pharate adults of the whiteflies, Trialeurodes vaporariorum and Bemisia tabaci
	Dale B. Gelman and Jing S. Hu
	Abstract
	Introduction
	Materials and Methods
	Insect Rearing
	Insect staging
	Effect of stage of whitefly removal on percent adult eclosion
	Determination of 4th instar/pharate adult weights of B. tabaci and T. vaporariorum
	Statistical Analysis
	Effect of stage of removal on number of eggs laid, percent egg hatch and longevity of adults

	Results
	Effect of stage of whitefly removal on percent adult eclosion
	Weights of 4th instar/pharate adult whiteflies
	Effect of stage of removal on number of eggs laid and percent egg hatch
	Effect of stage of removal on adult longevity

	Discussion
	Acknowledgements
	References


