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DISTINGUISHING LARVAL INSTARS OF THE
VEGETABLE LEAFMINER,
LIRIOMYZA SATIVAE (DIPTERA: AGROMYZIDAE)

FrEDERICK L. PETITT
The Land, EPCOT Center, Lake Buena Vista, Florida 32830

ABSTRACT

Measurements of either the length of mouth hooks or the cephalopharyngeal skeleton
showed clear separation between larval instars of Liriomyza sativae Blanchard. Mouth
hooks of first instar larvae also differed morphologically from those of later instars.
Larval instars were distinguished under a dissecting microscope at 200x magnification,
enabling rapid separation of freshly-collected specimens.

The growth ratio of cephalopharyngeal skeletons between first and second instar
larvae was higher (1.75) than between second and third instar larvae (1.56). Growth
ratios calculated from published reports on other Liriomyza species were typically very
similar to those of L. sativae.

RESUMEN

Medidas del largo de los ganchos bucales o del esqueleto cefalofaringeal demostré
una clara separacién entre los estadios larvales de Liriomyza sativa Blanchard. Los
ganchos bucales también fueron distintos morfologicamente de aquellos en los estadios
siguientes. Los estadios larvales se separaron bajo un microscopio de diseccién a una
magnificacién de 200X, lo que permiti6 separar rapidamente los especimen recién colec-
tados.

La taza de crecimiento de los esqueletos cefalofaringeales entre el primer y segundo
estadio, fue mayor (1.75) que entre el segundo o tercer estadio larval (1.56). La taza de
crecimiento calculada en reportes publicados sobre otras especies de Liriomyza fue
tipicamente muy similar a aquellos de L. sativae.

Liriomyza leafminers cause extensive damage to a variety of economically important
vegetable and ornamental crops (Parrella & Keil 1984, Minkenberg & van Lenteren
1986). Consequently, they are major targets of both chemical (Parrella et al. 1982,
Mason et al. 1987, Leibee 1988) and biological control programs (Frijters et al. 1986,
Westerman & Minkenberg 1986, Parrella et al. 1987). These programs would likely
benefit from more detailed physiological or ecological studies conducted with particular
larval instars. Larval instars of cyclorrhaphous Diptera have shown differences in their
ability to escape parasitism and encapsulate parasitoid eggs (van Alphen & Drijver
1982), and in their susceptibility to pesticides (Parrella et al. 1982).

Larval instars of cyclorraphous Diptera are generally distinguished on the basis of
the size and/or morphology of the cephalopharyngeal skeleton, which is characteristie
in this group (Teskey 1981). The cephalopharyngeal skeleton consists of the mouth
hooks and the hypopharyngeal and tentoropharyngeal sclerites (Teskey 1981). The size
and/or morphology of mouth hooks (Bodenstein 1950, Kamali & Schulz 1973, Robinson
& Foote 1978, Lawrence 1979), and/or the length of the entire cephalopharyngeal skele-
ton (Beri 1974, Ipe 1974, Hendrickson & Barth 1978, Lawrence 1979) have been used
to distinguish larval instars.

In this study, larval instars of Liriomyza sativae Blanchard were clearly distin-
guished using measurements of mouth hook or cephalopharyngeal skeleton length on
slide-mounted larvae using a compound microscope. The measurements were used also
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to develop a method to distinguish instars using a dissecting microscope equipped with
an ocular micrometer. Being able to conduct instar determination under a dissecting
microscope is desirable because it considerably reduces processing time for samples
containing many larvae.

Growth ratios of L. sativae mouth hooks and cephalopharyngeal skeletons were
compared both across instars and with other Liriomyza species. Constant growth ratios
were expected within a species according to the Brooks-Dyar rule of geometric growth
(Hutchinson & Tongring 1984, Daly 1985).

MATERIALS AND METHODS
Experimental Procedure

Bush lima beans (Phaseolus limensis var. limenanus Bailey ‘Henderson’) were
grown in a greenhouse in 15 ecm diameter pots at two plants per pot in a steam-pas-
teurized peat-vermiculite mixture (Speedling Inec., Sun City, FL) and watered with a
modified Hoaland solution (Petitt 1988). Plants 10-14 d old were placed for 6 hin a 1.9
x 1.1 x 0.6 m cage containing a colony of adult L. sativae. Thereafter, plants were held
in environmental chambers at 20 or 25+ 1°C and a 14 h photophase beginning at 0700
hours.

Larvae were collected from primary leaves every 6 and 12 h at 25 and 20°C, respec-
tively, beginning the third day after oviposition and preserved in' a 70% ethanol:water
mixture. Larvae were cleared in a 10% solution of potassium hydroxide in 70% ethanol
for 2-12 h, depending on larval size. The lengths of mouth hooks and ecephalopharyngeal
skeletons (hypopharyngeal and tentoropharyngeal sclerites only) of 560 larvae were
measured on a compound microscope at 400x using an ocular micrometer (Fig. 2). Meas-
urements were made to the nearest micrometer unit which was equal to 2.5um. Length
differences between the smallest mouth hook or cephalopharyngeal skeleton measured
for an instar and the largest of the preceding instar were used to determine the magnifi-
cation necessary for distinguishing instars using a dissecting microscope. Two hundred
larvae, some of which were from each stadium, were classified using a dissecting micro-
scope with an ocular micrometer to test the method and to determine the time required
for sample processing.

Data Analysis

The natural logarithms of the length of mouth hooks and the cephalopharyngeal
skeleton were regressed against presumed instar number (independent variable) to
confirm that no instars were missed (Daly 1985). Growth ratios were calculated by
dividing the size of a structure in an instar by the size of the equivalent structure in
the preceding instar.

Voucher Specimens

Specimens of adult L. sativae were sent to K. A. Spencer (Univ. of Exeter, Exwell
Farm, Bray Shop, Callington, PL17, 8QJ, Cornwall, United Kingdom) and their correct
identification was verified. Voucher specimens were deposited in the Florida State
Collection of Arthropods in Gainesville, Florida.

RESULTS AND DISCUSSION

Clear separation among the three larval instars of L. sativae occurred using either
mouth hook or cephalopharyngeal skeleton length (Fig. 1; Table 1). No abrupt deviation
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Fig. 1. Relationship between lengths of mouth hooks and cephalopharyngeal skeleton
for first, second, and third instar L. sativae larvae.

occurred when presumed instar number was regressed with the natural logarithms of
mouth hook (r=0.99) and cephalopharyngeal skeleton (r=0.99) length, indicating that
no instar was missed (Daly 1985). The mean cephalopharyngeal skeleton lengths of first,
second, and third instar L. sativae (0.09, 0.15, and 0.23 mm, respectively) were very
similar to the mouth hook lengths reported by Oatman & Michelbacher (1958) for L.
pictella Thomson. These authors apparently used the term “mouth hooks” to describe
the cephalopharyngeal skeleton. L. pictella of Oatman & Michelbacher (1958) actually
may have been L. sativae but the absence of voucher specimens makes positive identifi-
cation impossible (see Spencer 1981).

The mouth hooks of second and third instar larvae are morphologically similar, but
the first instar is recognizably different (Fig. 2). The second and third instar mouth
hooks were less than one-half as wide as long (including teeth) in side view, and had
two distinet pairs of alternating, ventrally curved, terminally-pointed teeth. The right
side of third instar mouth hooks was longer than the left in front view, as is usual for

TABLE 1. LENGTH OF MOUTH HOOKS AND CEPHALOPHARYNGEAL SKELETON FOR
LARVAL INSTARS OF L. SATIVAE.

% length (S.E.M.) (mm) and Range

Instar n Mouth Hooks Cephalopharyngeal Skeleton®
1 133 0.021(0.0001)  (0.015-0.025) 0.085 (0.0006) (0.058-0.111)
2 193 0.039(0.0002)  (0.033-0.045) 0.149 (0.0006) (0.123-0.173)
3 234  0.063(0.0002)  (0.053-0.068) 0.233 (0.0007)  (0.196-0.249)

#Cephalopharyngeal skeleton measurement included the hypopharyngeal and tentoropharyngeal sclerites.
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Fig. 2. Cephalopharyngeal skeleton including mouth hooks of first (A, B), second
(C, D), and third (E) instar larvae of L. sativae. Partially formed mouth hooks (arrows)
posterior to the functioning mouth hooks in B and D indicate the onset of ecdysis to the
next instar. Length of mouth hooks (L-M), and length of the cephalopharyngeal skeleton
(N-0), as measured in this study, are shown in E. The same magnification was used in
A-E.
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TABLE 2. GROWTH RATIOS OF THE LENGTH OF THE CEPHALOPHARYNGEAL
SKELETON OF L. SATIVAE AS COMPARED WITH LARVAE OF OTHER
LIRIOMYZA SPECIES.

Ratio of Length of Cephalopharyngeal Skeleton

Ratio of

Instars L. sativae L. pictella® L. trifolii® L. brassicae®
2/1 1.75 1.72 1.75 1.98
3/2 1.56 1.55 1.55 1.56

20atman & Michelbacher 1958.
*Parrella & Bethke 1988.
“Beri 1974.

larval Agromyzidae (Beri 1983). The relative size of each mandible could not be distin-
guished in earlier instars. The first instar mouth hooks were one-half or more as wide
as long, and only a pair of apical teeth was apparent. Occurrence of partially formed
mouth hooks along the hypopharyngeal sclerite indicated the onset of ecdysis to the
next instar (Fig. 2B and 2D).

As in other agromyzids (Beri 1973), first instar L. sativae apparently were metap-
neustie, having only the posterior pair of spiracles. The anterior spiracles of second and
third instar L. sativae are stalked with numerous spiracular bulbs.

The growth ratio of cephalopharyngeal skeletons was 1.75 between first and second
instar L. sativae and 1.56 between second and third instars. The ratios were consistent
for the species L. sativae, L. pictella, L. brassicae (Riley) and L. trifolii (Burgess), with
the exeeption that the ratio between first and second instars was larger in L. brassicae
(1.98) than in the other species (Table 2; Oatman & Michelbacher 1958, Beri 1974,
Parrella & Bethke 1988).

The average growth ratios between first and second and second and third instar L.
sativae mouth hooks were 1.86 and 1.62, respectively. Growth ratios between second
and third instar mouth hooks in L. andryalae Hering and L. strigata Meigen were each
1.60 (Beri 1971). The constancy of the growth ratios across species may be related to
their similar mode of feeding on leaf mesophyll tissue (Hutchinson & Tongring 1984).

Athough measurements of the mouth hooks and cephalopharyngeal skeletons re-
ported in this study were made on cleared, slide-mounted larvae under a compound
microscope, 200 larvae also were classified by measurements of these structures under
a dissecting microscope. At 200x total magnification, all instars could be distinguished
by measuring either the length of the mouth hooks or cephalopharyngeal skeleton.
Because the larvae became more opaque with time in ethanol, only recently collected
larvae could be measured without clearing. Samples of 20 larvae required ca. 5 min to
classify using this method.

Rapid instar determination under the dissecting microscope makes immediate pro-
cessing of samples possible. Cohorts may be subsampled frequently, if necessary, to
determine when all individuals have reached the desired stadium for use in experimen-
tation. Availability of this method will enable studies to be conducted with particular
larval instars of L. sativae.

ACKNOWLEDGMENTS

I acknowledge the technical assistance of Marian Coffey, Chris Halliday, and Debbie
Karan. I thank Andrew Schuerger, who assisted with photographie technique. Pauline
Lawrence and Henry Robitaille provided thoughtful eriticisms of a previous draft. This
manuseript was derived from a dissertation submitted in partial fulfillment of the re-
quirements for the Ph.D. degree from the University of Florida.



Petitt: Distinguishing Larval Instars of Liriomyza sativae 285

REFERENCES CITED

Beri, S. K. 1971. Immature stages of Agromyzidae (Diptera) from India. VII.
Taxonomy and Biology of Fifteen Species of Liriomyza Mik. Oriental Ins.
(Suppl.) 1: 85-118.

BEeRI, S. K. 1973. Comparative morphological studies on the spiracles of larval Ag-
romyzidae (Diptera). J. Nat. Hist. 7: 481-491.

BeRri, S. K. 1974. Biology of a leaf miner Liriomyza brassicae (Riley) (Diptera: Ag-
romyzidae). J. Nat. Hist. 8: 143-151.

BERrI, S. K. 1983. Comparative morphological studies on the cephalopharyngeal skele-
ton of larval leaf-mining flies (Agromyzidae: Diptera). IndianJ. For. 6: 301-308.

BoDENSTEIN, D. 1950. The postembryonic development of Drosophila, pp. 275-367,
in M. Demerec (ed.), Biology of Drosophila. Wiley, New York.

Davy, H. V. 1985. Insect morphometrics. Ann. Rev. Entomol. 30: 415-438.

FRrRUTERS, A. J. M., O. P. J. M. MINKENBERG, J. WOETS, AND W. J. RAVENSBERG.
1986. Chrysocharis parksi in commercial greenhouses for the biological control
of leafminers, Liriomyza bryoniae and L. trifolii, on tomatoes; case studies and
sampling techniques. Med. Fac. Landbouww. Rijksuniv. Gent. 51(3a): 987-997.

HENDRICKSON, R. M., Jr., AND S. E. BARTH. 1978. Notes on the biology of Dig-
lyphus intermedius (Hymenoptera: Eulophidae), a parasite on the alfalfa blotch
leafminer, Agromyza frontella (Diptera: Agromyzidae). Proec. Entomol. Soec.
Washington 80: 210-215.

HurcHINSON, G. E., AND N. TONGRING. 1984. The possible adaptive significance of
the Brooks-Dyar rule. J. Theor. Biol. 106: 437-439.

IPe, I. M. 1974. Morphological, behavioral, and biological studies of Melanagromyza
obtusa (Malloch) (Diptera: Agromyzidae) on Cajanus indicus Spreng. Z. Ang.
Ent. 75: 89-98.

Kamavi, K., aAND J. T. ScHuLz. 1973. Characteristics of immature stages of Gym-
nocarena diffusa (Diptera: Tephritidae). Ann. Entomol. Soc. America 66: 288-
91.

LAWRENCE, P. 0. 1979. Immature stages of the Caribbean fruit fly, Anastrepha
suspensa. Florida Entomol. 62(3): 214-219.

LEIBEE, G. L. 1988. Toxicity of abamectin to Liriomyza trifolii (Burgess) (Diptera:
Agromyzidae). J. Econ. Entomol. 81: 738-740.

MasoN, G. A.,, M. W. JOoHNSON, AND B. E. TABASHNIK. 1987. Susceptibility of
Liriomyza sativae and L. trifolii (Diptera: Agromyzidae) to permethrin and fen-
valerate. J. Econ. Entomol. 80: 1262-1266.

MINKENBERG, O. P. J. M., AND J. C. VAN LENTEREN. 1986. The leafminers
Liriomyza bryoniae and L. trifolii (Diptera: Agromyzidae), their parasites and
host plants: a review. Agricultural University Wageningen Papers, 86-2.

OAaTMAN, E. R., AND A. E. MICHELBACHER. 1958. The melon leaf miner, Liriomyza
pictella (Thomson) (Diptera: Agromyzidae). Ann. Entomol. Soc. America 51:
557-566.

ParreLLA, M. P., AND C. B. KEIL. 1984. Insect pest management: the lesson of
Liriomyza. Bull. Entomol. Soc. America 30: 22-25,

PARRELLA, M. P., V. P. JoNES, AND G. D. CHRISTIE. 1987. Feasibility of parasites
for biological control of Liriomyza trifolii (Diptera: Agromyzidae) on commer-
cially-grown chrysanthemum. Environ. Entomol. 16: 832-837.

PARRELLA, M. P., AND J. A. BETHKE. 1988. Larval development and leafmining
activity of Liriomyza trifolii (Burgess) (Diptera: Agromyzidae) Pan-Pacific En-
tomol. 64(1): 17-22.

PARRELLA, M. P., K. L. RoBB, AND P. MORISHITA. 1982. Response of Liriomyza
trifolii (Diptera: Agromyzidae) larvae to insecticides, with notes about efficacy
testing. J. Econ. Entomol. 75: 1104-1108.

PETITT, F. L. 1988. Temperature-dependent development and influence of larval in-
stars of Lirtomyza sativae Blanchard on parasitization by Opius dissitus
Muesebeck. Ph.D. dissertation. Univ. of Florida. Gainesville.

RoBinsoN, W. H., AND B. A, FooTE. 1978. Biology and immature stages of Anti-
chaeta borealis (Diptera: Sciomyzidae), a predator of snail eggs. Proc. Entomol.
Soc. Washington 80(3): 388-396.



286 Florida Entomologist 73(2) June, 1990

SPENCER, K. A. 1981. Morphological characteristics and brief taxonomic history of
Liriomyza, pp. 12-23 in D. J. Schuster (ed.), Proc. IFAS-Industry Conf. on
Biology and Control Liriomyza Leafminers II. Institute of Food and Agrie. Sci-
ences. Gainesville, Florida.

TeSkKEY, H. J. 1981. Morphology and terminology-larvae, pp. 66-88in J. F. McAlpine,
B. V. Peterson, G. E. Shewell, H. J. Teskey, J. R. Vockeroth, and D. M. Wood
(eds.), Manual of Nearctic Diptera. Vol. 1. Research Branch, Agric. Canada,
Monoraph No. 27. 674 pp.

VAN ALPHEN, J. J. M., AND R. A. B. DRUVER. 1982. Host selection by Asobara
tabida Nees (Braconidae: Alysiinae) a larval parasitoid of fruit inhabiting
Drosophila species. 1. Host stage selection with Drosophila melanogaster as
host species. Netherlands J. Zool. 32: 215-231.

WESTERMAN, P. R., AND O. P. J. M. MINKENBERG. 1986. Evaluation of the effec-
tiveness of the parasitic wasps Diglyphus isaea and Chrysocharis parksi in the
experimental greenhouses for the biological control of the leafminer Liriomyza
bryoniae on tomatoes. Med. Fac. Landbouww. Rijksuniv. Gent. 51(3a): 999-
1008.

-

RESPONSES OF HYLASTES SALEBROSUS
TO TURPENTINE, ETHANOL, AND
PHEROMONES OF DENDROCTONUS
(COLEOPTERA: SCOLYTIDAE)

THOMAS W. PHILLIPS
Entomology and Nematology Department
University of Florida
Gainesville, FL. USA 32611

ABSTRACT

Attraction of the pine bark beetle Hylastes salebrosus Eichhoff to the host chemicals
turpentine and ethanol, and the Dendroctonus pheromones frontalin and exo-brevieo-
min, were assessed in four field trapping experiments. H. salebrosus were attracted to
turpentine alone, and the addition of ethanol, whether mixed with the turpentine or
deployed at any of three different release levels, elicited a significant increase in attrac-
tion. In another experiment incorportaing all semiochemicals tested, beetles were more
attracted to traps baited with the combination of the turpentine:ethanol mix, frontalin,
and exo-brevicomin, than to traps with the turpentine:ethanol mix only. A final pair of
experiments determined that exo-brevicomin, and not frontalin, deployed with turpen-
tine was important for eliciting attraction. H. salebrosus may produce and use exo-bre-
vicomin as an attractive pheromone, but the data also suggest that H. salebrosus can
exploit exo-brevicomin as a kairomone from other scolytid species that colonize the same
pine resource.

RESUMEN

Atraccion del escarabajo descortezador de pino Hylastes salebrosus Eichhoff a las
quimicas producidas por el huésped, aguarraz y etanol, y a las feromonas de Dendroc-
tonus frontalina y exo-brevicomina, se ensayé en cuatro experimentos de trampeo en el
campo. H. salebrosus se atrayeron a aguarraz solo, y la adicién de etanol, ya sea mezelado






