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A

 

BSTRACT

 

The entomopathogenic nematodes 

 

Steinernema carpocapsae

 

 Weiser and 

 

S. rio-
bravis

 

 Cabanillas, Poiner and Raulston were compared as twice a year soil treatments
for control of the west indian sugarcane root stalk borer weevil, 

 

Diaprepes abbreviatus

 

(L.), and citrus root weevil, 

 

Pachnaeus litus

 

 (Germar). Additionally, four single rate
demonstrations evaluated 

 

S. riobravis

 

 and a 2- year test compared single versus dou-
ble annual treatments of 

 

S. riobravis

 

. The 6 experiments were conducted in the Indian
River Area of Florida, U.S.A.

Two applications per year of 

 

S. carpocapsae

 

 were as effective as 

 

S. riobravis

 

 for 

 

P.
litus

 

 control but failed to control 

 

D. abbreviatus

 

.
A single application of 

 

S. riobravis

 

 delivering 2 million nematodes per tree through
low volume irrigation systems or a tractor-mounted herbicide boom in demonstration
tests provided 64% and 89% reduction of 

 

P. litus

 

 and 

 

D. abbreviatus

 

, respectively.
Single annual applications of 2 million 

 

S. riobravis

 

 per tree delivered with sprin-
kling cans reduced 

 

P. litus

 

 populations by 65% and 

 

D. abbreviatus

 

 populations by 85%
over a 2 year period and was statistically equal to a 2-a-year treatment of 

 

S. riobravis

 

that provided 80% and 95% reductions, respectively.
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R

 

ESUMEN

 

 

Se comparó durante un año el efecto de dos tratamientos al suelo de los nemátodos
entomopatógenos 

 

Steinernema carpocapsae

 

 Weiser y 

 

S. riobravis

 

 Cabanillas, Poiner y
Raulston para el control del picudo antillano de la caña,

 

 Diaprepes abbreviatus

 

 (L.), y
el picudo de los cítricos, 

 

Pachnaeus litus

 

 (Germar). Se evaluó además el efecto de una
sola aplicación de 

 

S. riobravis

 

 en cuatro ensayos. En un ensayo adicional realizado du-
rante 2 años se comparó el efecto de una sola aplicación por año y de dos aplicaciones
anuales de 

 

S. riobravis

 

. Estos 6 ensayos fueron realizados en el área de Indian River
en Florida, E.U.A.

Dos aplicaciones al año de 

 

S. carpocapsae

 

 fueron igual de efectivas como dos apli-
caciones de 

 

S. riobravis

 

 para el control de 

 

P. litus

 

, pero 

 

S. carpocapsae 

 

no controló a 

 

D.
abbreviatus

 

.
Una aplicación de una dosis de 2 millones de nemátodos por árbol de 

 

S. riobravis

 

,
utilizando un sistema de irrigación a bajo volumen, o utilizando un tractor con
sistema de aplicación para herbicidas, resultó en una reducción del 64% y 89% de 

 

P.
litus

 

 y 

 

D. abbreviatus

 

, respectivamente.
Una sola aplicación de 2 millones de 

 

S. riobravis

 

 por árbol utilizando regaderas
manuales dió como resultado una reducción del 65% de la población de 

 

P. litus

 

 y del
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85% de 

 

D. abbreviatus

 

 durante dos años y no difirieron estadísticamente de dos trata-
mientos por año, lo cual dió como resultado una reducción del 80% y 95% para cada

 

especie, respectivamente.

In the 34 years since its detection in Florida, the west indian sugarcane rootstock
borer weevil, 

 

Diaprepes abbreviatus

 

 (L.), has spread from the original find in an Apo-
pka, FL, citrus nursery (Woodruff 1968) to approximately 11,364 ha of citrus groves
distributed in 19 Florida counties (Hall 1994). Annual losses and cost of control in cit-
rus currently exceeds 72 million dollars to citrus growers (Stanley 1996).

Attempts to control 

 

D. abbreviatus

 

 have passed through failed initial eradication
efforts, suppression with chemical sprays and soil treatments (Bullock 1985, Bullock
et al. 1988, Bullock and Pelosi 1993, McCoy et al. 1995, Quintela and McCoy 1997) to
biocontrol efforts prompted by discovery of natural agents recovered in soil surveys
conducted by Beavers et al. in 1983. Some of the entomopathogens discovered have
been investigated (McCoy and Boucias 1989) and a synergism identified between
pathogens and the insecticide imidacloprid (Quintela and McCoy 1997).

The nematode component of the Beavers et al. survey generated a body of research
that identified 

 

Steinernema carpocapsae

 

 Weiser as a soil treatment for control of lar-
vae (Schroeder 1987, 1990, Downing et al. 1991, Adair 1994, Bullock and Miller 1994).
The commercial product BioVector

 

ä

 

, containing 

 

S. carpocapsae

 

 All strain as its active
ingredient, became available to growers. After the discovery of 

 

S. riobravis

 

, in Texas’
Rio Grande Valley (Cabanillas et al. 1994), Schroeder (1994) compared it with 

 

S. car-
pocapsae

 

 for control of 

 

D. abbreviatus

 

 larvae under controlled conditions. He found it
superior to 

 

S. carpocapsae

 

 and its early promise has been confirmed by field tests re-
ported here.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

The research reported here was conducted during the Spring of 1994 in four citrus
groves in the Indian River Area of Florida. A fifth grove provided data from a 3-year
study. All groves were infested with 

 

D. abbreviatus

 

 and the citrus root weevil, 

 

Pach-
naeus litus

 

 (Germar). 
Grove No. 1, in Indian River County, was treated 23 March. This 20-year-old block

of double bedded ‘Marsh’ grapefruit trees, planted at a 3.6 x 6.9m spacing, was treated
at the rate of 1.6 million nematodes per tree delivered in water at 85 GPA through a
tractor-mounted herbicide boom and applied to a pre-irrigated, surface-littered grove
floor area beneath the tree canopy. Both sides of the tree row were treated. Treat-
ments were replicated four times in 50-tree plots. Conical hardware cloth ground
traps (0.66m

 

2

 

 at base, 60 cm tall), capped with 0.95 liter clear plastic cups (Paradise
Plastics, Plant City, FL) attached by 15 cm long braided elastics (Goody Products,
Peachtree, GA), were placed next to the tree trunks to monitor weevil emergence from
nematode treated (n = 100) and water treated (n = 100) soil.

Grove No. 2, in Indian River County, was treated 23 March by injection of 

 

S. rio-
bravis

 

 into the microirrigation system at a rate delivering 2 million nematodes per
tree. Treatments were replicated six times in 28-tree plots. Irrigation laterals, serving
single rows of 10-year-old ‘Marsh’ grapefruit trees planted at a 6x9m spacing were
closed during treatment application. When nematode delivery was completed, the ir-
rigation lines were purged, laterals opened to allow water flow to control plots and the
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block received additional irrigation provided to facilitate nematodes movement into
the soil. Ground traps were placed next to 100 trees in the treated and 100 trees in un-
treated plots.

Grove No. 3, in Indian River County, was treated 24 March by injection of 

 

S. rio-
bravis

 

 into the microirrigation system at a rate delivering 2 million nematodes per
tree. Treatments were replicated 3 times in 46-tree plots. Irrigation laterals, serving
the paired rows of 6-year-old ‘Minneola’ tangelo trees planted at a 3.7 

 

´

 

 9m spacing on
double beds, were closed during treatment application. When completed, the lines
were purged, laterals opened and the block received additional irrigation to facilitate
the nematode movement into the soil. Ground traps were placed next to 100 trees in
the treated and at 100 trees in control plots. 

Grove No. 4, in St. Lucie County, was treated 14 April. A 2 quart suspension of Bio-
Vector 355, containing 1.2 billion 

 

S. riobravis

 

, was mixed with water in a pail. The
slurry was poured into the reservoir for injection through the microirrigation system
to a block of ‘Marsh’ grapefruit trees planted at a 3.75 

 

´

 

 9m spacing on single beds.
Each tree received 2 million nematodes. Soil had been pre-moistened by 1.91 cm of
rain the day before. When treatment was completed, irrigation lines were purged and
blocked laterals that prevented water flow to beds with control trees opened. An ad-
ditional half hour of irrigation to all the blocks delivered 5 gallons of water per tree to
faciliatate movement of nematodes into the soil. Ground traps were placed at the base
of 100 treated and 100 control trees and were examined weekly for presence of emerg-
ing adult weevils.

The experiment in grove No. 5 was established in a block of 7-year-old, double-bed-
ded ‘Ruby’ grapefruit trees, planted at a 5.4 

 

´

 

 7.2m spacing, at the IFAS IRREC in Ft.
Pierce. Treatments were replicated 3 times in 34-tree plots and compared two appli-
cations (spring and fall) of 

 

S. riobravis

 

 with 2 applications of 

 

S. carpocapsae

 

 annually.
One hundred untreated trees served as controls. Treatments were applied in March
and September 1994. During treatments, 2 million nematodes suspended in a gallon
of water were applied with a sprinkling can to the pre-moistened soil at the base of
each tree in each of the treatments. One hundred ground traps were placed at 100
trees in each treatment plus 100 untreated trees and were examined weekly for pres-
ence of emerging adult weevils. Data were collected for one year, 1994.In grove N. 5,
during April 1995, a single annual 

 

S. riobravis

 

 treatment was substituted for the
twice-a-year 

 

S. carpocapsae

 

 and the experiment continued for 2 years comparing sin-
gle with double applications of 

 

S. riobravis

 

.

R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

The four short-term demonstrations conducted in the spring of 1994 provided an
over-all 89% reduction of 

 

D. abbreviatus

 

 and 64% of 

 

P. litus 

 

(Table 1). Two treatments
per year of 

 

S. riobravis

 

 provide 98% and 82% reductions of 

 

D. abbreviatus

 

 and 

 

P. litus

 

,
respectively, compared to 7% and 53% reductions resulting from the 

 

S. carpocapsae

 

treatments (Table 2, 1994). However, the efficiency of the 

 

S. carpocapsae

 

 treatment,
although providing a mediocre 53% reduction, was statistically equal to that of 

 

S. ri-
obravis

 

 in reduction of 

 

P. litus

 

 populations.
The results of the 2-year study comparing one versus two applications of 

 

S. rio-
bravis

 

 (Table 2, 1995, 1996) suggest that, although two applications per year would
provide a greater average percentage reduction, the difference in performance was
not statistically significant. A total of 1,611 weevils were collected in the course of the
experiment in Grove 5. Weevil pressure remained constant through the 3 years with
control traps yielding in access of 300 adults per year.
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T

 

ABLE

 

 1. C

 

APTURE

 

 

 

OF

 

 

 

ADULT

 

 

 

WEEVILS

 

 

 

IN

 

 

 

GROUND

 

 

 

TRAPS

 

 

 

AT

 

 

 

FOUR

 

 

 

DEMONSTRATION

 

 

 

PLOTS

 

.

 Total weevils 

 

±

 

 SEM collected in 100 ground traps in following groves treated with 

 

S. riobravis

 

:

 

z 

 

Grove Number

Weevil Species No. 1 No. 2 No. 3 No. 4 Average % Reduction

D. abbreviatus Treated 0 

 

±

 

 0.00 b 9 

 

±

 

 0.25 a 28 

 

±

 

 0.35 b 2 

 

±

 

 0.28 b 89%
Untreated 40 

 

±

 

 0.49a 6 

 

±

 

 0.32 a 59 

 

±

 

 0.48 a 249 

 

±

 

 1.10 a
P. litus Treated 6 

 

±

 

 0.37 b 2 

 

±

 

 0.27 b 0 

 

±

 

 0.00 a 62 

 

±

 

 0.15 b 64%
Untreated 60 

 

±

 

 0.55a 15 

 

±

 

 0.04 a 6 

 

±

 

 0.61 a 113 

 

±

 

 0.40 a

 

z 

 

Separation within columns by paired t-test, 5% level.



 

B
u

llock et al. N
em

atod
es vs. C

itru
s R

oot W
eevils

 

5

 

T

 

ABLE

 

 2. C

 

APTURE

 

 

 

OF

 

 

 

ADULT

 

 

 

WEEVILS

 

 

 

IN

 

 100 

 

GROUND

 

 

 

EMERGENCE

 

 

 

TRAPS

 

 

 

AT

 

 

 

GROVE

 

 

 

NO

 

. 5.

Total adult weevils 

 

±

 

 SEM caught by year:

 

Z

 

Nematode Species 1994

 

X

 

% Reduction 1995 1996 Average % Reduction

S. carpocapsae X2

 

Y

 

D. abbreviatus

 

145 

 

±

 

 1.83 a 7%
P. litus 79 ± 0.88 b 53%

S. riobravis X2
D. abbreviatus 4 ± 0.33 b 98% 10 ± 0.49 b 19 ± 0.39 b 95%
P. litus 30 ± 0.51 b 82% 22 ± 0.40 b 36 ± 0.56 b 80%

Untreated
D. abbreviatus 165 ± 1.94 a 281 ± 1.05 a 267 ± 2.49 a
P. litus 167 ± 1.18 a 109 ± 0.55 a 135 ± 0.75 a

S. riobravis X1
D. abbreviatus 50 ± 1.26 b 31 ± 0.86 b 85%

P. litus 43 ± 0.81 b 43 ± 0.54 b 65%

XSeparation of totals within columns by Duncan’s Multiple Range Test, 5% level.
YX2 = applications in march and September; X1 = march application only.
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The results of these tests suggest that the success obtained in studies by Schroeder
(1994) in lab bioassay and in potted citrus can be anticipated in the field. The compar-
ison between S. carpocapsae and S. riobravis in 1994 (Table 2) indicates that the cit-
rus industry would benefit from commercialization of S. riobravis as a replacement for
S. carpocapsae in management of both D. abbreviatus and P. litus.
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ABSTRACT

 Amitermes amicki n. sp. is described from soldiers collected on Aruba. For compar-
ison, the soldier of A. beaumonti is redescribed from specimens collected in Mexico,
Belize, and Cuba. Amitermes amicki is the eighth congener thus far described from
the Neotropical Region. A technique is reported to enhance the visual clarity of digi-
tized scanning electron micrographs.

Key Words: Amitermes beaumonti, Neotropics, West Indies, Netherlands Antilles,
scanning electron microscopy, digital image enhancement

RESUMEN

Se describe Amitermes amicki sp. n. de soldados colectados en Aruba. Para compa-
ración, se describe de nuevo el soldado de A. beaumonti de ejemplares colectados en
México, Belice y Cuba. Amitermes amicki es el octavo congénero descrito de la Región
Neotropical hasta ahora. Se reporta una técnica para mejorar la claridad visual de mi-
crografías electrónicas digitizadas.

The genus Amitermes Silvestri consists of about 100 living species distributed
worldwide (Scheffrahn and Su 1987, Roisin 1989, Scheffrahn et al.1989, Constantino
1992, Sands 1992). Seven species are known from the Neotropical Region (Constan-
tino 1998), including A. amifer Silvestri, A. aporema Constantino, A. excellens (Silves-
tri), and A. foreli Wasmann from South America; and A. beaumonti Banks, A.



 

Scheffrahn et al.: New Amitermes

 

7

 

S

 

CHROEDER

 

, W. J. 1994. Comparison of two Steinernematid species for control of the
root weevil 

 

Diaprepes abbreviatus

 

. J. Nematology. 26: 360-362.
S

 

TANLEY

 

, D. 1996. Suppressing a serious citrus pest. Agric. Res. 44: 22.
W

 

OODRUFF

 

, R. E. 1968. The present status of a west indian weevil 

 

Diaprepes abbre-
viatus

 

 (L.): in Florida (Coleoptera: Curculionidae). Fla. Dept. Agric. Div. Pl. In-

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦

 

dus. Entomol. Circ. No. 77.

 

 

 

AMITERMES AMICKI

 

, A NEW SUBTERRANEAN TERMITE 
(ISOPTERA: TERMITIDAE: TERMITINAE) FROM ARUBA

 

R

 

UDOLF

 

 H. S

 

CHEFFRAHN

 

1

 

, N

 

AN

 

-

 

YAO

 

 S

 

U

 

1

 

 

 

AND

 

 T

 

IMOTHY

 

 G. M

 

YLES

 

2

1

 

Fort Lauderdale Research and Education Center, University of Florida
Institute of Food and Agricultural Sciences, 3205 College Avenue 

Fort Lauderdale, Florida, 33314, U.S.A.

 

2

 

Faculty of Forestry, University of Toronto, Toronto, M5S 3B3, Canada

A
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R

 

ESUMEN

 

Se describe 

 

Amitermes amicki

 

 sp. n. de soldados colectados en Aruba. Para compa-
ración, se describe de nuevo el soldado de 

 

A. beaumonti

 

 de ejemplares colectados en
México, Belice y Cuba. 

 

Amitermes amicki

 

 es el octavo congénero descrito de la Región
Neotropical hasta ahora. Se reporta una técnica para mejorar la claridad visual de mi-

 

crografías electrónicas digitizadas.

The genus 

 

Amitermes 

 

Silvestri consists of about 100 living species distributed
worldwide (Scheffrahn and Su 1987, Roisin 1989, Scheffrahn et al.1989, Constantino
1992, Sands 1992). Seven species are known from the Neotropical Region (Constan-
tino 1998), including 

 

A. amifer

 

 Silvestri, 

 

A. aporema

 

 Constantino, 

 

A. excellens

 

 (Silves-
tri), and 

 

A. foreli

 

 Wasmann from South America; and 

 

A. beaumonti

 

 Banks, 

 

A.
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cryptodon

 

 Light, and 

 

A. ensifer

 

 Light from Central America. Of these, only 

 

A. beau-
monti

 

 has been collected from an island locality (Cuba) (Hernández 1994, Scheffrahn
et al. 1994).

 Samples of an undescribed 

 

Amitermes

 

 species were collected on two recent expe-
ditions to the island of Aruba. Aruba is located in the southern Caribbean Sea, 26 km
north of Venezuela. Herein is provided a description of the soldier caste of 

 

A. amicki

 

n. sp., and a redescription of the soldier of 

 

A. beaumonti.

 

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Morphometrics of specimens preserved in 85:15 (ethanol: water) were made with
a stereomicroscope fitted with a calibrated ocular micrometer. Three ratios were used
to quantify the head and mandible shape of 

 

Amitermes 

 

soldiers, namely, the head con-
traction ratio (head width at antennae 

 

¸

 

 maximum head width), the marginal tooth
ratio (length of right mandible tip to marginal tooth point 

 

¸

 

 length of right mandible
from tip to basilateral process), and the mandible curvature ratio (arch height of right
mandible, as measured by the length of a line perpendicular to the line used to mea-
sure mandible length, 

 

¸

 

 mandible length). The mandible curvature ratio is similar to
the minimum mandible curvature index II as used by Light (1930) for 

 

Amitermes

 

;
however, the former is measured to the outer margin of the right mandible and there-
fore provides a more accurate representation of mandible curvature. Light (1930)
measured minimum mandible curvature to the inner margin of the left mandible.

The holotype soldier will be deposited in the collection of the American Museum of
Natural History, New York, New York. Paratype soldiers will be deposited in the Na-
tional Museum of Natural History (Smithsonian Institution), Washington, D.C.; the
Florida State Collection of Arthropods, Florida Department of Agriculture and Con-
sumer Services, Division of Plant Industry, Gainesville, Florida; and in the first au-
thor’s collection at the University of Florida Research and Education Center, Ft.
Lauderdale, Florida.

Photographic prints of scanning electron micrographs (SEMs) of 

 

Amitermes

 

 sol-
diers were scanned at 600 dots/inch and saved in .tif format. Three photo enhance-
ment software packages were used with similar results: Corel Photo House

 

â

 

 version
1.10.071, Logitech FotoTouch Color

 

â

 

 version 3.0, and Micrografx Photo Magic

 

â

 

 ver-
sion 4.0a. The scanned images were 1) deskewed to best fit the monitor screen, 2) in
a few cases antennal segments or whole antennae were copied using the freehand se-
lection tool, pasted and deskewed to achieve a more aesthetic alignment, 3) the im-
ages were then processed using the unsharp mask tool, and 4) brightness and
contrast tools were then used to improve photographic exposure. The entire image
was outlined in black, and then the background was filled in black.

After enhancing the image and blackening the background, the image was con-
verted to its negative. The line tool was used to superimpose a black line over the orig-
inal scale bar. The original bar was removed and the new bar was moved to the desired
placement and its length labeled. Individual finished images were then imported into
a Microsoft PowerPoint® presentation for final layout and labeling. 

 

Amitermes

 

 

 

amicki 

 

Scheffrahn, new species

 

IMAGO

 

. Unknown.

 

SOLDIER

 

. (Figs. 1-2, Table 1). Head, in dorsal view, rectangular with slight an-
terior convergence of sides; head contraction ratio = 0.927. Head surface smooth.
Head pale yellow with lighter interior area delineating the frontal gland; vertex con-
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vex in profile; mandibles orange-brown distally, concolorous with head proximally.
Head capsule with about 65-75 long bristles, sparse near posterior, more numerous
around fontanelle. Fontanelle opening on very shallow mound. Labrum roundly tri-
angulate with 10 or more long bristles; postclypeus bilobed.

Mandible curvature asymmetrical; mandibles long and evenly slender; points of
marginal teeth near middle of mandibles; marginal tooth ratio = 0.537. Posterior mar-
gin of marginal teeth projecting about 60-90

 

°

 

 from inner surface of mandibles; anterior
margins projecting 45-60

 

°

 

. Left mandible curving in a high arch until distal 4/5, then
curving more sharply. Right mandible also highly arched and curving more sharply at
tip, but with slight and abrupt inward bend at 1/3 length from base; mandible curvature
ratio = 0.336. Cutting edges between mandible tips and marginal teeth showing fine op-
tical serrations when viewed with light microscope, but serrations undetected on SEMs.

Figs. 1-2. Enhanced scanning electron micrographs showing the dorsal (1) and lat-
eral (2) aspects of the soldier head capsule of Amitermes amicki n. sp.
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Antennae with 14 articles; relative length formula 2 > 3 = 4 < 5. Postmentum
strongly inflated and bulging beneath head capsule. Pronotum pale yellow; anterior
margin orange-yellow. Pronotum margins with bristles, anterior lobe sloping steeply
upward. Apical tibial spurs 2:2:2 with numerous stout setae located above apical spines.

 

Comparisons

 

. Among Neotropical species, soldiers of 

 

A. amifer

 

, 

 

A. aporema

 

, 

 

A.
amicki

 

, and 

 

A. foreli 

 

have marginal teeth located near the middle of the mandibles.

 

Amitermes aporema

 

 from Brazil is the smallest of the group (maximum head width
0.71-0.76 mm, Constantino 1992) and has highly reduced, almost indiscernible, mar-
ginal teeth. 

 

Amitermes foreli

 

 from Panama, Columbia, and Venezuela (Constantino
1998) is the largest of the group (maximum head width 1.38-1.50 mm, Light 1932)
with long, slender marginal teeth and with mandibles sharply hooked beyond mar-
ginal teeth. Soldiers of 

 

A. amifer

 

 from northern Argentina, Paraguay, and central Bra-
zil (Constantino 1998) are closest to 

 

A. amicki

 

, but the former are larger (maximum
head width 1.11-1.14 mm, Light 1932). The marginal teeth of the 

 

A. amifer

 

 soldier are
proportionally larger and more conical than the marginal teeth of 

 

A. amicki

 

 soldiers.
The soldier of 

 

A. amicki

 

 is nearest in size to that of the smaller 

 

A. beaumonti

 

, but 

 

A.
amicki

 

 has a more quadrate head capsule than 

 

A. beaumonti

 

 (head contraction index
0.927 and 0.881, respectively), more curved mandibles (mandible curvature ratio
0.336 and 0.282, respectively), medially thicker mandibles, and less barb-like and
more medially positioned marginal teeth (marginal tooth ratio 0.537 and 0.435, re-
spectively). The 

 

A. amicki

 

 soldier also lacks the fine cuticular microsculpturing found
on the soldier of 

 

A. beaumonti

 

 (Figs. 1-4).

 

Type Material

 

. HOLOTYPE soldier and 9 paratype soldiers from Palm Beach,
Aruba, (12.58

 

°

 

 N, 70.04

 

°

 

 W) collected 2-IX-1995 by J. A. Chase from foraging galleries
under rock (#NA003); 3 paratype soldiers from hills near Noord’ (12.57

 

°

 

 N, 70.02

 

°

 

 W)
collected 27-IV-1995 by A. van Liempt from under plywood on soil (#NA129). 

T

 

ABLE

 

 1. M

 

EASUREMENTS

 

 

 

OF

 

 

 

A

 

MITERMES

 

 

 

AMICKI

 

 

 

S

 

OLDIER

 

.

Measurements in mm 
(n = 13 from 2 colonies) Range Mean 

 

±

 

 S.D. Holotype

Head length with mandibles 1.77 - 1.93 1.84 

 

±

 

 0.047 1.83
Head length to dorsal condyle 1.10 - 1.20 1.15 

 

±

 

 0.032 1.16
Head width at antennae 0.86 - 0.93 0.89 

 

±

 

 0.020 0.91
Head width, maximum 0.91 - 0.98 0.97 

 

±

 

 0.023 0.98
Head height with postmentum 0.79 - 0.85 0.82 

 

±

 

 0.020 0.81
Right mandible length,
 tip to basilateral process 0.77 - 0.81 0.79 

 

±

 

 0.013 0.80
Right mandible length,
 tip to tip of marginal tooth 0.41 - 0.44 0.42 

 

±

 

 0.013 0.43
Right mandible minimum curvature 0.25 - 0.28 0.26 

 

±

 

 0.008 0.26
Pronotum, maximum width 0.57 - 0.63 0.60 

 

±

 

 0.018 0.61
Pronotum, maximum length 0.31 - 0.37 0.35 

 

±

 

 0.015 0.37
Postmentum (gula), minimum width 0.18 - 0.21 0.20 

 

±

 

 0.01 0.20
Postmentum, maximum width 0.29 - 0.33 0.31 

 

±

 

 0.01 0.31
Postmentum median length 0.65 - 0.72 0.68 

 

±

 

 0.019 0.67
Total body length 3.76 - 4.90 4.51 

 

±

 

 0.38 4.90
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Etymology

 

. This species is named after Mr. Breck Amick of Amick & Son Termite
and Pest Control, St. Petersburg, Florida. Mr. Amick, along with his parents, Philip
and Toni, support basic entomological research and recognize its benefits to the pest
control industry.

 

Amitermes

 

 

 

beaumonti 

 

Banks 1918; redescribed by Light (1932).

 

IMAGO

 

. Snyder (1924) described winged imagos from three specimens collected
in Panama; however, specimens were collected in flight and may be of another species.
No imagos have thus far been collected in association with foragers.

 

SOLDIER

 

. (Figs. 3-4, Table 2). Head, in dorsal view, ovoid in posterior with
slightly convex sides and converging moderately toward the anterior; head contrac-
tion ratio = 0.881. Head covered with fine microsculpturing visible on SEM. Head pale
yellow with lighter interior area delineating the frontal gland; mandibles orange-
brown distally, concolorous with head proximally. Vertex slightly convex in profile;
frons flat, sloping about 40º from plane of vertex. Head capsule with about 70-80 long

Figs. 3-4. Enhanced scanning electron micrographs showing the dorsal (3) and lat-
eral (4) aspects of the soldier head capsule of Amitermes beaumonti.
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bristles, sparse near posterior, more numerous around fontenelle. Fontanelle opening
on very shallow mound. Labrum lingulate with 7-8 long bristles; postclypeus bilobed. 

Mandibles long; narrowing proximal to marginal teeth, then noticeably broader
until again tapering near tip; points of marginal teeth clearly distal to midpoint of
mandibles; marginal tooth ratio = 0.435. Marginal tooth barb-like; posterior margin
of marginal tooth projecting backward about 120

 

°

 

 from inner surface of mandible; an-
terior margin forming gradually curving confluence with mandible tip. Mandible cur-
vature symmetrical, curving evenly from base in a moderate arch, then curving more
sharply midway between marginal teeth and tips; mandible curvature ratio = 0.282.
Cutting edge between mandible tip and marginal tooth smooth. Soldiers from Quin-
tana Roo having slightly shorter and more medially angulate mandibles.

Antennae usually with 14 articles, rarely 13 or 15; relative length formula vari-
able, but 2 > 3 > 4 < 5 most common. Postmentum strongly inflated and bulging be-
neath head capsule. Pronotum pale yellow. Pronotum margins with bristles, anterior
lobe sloping upward. Apical tibial spurs 2:2:2 with several additional stout spines
near apex of middle tibia.

 

Comparisons

 

. See also comparisons for 

 

A. amicki

 

 above. The soldier of 

 

A. beau-
monti

 

 is closest to those of the Nearctic 

 

A. emersoni

 

 and 

 

A. silvestrianus

 

. The mandi-
bles 

 

of A. emersoni

 

 are narrower, straighter, and proportionally longer than those of

 

A. amicki

 

, while the marginal teeth on the mandibles of 

 

A. silvestrianus

 

 are set more
basally than those of 

 

A. beaumonti

 

. Measurements of a single soldier from Panama in
Light’s (1932) redescription of 

 

A. beaumonti

 

 were considerably larger than either
measurements in the current or the original (Banks 1918) descriptions.

 

Material Measured. 

 

Soldiers (6/colony) were measured from the following three
colony localities: 0.5 km S. Valladolid Nuevo, Quintana Roo, Mexico (20.93

 

°

 

 N, 87.32

 

°

 

W) collected 10-XII-1997 by J. A. Chase and J. R. Mangold (#MX204); 29 km SW of Be-

T

 

ABLE

 

 2.  M

 

EASUREMENTS

 

 

 

OF

 

 

 

A

 

MITERMES

 

 

 

BEAUMONTI

 

 

 

SOLDIER

 

Measurements in mm 
(n = 18 from 3 colonies) Range Mean ± S.D.

Head length with mandibles 1.41 - 1.77 1.64 ± 0.101
Head length to dorsal condyle 0.94 - 1.14 1.04 ± 0.062
Head width at antennae 0.71 - 0.86 0.79 ± 0.047
Head width, maximum 0.80 - 0.99 0.90 ± 0.067
Head height with postmentum 0.71 - 0.86 0.78 ± 0.048
Right mandible length,
   tip to basilateral process 0.65 - 0.78 0.73 ± 0.042
Right mandible length,
   tip to tip of marginal tooth 0.28 - 0.34 0.32 ± 0.021
Right mandible minimum curvature 0.17 - 0.22 0.20 ± 0.015
Pronotum, maximum width 0.47 - 0.55 0.52 ± 0.024
Pronotum, maximum length 0.26 - 0.32 0.29 ± 0.018
Postmentum (gula), minimum width 0.16 - 0.20 0.19 ± 0.013
Postmentum, maximum width 0.23 - 0.29 0.26 ± 0.016
Postmentum median length 0.56 - 0.72 0.62 ± 0.054
Total body length 3.86 - 4.75 4.22 ± 0.20
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lize City, Belize (17.42° N, 88.44º W) collected 4-X-1994 by J. Anderson, J. A. Chase,
and J.R. Mangold (#BZ004); Bacuranao, Cuba (23.13° N, 82.24º W) collected 2-V-1974
by J. Krecek (#CU904). Additional material examined: 20 km N. Panama City, Canal
Zone, Panama, collected 15-X-1979 by J. Krecek.

BIOLOGY

The type localities of A. amicki on Aruba are characterized by rocky soil, cacti, and
small shrubs, reflecting the arid habitat of the entire island (annual rainfall about 50
cm, mostly during November and December). Foraging groups, working within darkly
coated earthen tubes, attack wood near the soil surface. This species does not build
mounds. The foraging habit of A. amicki is typical of Amitermes, especially of the xe-
rically adapted species of the southwestern Nearctic Region (Light 1930).

Amitermes beaumonti occupies a wide range of mesic and wet habitats in Central
America and Cuba. Foraging habits of this species are similar to those of A. amicki
and other Amitermes species, and it also lacks mound nests.

DISCUSSION

The digital enhancements (Figs. 1-4) demonstrate some of the potential uses of
photo enhancement software for improving the quality and esthetic appeal of SEMs.
These enhancements can serve to heighten the features of interest by removing visual
background noise, such as SEM stubs, adhesive materials, and shadows. Structures
to be compared can be uniformly positioned and sized for easier visual interpretation.
By converting SEMs to negative images, the black background can be eliminated, re-
sulting in an image that resembles a finely stippled pen and ink drawing while retain-
ing photographic accuracy.

On the negative side, digital manipulations may also have the potential to intro-
duce error, especially if parts such as palpi and antennae are cut and repositioned for
esthetic reasons. It is, therefore, important that the types of enhancements performed
on the images be specified by authors and that digital enhancements do not alter mor-
phological elements of the specimen. 
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ABSTRACT

Observations were conducted in southern Florida on Aulacaspis yasumatsui Tak-
agi (Hemiptera: Sternorrhyncha: Diaspididae), a recently introduced armored scale
insect native to Southeast Asia. The insect’s host plants, exclusively cycads, were
identified in the following genera: Cycas (Cycadaceae); Dioon, Encephalartos, Micro-
cycas, (Zamiaceae), and Stangeria (Stangeriaceae). Cycas spp. seemed to be preferred
over other cycad genera by this insect. Aulacaspis yasumatsui infested pinnae,
rachides, strobili, stems, and roots of various species of cycads. It generally infested
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A

 

BSTRACT

 

Observations were conducted in southern Florida on 

 

Aulacaspis yasumatsui

 

 Tak-
agi (Hemiptera: Sternorrhyncha: Diaspididae), a recently introduced armored scale
insect native to Southeast Asia. The insect’s host plants, exclusively cycads, were
identified in the following genera: 

 

Cycas

 

 (Cycadaceae

 

); Dioon, Encephalartos, Micro-
cycas, 

 

(Zamiaceae), and 

 

Stangeria

 

 (Stangeriaceae).

 

 Cycas

 

 spp. seemed to be preferred
over other cycad genera by this insect. 

 

Aulacaspis yasumatsui

 

 infested pinnae,
rachides, strobili, stems, and roots of various species of cycads. It generally infested
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all above-ground plant parts of 

 

Cycas

 

 spp. and sometimes the primary and secondary
roots to a soil depth of 60 cm. No morphological differences in the frond- and root-in-
festing forms were noted. At an ambient temperature of about 24.5

 

°

 

C, eggs hatched
in 8-12 days. In the field, some individuals developed to second instars in 16 days and
third instars in 28 days. Third instars (mature females) laid >100 eggs. Most of the fe-
males of a generation did not live longer than 75 days. No natural enemies were ob-
served. The scale insect populations became extremely dense and killed 100% of 15

 

Cycas revoluta

 

 Thunburg within a year of infestation. Between 1996 and June 1998
the insect spread from a limited area in southern Miami to various sites as far as 120
km north, probably by movement of plants.

Key Words: Cycad, Hemiptera, Homoptera, Sternorrhyncha, Coccoidea, Diaspididae,
scale insect, 

 

Aulacaspis,

 

 imidacloprid

R

 

ESUMEN

 

Se llevaron a cabo observaciones en el sur de Florida sobre 

 

Aulacaspis yasumatsui

 

Takagi (Hemíptera: Sternorrhyncha: Diaspididae), una cochinilla de armadura que
ha sido recientemente introducida desde el sudeste de Asia. Las plantas hospederas
fueron exclusivamente cicas identificadas en los géneros siguientes: 

 

Cycas

 

 (Cycada-
ceae

 

); Dioon, Encephalartos,

 

 

 

Microcycas 

 

(Zamiaceae); y 

 

Stangeria

 

 (Stangeriaceae).

 

Cycas

 

 spp. fueron preferidas en comparación con las cicas de otros géneros.

 

 Aulacaspis
yasumatsui

 

 infestó hojas, ráquises, estróbilos, tallos, y raíces de varias especies de ci-
cas. Generalmente infestaron todas las partes de arriba de la tierra de 

 

Cycas

 

 spp. y a
veces las raíces primarias y secundarias hasta una profundidad de 60 cm en el suelo.
No se observaron diferencias entre las formas que infestaron raíces y las que infesta-
ron partes de arriba de la tierra. Debajo de una temperatura ambiental de aproxima-
damente 24.5

 

°

 

C los huevos nacieron en 8-12 días. En el campo, unos individuos se
desarrollaron al segundo instar en 16 días y al tercer instar en 28 días. Los terceros
instares (hembras maduras) ovipositaron >100 huevos. La mayoría de las hembras de
una generación no vivieron más que 75 días. No se observaron enemigos naturales.
Las poblaciones de la cochinilla se hicieron extremadamente densas y mataron al
100% de las 15 

 

Cycas revoluta

 

 Thunburg después de un año de infestación. Entre 1996
y junio de 1998, el insecto se extendió desde un área limitada en el sur de Miami a va-

 

rios sitios hasta 120 km al norte, probablemente a causa del transporte de las plantas.

 

Aulacaspis yasumatsu

 

i Takagi (Hemiptera: Sternorrhyncha: Diaspididae) was
originally described from specimens collected from a cycad, 

 

Cycas

 

 sp., in Bangkok,
Thailand, in 1972 (Takagi 1977). Cycads 

 

sensu lato

 

 are plants in the gymnosperm or-
der Cycadales, which consists of three families: Cycadaceae (one genus, 

 

Cycas

 

), Stan-
geriaceae (one genus, 

 

Stangeria

 

) and Zamiaceae (eight genera). Cycads are an ancient
group that predate most extant plant taxa; there are 185 species of cycads in the
world (Jones 1993).

 

Aulacaspis yasumatsui

 

 is considered a pest of cycads in Thailand, but is usually
maintained in low densities in that country by parasitoids (Tang et al. 1997). It was
found in Miami, Florida, on cycads grown as ornamental plants in 1996. King-sagos,

 

Cycas revoluta

 

 Thumberg, the most popular cycad planted in this area, were found to
be highly infested with 

 

A. yasumatsui

 

. Fairchild Tropical Garden (FTG) and Mont-
gomery Botanical Center (MBC), both which have important world collections of
cycads, were within the initially infested area. The rampant increase and spread of
this scale insect in these collections threatened the survival of several rare and en-
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dangered species conserved in these collections. An additional concern was the threat
posed to a large concentration of nurseries in southern Florida that grow and ship
cycads throughout the U. S. and abroad. We thus initiated a research project with the
long-range objectives of elucidating the bionomics of this insect and developing pest
management methods for it. 

This paper reports results on the bionomics and host relationships of 

 

A. yasumat-
sui

 

.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Observations were conducted in FTG, MBC and other sites within the infested
area in southern Miami. Most observations or counts were of the scale insect itself, ne-
cessitating that the scale (i. e., the ‘testa’ or ‘scale covering’ of some authors) be re-
moved with a fine probe. 

A general survey of the extent of the infestation on cycads in southern Miami was
conducted in October 1996. 

On 19 November 1996, 10 pinnae from a heavily infested 

 

C. rumphii 

 

Miguel

 

 

 

about
3 m tall growing in FTG were removed at random and examined under a microscope
and the number of males and mature females of 

 

A. yasumatsui 

 

per 5 cm

 

2

 

 counted on
the abaxial and adaxial surfaces. 

To determine host range data of 

 

A. yasumatsui

 

, all species of cycads in FTG and
plants of other families adjacent to them were examined at least weekly between Octo-
ber 1996 and June 1998. Cycads at MBC were also examined several times during this
period. Because species were not replicated and specimens were not uniform with re-
spect to environmental factors such as age, size, shading, closeness to sprinkler heads,
etc., a valid ranking of host plant species preference could not be made. However, in-
fested cycads tended to be either (1) coated with a dense population of scales so as to ap-
pear to have been snowed on; such infestations were conspicuous from a distance of 20
m or more (highly infested), or (2) infested with only a sparse population that was not
evident without close examination of the plant (lightly infested), or (3) non-infested. 

During the first few months of observations, significant populations of this scale
insect infested several genera of cycads additional to 

 

Cycas

 

. At FTG, cycads in the ge-
nus 

 

Cycas

 

 were treated with insecticides. In March 1998, observations were con-
ducted to compare the infestation levels on fronds of 14 species of cycads of other
genera

 

 

 

represented in FTG and MBC. Only species infested with 

 

A. yasumatsui

 

 were
included. Ten of the most infested pinnae from the most infested fronds were selected
and the number of mature female scales per 5 cm

 

2

 

 of the abaxial surface of each pinna
determined. Cycads with infestations of stems or strobili but not fronds were noted.

An experiment was conducted to determine the developmental rate of 

 

A. yasumat-
sui

 

 under field conditions. Five 

 

C. revoluta

 

 plants about 20 cm tall with about eight
fronds growing in plastic 16 

 

´

 

17 cm containers were obtained from a nursery outside
of the infested area. These were examined and determined to be free of scale insects.
On April 2, 1997, these cycads were placed on the ground in FTG. Exposure of the
plants to crawlers was maximized by (1) placing them beneath a large cycad that was
highly infested with 

 

A. yasumatsui, 

 

and (2) scattering upon them pinnae infested with
first instar crawlers of 

 

A. yasumatsui

 

. Observations were conducted 16, 28, 35, 41, and
75 days after initial exposure of the plants to the scale insects. On each observation
date, one pinna was removed from each plant and examined under the microscope.
Numbers of crawlers and second and third instar females were counted.

A second series of five cycads with characteristics similar to those above was
placed in FTG on August 13, 1997, and infested with 

 

A. yasumatsui

 

 as described. Ob-
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servations were conducted 8, 15, 21, and 35 days later with a slightly modified
method: on each observation date, two pinnae were removed from each plant and the
stages and numbers of 

 

A

 

. 

 

yasumatsui

 

 determined.
To determine the duration of the egg stage, the egg nearest the vulva of a female

(i. e., presumed to be newly laid) was placed on filter paper in a Petri dish. Five eggs
were observed twice daily in a laboratory at a constant temperature of about 25

 

°

 

C un-
til each had hatched.

Barbara Judd, a horticulturist employed at the MBC nursery, informed us that she
had often found

 

 A. yasumatsui

 

 on roots of containerized cycads. To verify that scale in-
sects were consistently associated with roots, containerized 

 

C. revoluta 

 

were lifted

 

,

 

and the soil washed from the roots and examined under a stereoscopic microscope.
Ten cycads were examined in December 1997 and 10 in June 1998. In addition, in
March 1998 five mature 

 

C. rumphii

 

 and one 

 

C. wadei

 

 Merrill were selected at random
in the field. The soil was removed from roots to a depth of 60 cm and the roots exam-
ined for scale insects.

Microscope slide mounts were made of mature female specimens of 

 

A. yasumatsui

 

from the roots, fronds, stems and strobili. Fifteen specimens from fronds and 25 from
roots were examined to determine whether different morphological forms were asso-
ciated with the different plant parts.

The impact of high infestations of 

 

A. yasumatsui

 

 on cycad survival was deter-
mined. Five

 

 C. revoluta 

 

plants about 0.35 m tall with about 16 fronds growing in 28 

 

´

 

30 cm plastic containers and 10 plants about 20 cm tall with about 8 fronds growing
in 16 

 

´

 

 17 cm plastic containers were treated by soil drenches with a systemic insec-
ticide to prevent establishment of the scale insects. On 12 December 1996, the larger
cycads were drenched with five g of Merit 75%WP (

 

â

 

 Bayer AG) (3.75 g AI of imida-
cloprid) in 500 ml of water. On 2 April 1997, the smaller cycads were drenched with
two g of this product (1.5 g AI imidacloprid) in 200 ml of water. The plants were placed
intermixed with an equal number of cycads and exposed to the scale insects as de-
scribed above. The fronds of both treated and untreated plants were observed weekly
for scale insect infestation and damage.

Distribution and host records of 

 

A. yasumatsui

 

 are from microscope slide mounted
specimens collected by personnel of the Florida Department of Agriculture and Con-
sumer Services, Division of Plant Industry (DPI), during routine plant inspections
and by the authors.

R

 

ESULTS

 

 A

 

ND

 

 D

 

ISCUSSION

 

The scales of mature females of

 

 A. yasumatsui

 

 are white, 1.2 -1.6 mm long and
highly variable in form. They tend to have a pyriform shape with the exuviae at one
end, which is typical of the tribe Diaspidini (Ben-Dov 1990), but are often irregularly
circular, conforming with leaf veins, adjacent scales, and other objects. The orange
body of the female can sometimes be seen vaguely through the thin scale. The ventral
scale is extremely thin to incomplete. The scale of the male is similar to those of many
other species of Diaspididae, being 0.5-0.6 mm long, white, and tricarinate, with the
exuviae at the cephalic end.

Macroscopically in the field

 

, 

 

the scale of the female

 

 

 

of

 

 A. yasumatsui

 

 resembles
that of 

 

Pseudaulacaspis cockerelli

 

 (Comstock), which is also common on cycads in
Florida. However, two characteristics visible with the scale removed under a 10X
hand lens distinguish the two species: (1) The color of the body of all stages and of the
eggs of A. yasumatsui is orange, except recently molted (callow) individuals, which
are yellow. The eggs and all stages of 

 

P. cockerelli

 

 are yellow. (2) 

 

Aulacaspis yasumat-
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sui

 

 has an expanded prosoma, an unusual characteristic of the genus (Fig. 2). Finally,
scales of 

 

A. yasumatsui

 

 are usually more numerous on the abaxial surface of pinnae,
while those of 

 

P. cockerelli

 

 are more numerous on the adaxial surface. The scale of the
female of 

 

Pinnaspis strachani

 

 (Cooley) also resembles that of 

 

A. yasumatsui

 

, but 

 

P.
strachani

 

 is far less common on cycads than the other two scale insect species in
southern Florida.

Hundreds of cycads examined in southern Miami from October 1996-June 1998
were infested with 

 

A. yasumatsui

 

. The scale insects were consistently more numerous
on the abaxial than on the adaxial surfaces of pinnae, and in light infestations they
occupied the abaxial surfaces exclusively. Highly infested cycads were almost com-
pletely coated with a white crust that included scales of live and dead insects (Fig. 1).
Scales of males, which are less than half the length of scales of females, were nearly
always more numerous than those of females. Crusts composed of several layers of
scales of males were especially common on rachides, where we observed a maximum
of 500 scales per cm

 

2

 

. 
Mean numbers of live scale insects per 5 cm

 

2

 

 of foliar surface of a heavily infested

 

C. rumphii 

 

on 19 November 1996, were 43.5 (SD = 34.2) males and 10.8(SD = 12.6)
mature females on the adaxial surface, and 128.0 (SD = 87.3) males and 66.8 (SD =
26.3) females on the abaxial surface of pinnae. Examination of microscope-mounted
specimens collected from October 1996-February 1998 confirmed the presence of 

 

A.
yasumatsui

 

 on 22 species (Table 1). 
In October 1996, 65 

 

Cycas 

 

plants in

 

 

 

FTG representing 20 species were highly in-
fested with 

 

A. yasumatsui

 

. Light populations were observed on some species of 

 

Dioon

 

,
Encephalartos (both Zamiaceae), and Stangeria (Stangeriaceae). Although Cycas spp.
were treated by FTG plant protection personnel several times with systemic insecti-
cides between October 1996 and January 1998, the scale insects re-infested these
hosts rapidly, and Cycas spp. continued to be more highly infested than cycads of
other genera. In early 1997, the non-Cycas genera that were hosts of A. yasumatsui
were those listed above. By March 1998, Microcyas colocoma (Zamiacae), represent-
ing an additional genus, was infested. At this time, Encephalartos ferox appeared to
be the most highly infested species of non-Cycas genera. Pinnae sampled from the
most infested fronds of E. ferox had 23.2 (SD = 9.4) scales per 5 cm2 on the abaxial sur-
face. Of the additional non-Cycas species that were infested, Encephalartos maniken-
sis, Dioon rzedowski, and D. merolae had more than 11 females and the other non-
Cycas species listed had less than three females per 5 cm2 of abaxial surface on the
most infested fronds, or infestations were confined to strobili. For comparison, a mean
of 66.8 females per 5 cm2 were observed on the abaxial surface of the highly infested
C. rumphii on 19 November 1996. 

Stangeria eripus (Kunze) Baillon was only lightly infested in FTG and MGC in Oc-
tober 1996, but several plants of this species in the MBC collection were heavily in-
fested by March 1998. One specimen of this species in FTG was highly infested in
early 1997 but after several months the population on this plant diminished to a light
infestation without any discernible cause. 

Although cycads of some other genera native to the Eastern and Western Hemi-
spheres were hosts, Cycas spp. were consistently more highly infested. Cycas is native
to Asia (Jones 1993) where A. yasumatsui was first collected, suggesting that it may
be the original host genus of A. yasumatsui.

Sixteen days after containerized C. revoluta were exposed to infestations of A. ya-
sumatsui on 2 April 1997, settled first instar crawlers were observed on the plants
(Fig. 3a).  There was a mean of 69.6 (SD = 14.7) scale insects on the abaxial surface
per pinna. A mean of 84.8% (SD = 11.6) were first instars, and the remaining 15.2%



Howard et al.: Armored Scale Insect on Cycads 19

Fig. 1. Frond of Cycas rumphii infested with Aulacaspis yasumatsui.
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Fig. 2. Slide-mounted mature female of Aulacaspis yasumatsui, expanded prosoma
indicated.
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TABLE 1. CYCADS INFESTED WITH AULACASPIS YASUMATSUI IN FAIRCHILD TROPICAL GARDEN, MIAMI, OCTOBER 1996-FEBRUARY 1998.

Family Genus Species Geographic origin

Cycadaceae Cycas media R. Brown Australia & Papua New Guinea
panzhihuaensis L. Shou & S. Y. Yang China
revoluta Thunberg Japan to Ryukyu Islands
rumphii Miguel India, Southeast Asia, Oceania
seemannii A. Braun Oceania
szechuanensis W. C. Cheng & L. K. Fu China
thouarsii R. Brown ex Gaudich Africa
wadei Merrill Phillippines

Zamiaceae Dioon califanoi De Luca & Sabatori Mexico
edule Lindley Mexico
merolae De Luca Mexico
rzedowskii De Luca, Moreti, Sabatori & Vasquez Mexico
spinulosum Dyer (strobili only) Mexico
tomasellii De Luca var. sonorense Mexico
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Encephalartos barteri Miguel (strobili only) Africa
ferox Bertoloni Africa
hildebrandtii nr. Lembombensis A. Braun & 
Bouché Africa
manikensis (Gilliland) Africa
pterogonus R. A. Dyer & I. Verd Africa

whitelockii P. J. H. Hurter Africa
Microcycas colocoma (Miguel) de Candolle (strobili only) Cuba

Stangeriaceae Stangeria eriopus (Kunze) Baillon Africa

TABLE 1. (CONTINUED) CYCADS INFESTED WITH AULACASPIS YASUMATSUI IN FAIRCHILD TROPICAL GARDEN, MIAMI, OCTOBER 1996-FEBRUARY 1998.

Family Genus Species Geographic origin
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were in the second instar. Thus, this species was capable of developing to second in-
star in 16 days, or possibly earlier. Presumably, the individuals in second instar were
those that had settled earliest on the plants as first instars.

Twenty-eight days after initial exposure to the scale insects, a mean of 18.1% (SD
= 11.4) of the females examined had reached third instar. Again, these were probably
individuals that had invaded and settled earliest. The remainder were first instars
(44.6%, SD = 10.2), which presumably had invaded and settled relatively recently, and
second instars (37.3%, SD = 5.58). 

Fig. 3. Percentages of different instars of Aulacaspis yasumatsui on cycad host
plants at successive intervals after infestation by the scale insects. Top: April-June
1997 bottom: August-September 1997.
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After 35 days about half of the population was in second instar and about 1/3 had
reached third instar. A mean of 24.7% (SD = 10.8) of the latter had laid eggs.

After 41 days a mean of 89.1% (SD = 8.5) of the scale insects examined were third
instars. A mean of 68.2% (SD = 13.9) of these had laid eggs.

After 75 days the portion of the female population consisting of mature individuals
had fallen to 24%. Presumably, many of the females of the first generation had ex-
pended their eggs and died. A mean of 76.0% of the population were first instars, pre-
sumably of the second generation.

Later in the summer, the development of the scale insect was similar to that ob-
served in spring. Eight days after initial exposure to A. yasumatsui on August 12, the
scale insects on the cycads were all first instars. At 15 days, a small portion of them
had attained second instar; at 21 days, about 3/4 of those examined were mature fe-
males, and at 35 days all were mature females (Fig. 3b). In summary, during the warm
season, females of A. yasumatsui developed from egg to adult within the period of one
month, and as mature females lived for about one month. 

The largest egg masses observed with females beneath scales consisted of about
90-110 eggs. Usually there were in addition several empty egg shells and several
crawlers. It should be noted that this does not constitute the total number of eggs pro-
duced per female, since wedid not count the eggs developing in ovaries, or crawlers
that had already left the mother scale insect. In the laboratory at about 25°C. eggs
hatched in about 8-12 days (n = 5). 

Roots were infested with A. yasumatsui males and females in six of 10 C. revoluta
in containers examined in December 1997 and four of 10 examined in May 1998. The
scale insects usually were aggregated on primary roots (about 10 mm in dia) and sin-
gly or in groups of a few on secondary roots (about 2 mm in dia) near the container
sides, i. e., near the soil-air interface. Some roots that protruded from drain holes in
the containers were also infested. However, several scale insects were found on roots
at 15 cm depth and several cm inward from the container sides. 

Aulacaspis yasumatsui males and females were also found on roots of four of five
C. rumphii and on one C. wadei growing in the field. They were distributed at differ-
ent depths on primary (3 cm in diam) and secondary roots in groups of a few to several
individuals from near the soil surface to a maximum depth of 60 cm (Fig. 4). Compar-
isons of 20 specimens of adult females from fronds and 25 from roots of cycads re-
vealed no morphological differences distinguishing the mature females infesting the
two different plant parts. However, the scales of females on roots often appear to be
more convex than those on fronds.

The few species of Diaspididae known to infest roots of their host plants include
Chortinaspis subterraneus Lindinger and C. iridis Balachowsky. These were found be-
low ground on the root collar of their respective hosts, Agropyrum (Graminae) and Iris
sp. (Iridaceae) (Balachowsky 1941). 

Aulacaspis yasumatsui has been tentatively identified (based on field characters)
on cycads at many sites in Southeast Asia, but only in areas with a monsoon climate,
i. e. with a pronounced wet season alternating with a severe annual dry season of usu-
ally five months. It is seldom if ever on cycads in rain forest areas. Their ability to in-
fest roots is apparently not an adaptation to living on deciduous plants, for the fronds
of cycads are evergreen and scale insects commonly live on the stems. This may be an
important adaptation to surviving brush fires, which are a perennial occurrence in
these monsoon areas.

The containerized cycads that were initially exposed to A. yasumatsui on 12 De-
cember 1996 and on 2 April 1997 in each case were highly infested with A. yasumatsui
within 2 weeks. Most of the fronds of the first pp.roup, which were larger, were chlo-
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Fig. 4. Aulacaspis yasumatsui scales on root of Cycas rumphii.
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rotic by summer and were brown and desiccated within 270 days. Most of the fronds
of the second group, which were smaller, were necrotic within 112 days after being ex-
posed. These plants never recovered and died within one year of initial infestation. In
contrast, the 15 plants treated with imidacloprid remained virtually free of scale in-
sects and their fronds were green and healthy during the entire year.

The scales of A. yasumatsui males and females are remarkably persistent. Their
presence detracts from the appearance of ornamental plants. Cycads continued to ap-
pear to be highly infested after most of the scale insects had been killed by insecti-
cides, because the scales did not readily drop off. We were unable to remove old scales
easily by mechanical means, e. g., with brushes or high pressure water sprays. Old
scales became loosened by soaking excised fronds in soapy water overnight, but sim-
ilar solutions sprayed on cycad plants did not loosen the scales. A practical treatment
that loosens old scales of armored scale insects would be a welcome development in
horticulture and plant protection.

No organized survey was conducted, but based on accumulative observations by
the Division of Plant Industry and other plant protection and horticultural personnel,
the infestation was localized in the Old Cutler Road area of Miami in 1996. We as-
sume it had been introduced into this area a few years previously. By spring of 1997,
cycads throughout southern Miami as far north as the downtown area were infested.
During the summer of 1997 we found the scale insect at several sites more than 20 km
north (North Miami, Hialeah) and east (Miami Beach) of where it is assumed to have
been introduced. By February 1998, it was found in Broward County and Palm Beach
counties at sites about 55 and 120 km north, respectively, from its assumed introduc-
tion site. Although scale insects may be spread short distances by wind dispersal of
crawlers, we surmise that the long distance spread of this scale insect was by trans-
port of infested plants.

The unusually dense populations and rapid spread of this scale insect suggests
that they were imported without their natural enemies. Indeed, we have examined
thousands of scales of this species under the microscope without observing parasitoid
exit holes. Occasionally we observed adults of ladybird beetle species (Coccinel-
lidae)long established in Florida crawling on cycads infested with A. yasumatsui.
However, we have not observed coccinellid eggs or larvae on these plants or obtained
other evidence that they feed on the scale insects. Eumaeus atala (Lycaenidae), a but-
terfly whose larvae feed on cycads, sequesters cyasin, a compound contained in
cycads, which acts as a defense against predators (Bowers & Larin 1989). Possibly, A.
yasumatsui similarly sequesters defensive chemicals from its cycad hosts, which
could be a deterrent to generalist predators.

Aulacaspis yasumatsui is an unusually severe armored scale insect pest. When not
controlled by natural enemies, which is the present situation in Florida, they are
highly damaging and often lethal to their host plants. They have a high potential to
spread to new areas via plant movement, because one to a few fecund females hidden
on the fibrous stem or on roots can easily escape detection. Once established, they are
an unusually difficult scale insect to control. The experimental treatments mentioned
above involved higher rates of imidacloprid than might be practical in the horticul-
tural industries. Furthermore, while these treatments controlled the insect on con-
tainerized cycads, we have thus far had inconsistent results with imidacloprid as well
as some other chemicals for control of this scale insect on field-grown cycads. Scale in-
sects that survive in the roots may be the source of the rapid re-infestations that we
have seen consistently when the scale insect was controlled on the above-ground por-
tions of the plant. This may also make it difficult to control the insect with natural en-
emies.
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Given the value of cycads as ornamentals and the endangered status of some spe-
cies of these plants, control measures for this pest are urgently needed. The results of
studies of chemical control will be reported in another publication. Biological control
and other methods are being investigated for control of this pest.

In Florida, an area where the scale insect fauna is well known, in addition to A. ya-
sumatsui, 19 species of armored scale insects (Dekle 1976) and 7 species of soft scale
insects (Coccidae) (Hamon and Williams 1984) attack cycads. Aulacaspis yasumatsui
is the only member of its genus known on cycads, thus we have coined the vernacular
name ‘cycad aulacaspis scale’ for this species.
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A

 

BSTRACT

 

A laboratory study was designed to determine the pesticide droplets deposition on
leaf surfaces and its effect on parasite behavior and mortality. The rate of parasite/de-
posit contact increased as the number of deposits increased, even though total volume
of deposit remained constant. The bioassay results indicated that mean percent mor-
tality of 

 

Aphytis holoxanthus

 

 in the carbaryl treatment was highest on leaf discs with
smaller and more abundant deposits than larger and fewer deposits.

Key Words: Florida red scale, 

 

Aphytis holoxanthus

 

, deposit pattern, contact rate, par-
asite

R

 

ESUMEN

 

Se realizó un estudio de laboratorio para determinar el patrón de deposición de gotas
de plaguicida en la superficie de las hojas y su efecto en la tasa de contacto y la morta-
lidad de 

 

Aphytis holoxanthus.

 

 La tasa de contacto de parásito/depósito aumentó a me-
dida que el número de depósitos se incrementó, aún cuando el volumen total de los
depósitos se mantuvo constante. El porcentaje de mortalidad promedio de 

 

Aphytis ho-
loxanthus

 

 en el tratamiento con carbaryl fue más alto en los discos de hojas con depósi-

 

tos más pequeños y abundantes que en los discos con depósitos más grandes y escasos.

Biological control of Florida red scale (FRS), 

 

Chrysomphalus aonidum

 

 (L.) (Ho-
moptera: Diaspididae), by the introduction of 

 

Aphytis holoxanthus

 

 DeBach has perma-
nently reduced the pest status of Florida red scale to the extent that citrus growers
generally have forgotten that during the 1950s it was one of their most serious pests
(Browning, 1994). This parasite searches actively on citrus foliage and fruit to find its
armored scale host and can be negatively affected by pesticide deposits due to high rates
of contact associated with its walking on plant surfaces (Rosen, 1973). The impact of
pesticide deposits on parasite survival may be dependent upon the pattern of deposi-
tion, i.e. size and number of deposits and on the pesticide concentration of the deposit.

Different spray techniques are used to achieve spray deposition efficiency on citrus
leaves to maximize control of target pests, but improvements in deposition may also
severely disrupt host-parasite relationships. By measuring quickly and accurately
the droplet size of released sprays, the effects of droplet size on deposit and on biolog-
ical activity of the spray in relation to a specific crop pest can be more clearly defined
(Akesson & Yates, 1989). The spray deposition efficiency of orchard airblast sprayers
generally is considered to be low and is influenced by droplet size (Reichard et al.,
1977). New leaves have less surface waxes and showed slightly better deposition pat-
tern than mature waxy leaves (Salyani, 1988). The bottom surface of leaves, having a
more rough texture, captured more droplets than the top surfaces (Salyani, 1988). 



 

Rehman et al.: Pesticide Deposits and Mortality

 

29

 

This study was designed to determine the pesticide deposition on leaf surfaces and
its effect on parasite behavior and mortality. The objectives of this study were to char-
acterize the effects of different pesticide deposit patterns on rates of parasite contact
during leaf searching, and to determine the impact of contact rate on adult parasite
mortality.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Adult parasites were allowed to search on leaf surfaces containing various pat-
terns of pesticide deposits. The total amount of pesticide and carrier delivered was the
same among all patterns. Parasite behavior was evaluated during searching, and
rates of contact with pesticide deposits were calculated for each deposit pattern.

Bioassays were conducted according to Rehman et al. (1998), using each deposit
pattern to determine the influence of pattern on parasite mortality induced by the
pesticide residues. These experiments were conducted under laboratory conditions of
24 

 

±

 

 2

 

°

 

C and 60% R.H.

 

A. Holoxanthus

 

 Behavior on Different Deposit Patterns

Four deposit patterns of carbaryl and untreated controls were replicated three
times. The pesticide treatment was carbaryl wettable powder (Sevin 80S: Rhone-Pou-
lenc, Research Triangle Park, NC 27709) at 1.5 g carbaryl per liter of water (1.25 lb
per 100 gal). Water served as the control. Kaolin clay (500 mg) was added to all solu-
tions to improve the visibility of deposits. Deposit patterns of 1, 2, 5 and 10

 

m

 

l droplets
were made with a 10 

 

m

 

l 

 

±

 

1% micro dispenser (Drummond, USA). The leaf deposits
produced by these volumes are found in field applied deposits (Salyani and Fox, 1994).
A total of 20 

 

m

 

l of each solution was dispensed onto 2 

 

´ 

 

1.7 cm ‘Hamlin’ orange rectan-
gular leaf patches. The deposits (20 droplets, 1 

 

m

 

l; 10 droplets, 2 

 

m

 

l; 4 droplets, 5 

 

m

 

l; or
2 droplets, 10 

 

m

 

l) in each replication were air dried for 90 minutes. The actual deposit
size for each pattern was obtained by measuring the deposit through a microscope.
The length and width of the four deposits for each pattern were measured and the di-
ameter of each deposit was recorded in square millimeters (mm

 

2

 

).
Twenty adult 

 

Aphytis holoxanthus

 

 were exposed to each deposit patterns in each
replication by confining them in a small ventilated petri dish for each single leaf
patch. Each replication was recorded for 2 h by time lapse videography at 60 frames/
sec (Panasonic, Osaka, Japan). Observations were then interpreted and recorded dur-
ing the first 10 min, the middle 10 min (from 55-65 min), and the final 10 min of the
2 h exposure period. In each case, the observations were made by analyzing the first
10 parasite searching events on each leaf patch. One searching event consisted of an
individual adult parasite traversing the leaf patch. The total time on the patch and
number of encounters with spray deposits were recorded during review of the video-
taped exposures. Rates of contact were then calculated by dividing the number of con-
tacts between the parasite and a deposit droplet, by the total time the parasite spent
on the leaf patch. These data were analyzed by PROC GLM, comparing the rates of
contact for different deposit patterns during the three time intervals monitored (first
10 min, mid 10 min, and final 10 min) and the LSD procedure (SAS Institute, 1988). 

 

A. holoxanthus

 

 Mortality 

The four deposit patterns described above for each treatment of carbaryl and con-
trol were repeated on 4.5 cm

 

2

 

 leaf discs punched from field collected leaves and were
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air dried for 90 minutes. Four replicates of each treatment were placed into ventilated
plastic 4.9 cm

 

2

 

 diameter petri dishes. The bioassays were conducted as described by
Rehman et al. (1998). After 24 h of exposure of 20 adult 

 

A. holoxanthus

 

, mortality data
were collected from each deposit droplet pattern by detaching the petri dishes from
the ventilation system and counting the live and dead parasites in each petri dish.
The mean percent mortality was calculated and compared between deposit pattern
and presence or absence of carbaryl. The data were analyzed with ANOVA and
Fisher’s least significant difference (LSD) test (SAS Institute, 1988). Abbott’s corre-
tion for control mortality was not used because control mortality was below 5%.

R

 

ESULTS

 

A. holoxanthus

 

 Contact Rate

As the number of droplets in the deposit pattern increased, the rate of parasite/de-
posit contact increased in the controls, even though total volume of deposit remained
constant (Table 1). In the carbaryl treatment increased contact occurred with 20 drop-
lets at all times compared to the other droplet treatments (Table 1). There were es-
sentially no differences between the contact rate of other droplet numbers (Table 1).
Also, the rate of contact was highest on leaf discs with 20 deposits in the control and
treatment. Although the size of individual deposits increased with fewer droplets, the
rate of contact with larger deposits was lower than with the more numerous smaller
deposits. The droplet sizes and droplet volume for different deposit droplet numbers
are given in Table 1. According to PROC GLM (SAS Institute, 1988), the mean rate of
contact to different numbers of deposits was highly significant (F = 13.16; df = 11; P
< 0.0001 and r

 

2

 

 = .92), being directly proportional to the number of deposit droplets,
particularly in the control treatment. Observations of different time intervals during
the 2 h exposure indicated that the rate of contact within the different 10 min inter-
vals for pesticide and non-pesticide treatments was also significant (F = 6.77, df = 2,
P < .0107). Rates of contact for patches with 20 deposits of carbaryl were higher dur-
ing the first 10 min and decreased afterward, in comparison to the control, where
rates of contact increased during the middle and final 10 min (Table 1). Carbaryl
treatments with 10 and 20 deposit droplets showed evidence of parasite effects during
the middle 10 min and final 10 min periods. Adult parasites became sluggish and
their mobility decreased. Few sluggish or immobile parasites were observed on leaf
patches with 2 or 4 deposits of carbaryl. Control treatments showed no evidence of
negative effects on parasite activity during the 2 h exposure period. The parasites
spent most of their time walking or grooming on the leaf surface, but responded to de-
tection of deposits on the leaf surface by exhibiting antennation and probing behavior.
Occasionally, parasites were observed to stop on droplet deposits, circle around them
and tap or probe the margins of the deposits with their ovipositers. Contact with de-
posits appeared to be random. Parasites did not appear to be either attracted or re-
pelled by the deposits in either the carbaryl or control treatments.

 

A. holoxanthus

 

 Mortality 

The bioassay indicated that mean percent mortality of 

 

A. holoxanthus

 

 in the car-
baryl treatment was highest on leaf discs with the smallest and more abundant de-
posits. The mean percent mortality on leaf discs with 20 and 10 deposits was 53.8%
and 45.2%, respectively. There was no mortality on leaf discs with 4 deposits of car-
baryl; however, some parasites were sluggish and a few were immobile. Parasite mor-
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TA

 

BLE

 

 1. M

 

EAN

 

 

 

RATE

 

 

 

OF

 

 

 

CONTACT

 

 

 

OF

 

 

 

A

 

PHYTIS

 

 H

 

OLOXANTHUS

 

 

 

TO

 

 

 

DIFFERENT

 

 

 

DEPOSIT

 

 

 

PATTERNS

 

.

x– rate of contact (# of contact/sec) (

 

±

 

 SE)

Treatments Deposit numbers Drop vol (

 

m

 

l)
Deposit diameter 

(mm

 

2

 

) (

 

±

 

 SE) First 10 minute Mid 10 Minute Final 10 Minute

control  2 10 5.6 (1.3) 0.07

 

a

 

 (.04) 0.23

 

a

 

 (.08) 0.32

 

a

 

 (.06)
 4  5 5.1 (2.0) 0.19

 

b

 

 (.06) 0.49

 

b

 

 (.08) 0.59

 

b

 

 (.05)
10  2 4.3 (1.2) 0.41

 

c

 

 (.04) 1.01

 

c

 

 (.18) 0.68

 

c

 

 (.09)
20  1 3.8 (0.5) 0.75

 

d

 

 (.13) 1.31

 

d

 

 (.39) 1.49

 

d

 

 (.28)

Mean 0.36 0.76 0.74

carbaryl  2 10 6.0 (.8) 0.11

 

a

 

 (.03) 0.29

 

a

 

 (.16) 0.09

 

a

 

 (.03)
 4  5 5.4 (0.8) 0.16

 

a

 

 (.09) 0.39

 

a

 

 (.14) 0.15

 

a

 

 (.02)
10  2 4.4 (0.7) 0.29

 

b

 

 (.07) 0.29

 

a

 

 (.19) 0.25

 

ab 

 

(.09)
20  1 3.9 (0.4) 1.07 c (.28) 0.69

 

b

 

 (.11) 0.67

 

c

 

 (.13)
Mean 0.48 0.42 0.29

Grand mean 0.42

 

a

 

0.59

 

b

 

0.52

 

b

 

SE = Standard error of mean
Means followed by a different letter for each treatment in a column and column grand means followed by a different letter in each row are significantly different at p < 0.05 according

to LSD multiple range test. 



 

32

 

Florida Entomologist

 

 82(1) March, 1999

 

tality in deposit patterns without carbaryl (control) averaged 3.7% with 2 deposits
and 1.2% with 10 deposits (Fig. 1) indicating no significant effect of deposit size or
number. 

D

 

ISCUSSION

 

 

According to Himel (1969), as the diameter of the average droplet size decreases,
the total number of spray droplets increases markedly. This increases the potential
for contact of the droplets with target insects. In another study Himel and Moore
(1969) mentioned that most commercial spray devices produce spray droplets whose
size (diameter) ranges from a few microns to hundreds of microns. The efficiency of
any pesticide spray and the degree of control obtained is a function of the ultimate
point of deposition of each of the pesticide spray droplets produced. In this study 

 

A.

Fig. 1. Mean % mortality of adult Aphytis holoxanthus after 24 h exposure to
treated leaves with different numbers of deposit sizes. Error bars = standard error of
the mean.
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holoxanthus

 

 did not react differentially to the carbaryl and control deposit patterns.
Random contact of 

 

A. holoxanthus

 

 with deposits in both the carbaryl and control
treatment suggested that there was no obvious attraction or repellency by these de-
posits. The lower rates of contact in the pesticide treatments of 20 deposits at the mid-
dle 10 min and final 10 min periods of the 2 h exposure were due to sluggish parasite
behavior. There was no obvious trend for other deposit sizes. In contrast, the parasites
on control deposits were very active throughout the 2 h exposure period.

Salyani and McCoy (1989) concluded that decreasing spray droplet size increased cit-
rus rust mite control. Our study showed that, for a constant amount of pesticide applied,
increased numbers of smaller droplet deposits resulted in increased contacts between ac-
tively searching 

 

A. holoxanthus

 

 adults and static deposits. Greater mortality was expe-
rienced within treatments in which rates of contact were highest. Thus, improved
coverage of foliar pesticide applications may magnify the mortality rate of parasites.
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CICADA (HOMOPTERA: CICADOIDEA) TYPE MATERIAL IN 
THE COLLECTIONS OF THE AMERICAN MUSEUM OF 

NATURAL HISTORY, CALIFORNIA ACADEMY OF SCIENCES, 
SNOW ENTOMOLOGICAL MUSEUM, STATEN ISLAND 

INSTITUTE OF ARTS AND SCIENCES, AND THE UNITED 
STATES NATIONAL MUSEUM

 

A

 

LLEN

 

 F. S

 

ANBORN

 

Barry University, School of Natural and Health Sciences, 11300 NE Second Ave. 
Miami Shores, FL 33161-6695

A

 

BSTRACT

 

 

This work is a comprehensive listing of the type material of the cicadas found in
the collections of the American Museum of Natural History, California Academy of
Sciences, Snow Entomological Museum, Staten Island Institute of Arts and Sciences,
and the United States National Museum. I have included all type material identified
in the collections. The California Academy of Sciences collection contains 4 types, 17
holotypes, 14 lectotypes, 19 allotypes, and 257 paratypes from 64 species in 14 genera.
The American Museum of Natural History contains 105 types, 2 holotypes, 8 co-types,
64 allotypes, and 149 paratypes from 136 species in 27 genera. Lectotypes and allo-
types for 

 

Tibicen

 

 

 

linnei

 

 and 

 

T

 

. 

 

lyricen

 

 var. 

 

engelhardti

 

 are designated. In addition, an
allotype (one of a pair) of 

 

Platypedia

 

 

 

putnami

 

 var. 

 

lutea

 

 is designated as a paratype.
The Snow Museum has 10 types, 6 allotypes, and 351 paratypes from 35 species in 8
genera in the collection. The Staten Island Institute collection contains 15 types, 8
syntypes, 10 co-types, 5 allotypes, and 1,327 paratypes from 116 species in 24 genera.
The U.S. National Museum contains 55 types, 178 co-types, 11 allotypes, and
paratypes from 111 species of 36 genera identified. References to the original species
descriptions are provided.

Key Words: cicadas, Cicadidae, Tibicinidae, type material

R

 

ESUMEN

 

En este trabajo se presenta una lista comprensiva de los ejemplares tipos de las chi-
charras que se encuentran en las colecciones de las siguientes instituciones: American
Museum of Natural History, California Academy of Sciences, Snow Entomological Mu-
seum, Staten Island Institute of Arts and Sciences, y United States National Museum.
Se incluye todo material tipo identificado en las colecciones. La colección en la Acade-
mia de Ciencias de California tiene 4 tipos, 17 holotipos, 14 lectotipos, 19 alotipos, y
257 paratipos de 64 especies en 14 géneros. El Museo Americano de Historia Natural
tiene 105 tipos, 2 holotipos, 8 cotipos, 64 alotipos, y 149 paratipos de 136 especies en 27
géneros. Lectotipos y alotipos de 

 

Tibicen linnei

 

 y 

 

T. lyricen 

 

var.

 

 engelhardti

 

 son desig-
nados aquí. Ademas, un alotipo (uno de un par) de 

 

Platypedia putnami 

 

var

 

. lutea

 

 es de-
signado como un paratipo. El Museo Snow de Entomología tiene 10 tipos, 6 alotipos, y
351 paratipos de 35 especies en 8 géneros en la colección. La colección del Instituto de
Artes y Ciencias de Staten Island tiene 15 tipos, 8 sintipos, 10 cotipos, 5 alotipos, y
1,327 paratipos de 116 especies en 24 géneros. El Museo Nacional de Estados Unidos
tiene 55 tipos, 178 cotipos, 11 alotipos, y paratipos de 111 especies en 36 géneros iden-

 

tificados. Se proveen referencias para las descripciones originales de las especies.
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Several of my current research projects have resulted in a need to locate type spec-
imens of cicadas. I have found the information available in the literature is often in-
adequate for determining the specific identity of specimens, particularly as I collect a
greater number of species. Many of the early species descriptions are vague or simply
do not provide sufficient information to allow distinct separation of species. Often,
only a few sentences were used to describe characteristics which, although sufficient
to identify a species at that time as unique, have subsequently been found in other an-
imals that were described later. Another common problem with the original descrip-
tions is the use of comparisons to other species as an integral part of the species
description. You are unable to determine if you have a particular species from these
descriptions if you do not possess examples of all the species used in the comparisons.
Similarly, the keys that have been produced for the cicadas are incomplete when try-
ing to identify a large number of species from a wide geographic range. The keys gen-
erally are restricted to the species found within a specific state, e.g. California
(Simons 1954) or Michigan (Moore 1966), and may, even then, be incomplete.

Due to these circumstances, a positive identification often requires comparing
specimens to the type material. However, the location of the type specimens is not al-
ways known. Many of the original descriptions do not state where a type was depos-
ited or simply state that the type is part of the author’s collection. Over the years
these private collections have been acquired by larger institutions or parts of individ-
ual collections may have been transferred between institutions.

This work is an effort to identify type material in the large cicada depositories of
the United States. Each of these institutions has either had scientists associated with
it who described cicada species or has acquired significant collections which included
cicada type material. The California Academy of Sciences (CAS) collection contains
the collections of E. P. Van Duzee, F. H. Wymore, and B. P. Bliven. The Snow Entomo-
logical Museum of the Kansas Museum of Natural History at the University of Kan-
sas (SEMK) contains the collections of F. H. Snow and R. H. Beamer, collaborators of
W.T. Davis. The United States National Museum (USNM) contains the P. R. Uhler col-
lection. The collections of the American Museum of Natural History (AMNH) and the
Staten Island Institute of Arts and Sciences (SIIS) share material that was originally
the Davis collection. A significant transfer of type material took place between the
SIIS and the AMNH in 1945. A large number of the cicada types designated by W. T.
Davis were transferred to the AMNH after his death (Pallister 1946a). However, there
were questions raised about the location of the type material for several species (Pal-
lister 1946b). The SIIS collection still contains the bulk of the Davis Collection includ-
ing type material for many of the species he described. 

The following list identifies all type material found in the collections. Designations
of type, holotype, co-type, allotype, lectotype, and paratype were made by the original
author or by a subsequent researcher. It includes specimens that were reported to be
on loan. Labels identifying the type status of individual insects are attached to the in-
dividual specimens. Type numbers in the CAS and USNM collections are listed if a
number was attached to the specimen. Current orthography for the species is used
with higher classification following Duffels & van der Laan (1985) and Duffels (1993).

Superfamily Cicadoidea
Family Cicadidae

Tribe Platypleurinae
Subtribe Platypleuraria

 

Platypleura machadoi 

 

Boulard 1972: 163.
CAS - one male paratype.
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Platypleura fenestrata 

 

Uhler 1862a: 282.
USNM - type male.

Tribe Zammarini

 

Borencona aguadilla 

 

Davis 1928a: 31. 
AMNH - type male and allotype female.

 

Chinaria mexicana 

 

Davis 1934: 52. 
AMNH - type male, allotype female, and one female paratype.

 

Chinaria similis 

 

Davis 1942: 178. 
AMNH - type male and allotype female.
SIIS - two male and one female paratypes.

 

Chinaria vivianae 

 

Ramos 1985: 63.
USNM - type male, allotype female, and one male and three female paratypes.

 

Odopoea cariboea 

 

Uhler 1892a: 169.
USNM - type female.

Tribe Thophini

 

Arenopsaltria nubivena 

 

(Walker 1858: 17).
USNM - co-type male.

 

Uhleroides hispaniolae 

 

Davis 1939: 292. 
SIIS - one female paratype. 
USNM - type male, allotype female, and one female paratype.

 

Uhleroides maestra 

 

Davis 1939: 291. 
AMNH - type male and allotype female.
SIIS - two male and one female paratypes.

 

Uhleroides samanae 

 

Davis 1939: 294.
USNM - type male.

Tribe Thophini

 

Thopha saccata 

 

(Fabricius 1803: 34). 
USNM - co-type male.

Tribe Cyclochilini

 

Henicopsaltria eydouxii

 

 (Guérin Méneville 1838: 181). 
USNM - co-type female.

 

Psaltoda harrisii 

 

(Leach 1814: 89). 
USNM - co-type male.

 

Psaltoda moerens 

 

(Germar 1834: 67). 
USNM - co-type female.

Tribe Tibicenini

 

Cacama californica 

 

Davis 1919a: 75. 
SIIS - one male and one female paratypes. 
USNM - type male, allotype, and three male paratypes.
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Cacama carbonaria 

 

Davis 1919a: 76. 
SIIS - type male.

 

Cacama crepitans

 

 (Van Duzee 1914: 45).
CAS - lectotype male (CAS Type No. 2128) and five male paratypes. 

 

Cacama valvata 

 

(Uhler 1888: 84). 
USNM - type male.

 

Cacama variegata 

 

Davis 1919a: 73.
AMNH - type male and allotype female.
CAS - one male paratype. 
SEMK - one male paratype.
SIIS - 12 male and 11 female paratypes.

 

Cornuplura curvispinosa 

 

(Davis 1936: 102). 
AMNH - one male paratype.
SIIS - two male paratypes.

 

Cornuplura nigroalbata 

 

(Davis 1936: 104). 
AMNH - type female.

 

Diceroprocta alacris 

 

var. 

 

campechensis 

 

Davis 1938: 297.
SEMK - type male and five female paratypes.

 

Diceroprocta albomaculata 

 

Davis 1928b: 452.
USNM - type male.

 

Diceroprocta apache 

 

(Davis 1921: 3).
AMNH - type male and allotype female.
CAS - four male and one female paratypes. 
SIIS - 99 male and 37 female paratypes. 
USNM - one male and one female paratypes.

 

Diceroprocta apache 

 

var. 

 

ochroleuca 

 

Davis 1942: 174. 
AMNH - type male and allotype female. 

 

Diceroprocta arizona 

 

(Davis 1916a: 51).

AMNH - type male, allotype female, and one male paratype. 
SEMK - three male paratypes.
SIIS - one male paratype. 
USNM - one male paratype.

 

Diceroprocta averyi 

 

Davis 1941: 93.
AMNH - type male and allotype female.
SIIS - seven male paratypes.

 

Diceroprocta bequaerti 

 

(Davis 1917b: 210).
AMNH - type male.
SIIS - eight male paratypes.

 

Diceroprocta bibbyi 

 

Davis 1928b: 453.
AMNH - type male and allotype female.
CAS - one male paratype. 
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SEMK -one male paratype.
SIIS - seven male and one female paratypes. 
USNM - one male paratype.

 

Diceroprocta bicolor 

 

Davis 1935a: 188.
AMNH - type male and allotype female.
SIIS - one male paratype.

 

Diceroprocta biconica 

 

var. 

 

obscurior 

 

Davis 1935a: 183.
SIIS - type male, allotype female, and seven male paratypes.

 

Diceroprocta bilaqueata 

 

(Uhler 1903a: 7).
USNM - type male.

 

Diceroprocta canescens 

 

Davis 1935a: 179.
AMNH - type male and allotype female.
CAS - one male paratype. 
SEMK - one male paratype. 
SIIS - 18 male and one female paratypes.

 

Diceroprocta cinctifera 

 

(Uhler 1892a: 156). 
USNM - type male.

 

Diceroprocta cinctifera 

 

var. 

 

limpia 

 

Davis 1932: 246.
AMNH - type male.
SIIS - four male paratypes. 
USNM - one male paratype.

 

Diceroprocta cinctifera 

 

var. 

 

viridicosta 

 

Davis 1930: 60. 
SEMK - type male, allotype female, and 22 male and one female paratypes.
SIIS - six male and one female paratypes.

 

Diceroprocta cleavesi 

 

Davis 1930: 61.
SIIS - type male.

 

Diceroprocta delicata 

 

var. 

 

aurantiaca 

 

Davis 1938: 300. 
SEMK - type male, allotype female, and 13 male and one female paratypes.
SIIS - 28 male and seven female paratypes. 
USNM - one male paratype.

 

Diceroprocta eugraphica 

 

(Davis 1916a: 52).
AMNH - type male and six male paratypes. 
SEMK - 89 male and 21 female paratypes.
SIIS - three male and one female paratypes. 
USNM - female allotype and five male paratypes.

 

Diceroprocta fraterna 

 

Davis 1935a: 187.

AMNH - type male.
SIIS - five male paratypes.

 

Diceroprocta knighti 

 

(Davis 1917b: 208).

AMNH - type male and one male paratype.
SIIS - three male paratypes.
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Diceroprocta lucida 

 

Davis 1934: 44.
AMNH - type male, allotype female, and one male and one female paratypes. 
SEMK - one female paratype.
CAS - one male paratype. 
SIIS - six male and three female paratypes. 
USNM - one male and one female paratypes.

 

Diceroprocta marevagans 

 

Davis 1928b: 446. 
AMNH - type male.

 

Diceroprocta oculata 

 

Davis 1935a: 189.
AMNH - type male.
SIIS - two male paratypes.

 

Diceroprocta operculabrunnea 

 

Davis 1934: 45. 
AMNH - type male, allotype female, and one male paratype. 
USNM - one male paratype.

 

Diceroprocta pinosensis 

 

Davis 1935a: 184. 
AMNH - type male.

 

Diceroprocta pusilla 

 

Davis 1942: 177.
AMNH - type male.
SIIS - three male paratypes.

 

Diceroprocta reperta 

 

(Uhler 1892b: 177). 
USNM -type female.

 

Diceroprocta reticularis 

 

(Uhler 1892a: 157).
USNM - type male.

 

Diceroprocta semicincta 

 

(Davis 1925: 41).
AMNH - type male, allotype female, and two male and one female paratypes. 
CAS - one male and one female paratype. 
SEMK - three male and seven female paratypes.
SIIS - 12 male and five female paratypes. 
USNM - six male and seven female paratypes.

 

Diceroprocta semicincta 

 

var. 

 

nigrans 

 

Davis 1942: 175. 
SEMK - type male.

 

Diceroprocta sordidata

 

 (Uhler 1892b: 175). 

USNM - type male.

 

Diceroprocta swalei 

 

var. 

 

davisi 

 

Metcalf 1963: 210 nom. nov. pro 

 

D

 

. 

 

swalei castanea 

 

Davis 1916a: 49.

AMNH - type male, allotype female, and one male paratype. 
SEMK - one male paratype.
SIIS - 11 male and two female paratypes. 
USNM - one female paratype.

 

Diceroprocta tepicana 

 

Davis 1938: 298.

AMNH - type male and allotype female.
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SIIS - one female paratype.

 

Diceroprocta texana 

 

(Davis 1916a: 54).
AMNH - type male and one male paratype. 
SEMK - three male paratypes.
SIIS - 13 male paratypes. 
USNM - one male paratype (USNM Paratype No. 42725).

 

Diceroprocta texana 

 

var. 

 

lata 

 

Davis 1941: 91. 
AMNH - type male.

 

Macrotristria angularis 

 

(Germar 1834: 68). 
USNM - co-type male.

 

Macrotristria extrema 

 

(Distant 1892: 56). 
USNM - co-type female.

 

Macrotristria hieroglyphicus 

 

(Kirkaldy 1909: 391 nom. nov. pro 

 

M

 

. 

 

hieroglyphica 

 

God-
ing and Froggatt 1904: 581). 
USNM - co-type female.

 

Macrotristria internata 

 

(Walker 1850: 98). 
USNM - co-type female.

 

Tibicen bifidus 

 

(Davis 1916a: 47).
AMNH - type male, allotype female, and one male paratype. 
SEMK - two male and two female paratypes.
SIIS - two male and two female paratypes.

 

Tibicen bifidus 

 

var. 

 

simplex 

 

Davis 1941: 88. 
AMNH - type male.

 

Tibicen chiricahua 

 

Davis 1923: 8. 

SEMK - one male paratype.
SIIS - one male and one female paratypes.

 

Tibicen chisosensis 

 

Davis 1934: 37. 

AMNH - type male and allotype female.

 

Tibicen chloromerus 

 

var.

 

 australis 

 

(Davis 1912b: 261).

SIIS - type male and type female.

 

Tibicen cultriformis 

 

(Davis 1915d: 239). 
AMNH - allotype female. 
USNM - type male (USNM Type No. 200068).

 

Tibicen davisi 

 

(Smith & Grossbeck 1907: 121). 

USNM - two co-type females.

 

Tibicen davisi 

 

var.

 

 hardeni 

 

Davis 1918: 146.

SIIS - type male and one female paratype.

 

Tibicen dealbatus 

 

(Davis 1915c: 162).

AMNH - type male and one male paratype.
SIIS - nine male paratypes.
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Tibicen duryi 

 

Davis 1917b: 206.
AMNH - type male, allotype female, and one female paratype. 
SIIS - one male and two female paratypes.

 

Tibicen fuscus 

 

Davis 1934: 43.
USNM - type male.

 

Tibicen hidalgoensis 

 

Davis 1941: 88.
AMNH - type male.
SIIS - three male paratypes.

 

Tibicen inauditus 

 

Davis 1917b: 204.
AMNH - type male and one male paratype.
SIIS - one male paratype.

 

Tibicen latifasciatus 

 

(Davis 1915a: 8).
AMNH - type male.
SIIS - 21 male paratypes.

 

Tibicen linnei 

 

(Smith & Grossbeck 1907: 127).
AMNH - two co-type males and one co-type female. 
SIIS - one co-type male and one co-type female. 
USNM - three co-type males (all USNM Co-type No. 42730) and one co-type fe-
male (USNM Co-type No. 42730).

 

Tibicen longioperculus

 

 Davis 1926: 179. 
USNM - type male.

 

Tibicen lyricen 

 

var. 

 

engelhardti 

 

(Davis 1910: 458). 
AMNH - type male and type female.

 

Tibicen lyricen 

 

var. 

 

virescens 

 

Davis 1935a: 175.
AMNH - type male and one female paratype. 
SEMK - allotype female.
SIIS - two male and one female paratypes.

 

Tibicen minor 

 

Davis 1934: 41.
AMNH - type male.
SIIS - two male paratypes. 
USNM - three male paratypes.

 

Tibicen parallelus 

 

Davis 1923: 10. 

AMNH - type male.

 

Tibicen paralleloides 

 

Davis 1934: 39.
AMNH - type male.
SIIS - type male.

 

Tibicen pruinosus 

 

var. 

 

fulvus 

 

Beamer 1924: 201. 
SEMK - type male, allotype female, and 12 male and three female paratypes.
SIIS - one male paratype and one female paratypes.

 

Tibicen robinsonianus 

 

Davis 1922: 41.

AMNH - type male and allotype female.
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CAS - two male paratypes. 
SIIS - 22 male and one female paratypes. 
USNM - two male paratypes.

 

Tibicen sayi 

 

(Smith & Grossbeck 1907: 121).
AMNH - two male and three female co-types. 
SIIS - three male co-types and three female co-types. 
USNM - seven co-type males and five co-type females.

Tibicen similaris (Smith and Grossbeck 1907: 125). 
USNM - type male.

Tibicen sublaqueatus (Uhler 1903a: 9). 
USNM - type male.

Tibicen sugdeni Davis 1941: 89.
AMNH - type male.
SIIS - four male paratypes.

Tibicen texanus Metcalf 1963: 319 nom. nov. pro T. tigrinus Davis 1927: 374.
AMNH - type male, allotype female, and one male paratype. 
CAS - one female paratype.
SIIS - 15 male and seven female paratypes. 
USNM - one male paratype.

Tibicen townsendi (Uhler 1905: 74). 
USNM - type male.

Tibicen walkeri var. pronotalis Davis 1938: 292.
AMNH - allotype female and one male paratype. 
SIIS - five male and one female paratypes. 
USNM - type male.

Tibicen winnemanna (Davis 1912a: 3).
SIIS - two male and one female paratypes. 
USNM - type male and type female.

Tribe Cryptotympanini

Subtribe Cryptotympanaria

Cryptotympana albolineata Hayashi 1987b: 8.
USNM - type male and five male and three female paratypes.

Cryptotympana distanti Hayashi 1987b: 25.

USNM - one male and one female paratypes.

Cryptotympana moultoni Hayashi 1987a: 206.

USNM - one male paratype.

Cryptotympana praeclara Hayashi 1987a: 182.
USNM - one male paratype.

Cryptotympana sibuyana Hayashi 1987b: 9.
USNM - type male and two female paratypes.
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Cryptotympana socialis Hayashi 1987b: 13.
USNM - type male.

Cryptotympana viridicostalis Hayashi 1987b: 14.
USNM - one male and one female paratypes.

Tribe Fidicinini

Beameria venosa (Uhler 1888: 82).
USNM - type male.

Beameria wheeleri Davis 1934: 49.
AMNH - type male and one male paratype.
SEMK - five male paratypes.
SIIS - three male paratypes. 
USNM - one male paratype.

Fidicina compostela Davis 1934: 55.
AMNH - type male and one male and one female paratypes. 
SIIS - four male and one female paratypes.

Fidicina panamaensis Davis 1939: 288.
SIIS - one male paratype. 
USNM - type male, allotype female, and 11 male and three female paratypes.

Ollanta caicosensis Davis 1939: 295.
USNM - type male and three male paratypes.

Proarna cocosensis Davis 1935a: 191.
AMNH - allotype female.
CAS - type male (CAS Type No. 4220). 
SIIS - one male paratype.

Proarna squamigera Uhler 1895: 56.
USNM - type female (USNM Co-type No. 10194).

Tympanoterpes pusilla (Berg 1879: 140).
SIIS - type male and type female.

Tribe Dundubiini

Subtribe Leptopsaltriaria

Calcagninus divaricatus Bliven 1964: 98. 
CAS - holotype male (CAS Type No. 13802), allotype female (no CAS type num-
ber), and 16 male paratypes. 

Subtribe Cosmopsaltriaria

Aceropyga corynetus ungulatus Duffels 1988: 56.
USNM - one male paratype.

Cosmopsaltria aurata Duffels 1983: 81. 
AMNH - twelve female paratypes.
CAS - 25 female paratypes. 

Cosmopsaltria giganta occidentalis Duffels 1983: 72. 
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AMNH - holotype male and one male and one female paratypes. 

Cosmopsaltria gracilis Duffels 1983: 56. 
AMNH - one male paratype.

Cosmopsaltria huonensis Duffels 1983: 62. 
AMNH - holotype male and one female paratype. 

Cosmopsaltria signata Duffels 1983: 86. 
AMNH - 19 female paratypes.

Diceropyga gravesteini Duffels 1977: 90. 
AMNH - two male paratypes.

Tribe Cicadini

Cicada obtusa Uhler 1903a: 11.
USNM - type male.

Cicadatra atra appendiculata Linnavuori 1962: 31. 
AMNH - type male.

Cicadatra erkowitensis Linnavuori 1973: 69. 
AMNH - type male.

Cicadatra flavicollis Horváth 1911: 114.
USNM - type female.

Cicadatra naja Dlabola 1979: 238.
USNM - nine male and one female paratypes.

Cicadatra ramanensis Linnavuori 1962: 33. 
AMNH - type male.

Leptosemia fuscolimbata (Schumacher 1915: 111).

SIIS - two type females.

Neocicada chisos (Davis 1916a: 62).

AMNH - allotype female and one male paratype.
SIIS - one male paratype. 
USNM - type male.

Tribe Psithyristriini

Subtribe Pomponariaria

Pomponia zebra Bliven 1964: 99.
CAS - type male and eight male paratypes. 

Tribe Moganniini

Mogannia histrionica Uhler 1862a: 283.

USNM - type male.

Family Tibicinidae

Subfamily Tibicininae

Tribe Dazini
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Daza nayaritensis Davis 1934: 54.
AMNH - type male, allotype female, and one male and one female paratypes. 
SIIS - nine male and 16 female paratypes. 
USNM - one male and one female paratypes.

Tribe Carinetini

Carineta martiniquensis Davis 1934: 54.
AMNH - type male, allotype female, and one male paratype. 
SIIS - four male and one female paratypes.

Carineta socia Uhler 1875: 285.
USNM - type male.

Herrera laticapitata Davis 1938: 304. 
AMNH - allotype female.

Herrera lugubrina var. compostelensis Davis 1938: 303.
AMNH - type male, allotype female, and one male and one female paratypes. 
SEMK - four male and one female paratypes.
SIIS - 56 male and 20 female paratypes.

Tribe Tibicinini

Clidophleps astigma Davis 1917a: 7.
SIIS - one male paratype.

Clidophleps beameri Davis 1936: 116. 
SEMK - type male and three male paratypes.
SIIS - three male paratypes.

Clidophleps blaisdelli (Uhler 1892a: 163).
USNM - type male.

Clidophleps distanti (Van Duzee 1914: 47).
CAS - lectotype male (CAS Type No. 2131) and three male paratypes. 

Clidophleps distanti pallidus (Van Duzee 1914: 47).
CAS - lectotype female (CAS Type No. 2133) and one male paratype. 

Clidophleps distanti truncatus (Van Duzee 1914: 47).
CAS - lectotype male (CAS Type No. 2132) and one male paratype. 

Clidophleps rotundifrons (Davis 1916b: 235).
SEMK -type female.

Clidophleps tenuis Davis 1927: 382.
AMNH - type male and allotype female.
CAS - one female paratype. 
SIIS - five male paratypes.

Clidophleps vagans Davis 1925: 48. 
AMNH - type male.

Clidophleps wrighti Davis 1926: 188. 
AMNH - type male and allotype female.
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Okanagana albibasalis Wymore 1934a: 167.
CAS - holotype male (CAS Type No. 3906), allotype female (CAS Type No. 3906), 
and 27 male and three female paratypes. 
SEMK - one male paratype.

Okanagana annulata Davis 1935b: 304.
AMNH - type male and allotype female.
SIIS - nine male and two female paratypes.

Okanagana arboraria Wymore 1934a: 166.
CAS - holotype male (CAS Type No. 3903), allotype female (CAS Type No. 3903), 
and 29 male paratypes. 
SEMK - one male paratype.
SIIS - one male paratype.

Okanagana arboraria crocea Wymore 1934a: 167.
CAS - holotype male (CAS Type No. 3905). 
SEMK - one male paratype.

Okanagana arctostaphylae Van Duzee 1915: 34.
CAS - lectotype male (CAS Type No. 3024), allotype female (CAS Type No. 3025), 
and 1 male paratype. 
USNM - co-type male (USNM Co-type No. 21358).

Okanagana aurantiaca Davis 1917a: 9.
SIIS - one male paratype.

Okanagana aurora Davis 1936: 107.
AMNH - type male and allotype female.
SIIS - one female paratype.

Okanagana balli Davis 1919b: 211.
AMNH - type male, allotype female, and one male paratype. 
CAS - one male paratype. 
SIIS - six male and one female paratypes. 
USNM - five male and one female paratypes.

Okanagana bella Davis 1919b: 198.
AMNH - type male and allotype female.
SIIS - 36 male and 14 female paratypes.

Okanagana canescens Van Duzee 1915: 37.
CAS - lectotype male (CAS Type No. 3028), and allotype female (CAS Type No. 
3029). 

Okanagana cruentifera (Uhler 1892a: 161). 
USNM - type male.

Okanagana davisi Simons 1953: 191.
CAS - holotype male (CAS Type No. 7155) and 4 male paratypes. 

Okanagana ferrugomaculata Davis 1936: 110.
SIIS - one male paratype. 
USNM - type male.
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Okanagana formosa Davis 1926: 181. 
AMNH - type male and allotype female.

Okanagana fratercula Davis 1915b: 20. 
AMNH - type male.

Okanagana fumipennis Davis 1932: 251.
AMNH - type male and allotype female. 
SEMK - one male and one female paratypes.
SIIS - 13 male and four female paratypes.

Okanagana gibbera Davis 1927: 377.
AMNH - type male, allotype female and one male and one female paratypes. 
CAS - two female paratypes. 
SIIS - four male and 11 female paratypes. 
USNM - one male paratype.

Okanagana hesperia (Uhler 1876: 342). 
USNM - type male. 

Okanagana hirsuta Davis 1915b: 13. 
AMNH - type female.

Okanagana hirsuta var. catalina Davis 1936: 114.
SIIS - type male. 
USNM - allotype female.

Okanagana lurida Davis 1919b: 192. 
USNM - type male.

Okanagana luteobasalis Davis 1935b: 302.
AMNH - type male, allotype female, and one male and one female paratypes. 
CAS - two male and two female paratypes. 
SEMK - one male and one female paratypes. 
SIIS - 45 male and 12 female paratypes. 
USNM - one male and one female paratypes.

Okanagana magnifica Davis 1919b: 189.
AMNH - type male, allotype female, and one male and one female paratypes. 
SEMK - 12 male and 11 female paratypes.
CAS - one male and one female paratypes. 
SIIS - 62 male and 94 female paratypes. 
USNM - seven male and seven female paratypes.

Okanagana mariposa Davis 1915b: 12. 

AMNH - type male.

Okanagana mariposa var. oregonensis Davis 1939: 300. 
AMNH - type male and allotype female. 

Okanagana napa Davis 1919b: 194. 
USNM - type male.

Okanagana nigriviridis Davis 1921: 9.
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AMNH - type male and allotype female.
SIIS - one male paratype. 
USNM - one male paratype.

Okanagana nigrodorsata Davis 1923: 13.
AMNH - type male and allotype female.
CAS - three male paratypes. 
SIIS - two male paratypes. 
USNM - one male and two female paratypes.

Okanagana opacipennis Davis 1926: 186. 
AMNH - type female.

Okanagana oregona Davis 1916b: 233.
AMNH - type male and one male paratype.
CAS - allotype female (CAS Type No. 2130) and one male paratype. 
SIIS - three male and four female paratypes.

Okanagana ornata Van Duzee 1915: 33.
SIIS - type male and co-type male.

Okanagana orithyia Bliven 1964: 97.
CAS - holotype male (CAS Type No. 13803), allotype female (no CAS type num-
ber), and 11 male and seven female paratypes. 

Okanagana ornata Van Duzee 1915: 33.
CAS - lectotype female (CAS Type No. 3032). 

Okanagana pallidula Davis 1917b: 213.
AMNH - one male paratype.
CAS - one male paratype. 
SIIS - type male and seven male paratypes.

Okanagana pallidula var. nigra Davis 1938: 308.
AMNH - type male.
SIIS - five male paratypes.

Okanagana pernix Bliven 1964: 93.
CAS - holotype male (CAS Type No. 13804) and one male paratype. 

Okanagana rhadine Bliven 1964: 96.
CAS - holotype male (CAS Type No. 13805) and one female paratype. 

Okanagana rubrocaudata Davis 1925: 46. 
 AMNH - type male and allotype female.

Okanagana rubrovenosa Davis 1915b: 11. 

AMNH - type male.
CAS - one male paratype. 

Okanagana rubrovenosa var. rubida Davis 1936: 113. 
SEMK - type male, allotype female, and 23 male and two female paratypes.
SIIS - three male paratypes.

Okanagana salicicola Bliven 1964: 92.
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CAS - holotype male (CAS Type No. 13806), allotype female (no CAS type num-
ber), and five male paratypes.

Okanagana schaefferi Davis 1915b: 11. 
USNM - type male. 

Okanagana sequoiae Bliven 1964: 94.
CAS - holotype male (CAS Type No. 13807), allotype female (no CAS type num-
ber), and seven female paratypes. 

Okanagana simulata Davis 1921: 12.
AMNH - one male paratype.
CAS - one male paratype. 
SIIS - type male and one male paratype.

Okanagana sperata Van Duzee 1935: 25.
CAS - holotype male (CAS Type No. 4077). 

Okanagana striatipes var. beameri Davis 1930: 68.
CAS - two male paratypes. 
SEMK - type male, allotype female, and 26 male paratypes.
SIIS - 18 male and one female paratypes. 
USNM - five male paratypes.

Okanagana sugdeni Davis 1938: 306.
AMNH - allotype female.
SIIS - one female paratype.

Okanagana synodica var. nigra Davis 1944: 220. 
AMNH - type male and allotype female. 

Okanagana tanneri Davis 1930: 64. 
AMNH - one male paratype. 
SEMK - type male.

Okanagana triangulata Davis 1915b: 14. 

AMNH - type male.

Okanagana triangulata croncina Wymore 1934b: 174.
CAS - holotype male (CAS Type No. 3915) and three male paratypes. 
SEMK - one male paratype.

Okanagana tristis Van Duzee 1915: 35.
CAS - lectotype male (CAS Type No. 3026), allotype female (CAS Type No. 3027), 
and one male paratype. 
SIIS - co-type female.

Okanagana tristis var. rubrobasalis Davis 1926: 184. 

AMNH - type male and allotype female. 

Okanagana uncinata Van Duzee 1915: 41.

CAS - lectotype male (CAS Type No. 2129). 

Okanagana utahensis Davis 1919b: 216.
AMNH - type male, allotype female, and one male and one female paratypes.
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SIIS - 22 male and four female paratypes. 
USNM - three male paratypes.

Okanagana vandykei Van Duzee 1915: 38. 
CAS - lectotype male (CAS Type No. 3030), allotype female (CAS Type No. 3031), 
and two male paratypes. 

Okanagana venusta Davis 1935b: 299.
AMNH - type male and allotype female.
SIIS - two male and three female paratypes.

Okanagana villosa Davis 1941: 95.
CAS - type male (CAS Type No. 4980). 

Okanagana viridis Davis 1918: 153. 
AMNH - type male.

Okanagana vocalis Bliven 1964: 90.
CAS - holotype male (CAS Type No. 13808), and allotype female (CAS Type No. 
13808). 

Okanagana wymorei Davis 1935b: 305.
AMNH - type male.
SIIS - one male paratype.

Okanagana yakimaensis Davis 1939: 299.
SIIS - one male paratype.

Okanagodes gracilis Davis 1919b: 221.
AMNH - type male, allotype female, and one male paratype. 
SIIS - one male and two female paratypes. 
USNM - 13 male and four female paratypes.

Okanagodes gracilis var. pallida Davis 1932: 256.
AMNH - type male and allotype female. 
SEMK - one male and one female paratypes.
SIIS - 25 male and 15 female paratypes.

Okanagodes gracilis var. viridis Davis 1934: 57.

AMNH - type male, allotype female, and one male paratype. 
SIIS - 103 male and 12 female paratypes. 
USNM - one male paratype.

Okanagodes terlingua Davis 1932: 257.

AMNH - type male.
SIIS - one male paratype.

Tibicinoides cupreosparsus (Uhler 1889: 43). 

USNM - type female.

Tibicinoides mercedita (Davis 1915b: 16).
AMNH - type male and one male and one female paratypes. 
CAS - one male and one female paratypes. 
SIIS - two male and one female paratypes. 
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USNM - one male paratype (USNM Paratype No. 42728).

Tibicinoides minuta (Davis 1915b: 17).
AMNH - type male and one male paratype.
CAS - two male paratypes. 
SIIS - three male paratypes. 
USNM - one male paratype (USNM Paratype No. 42729).

Tribe Parnisini

Adeniana planiceps (Horváth 1917: 7).
USNM - type male and allotype female.

Tribe Taphurini

Psallodia espinii Uhler 1903b: 18.
USNM -two co-type males.

Selymbria ahyetios Ramos & Wolda 1985: 178.
USNM - type male, allotype female, and two female paratypes.

Selymbria pluvialis Ramos & Wolda 1985: 177.
USNM - type male, allotype female, and two female paratypes.

Tribe Chlorocystini

Papuapsaltria brassi de Boer 1995b: 17. 
AMNH - one male and one female paratypes.

Papuapsaltria dioedes de Boer 1995b: 37. 
AMNH - one male and two female paratypes. 

Papuapsaltria woodlarkensis de Boer 1995b: 39. 
AMNH - one male and two female paratypes. 

Thaumastopsaltria lanceola de Boer 1992: 38. 
AMNH - three male and three female paratypes. 

Thaumastopsaltria pneumatica de Boer 1992: 29. 
AMNH - two male and two female paratypes. 

Tribe Gymnotympanini

Baeturia colossea de Boer 1994b: 144. 
AMNH - one male paratype.

Baeturia digitata Blöte 1960: 78. 
AMNH - one male paratype.

Baeturia gressitti De Boer 1989: 26.
CAS - one male and two female paratypes. 

Baeturia guttulinervis Blöte 1960: 67. 
AMNH - five female paratypes.

Baeturia marmorata Blöte 1960: 67. 
AMNH - two male paratypes.

Baeturia nana (Jacobi 1903: 13).
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SIIS - type male and type female.

Baeturia nasuta Blöte 1960: 61. 
AMNH - four male and 17 female paratypes.

Baeturia retracta de Boer 1994a: 170. 
AMNH - one female paratype.

Baeturia toxopeusi Blöte 1960: 76. 
AMNH - three male and five female paratypes.

Baeturia versicolor de Boer 1994b: 150. 
AMNH - one male paratype.

Gymnotympana nenians Jacobi 1903: 14.
SIIS - type female.

Gymnotympana stenocephalis de Boer 1995a: 58. 
AMNH - one male paratype.

Tribe Cicadettini

Cicadetta calliope var. floridensis (Davis 1920: 131). 
AMNH - type male and allotype female.

Cicadetta camerona (Davis 1920: 134).
USNM - type male (USNM Type No. 42721), allotype female (USNM Type No. 
42732), and one male paratype.

Cicadetta hackeri (Distant 1915: 51).
USNM - co-type male.

Cicadetta kansa (Davis 1919c: 340).
AMNH - type male and allotype female.
SIIS - one male paratype.

Cicadetta pellosoma (Uhler 1862a: 283).
USNM - type female.

Cicadetta rubea (Goding & Froggatt 1904: 651).
USNM - type female (USNM Type No. 27411).

Cicadetta stradbrokensis (Distant 1915: 50).
USNM - co-type male.

Cicadetta texana (Davis 1936: 105). 
AMNH - type male.

Cicadetta toowoombae (Distant 1915: 52).
USNM - co-type male.

Cicadetta tympanistria Kirkaldy 1907: 18.
USNM - type male.

Leptosalta radiator (Uhler 1897: 276). 

USNM - type male (USNM Type No. 3144) and six male co-types.

Pauropsalta mneme (Walker 1850: 181). 
USNM - co-type male.
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Subfamily Platypediidae

Tribe Platypediini

Neoplatypedia ampliata (Van Duzee 1915: 29).
CAS - lectotype male (CAS Type No. 3017) and one female paratype. 

Neoplatypedia constricta Davis 1920: 123.
SIIS - type male, allotype female, one male and one female paratypes. 
USNM - four male and one female paratypes.

Platypedia affinis Davis 1939: 301. 
USNM - type male.

Platypedia aperta Van Duzee 1915: 29.
CAS - lectotype male (CAS Type No. 2134), allotype female (CAS Type No. 2135), 
and 5 male paratypes. 

Platypedia areolata (Uhler 1862b: 285). 
USNM - type female.

Platypedia australis Davis 1941: 95. 
AMNH - type female. 

Platypedia balli Davis 1936: 118.
AMNH - type male.
SIIS - three male paratypes.

Platypedia barbata Davis 1920: 120.
SIIS - type male and allotype female.

Platypedia bernardinoensis Davis 1932: 259.
AMNH - type male and allotype female.
CAS - 1 male paratype and 2 female paratypes. 
SEMK - one male and one female paratypes.
SIIS - three male and five female paratypes.

Platypedia falcata Davis 1920: 113.
SIIS - type male.

Platypedia intermedia Van Duzee 1915: 30.
CAS - lectotype male (CAS Type No. 3018) and allotype female (CAS Type No. 
3019). 

Platypedia laticapitata Davis 1921: 14.
SIIS - type male and allotype female.

Platypedia latipennis Davis 1921: 14. 
AMNH - type male.

Platypedia mariposa Davis 1935b: 307.
AMNH - type male and allotype female.
SIIS - one male paratype and two female paratypes.

Platypedia middlekauffi Simons 1953: 194.
CAS - holotype male (CAS Type No. 7156), allotype female (no CAS type num-
ber), and one male and two female paratypes. 
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Platypedia minor Uhler 1888: 81. 
USNM - type male.
CAS - two male and four female paratypes. 

Platypedia mohavensis Davis 1920: 100.
AMNH - type male and allotype female.
SIIS - 23 male and 23 female paratypes. 
USNM - one male and one female paratypes.

Platypedia mohavensis var. rufescens Davis 1932: 258.
AMNH - type male and allotype female.
CAS - two male paratypes. 
SEMK - 54 male and 3 female paratypes.
SIIS - 29 male and 37 female paratypes.

Platypedia putnami (Uhler 1877: 455). 
USNM - type male.

Platypedia putnami var. keddiensis Davis 1920: 108.
AMNH - type male and allotype female.
SIIS - one male paratype and one female paratype.

Platypedia putnami var. lutea Davis 1920: 106. 
AMNH - type male, two allotype females, and one male paratype. 
CAS - one male and one female paratypes. 
USNM - ten male and seven female paratypes.

Platypedia putnami var. occidentalis Davis 1920: 106.
CAS - lectotype male (CAS Type No. 3020) and allotype female (CAS Type No. 
3020). 
SIIS - one male and one female paratypes. 
USNM - one female paratype.

Platypedia rufipes Davis 1920: 101.

SIIS - two female paratypes. 
USNM - type male, allotype female, and three female paratypes.

Platypedia rufipes var. angustipennis Davis 1932: 260.

AMNH - type male and allotype female. 
SEMK - one male and one female paratypes.
SIIS - 16 male and 18 female paratypes.

Platypedia scotti Davis 1935b: 308.

SIIS - type male, allotype female, and three male and four female paratypes.

Platypedia sierra Wymore 1935: 143.

CAS - holotype male (CAS Type No. 4104), allotype female (no CAS type num-
ber), and 19 male and 12 female paratypes. 
SIIS - two male paratypes.

Platypedia similis Davis 1920: 112.

AMNH - type male and allotype female.
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CAS - one male paratype. 
SIIS - one male and one female paratypes.

Platypedia sylvesteri Simons 1953: 193.
CAS - holotype male (CAS Type No. 7157). 

Platypedia tomentosa Davis 1942: 182.
AMNH - type male.
SIIS - one male paratype.

Platypedia usingeri Simons 1953: 192.
CAS - holotype male (CAS Type No. 7158), allotype female (no CAS type num-
ber), and two male paratypes. 

Platypedia vanduzeei Davis 1920: 115.
CAS - type male (CAS Type No. 3022) and allotype female (CAS Type No. 3023). 
SIIS - three male and one female paratypes.

I am designating the male and female co-types of Tibicen linnei (Smith & Gross-
beck) from West Farms in the AMNH collection as the lectotype and allotype of the
species. Both the male and female specimens of T. lyricen var. engelhardti (Davis) in
the AMNH collection are labeled as type. Pallister (1946a) identified the male as the
type and the female as an allotype. The male, therefore, should be labeled as a lecto-
type and the female as the allotype for the species since Davis did not make a desig-
nation when he described the species (Davis 1910). I would also change the
designation of one of the two female specimens of Platypedia putnami var. lutea Davis
from allotype to paratype. Both were collected at the same location on the same date.
No change to the co-type designation of the T. sayi specimens is made because T. sayi
has been synonymized with T. chloromerus (Walker) (Davis 1923).

This list adds type material from 93 species to the material identified in Hennes-
sey (1990) in the SIIS collection. I have identified an additional type specimen for
Okanagana simulata, a co-type of O. ornata, and an allotype for Neoplatypedia con-
stricta. Hennessey (1990) listed the specimens of Tibicen latifasciatus and T. winne-
manna as syntypes although they are labeled as paratypes. He states there is, and I
found, a T. latifasciatus specimen labeled as “type” in the AMNH. I found both a male
and female T. winnemanna specimen labeled “type” in the USNM. The specimens in
the SIIS collection should be considered paratypes since Davis identified the speci-
mens as such when he described the species (labels attached to specimens and Davis
1912a). Davis (1912a) also designated the male specimen in the USNM as the type
and the female as the allotype for the species.

Pallister (1946b) identified 15 species whose types and/or allotypes were either de-
posited in the Davis Collection or probably in the Davis Collection. Of the specimens
he lists as part of the Davis collection I have been unable to find the allotypes of Tibi-
cen davisi var. hardeni and Okanagana simulata. I found the type of Clidophleps ro-
tundifrons (Davis 1916b: 235) in the SEMK. Of the specimens he lists as probably in
the Davis Collection I found the type and allotype of Tibicen winnemanna in the
USNM, the type and allotype of Okanagana rubrovenosa var. rubida at the SEMK,
and Platypedia scotti in the SIIS. The remaining specimens Pallister (1946b) identi-
fied are currently part of the SIIS collection.

I can answer some of the questions raised by Pallister (1946b) with this work. This
list adds type material from 48 Davis species to the material identified in Pallister
(1946a). I have identified additional types from 18 species, allotypes from 11 species,
and paratypes from 33 species. There are two specimens identified in Pallister (1946a)
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as being transferred to the AMNH collection that I was unable to locate. I found the
type male of Okanagana tanneri not in the AMNH collection but in the SEMK. I have
not located the allotype of O. viridis.

There is one specimen of Okanagana striatipes (Haldeman) and one specimen of
Okanagana triangulata Davis that are labeled respectively as “Type” and “Holotype
male” in the general CAS collection. The specimen of O. striatipes, however, was col-
lected in 1929 in Sedona, Arizona, while Haldeman (1852: 359) described the species
from a specimen collected on an expedition to the Great Salt Lake Valley of Utah. I
found the type of O. triangulata designated by a label in Davis’ handwriting with a lo-
cation label matching the type location given in the original description (Davis 1915b:
14) in the AMNH. These two specimens in the CAS collection are therefore incorrectly
labeled as types. 

Finally, there are 43 male and 17 female specimens identified as paratypes of
Platypedia plumbea Van Duzee (manuscript name) in the CAS collection. The descrip-
tion for P. plumbea has not been published.
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USE OF AN ACOUSTIC EMISSION DETECTOR FOR LOCATING 
FORMOSAN SUBTERRANEAN TERMITE (ISOPTERA: 

RHINOTERMITIDAE) FEEDING ACTIVITY WHEN INSTALLING 
AND INSPECTING ABOVEGROUND TERMITE BAIT STATIONS 

CONTAINING HEXAFLUMURON
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ABSTRACT

Soft- and hard-style aboveground bait stations containing 0.5% hexaflumuron in a
cellulose matrix (RecruitR AG), were installed indoors in two condominium buildings
and in one home. Bait stations were affixed to wood where Formosan subterranean
termites [FST (Coptotermes formosanus Shiraki)] were observed in foraging tubes
and subsurface galleries and adjacent to these locations where termite feeding was
detected using an acoustic emission detector (AED). Bait stations were inspected
monthly for the presence of termites, bait matrix consumption, and acoustic emission
(AE) counts on adjacent wood. Bait stations were added as needed. Six to fourteen
aboveground bait stations were installed in each structure at 3 or 6 placement sites.
Termites fed in a mean of 73.3% of the stations installed to consume a total of 42-149
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and in one home. Bait stations were affixed to wood where Formosan subterranean
termites [FST (

 

Coptotermes formosanus

 

 Shiraki)] were observed in foraging tubes
and subsurface galleries and adjacent to these locations where termite feeding was
detected using an acoustic emission detector (AED). Bait stations were inspected
monthly for the presence of termites, bait matrix consumption, and acoustic emission
(AE) counts on adjacent wood. Bait stations were added as needed. Six to fourteen
aboveground bait stations were installed in each structure at 3 or 6 placement sites.
Termites fed in a mean of 73.3% of the stations installed to consume a total of 42-149
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g of bait matrix. FST at the home had ground contact and consumed 2- 3.5 times more
bait matrix than aerial infestations of FST at the condominiums. Acoustic emission
counts generally declined from pretreatment levels at all monitoring locations follow-
ing installation of the bait stations, with the exception of one condominium where AE
counts peaked 6 weeks following installation. At all sites, bait matrix consumption in
stations peaked during the first two months following installation of the aboveground
bait stations. Baiting eliminated detectable FST activity in all structures, as indi-
cated by lack of visual signs of termites and AED activity for at least two months.
Elimination of detectable activity followed two or more months of bait matrix con-
sumption by termites. Mean time to elimination of detectable activity for FST popu-
lations was 3.3 months (range 2-4 months). 

Key Words: Acoustic Emission Detector, Formosan Subterranean Termite, Recruit
AG, Aboveground Termite Bait Station, hexaflumuron, 

 

Coptotermes formosanus

 

 

 

R

 

ESUMEN

 

Se instalaron dentro de una casa y dos condominios estaciones de cebo de dos esti-
los, suaves y duras, que contenían un 0.5% de hexaflumuron en una matriz de celulosa
(Recruit

 

R

 

 AG). Las estaciones de cebo se fijaron sobre madera en la que se habían ob-
servado termitas subterráneas formosas (“FST”, 

 

Coptotermes formosanus

 

 Shiraki) en
túneles de alimentación y en galerías bajo la superficie, y también se colocaron adya-
centes a estos sitios donde alimentación por termitas fué detectada utilizando un de-
tector de emisión acústica (“AED”). Las estaciones de cebo fueron inspeccionadas
mensualmente en busca de la presencia de termitas, consumo de la matriz del cebo, y
del número de emisiones acústicas en madera adyacente. Se añadieron estaciones de
cebo cuando fue necesario. Se instalaron entre seis y catorce estaciones de cebo en cada
estructura en tres a seis lugares. Las termitas se alimentaron en un promedio del
73.3% de las estaciones de cebo instaladas, consumiendo un total de 42 a 149 g de la
matriz del cebo. La FST en la casa tuvo contacto con el suelo y consumió de 2 a 3.5 más
de la matriz del cebo que la FST en las infestaciones aéreas en los condominios. El nú-
mero de las emisiones acústicas generalmente declinó de los niveles anteriores al tra-
tamiento en todas las localidadaes después de instalar las estaciones de cebo, con la
excepción de un condominio en que el número de las emisiones acústicas alcanzó su
máximo seis semanas después de la instalación de las estaciones. En todos los sitios,
el consumo de la matriz del cebo alcanzó su máximo en los dos primeros meses después
de la instalación de las estaciones de cebo arriba del piso. El uso del cebo eliminó la ac-
tividad detectable de la FST en todas las estructuras, que fué indicado por la ausencia
de signos visuales de las termitas y de la actividad AED de por lo menos dos meses. Se
eliminó la actividad detectable después de dos meses más de consumo de la matriz del
cebo por las termitas. El tiempo promedio para la eliminación de toda actividad detec-

 

table de las poblaciones de FST fue de 3.3 meses (rango de 2 a 4 meses).

Field evaluations have documented the elimination of subterranean termite activ-
ity by application of Recruit

 

R 

 

(DowElanco, Indianapolis, IN), a bait matrix containing
the chitin synthesis inhibitor hexaflumuron applied in-ground (Su et al. 1995, De-
Mark et al. 1995, Grace et al. 1996) and aboveground (Su et al. 1997). In these field
trials, mark-recapture methods were used to delineate termite foraging territories
and to estimate foraging population sizes before and after bait application. Untreated
wooden blocks in monitoring stations were used to measure wood consumption rates
by termite populations and to determine foraging activity (DeMark et al. 1995, Su et
al. 1995, Su et al. 1997). 
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Delineating termite foraging territories and determining foraging activity of
aboveground termite populations can be very difficult. Mark-recapture methods are
disruptive and labor intensive. Subterranean termites foraging above-ground, com-
pared to those in soil, are more likely to abandon foraging areas after disturbance (N.-
Y. Su, Ft. Lauderdale Research and Education Center, University of Florida, personal
communication). Su et al. (1997) also documented that aboveground monitoring and
baiting stations, compared to in-ground stations, had a lower acceptance rate for bait
feeding by subterranean termites. 

Acoustic emission (AE) detection has been successfully used to delineate above-
ground foraging territories and foraging activity for drywood termites (Scheffrahn et
al. 1997). Scheffrahn et al. (1993) verified that the acoustic emission detector (AED)
quantitatively records high frequency sound as wood is fed upon by termites. Schef-
frahn et al. (1997) then utilized acoustic emissions as a simple, non-disruptive method
to quantify drywood termite activity in structural wood before and after application
of localized chemical treatments. 

The AED has not been previously used to determine subterranean termite activity
in structural wood as a measure of treatment efficacy. Therefore, the purpose of this
study was to evaluate the AED for delineating and measuring subterranean termite
feeding activity in structural wood as criteria to position installation of aboveground
bait stations containing hexaflumuron. In addition, the AED was evaluated as a tool
to measure subterranean termite foraging activity before and after consumption of
bait containing hexaflumuron.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Termite Bait Stations.

Two types of aboveground bait stations, hard- and soft-style, containing 0.5%
hexaflumuron in a cellulose matrix (Recruit

 

R

 

 AG) were evaluated. The hard-style sta-
tion consisted of a rigid, plastic container (10 cm by 10 cm by 4 cm), with a snap-on
cover containing 25 g of matrix (Fig. 1). The soft-style station consisted of a flexible
laminated foil pouch (15 cm by 15 cm) and contained 15 g of matrix (Fig. 2). On the
front of the soft-style station a cover flap sealed a removable inspection flap (7.5 cm
dia.) which covered the matrix. The back of the soft-style station had a removable ac-
cess flap (7 cm by 7 cm) and flexible adhesive used to affix the station to the target site.

Study Sites.

The aboveground bait stations were evaluated within three structures in Broward
County, Florida; two multi-story condominiums (Condo1 and Condo2) and one single-
story, single family residence (Home). All structures were infested with Formosan
subterranean termites (FST), 

 

Coptotermes formosanus

 

 Shiraki. Formosan subterra-
nean termite infestations in both condominium buildings were aerial; with no detect-
able ground contact as indicated by the presence of FST on the uppermost story of
each building (16

 

th

 

 and 6

 

th

 

 stories for Condo1 and Condo2, respectively) with no activ-
ity on lower stories. The ability of FST to establish aerial infestations on flat rooftops
of high rise (4-14 storied) buildings similar to Condo1 and Condo2 in Hallandale, FL
was documented by Su et al. (1989). Formosan subterranean termites infesting the
home were in contact with the ground. 

In Condo1, FST had infested wooden baseboards and door trim in the hallway
(HALL) and the master bedrooms (BR) of two condominium units adjacent to the el-
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evator (EL) on the top (16

 

th

 

) floor (Fig. 3). Formosan subterranean termites were no
longer active in the master bedroom of one condominium when this study was initi-
ated, so aboveground bait stations were installed in the hallway and master bedroom
of the other condominium as indicated by Fig. 3. Infested baseboards and door trim
had been replaced 6 months prior to testing in the condominium unit of Condo1.
These baseboards and trim were subsequently reinfested and were used as sites for
installation of aboveground bait stations. In Condo2, FST infested 2x4 wood framing
in an elevator machinery (EL)/storage room (SR) on the roof-top of this 6-story build-
ing (Fig. 4). No localized insecticide treatments had been applied to control these
aerial FST infestations. 

In the Home, FST had infested doorframes in the recreation room (REC; Fig. 5).
The Home was on low-lying, continuously water-saturated soil adjacent to a canal.
The foundation was grade-beam construction comprised of an interior grid of load-
bearing footings poured beneath the slab. Two professional pest control companies
were treating the Home for subterranean termites. One company repeatedly applied
soil termiticides around the perimeter foundation and sub-slab. The water-saturated
soil and grade-beam construction may have prevented the establishment of a contin-
uous termiticide soil barrier beneath the structure, because FST continued to reinfest
the Home after termiticide applications. Drilling through the slab revealed that FST
had constructed extensive carton in the honey-combed chambers beneath the slab.

Fig. 1. Hard-style aboveground bait station containing hexaflumuron, showing
snap-on cover.
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The other pest control company installed 20 in-ground Sentricon

 

R

 

 System

 

 

 

(Dow-
Elanco, Indianapolis, IN) stations on June 6, 1995. These stations, containing moni-
toring devices, were inspected monthly (x = 37.5 days) and 23 additional in-ground
stations were added during subsequent inspections. The installation and inspection
procedures followed label and manufacturer guidelines. Nonetheless, termites were
never detected in the in-ground monitoring stations. Water-saturated soil and exten-
sive termiticide perimeter treatments appeared to deter FST from foraging outside of
the foundation to sites where in-ground monitoring stations were installed.

AED Monitoring.

Infested wood members were located initially by the observations of building occu-
pants. Wood members were visually surveyed for signs of FST infestation and were
monitored using the AED (Locator

 

R

 

) currently under development by DowElanco (In-
dianapolis, IN). The AED is a hand-held, battery-powered instrument designed to de-
tect low frequency ultrasonic sound emitted as wood fibers are damaged by insect
chewing. It consists of a main processor unit connected by two coaxial cables to two
identical sensors. The sensors are attached with putty to the wood members to be
monitored for termite activity. 

One AED monitoring location was established adjacent to each bait placement
site, even if no termite feeding activity was detected using the AED. These locations
were monitored once for 60 seconds during each visit, and marked for monitoring on
subsequent visits. In areas where there was no visible termite activity (e.g. subsurface
galleries, feeding damage or emergence holes) but termite feeding activity was de-
tected using the AED, 2.3 mm diameter holes were drilled through the wood surface
to intersect termite galleries. These holes were located within a 50 cm

 

2 

 

area to fit
within the access area on the back of aboveground stations. 

Fig. 2. Soft-style aboveground bait station containing hexaflumuron, showing
cover flap and removable inspection flap on station front and removable flap and flex-
ible adhesive on station back.
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Installation of Aboveground Bait Stations.

Bait stations were affixed to wood where termites were visually observed in forag-
ing tubes and subsurface galleries and/or the AED detected termite feeding. Direc-
tions on the Recruit AG label (DowElanco 1996) were followed. For soft-style stations,
the adhesive backing and back access flap were removed and the exposed matrix was
aligned with termite gallery openings, exit holes, drill holes, or mud foraging tubes.
Soft-style stations were affixed to baseboards and door trim in Condo1 (13 June, 1996)
and the Home (28 October, 1996) using a staple gun or hot glue, in addition to the ad-
hesive on the station back. Hard-style stations were affixed to 2 

 

´ 

 

4’s in Condo2 (13
June, 1996) using screws and hot glue. All stations were located indoors. Thirty to
forty ml of water was added to the matrix of each station after installation, and sta-
tions were resealed with covers. 

Inspection of Aboveground Bait Stations.

Bait stations were initially inspected every 2-6 weeks. After carefully removing
bait station covers, the presence or absence of termites in stations was noted, and the
percent of bait matrix consumed was estimated. In addition, AED readings were
taken during each inspection and if additional termite activity, indicated by damage,
mud tubes, and/or AE counts, was observed at new locations in wood, additional sta-
tions were installed at these sites. If less than 50% of the bait matrix was consumed
at the time of inspection, it was re-moistened with water and the station cover was put
back in place. If termites had consumed 50% or more of the matrix, a second station

Fig. 3. Floor plan of top (16th) floor of Condo1. Shaded areas are condominiums in-
fested by Formosan subterranean termites prior to application of aboveground bait
stations. Stars show placement sites for bait stations on baseboards in hallway
(HALL) and master bedroom (BR) and on door trim of closet (C) of master bedroom;
K = Kitchen, LR = Living room, BA = bathroom.
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was stacked on top the original, per Recruit AG label directions (DowElanco 1996).
The cover of the original station was removed prior to stacking and the matrix in the
station was moistened, if necessary. Subsequent hard-style stations were affixed us-
ing screws. Subsequent soft-style stations were affixed using a staple gun or hot glue,
in addition to the sealant on the back of the station. Two hard-style stations or three
soft-style stations were the maximum number of stations that could be stacked.
Thirty to forty ml of water was added to the matrix of each new station after installa-
tion. The percent of matrix consumed in stacked stations was based on visual inspec-
tion of the outer most layer at each bait placement site on subsequent inspections.
Additional consumption of matrix in underlying stations could not be determined un-
til all stations were removed at the end of the trial to calculate the total amount of ma-
trix consumed for each site. Trials were completed and stations were removed when
no termite activity, as determined by visual inspection, AE monitoring, and destruc-
tive sampling of previously infested wood, and sound structural wood, was observed
for two or more months following at least two months of bait consumption. Condo1
and Condo2 were inspected approximately 7 and 19 months after completion of bait-
ing for signs of FST activity. Inspection consisted of visual survey, destructive sam-
pling, and monitoring using the AED. Home could not be inspected after bait removal
because of a change in ownership. 

Fig. 4. Floor plan of roof top of six-story Condo2. Shaded area is elevator machin-
ery (EL)/storage room (SR) infested with Formosan subterranean termites prior to ap-
plication of aboveground bait stations. Stars show placement sites of bait stations on
2 ´ 4 wood framing in machinery/storage room. 
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R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

Six to fourteen aboveground bait stations were installed in each structure at 3 or
6 placement sites (Table 1). In all structures, bait stations were stacked, and at
Condo2 and the Home, new bait station placement sites were added after the initial
installation. Termites fed at 14 of 15 (93.3%) of the bait station placement sites, con-
suming an estimated total of 42-149 g matrix at each structure and feeding on a mean
of 73.3% of the bait stations installed in a structure. With the exception of one bait sta-
tion placement site at Condo2, bait stations that were not fed upon had been installed
late in the baiting program, when termite populations and subsequent feeding had al-
ready begun to decline. Su et al. (1997) reported that FST only fed in a mean of 17.6%
of the aboveground bait stations applied. To compensate for lack of termite activity in
stations, Su et al. (1997) installed more bait stations per structure compared to the
number installed in this study (X = 18 vs. 10, respectively). 

Ground-based FST at the Home, compared to aerial FST infestations at Condo1
and Condo2, consumed 2 and 3.5 times more matrix, respectively (Table 1). Su et al.
(1997) obtained similar results; LES, a ground-based FST colony, consumed 710.7 mg
of hexaflumuron compared to 747 mg consumed in this study by the Home FST colony.
Baiting eliminated all detectable signs of FST foraging activity at the three study
structures, as indicated by the absence of live termites in structures and bait stations,
no new termite damage or foraging tubes, and no AE counts. In addition, no dispersal

Fig. 5. Floor plan of single-story Home. Stars show placement sites of bait stations
on door trim of the bathroom (BA) and closet (C)in the recreation room (REC).
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Fig. 6. Foraging activity (Total g Bait Matrix After Previous Inspection) and mean
AE counts (± SD) per minute per monitoring location before, during, and after appli-
cation of aboveground bait stations containing hexaflumuron; Condo1, Condo2, and
Home, Broward County, Florida, 1996-1997.
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flights were observed nineteen months after baiting was completed at the condomin-
iums. Mean time to elimination of detectable activity was 3.3 months for FST popula-
tions in this study, compared to 5.8 months for FST populations by Su et al. (1997). 

Comparisons of matrix consumption and AE counts for Condo1, Condo2 and the
Home are shown in Fig. 6. Table 1 compared to Fig. 6 depicts six more g of matrix con-
sumed (149 vs. 143 g, respectively) for the Home, because additional consumption of
matrix in underlying stations could not be determined until all stations were removed
and carefully inspected at the end of the trial.

After installation of aboveground bait stations at all sites, AE counts generally de-
clined below pretreatment levels except at Condo2 where counts peaked 6 weeks fol-
lowing bait station installation. At all sites, matrix consumption and number of
termites in stations peaked during the first two months following installation of bait
stations. No termites were found in stations during the last two inspections at Condo1
and Condo2, and during the last inspection at the Home. The absence of termites co-
incided with the absence of AE counts at monitoring locations. In addition, when the
doorframes of the Home were replaced in March, 1997, only dead FST were found in
the damaged wood.

In this study, a higher percentage of aboveground bait stations containing hexaflu-
muron were fed upon by FST and fewer bait stations were required to eliminate de-
tectable termite activity more rapidly than previously documented by Su et al. (1997).
Recruit AG has a different cellulose matrix (nonparticulate) compared to the particu-
late matrix containing hexaflumuron evaluated by Su et al. (1997). Laboratory and
field testing (E. King, pers. comm.) have documented that subterranean termites pref-
erentially consume the matrix of Recruit AG compared to that evaluated by Su et al.
(1997). Therefore, the improved matrix of Recruit AG could explain part of the im-
proved performance observed in this study. Nonetheless, researchers installing Re-
cruit AG without using an AED to determine where termites were feeding in wood
had a lower percentage of aboveground stations fed upon compared to that in this
study. A similar study was conducted at six structures in Texas using the same above-
ground termite bait stations and protocol, with the exception that an AED was not
available to determine bait placement sites (T. Atkinson, pers. comm.). In that study,
subterranean termites fed upon only 38 out of 86 placement sites (44%) at the six
structures. Subterranean termite activity was, however, eliminated at these six sites
in Texas. These studies suggest that aboveground bait stations containing hexaflumu-
ron can eliminate detectable subterranean termite activity in structures. These stud-
ies also indicate that the AED has the potential to be used to determine optimal bait
placement in order to reduce the number of stations needed to achieve control. 

Because of the potential for bait avoidance, absence of termites in baiting stations,
by itself, is not considered to be a reliable method of measuring the efficacy of toxic
baits on subterranean termites (Su & Scheffrahn 1996). Rather, foraging activity is
considered to be a more reliable evaluation variable (Su & Scheffrahn 1996). The ab-
sence of termites in bait stations in this study coincided with the lack of AE counts in
previously-infested wood. In addition, no termite activity could be detected with the
AED in sound wood adjacent to previously infested wood indicating that termites had
not moved away from baits to other locations. These observations suggest that the
AED can be used to reliably evaluate the efficacy of control procedures for subterra-
nean termites in aboveground wood by detecting foraging activity. 

 This study confirmed the findings of previous research (Su et al. 1997) that baits
containing hexaflumuron applied in aboveground stations eliminate detectable activ-
ity of aerial and ground-based populations of subterranean termites within struc-
tures. Baits such as Recruit AG will be useful where conditions prevent structural
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Study Site Station Type FST Colony
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Placement Sites
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(Fed Upon)

 g dry wt 
Matrix 

Consumed
mg AI 

Consumed

Months to No 
Termite Activity 

After Instal

Condo1 Soft-style Aerial 3 6(3) 42 210 2
Condo2 Hard-style Aerial 6 10(7) 75 375 4
Home Soft-style Ground 6 14(12) 149 747 4
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infestations of subterranean termites from foraging to in-ground bait stations (e.g.
aerial infestations, previous soil termiticide treatment, water-saturated soil), or at lo-
cations where soil access for installation of in-ground bait stations is limited by as-
phalt or concrete pavement.
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THE DISTRIBUTIONS OF THE CARIBBEAN FRUIT FLY, 

 

ANASTREPHA SUSPENSA

 

 (TEPHRITIDAE) AND ITS 
PARASITOIDS (HYMENOPTERA: BRACONIDAE) WITHIN THE 
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USDA-APHIS-PPQ, Caribbean Fruit Fly Station, 1911 SW 34th St.
Gainesville, Florida, USA

A

 

BSTRACT

 

In the area of LaBelle, Florida (Hendry County), the Caribbean fruit fly, 

 

Anas-
trepha suspensa 

 

(Loew), is commonly attacked by three braconid parasitoids, 

 

Doryc-
tobracon areolatus 

 

(Szepligeti), 

 

Diachasmimorpha longicaudata 

 

(Ashmead), and

 

Utetes anastrephae 

 

(Viereck). Fruits from fifteen individual trees of four species, Suri-
nam Cherry (

 

Eugenia uniflora 

 

L.), Cattley guava (

 

Psidium cattleianum 

 

Sabine),
guava (

 

P. guajava

 

 L.), and loquat (

 

Eriobotrya japonica 

 

[Thunb.]), were systematically
sampled in order to determine the distribution of 

 

A. suspensa 

 

and its parasitoids
within the tree’s canopies. Fruits infested by 

 

A. suspensa

 

 were lighter than infested
ones in 

 

P. guajava

 

. This may be due to the presence of the larvae. There was no evi-
dence that 

 

A. suspensa

 

 preferred to oviposit in fruits at particular heights above
ground or distances from canopy edges. Fruits containing larvae parasitized by 

 

U.
anastrephae

 

 were significantly lighter than those containing larvae parasitized by ei-
ther 

 

D. areolatus 

 

or 

 

D. longicaudata, 

 

and it was not present in 

 

P. guajava

 

, the species
with the heaviest fruits

 

.

 

 There were no differences, either overall or within host tree
species, among the heights above ground or distances from canopy edges of fruits con-
taining larvae parasitized by any of the three braconids. Niche similarity in 

 

D. areola-
tus 

 

and 

 

D. longicaudata

 

 may be due to the absence of a shared evolutionary history.
Both are recent introductions to Florida, but while 

 

D. areolatus 

 

is a neotropical spe-
cies, 

 

D. longicaudata

 

 is from the Indo-Philippine region. Thus, there has been little
opportunity for divergence. Knowledge of the distributions within tree canopies of the
pest-fly, and of its natural enemies, may lead to improvements in its biological control.

Key words: 

 

Diachasmimorpha longicaudata, Doryctobracon areolatus

 

, 

 

Utetes anas-
trephae, 

 

biological control, parasitoids, fruit flies

R

 

ESUMEN

 

 

En el área de LaBelle, Florida (condado de Hendry), la mosca del Caribe, 

 

Anastre-
pha suspensa 

 

(Loew), es atacada comúnmente por tres parasitoides bracónidos, 

 

Do-
ryctobracon areolatus 

 

(Szepligeti), 

 

Diachasmimorpha longicaudata 

 

(Ashmead), y

 

Utetes anastrephae 

 

(Viereck). Para determinar la distribución de 

 

A. suspensa y sus 

 

pa-
rasitoides dentro de las copas de los árboles se colectaron sistemáticamente frutas de
quince árboles individuales de cuatro especies, 

 

Eugenia uniflora 

 

L., 

 

Psidium cattlei-
anum 

 

Sabine, P. 

 

guajava L., y Eriobotrya japonica 

 

[Thunb.]. Se documentó que las
guayabas infestadas por

 

 A. suspensa 

 

eran más ligeras que las que no estaban infesta-
das. Esto puede ser debido a la presencia de las larvas. No hubo evidencia de que A.

 

suspensa 

 

prefiriera ovipositar en frutas en particulares alturas o distancias de los bor-
des de las copas dentro de los árboles. Se notó que las frutas con larvas parasitadas
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por 

 

U

 

. 

 

anastrephae 

 

eran significativamente más ligeras que aquellas con larvas para-
sitadas ya sea por 

 

D. areolatus o D. longicaudata; U. anastrephae 

 

no estuvo presente
en P. 

 

guajava, 

 

la especie con los frutos más pesados. No se detectaron diferencias, ya
sea en forma general o entre especies de hospederos, entre las alturas y las distancias
de los bordes de las copas dentro de los árboles, y entre las frutas con larvas parasita-
das por cualquiera de los tres bracónidos. Es posible que la similitud de los nichos eco-
lógicos de 

 

D

 

. 

 

areolatus y 

 

de 

 

D. longicaudata 

 

sea debida a la ausencia de una historia
compartida de evolución. Las dos especies fueron introducidas recientemente a Flo-
rida, y mientras que 

 

D. areolatus 

 

es una especie neotropical, 

 

D. iongicaudata 

 

es de la
región Indo-Filipina, así que la oportunidad para una divergencia no ha sido mayor.
El conocimiento sobre la distribución dentro de las copas de los árboles de esta mosca
plaga, y también la de sus enemigos naturales, nos puede ser útil para mejorar su con-

 

trol biológico.

The Caribbean fruit fly, 

 

Anastrepha suspensa

 

 (Loew), was sporadically captured in
Florida throughout the first half of the century (Baranowski et al. 1993). These immi-
grants from the Greater Antilles failed to establish until 1965, when a population in-
troduced into the Miami area expanded over the peninsular portion of the state
(Weems 1966). 

 

Anastrepha suspensa

 

 attacks over 90 species of fruits in Florida (Norr-
bom & Kim 1988) and has restricted the movement of citrus fruits into California,
Texas, and Japan. To protect citrus exports, the Florida Department of Agriculture
has organized a system of fly-free zones based on negative-trapping (Simpson 1993).

Shortly after the establishment of 

 

A. suspensa

 

, parasitoids were introduced for its
control. The first of these was the opiine braconid 

 

Doryctobracon areolatus 

 

(Szepligeti)
(

 

= Parachasma cereus

 

) (Baranowski & Swanson 1970, 1971). 

 

Doryctobracon areolatus

 

is a widespread species, ranging from Mexico to Argentina (Wharton & Marsh 1978).
It is a parasitoid of several pestiferous 

 

Anastrepha

 

 species, including the Mexican
fruit fly, 

 

A. ludens

 

 (Loew), and finds its hosts in both native and commercial, exotic
fruits (e.g., Aluja et al. 1990, Hernandez-Ortiz et al. 1994). While initially abundant
in south Florida, it was soon replaced at the original site of introduction by a second
opiine braconid, 

 

Diachasmimorpha longicaudata 

 

(Ashmead) (Baranowski et al.
1993). This Indo-Philippine species was originally recovered from 

 

Bactrocera

 

 spp. but
proved to attack a number of tephritids and was widely disseminated (Clausen 1978).
At present, 

 

D. areolatus

 

 is common only in the northern portion of the Caribbean fruit
fly’s range, while 

 

D. longicaudata

 

 predominates in the south (Eitam 1998). There is a
relatively narrow region, just south-west of Lake Okechobee, where both species are
abundant. A third opiine species, 

 

Utetes anastrephae

 

 (Viereck), is native to Florida,
where it historically parasitized 

 

Anastrepha

 

 spp. present in the extreme southern
portion of the state and the Florida Keys (Baranowski et al. 1993). The spread of 

 

A.
suspensa

 

 has allowed it to increase its own range into the middle of the peninsula
(Eitam 1998). In addition to Florida, 

 

U. anastrephae

 

 occurs throughout Latin Amer-
ica, reaching as far south as Argentina (Wharton and Marsh 1978). It has a noticeably
shorter ovipositor than either 

 

D. areolatus 

 

or 

 

D. longicaudata. 

 

Augmented releases of 

 

D. longicaudata

 

 have been employed to help maintain Flor-
ida’s fly-free zones (see Sivinski et al. 1996). It would be useful if the environments fa-
vored by 

 

D. areolatus,

 

 

 

D. longicadata

 

 and 

 

U. anastrephae 

 

were better understood. In this
way, augmentative releases of one or all species could be tailored to particular conditions.
Should there be “gaps” in the foraging behaviors of the three species, new natural ene-
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mies that flourish in these specific microhabitats might be identified and imported. One
context in which the species might differ is their distributions within host tree canopies. 

Characteristics of the canopy structure affect, or are suspected to affect, the forag-
ing of a number of parasitic Hymenoptera species (see Godfray 1994 and cit.). Differ-
ences within the canopy in light, heat, humidity, and risk of predation are among the
factors that could select for both nonrandom distributions of hosts and specialized for-
aging tactics by natural enemies. For example, the red scale, 

 

Aonidiella aurantii

 

(Mask.), is 27 fold more vulnerable to attack by aphelinid parasitoids when feeding on
the periphery of citrus trees rather than in their interior (Murdoch et al. 1989). Closer
to the present topic, the opiine braconid 

 

Psyttalia (= Opius) concolor

 

 (Szepligeti) ap-
pears to parasitize a greater proportion of tephritids in the upper halves of large
Greek olive trees (Kapatos et al. 1977). Darby (1933) suggested that the opiine 

 

Doryc-
tobracon crawfordi

 

 (Viereck) is more apt to attack 

 

A. ludens

 

 larvae in mangos than in
sweet limes because the relatively open foliage of the lime provides less refuge from
heat and low humidities. In southern Mexico, 

 

D. areolatus

 

 is more likely than, 

 

U.
anastrephae 

 

to parasitize 

 

Anastrepha obliqua 

 

(Macquart) in fruits near the margins
of certain tree canopies (Sivinski et al. 1997).

In this study, we examined the spatial distributions of 

 

A. suspensa

 

 and its three lo-
cal parasitoids in the canopies of four species of host trees. We also examined the size,
as estimated by weights, of fruits that escaped infestation by 

 

A. suspensa

 

, that con-
tained 

 

A. suspensa

 

 but not parasitoids, and those that contained both 

 

A. suspensa

 

 and
its various parasitoids. Information on the temporal distribution of 

 

D. areolatus

 

 and

 

D. longicaudata

 

 in Florida can be found in Sivinski et al. (1998).

M

 

ETHODS

 

Fruits were collected from preferred host tree species in the LaBelle area, Hendry
Co., Florida from 1992 to1994. These included six Surinam cherry trees (

 

Eugenia

 

 

 

uni-
flora

 

 L.), three loquat (

 

Eriobotrya japonica

 

 (Thunb.), one guava (

 

Psidium guajava

 

 L.),
and five Cattley guava (

 

Psidium cattleianum

 

 Sabine) (Table 1). Fruit sampling was
done systematically, i.e., fruits from every part of the trees were collected every week.
Fruits were obtained by gently shaking the branch next to their petioles. If they fell,
they were assumed to have nearly completed their tenure on the tree. Thus, the fly
larvae inside the fruits had been exposed to attack by parasitoids for a “typical” period
in that location. Prior to shaking fruits, distance from the ground and distance from
the edge of the foliage was determined, as was compass direction measured in de-
grees. After removal, fruits were weighed and then kept individually for one week on
damp vermiculite at ca. 27

 

°

 

C. and ambient humidity. Fruit weight provides a useful
estimate of fruit size (Sivinski 1991). Pupae were held for an additional four weeks,
after which the emerging adults were identified. Voucher specimens are in the collec-
tion of J. Sivinski at USDA-CMAVE, Gainesville, FL.

Statistical comparisons of the weights and canopy-locations of fruits containing 

 

A.
suspensa

 

 and its various parasitoids were made by multivariate ANOVA, with the
various means distinguished through the Waller-Duncan k-ratio t-test (“proc GLM”,
SAS Inst. Raleigh, N.C. 27605). In the initial analysis of all fruits from all trees of all
species, the error term used to derive the F value was taken from the interaction of all
trees of all species and the species of insect present in the fruits. The relationships
among compass direction, infestation, and parasitism were examined by dividing the
canopy into six sections, each encompassing 60 degrees. Comparisons of the distribu-
tions of 

 

A. suspensa

 

 and its various parasitoids among these sections were by two-way
crosstabulation chi-square tests (SAS Inst. Raleigh, N.C. 27605). 
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R

 

ESULTS

 

Anastrepha suspensa

 

 was the only tephritid reared from the samples, and 

 

D. are-
olatus

 

 and 

 

D. longicaudata 

 

were the predominate parasitoids. 

 

U. anastrephae 

 

was
present in relatively small numbers and was not recovered at all from guava, the spe-
cies with the largest fruits. In Table 1 the various species of trees are described in
terms of numbers of trees sampled, numbers of fruits sampled, mean infestations (

 

A.
suspensa

 

 larvae / g), mean percent parasitism (parasitoids / parasitoids + 

 

A. suspensa

 

)
by the three species of parasitoids, mean fruit weights, mean heights of fruits above
ground, and the mean distances of fruits from the edge of the canopies. There were
significant differences among the mean heights and weights of the various species of
host fruits, however, there were no differences in the mean distances fruits hung from
the various canopy edges (Table 2). 

 Overall, fruits that contained 

 

A. suspensa

 

 larvae and uninfested fruits did not dif-
fer in locations within the canopies; i.e., they were similar in terms of heights above
ground and distances from canopy edges (Table 2). There were significant differences
in the weights of infested and uninfested fruits, and there was a significant interac-
tion between species of host fruit and the pattern of weight difference in infested and
uninfested fruits (Table 2). When host species were examined individually, only
guava, whose infested fruits were lighter, displayed any significant weight difference
(Table 3). 

Fruits from all trees of all species of hosts that contained unparasitized larvae and
those containing larvae parasitized by 

 

U. anastrephae, D. areolatus,

 

 and 

 

D. longicau-
data

 

 did not differ in heights above ground or distances from the edges of canopies
(Table 4). However, fruits with unparasitized larvae were significantly heavier than
those containing parasitized larvae, and those fruits containing larvae parasitized by

T

 

ABLE

 

 1. T

 

HE

 

 

 

NUMBERS

 

 

 

OF

 

 

 

THE

 

 

 

VARIOUS

 

 

 

SPECIES

 

 

 

OF

 

 

 

HOST

 

 

 

TREES

 

 

 

AND

 

 

 

THE

 

 

 

NUMBERS

 

 

 

OF
FRUITS

 

 

 

SAMPLED

 

. A

 

LSO

 

 

 

INCLUDED

 

 

 

ARE

 

 

 

THE

 

 

 

LEVELS

 

 

 

OF

 

 

 

INFESTATION

 

 (

 

A. S

 

US-
PENSA

 

 

 

P

 

UPAE

 

 

 

RECOVERED / G OF PICKED FRUIT HELD IN THE LABORATORY)
AND THE MEAN PERCENT PARASITISM (PARASITOIDS / PARASITOIDS + ADULT A.
SUSPENSA) BY THE DIFFERENT PARASITOIDS IN THE VARIOUS HOST TREES
(UTETES ANASTREPHAE = UA; DORYCTOBRACON AREOLATUS = DA; DIACHAS-
MIMORPHA LONGICAUDATA = DL). FRUITS OF THE VARIOUS HOST TREE SPE-
CIES ARE CHARACTERIZED BY MEAN SIZE (WEIGHT IN GRAMS) AND LOCATION
WITHIN THE CANOPIES (MEAN HEIGHT FROM THE GROUND [CM] AND DISTANCE
FROM THE EDGE OF THE CANOPY [CM]). IN ALL APPROPRIATE INSTANCES STAN-
DARD ERRORS ARE ENCLOSED IN PARENTHESES FOLLOWING THE MEANS.

Surinam cherry loquat Cattley guava guava

N of trees 6 3 5 1
N of fruits 1336 336 656 315
pupae / gram 0.49 (0.01) 0.08 (0.005) 0.96 (0.02) 0.061 (0.006)
Ua parasitism 2 (0.4) 0.3 (0.3) 0.4 (0.001) 0
Da parasitism 26 (1.0) 16 (3.0) 18 (1.0) 0.5 (0.3)
Dl parasitism 14 (1.0) 0 13 (1.0) 0.4 (0.3)
weight (grams) 3.68 (0.04) 15.3 (0.21) 7.41 (0.12) 47.17 (0.10)
height (cm) 195.9 (2.68) 289.9 (6.44) 185.0 (3.01) 213.7 (4.35)
distance (cm) 12.10 (0.45) 24.05 (3.11) 8.75 (0.28) 10.51 (0.54)
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TABLE 2. ABOVE—THE WEIGHTS (G) AND WITHIN CANOPY LOCATIONS (HEIGHTS ABOVE
GROUND [CM] AND DISTANCES FROM CANOPY MARGINS [CM]) OF FRUITS FROM
ALL TREES OF ALL HOST SPECIES THAT WERE EITHER INFESTED WITH A. SUS-
PENSA OR WERE UNINFESTED. STANDARD ERRORS ARE IN PARENTHESES FOL-
LOWING MEANS. BELOW—THE RESULT OF A MULIVARIATE ANOVA THAT
COMPARES THE MEAN WEIGHTS, HEIGHTS ABOVE GROUND, AND DISTANCES
FROM CANOPY MARGINS OF A) FRUITS THAT WERE EITHER INFESTED WITH A.
SUSPENSA OR UNINFESTED, B) WEIGHTS, HEIGHTS, AND DISTANCES OF FRUITS
OF DIFFERENT SPECIES, AND C) THE INTERACTION BETWEEN PATTERNS OF IN-
FESTATION REGARDING FRUIT WEIGHT, HEIGHT, AND DISTANCE AND HOST SPE-
CIES. 

Uninfested n = 516 Infested n = 2152

Weight 21.96 (1.04) 8.61 (0.24) 
Height 217.23 (4.37) 204.74 (2.15)
Distance 15.15 (1.42) 12.03 (0.48)

df F p

Infestation Weight 1 14.12 0.0037*
Height 1 .026 0.62
Distance 1 0.06 0.81

Host Species Weight 3 1329.8 0.0001*
Height 3 6.3 0.0009*
Distance 3 0.69 0.58

Infest* Host Weight 3 27.17 0.0001*
Height 3 1.06 0.41
Distance 3 3.03 0.08

 TABLE 3. A COMPARISON OF THE WEIGHTS (G) OF FRUITS THAT DO AND DO NOT CONTAIN
LARVAE OF A. SUSPENSA IN ALL OF THE VARIOUS HOST TREE SPECIES. STAN-
DARD ERRORS ARE IN PARENTHESES FOLLOWING THE MEANS, AND SAMPLE
SIZES FOLLOW STANDARD ERRORS. 

Uninfested Infested df F p

Surinam 3.7 (0.11) 3.7 (0.04) 1 0.61 0.47
Cherry n = 195 n = 1168
Loquat 15.3 (0.32) 15.3 (0.28) 1 0.06 0.83

n = 130 n = 205
Cattley 7.3 (0.87) 7.4 (0.12) 1 4.47 0.13
Guava n = 24 n = 631
Guava 50.5 (1.61) 43.4 (1.12) 1 12.61 0.0004*

n = 167 n = 148
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U. anastrephae were significantly lighter than those containing larvae parasitized by
D. areolatus or D. longicaudata (Table 4). In the later two parasitoid species, there
were significant negative correlations between the mean weights of fruits from the
various host species and the mean percent parasitism of the fruit fly larvae they con-
tained (Fig. 1). However, within species there were no relationships between fruit
weights and percent parasitism (Table 5).

There were no significant differences between the compass locations of infested
and uninfested fruits, either overall or in any of the individual host fruit species. Nei-
ther were there any differences among the compass location distributions of the var-
ious parasitoid species. 

DISCUSSION

Anastrepha suspensa larvae were evenly distributed within the canopies of host
trees. Guava fruits containing fly larvae were lighter in weight than those that did

TABLE 4. ABOVE- THE WEIGHTS (G) AND WITHIN CANOPY LOCATIONS (HEIGHTS ABOVE
GROUND [CM] AND DISTANCES FROM CANOPY MARGINS [CM]) OF FRUITS FROM
ALL TREES OF ALL HOST SPECIES THAT EITHER CONTAINED UNPARASITIZED
LARVAE OF A. SUSPENSA (= AS), OR CONTAINED LARVAE PARASITIZED BY THE
VARIOUS PARASITOIDS (UTETES ANASTREPHAE = UA, DORYCTOBRACON ARE-
OLATUS = DA, DIACHASMIMORPHA LONGICAUDATA = DL). STANDARD ERRORS
IN PARENTHESES FOLLOW MEANS, AND MEANS SHARING THE LETTER FOLLOW-
ING THE STANDARD ERROR ARE NOT SIGNIFICANTLY DIFFERENT. BELOW—THE
RESULT OF A MULIVARIATE ANOVA THAT COMPARES THE MEAN WEIGHTS,
HEIGHTS, AND DISTANCES FROM CANOPY MARGINS OF A) FRUITS THAT CONTAIN
UNPARASITIZED A. SUSPENSA LARVAE AND THOSE THAT CONTAIN LARVAE PAR-
ASITIZED BY THE VARIOUS PARASITOIDS, B) WEIGHTS, HEIGHTS, AND DIS-
TANCES OF FRUITS OF THE VARIOUS HOST SPECIES THAT CONTAIN A.
SUSPENSA LARVAE, AND C) THE INTERACTION BETWEEN THE PATTERNS OF
PARASITISM REGARDING FRUIT WEIGHT, HEIGHT, AND DISTANCE AND HOST
TREE SPECIES.

As Ua Da Dl

Weight 11.14 (0.45) a 4.78 (0.50) c 6.0 (0.19) b 6.3 (0.2) b
Height 211.3 (3.3) a 218.4 (19.4) a 204.2 (4.1) a 181.9 (4.0) a
Distance 11.78 (0.71) a 16.76 (6.62) a 11.62 (0.86) a 11.40 (0.71) a

df F p

Parasitoid Weight 3 2.56 0.091

Height 3 0.55 0.66
Distance 3 2.59 0.08

Host Species Weight 3 58.0 0.0001*
Height 3 0.40 0.76
Distance 3 0.01 0.99

Parasitoid* Host Weight 7 2.37 0.07
Height 7 0.53 0.80
Distance 7 2.35 0.07

1A Waller-Duncan K-ratio t-test found some means to be significantly different. 
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not, and similarly, various fruits in southern Mexico, containing different Anastrepha
species, are often lighter than uninfested fruits (Sivinski et al. 1997). Some tephritids
oviposit in small, green fruits and increase the rate of maturation and, by unknown
means, decrease the size of the fruits they occupy, e.g., the papaya fruit fly, Toxotry-
pana curvicauda Gerstaeker (Landolt 1985). Since female A. suspensa often oviposit
in immature guava fruits (e.g. Burk 1983), lighter infested fruits may be due to the ac-
tion of the larvae. Alternative explanations are that females prefer to lay eggs, or lar-
vae are better able to survive, in smaller fruits. 

 Doryctobracon areolatus parasitized A. suspensa larvae in all the fruit species
sampled, while D. longicadata was obtained from larvae in all but loquat fruits. Utetes
anastrephae was absent in the large fruits of guava, and common only in the smallest
fruits, those of Surinam cherry. In southern Mexico, U. anastrephae is also restricted
to smaller fruits, and its limited foraging range is presumably reflected in its shorter
ovipositor (Sivinski et al. 1997). In general, and in D. areolatus and D. longicaudata
in the present study, mean percent parasitism is significantly higher in host tree spe-
cies with smaller fruits (e.g., Sivinski et al 1997). This may be due to a preference for
smaller fruits (Sivinski 1991), or the greater access parasitoids have to fly larvae liv-

Fig. 1. The relationships between the mean fruit weights of the various host trees
(Sc = Surinam cherry, L = loquat, Cg = Cattley guava, G = guava) and the percent par-
asitism of A. suspensa larvae by the various parasitoids (Utetes anastrephae, Dorycto-
bracon areolatus, and Diachasmimorpha longicaudata). The drawings of abdomens
near the different lines illustrate the relative lengths of the ovipositor in the various
parasitoid species. The data point for D. longicaudata on loquat was omitted from the
analysis because this parasitoid is rarely abundant during the winter months when
loquat is fruiting.
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ing in the shallow pulp of smaller fruits. The absence of D. longicaudata from loquats
may be due to the tree’s late winter fruiting season. Diachasmimorpha longicaudata
is relatively rare throughout the winter months in the LaBelle area of Florida, regard-
less of the host tree (Sivinski et al. 1998). 

There were no distinct microhabitat preferences among the three parasitoid spe-
cies, either in terms of heights within the canopies or distances from the canopy edges.
Fruits containing larvae parasitized by U. anastrephae were farther from the edges of
the host tree canopies than those containing larvae parasitized by D. areolatus or D.
longicaudata, albeit not significantly so. However, in southern Mexico U. anastrephae
often parasitized larvae in fruits that were deeper, on average, in the canopies of host
trees than those attacked by D. areolatus (Sivinski et al. 1997)

One difference in the foraging of D. areolatus and D. longicaudata, not addressed
in the present study, is the latter species’ propensity to forage over fallen fruits (e.g.,
Purrcell et al., 1996, see however, Sivinski et al. 1998). In a Mexican study, D. areola-
tus attacked larvae in fruits on the ground under tree canopies, but to a lesser extant
than D. longicaudata (Sivinski et al. 1997). 

It is possible that the substantial overlap in the spatial niches of D. areolatus and
D. longicaudata in tree canopies is due to a lack of shared history over evolutionary
time. Competition between the two long-ovipositor species may not yet have led to se-
lection for divergence in morphology and behavior. There is similar overlap between
the within-canopy distributions of D. longicaudata introduced into Mexico and yet an-
other neotropical Doryctobracon species, D. crawfordi (Veireck) (Sivinski et al 1997). 

Competition between D. areolatus and D. longicaudata is also the most likely rea-
son for their generally distinct geographical distributions in Florida. It appears that
only the ability of D. areolatus to forage in habitats with relatively low host diversity
and /or survive in climates characterized by low winter temperatures has allowed it
to resist displacement by D. longicaudata (Eitam 1998; Sivinski et al. 1998). Interest-
ingly, U. anastrephae with its short ovipositor and specialization on only smaller
fruits, is present in the Florida ranges of both long ovipositor species. 

TABLE 5. COMPARISONS OF THE WEIGHTS (G) OF FRUITS THAT CONTAINED UNPARASIT-
IZED A. SUSPENSA LARVAE AND THOSE THAT CONTAINED LARVAE PARASITIZED
BY THE VARIOUS PARASITOIDS (UTETES ANASTREPHAE = UA, DORYCTOBRA-
CON AREOLATUS = DA, AND DIACHASMIMORPHA LONGICAUDATA = DA). STAN-
DARD ERRORS ARE IN PARENTHESES FOLLOWING MEANS AND SAMPLE SIZES
FOLLOW STANDARD ERRORS. MEANS SHARING A LETTER ARE NOT SIGNIFI-
CANTLY DIFFERENT. THE SINGLE SPECIMEN OF UA RECOVERED FROM LOQUAT
WAS DISCARDED FROM THE CALCULATIONS. 

As Ua Da Dl F p

Surinam 3.67 (0.07) 4.24 (0.38) 3.62 (0.09) 4.04 (0.09) 0.41 0.75
Cherry 538 a 18 a 316 a 189 a
Loquat 15.6 (0.33) 15.2 (0.63) 41.86 0.11

141 a 33 a
Cattley 6.75 (0.20) 9.6 (0.20) 7.46 (0.19) 8.08 (0.23) 2.05 0.19
Guava 196 a 2 a 219 a 201 a
Guava 43.3 (1.22) 38.8 (1.56) 41.0 (1.45) 0.24 0.79

132 a 4 a 2 a
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There are other examples of the coexistence of native and introduced parasitoid
species with different ovipositor lengths, and the displacement of native species by in-
troduced species with similar ovipositor lengths; e.g., both occurred among the Ich-
neumonidae attacking the Swaine jack pine sawfly, Neodiprion swainei Middleton
(Price 1972). In this instance, ovipositor length is correlated to the host stage at-
tacked. Short ovipositor species lay eggs in exposed larvae while long ovipositor spe-
cies reach down to pupae buried in leaf litter. The significance of ovipositor length in
braconid fruit fly parasitoids, and how it influences interspecific competition, is less
obvious. As far as is known all three of the braconids examined in Florida attack fruit
fly larvae, not eggs or pupae, inside fruits (Eitam 1998; J. Sivinski and M. Aluja, per-
sonal observation). Since longer ovipositors appear to be able to reach both shallow
and deeply placed hosts, i.e., long ovipositor species are present in the entire size
range of host fruits, the adaptive significance of U. anastrephae’s short ovipositor re-
mains to be determined.
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A

 

BSTRACT

 

Larvae of the West Indian fruit fly, 

 

Anastrepha obliqua

 

 (Macquart), were success-
fully reared on a meridic diet of: agar, wheat flour, sucrose, nipagin, antibiotic, sodium
benzoate, yeast, water and different amounts from 10 to 50 percent of powdered de-
hydrated araçá-boi (

 

Eugenia stipitata

 

) (Myrtaceae). For each evaluated diet, 100 lar-
vae were reared. 

 

Anastrepha obliqua

 

 F

 

1

 

 were successfully reared. The meridic diets
with 20 to 40 percent of powdered dehydrated araçá-boi were observed to provide the
optimum growth medium for larval development. Under these conditions, 38% of the
larvae completed development at 26 

 

±

 

 1

 

°

 

C, 88 

 

±

 

 6% RH, and a photoperiod of 12:12
(L:D). The average life cycle was 43.3 days (eggs, 4 days, larvae, 26.3 days, pupae, 13
days). These results provide a basis for rearing 

 

A. obliqua

 

 in semi-artificial conditions.
However more studies are needed to better understand pupal humidity requirements.

Key Words: West Indian fruit fly, larvae rearing, meridic diet, nutrition, diet selection,
Insecta

R

 

ESUMEN

 

As moscas-das-frutas são conhecidas mundialmente como pragas pelos danos que
causam a fruticultura. Para a realização de testes de métodos de controle é necessário
o conhecimento da biologia da praga. Para tanto foi desenvolvido o presente trabalho
de criação de larvas de 

 

Anastrepha obliqua 

 

em condições semi-artificiais utilizando
dieta semi-artificial constituída de: dieta básica (ágar, amido, sucrose, lêvedo, ben-
zoato de sódio, antibiótico, nipagin e água destilada) acrescida de quantidades cres-
cente de fruto de araçá-boi (

 

Eugenia stipitata

 

) (Myrtacea)

 

 

 

liofilizado, e polpa fresca
nas percentagens que variaram de 10 a 50. As dietas após preparadas eram armaze-
nadas em tubos de ensaio, nos quais colocava-se uma larva recém eclodida. O conjunto
tubo-larva era mantido em temperatura ambiente (26ºC 

 

±

 

 1

 

°

 

C) umidade de 88 

 

±

 

 6% e
fotoperíodo de 12 horas, até atingir o período de pupa. Esta era então, após 24 horas,
pesada e transferida para tubo de ensaio contendo areia peneirada autoclavada e le-
vemente umidecida e observada até emergência do adulto. Foram criadas para cada
dieta testada 100 larvas, num total de 1100 larvas. As dietas contendo 20, 30 e 40%
de fruto liofilizado proporcionaram um desenvolvimento adequado das larvas, com
tempo médio de desenvolvimento de 27.7 

 

±

 

 3.68 dias; 24.7 

 

±

 

 3.6 dias e 24.3 

 

±

 

 4.5 dias,
respectivamente. Pela primeira vez, para a espécie em estudo, obteve-se F

 

1

 

 reproduti-
vamente viável, com tempo de desenvolvimento de 43.3 dias (ovos = 4; larvas = 26.3;
pupas = 13 dias). A utilização de fruto de araçá-boi liofilizado revelou-se adequada
para confecção de dieta de criação de larvas de 

 

Anastrepha obliqua

 

. Entretanto maio-

 

res investigações sobre a umidade do substrato para pupa devem ser realizadas.
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Throughout the world, various fruit flies are economically important pests. The fe-
males oviposit into the fruits and the larvae develop inside, feeding on pulp or seed.
Many commercial fruits are affected making them inappropriate for commercializa-
tion and industrial purposes. The life cycle is completed in the soil, where the larvae
pupate and the imagos emerge and start a new cycle (Morgante 1991).

According to Foote et al

 

. 

 

(1993), the West Indian fruit fly 

 

Anastrepha obliqua

 

 (Mac-
quart) occurs throughout the Greater and Lesser Antilles. 

 

Anastrepha obliqua

 

 is also
found in more parts of world than any of the other 

 

Anastrepha

 

 species. It has been re-
corded in Central America (Belize, Costa Rica, Guatemala, Honduras, Mexico, Nica-
ragua, Panama), North America (USA), and South America (Argentina, Brazil,
Colombia, Ecuador, Guyana, Peru, Suriname, Venezuela) (White and Elson-Harris
1992).

Thirty species of fruit flies occur in the Brazilian Amazon (Silva et al. 1996). 

 

Anas-
trepha obliqua

 

 is the most important economic fruit fly in the State of Amazon, dam-
aging a variety of fruits (Silva 1993, Silva et al. 1996, Zucchi et al

 

.

 

 1996, Ronchi-Teles
and Silva 1996). The amount of fruit production is increasing in this area. With the in-
crease of host plants, there is a possibility that the number of 

 

A. obliqua

 

 will increase,
as will their potential to damage the crops. Damage affects fruit exportation, in-
creases the costs per acre to produce the crops and overall decreases fruit yield.

Zucoloto et al. (1979), Polloni (1981) and Jorge (1987) cultured 

 

A. obliqua

 

 in the
laboratory on an artificial diet. Continuous rearing of 

 

A. obliqua 

 

has come up against
two major obstacles. The first obstacle concerns the poor nutritional balance of the lar-
val diet. The second obstacle is the unusual behavior of the emerged adults and their
inability to reproduce.

This study was conducted to evaluate a variety of meridic diets for rearing larvae
of 

 

A. obliqua

 

. Meridic diet can be defined as a diet composed of defined chemicals but
can contain crude components (Reinecke 1985). If found, the optimum medium can be
used to study 

 

A. obliqua

 

 biology, including the basic life cycle and rearing require-
ments. This knowledge is important in developing management strategies for this
pest.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Meridic diets were evaluated. Diets were prepared following standard laboratory
procedures, however the diet was not autoclaved. Microbial development was inhib-
ited by the addition of anti-fungal (nipagin) and antibiotic ingredients. The amounts
of antibiotic and nipagin were determined by trial and error. The trials were based on
the nutritional requirement ranges for insects determined by Parra (1979). The
amounts are important to provide the correct balance of the microbial flora in the me-
dium.

The basic composition of the diet was similar to the diet developed by Zucoloto et
al. (1979) and evaluated by Jorge (1987). Adjustments were made to their original
protocol in an attempt to reduce microbial contamination and to increase the nutri-
tional value of the diet. The diets used in this experiment were prepared using the ba-
sic ingredients (Table 1) as well as additional ingredients, which varied with each
trial. The varied ingredients were powdered dehydrated araçá-boi, varying in concen-
tration from 10 to 50 percent, and araçá-boi pulp. Araçá-boi fruit was used, because it
is the primary host of 

 

A. obliqua.

 

 The use of dehydrated fruit was proposed to improve
larval development by reducing contamination caused by bacterial and fungal devel-
opment, presented when fresh pulp was used, and also prevent first instar larvae
drowning. Thus, eleven different diets were evaluated for rearing maggots (Table 2).
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The chemical ingredients were obtained from a local store. The powdered dehydrated
araçá-boi was prepared at INPA-Food production laboratory by freezing a mixture of
the fruit at each stage of maturity. The concentration of the nutrients in the fruit was
determined following standard procedures of food analysis. Araçá-boi, dry matter has
8-10.75% protein, 5-6.5% fiber, 69.98-71.63% carbohydrate and contains the following
micronutrients: phosphate, potassium, calcium, and magnesium. Furthermore, one
hundred grams of fresh pulp contain 7.75mg of Vitamin A, 9.85mg of Vitamin B

 

1

 

, and
7.68mg of Vitamin C (Pinedo et al. 1981, Cavalcante 1991).

The medium was prepared by mixing water, sucrose, wheat flour, and agar in a
beaker. The mixture was heated for 5 minutes. The solution was placed in a vertical
hood to cool for 3 minutes. The remaining ingredients were added, stirring constantly
with a glass rod. The pH was checking using pH paper and adjusted to pH 3 using hy-

T

 

ABLE

 

 1. I

 

NGREDIENTS

 

 

 

FOR

 

 

 

ARTIFICIAL

 

 

 

DIET

 

 

 

FOR

 

 

 

A

 

NASTREPHA

 

 

 

OBLIQUA

 

.

Basic diet

Ingredients Quantity

Agar 4.0 g
Yeast 9.0 g
Wheat flour 8.0 g
Sucrose 12.0 g
Sodium benzoate 0.05 g
Antibiotic 0.05 g
Nipagin 2.0 ml
Water 220 ml

T

 

ABLE

 

 2. P

 

ERFORMANCE

 

 

 

OF

 

 

 

A

 

NASTREPHA

 

 

 

OBLIQUA

 

 

 

LARVAE

 

 

 

IN

 

 

 

DIFFERENT

 

 

 

DIETS

 

.

Diet number Description Performance

 

1

 

1 Basic diet (Table 1) Poor
2 Basic diet + 10% dehydrated fruit Poor
3 Basic diet + 20% dehydrated fruit Moderate
4 Basic diet + 30% dehydrated fruit Moderate
5 Basic diet + 40% dehydrated fruit Moderate
6 Basic diet + 50% dehydrated fruit Low
7 Basic diet + 10% araçá-boi pulp Poor
8 Basic diet + 20% araçá-boi pulp Poor
9 Basic diet + 30% araçá-boi pulp Poor
10 Basic diet + 40% araçá-boi pulp Poor
11 Basic diet + 50% araçá-boi pulp Poor

 

1

 

The diet performance was evaluated based on the larval development.
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drochloric acid. The mixture was poured into glass tubes (9.8 

 

´

 

 1.2 cm), stopped with
a cotton ball and placed at a 30

 

°

 

 angle to prevent the maggots from drowning. The
tubes were stored at 4

 

°

 

C until use.
The larvae used in this experiment were the offspring of adults reared in labora-

tory conditions of 26 

 

±

 

 1

 

°

 

C, 88 

 

±

 

 6% RH and a photoperiod of 12:12(L:D). All of these
adults were fed with two different solutions consisting of: 1) sugar cane hydrolysate
(50ml) mixed with brown sugar (100g); 2) honey (10%). Two cotton balls on Petri
dishes were placed in each cage. Each cotton ball was saturated with one of the above
mentioned solutions.

Initially, artificial gel-forming compounds were placed in the cages to stimulate
the females to lay eggs. However, these females did not use the structures provided,
instead they laid eggs throughout the cage. The cages consisted of a wire skeleton cov-
ered with nylon fabric. Using a camel hair paint brush, the eggs were collected every
morning and afternoon. The eggs were placed into Petri plates with 1% sodium ben-
zoate solution until the larvae hatched. The larvae were washed in a new 1% sodium
benzoate solution to reduce the microbial contamination on their bodies. One larva
was placed in a glass tube with meridic diet. The tubes were closed with cotton and
placed at 26 

 

±

 

 1

 

°

 

C, 88 

 

±

 

 6% RH and a photoperiod of 12:12 (L:D). The tubes were ob-
served daily thereafter and pupation was recorded. Pupae were removed after 24
hours, their weights were recorded, and they were placed on moistened sand in glass
tubes covered with cotton to prevent desiccation. They were incubated at 26 

 

±

 

 1

 

°

 

C, 88

 

±

 

 6%RH and a photoperiod of 12:12(L:D). Adults that emerged were confined in cages,
fed as described previously, and observed daily. Their reproductive capability was
evaluated.

R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

Only the diets with powdered dehydrated araçá-boi allowed the development of
larvae to the adult stage (Table 2: Diets 3, 4, 5, and 6). The percentages of larvae that
completed development and the developmental periods of West Indian fruit fly mag-
gots with various amounts of powdered dehydrated araçá-boi are shown in Table 3. 

The results of this experiment demonstrated that the amount of powdered dehy-
drated araçá-boi improved the rearing conditions and the reproductive capability of
the emerged adults, because it increased the nutritional value of the diet. The use of
powdered dehydrated araçá-boi is equally important because it can be used, not only
during the fruit season, but also throughout the year. Additionally, the use of dehy-
drated fruit reduced microbial development and death of first instar larvae, when
compared to the use of fresh pulp.

The percentage of pupation and the rate of growth in this experiment were consis-
tent with previous results observed by Jorge (1987). However, emerged adults in this
experiment showed reproductive capability when compared to the results given by
Jorge (1987). Another result that differs from Jorge (1987) is the number of emerged
adults. In this experiment more adults emerged than in Jorge’s experiment. Using a
protocol similar to the one developed by Zucoloto et al. (1979) we could not reproduce
the 100% pupation that they observed. We could not compare emergence results be-
cause the authors did not report these results. Meanwhile, Moreno et al

 

.

 

 (1997) found
that diets containing casein is the best for pupal development. The authors measured
the flight quality of the flies, while in this work reproductive ability was measured.

The different concentrations of powdered dehydrated araçá-boi in the diets influ-
enced the numbers of larvae attaining maturity (pupation) and their rate of develop-
ment. The percentages of larvae completing development varied from 0 to 38.
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Optimum development was obtained using powdered dehydrated araçá-boi at concen-
trations ranging from 20 to 40 percent (Table 3). Concentrations higher or lower than
the optimal range yielded substantially fewer pupae or adults. The rate of growth
(time to pupation) in this experiment (13.1 days, at 26 

 

±

 

 1

 

°

 

C, 88 

 

±

 

 6% RH, and a pho-
toperiod of 12:12(L:D) was the same as observed by Jorge (1987) at 26.5

 

°

 

C (13.6 days).
However, these results differ from those observed by Polloni (1981), who reported 18.2
days at 22.5

 

°

 

C, which was probably a result of lower temperature.
Instead of Petri dishes, we used glass tubes to hold the media for larval develop-

ment, because we noted that larvae were drowning in the Petri dishes.
West Indian fruit fly larvae can be reared in semi-artificial conditions on meridic

diets with powdered dehydrated araçá-boi from 20 to 40 percent. However, the meth-
odology described here is only a beginning and further refinements are necessary. In
particular, optimum conditions for pupae need additional investigation followed by
further evaluation of more generations.

A

 

CKNOWLEDGMENTS

 

Sincere thanks to Drs. José R. P. Parra, Mohamed Habib and, Sandra M. Darwich,
for their suggestions and encouragement. Also, special thanks to Dr. J. Morgante for
providing the sugar cane hydrolyzate used in this research. 

R

 

EFERENCES

 

 C

 

ITED

 

C

 

AVALCANTE

 

, P. B. 1991. Frutas Comestíveis da Amazônia. 5

 

a

 

 Ed. Belém, CEJUP.
279 p.

F

 

OOTE

 

, R. H., F. L. B

 

LANC

 

, 

 

AND

 

 A. L. N

 

ORRBOM

 

. 1993. Handbook of the fruit flies
(Diptera: Tephritidae) of America North of Mexico. Ithaca and London. Com-
stock Publishing Associates. 571 p.

J

 

ORGE

 

, M. H. S. 1987. Estudos do desenvolvimento pós-embrionário de moscas-das-
frutas do gênero 

 

Anastrepha 

 

Schiner, 1868 (Diptera: Tephritidae).

 

 

 

(Masters
Thesis) Ribeirão Preto, São Paulo, USP. 125 p.

M

 

ORENO

 

, D. S., D. A. O

 

RTEGA

 

, 

 

AND

 

 R. L. M

 

ANGAN

 

. 1997. Development of artificial diet
for West Indian fruit fly (Diptera: Tephritidae). J. Econ. Entomol. 90(2): 427-
434.

M

 

ORGANTE

 

, J. S. 1991. Moscas-das-frutas; (Tephritidae): Características biológicas,
detecção e controle. Boletim Técnico de recomendações para os perímetros irri-
gados do Vale do São Francisco, 2. Brasilia, Ministério da Agricultura e Re-
forma Agrária/Secretaria Nacional da Irrigação, 19 p.

T

 

ABLE

 

 3. C

 

OMPARISON

 

 

 

OF

 

 

 

MERIDIC

 

 

 

DIET

 

 

 

WITH

 

 

 

DEHYDRATED

 

 

 

ARAÇÁ

 

-

 

BOI

 

 

 

AT

 

 26

 

°

 

C

 

, 88%
RH 

 

AND

 

 

 

A

 

 

 

PHOTOPERIOD

 

 

 

OF

 

 12:12 (L:D) 

 

FOR

 

 

 

REARING

 

 

 

A

 

NASTREPHA

 

 

 

OBLIQUA

 

.

Diet 
number pH

N

 

°

 

 
Larvae

N

 

°

 

 
Pupae

N

 

°
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Duration (Days) 
Larvae Pupae

% 
Pupation

% 
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ATTRACTION OF WILD AND LABORATORY-STRAIN MEXICAN 
FRUIT FLIES (DIPTERA: TEPHRITIDAE) TO TWO SYNTHETIC 

LURES IN A WIND TUNNEL

DAVID C. ROBACKER

Crop Quality and Fruit Insects Research, USDA, Agricultural Research Service 2301 
South International Blvd., Weslaco, TX 78596

ABSTRACT

Attraction of laboratory-strain Mexican fruit flies, Anastrepha ludens (Loew), and
wild-type flies to two synthetic lures was evaluated in a wind-tunnel. The lures were
BioLureâ (ammonium acetate and putrescine) and AMPu (ammonium carbonate,
methylamine HCl, and putrescine). In one experiment, wild-type flies from the state
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ATTRACTION OF WILD AND LABORATORY-STRAIN MEXICAN 
FRUIT FLIES (DIPTERA: TEPHRITIDAE) TO TWO SYNTHETIC 

LURES IN A WIND TUNNEL
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 C. R

 

OBACKER

 

Crop Quality and Fruit Insects Research, USDA, Agricultural Research Service 2301 
South International Blvd., Weslaco, TX 78596

A

 

BSTRACT

 

Attraction of laboratory-strain Mexican fruit flies, 

 

Anastrepha ludens

 

 (Loew), and
wild-type flies to two synthetic lures was evaluated in a wind-tunnel. The lures were
BioLure

 

â

 

 (ammonium acetate and putrescine) and AMPu (ammonium carbonate,
methylamine HCl, and putrescine). In one experiment, wild-type flies from the state
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of Nuevo Leon, Mexico, were evaluated against laboratory-strain flies that originated
in Nuevo Leon. Yellow panels containing AMPu attracted >2.5 times more females
and >3.5 times more males of both fly strains than panels containing BioLure

 

â

 

. In an-
other experiment, wild-type flies from the state of Chiapas, Mexico, were evaluated
against the Nuevo Leon laboratory strain. Results of this experiment were similar to
the first except the differences in attractiveness between AMPu and BioLure

 

â

 

 to flies
of both strains were less pronounced. The difference in relative attractiveness of
AMPu and BioLure

 

â

 

 in the two experiments was related to the time of year when the
experiments were conducted rather than to inherent differences between the fly
strains. In both experiments, BioLure

 

â

 

 was about two times more attractive to fe-
males than to males whereas AMPu was only slightly more attractive to females. Both
lures were more attractive to laboratory-strain flies than to wild-type flies from either
region of Mexico. 

Key Words: 

 

Anastrepha ludens

 

, attractants, ammonia, ammonium acetate, pu-
trescine, methylamine

R

 

ESUMEN

 

La atracción de las moscas mexicanas de la fruta (

 

Anastrepha ludens

 

 [Loew]) sil-
vestres y unas de laboratorio a dos cebos atrayentes sintéticos fue evaluada en un tú-
nel de viento. Los cebos utilizados fueron BioLure

 

â

 

 (acetato de amonia y putrecina) y
AMPu (carbonato de amonia, hidrocloro de metilamina, y putrecina). En un experi-
mento, moscas silvestres del estado de Nuevo León, México, fueron evaluadas en com-
paración con moscas del laboratorio criadas originalmente de moscas que se
obtuvieron en Nuevo León. Paneles amarillos con AMPu atrajeron >2.5 de veces más
de moscas hembra y > 3.5 de veces más de moscas macho de las dos líneas de moscas
que paneles con BioLure

 

â

 

. En otro experimento, moscas silvestres del estado de Chia-
pas, México, fueron evaluadas en comparación con las del laboratorio de origen de
Nuevo León. Los resultados de este experimento fueron similares al del primero, con
la excepción de que las diferencias de atracción entre AMPu y BioLure

 

â

 

 para las mos-
cas de las dos cepas fue menos pronunciada. En los experimentos, la diferencia de la
atracción relativa de AMPu y BioLure

 

â

 

 estuvo más relacionada a la época del año en
que los experimentos se llevaron a cabo más que a diferencias inherentes entre las dos
líneas de moscas. En los dos experimentos, BioLure

 

â

 

 fue aproximadamente dos veces
más atractivo para las hembras que para los machos, mientras que AMPu fue ligera-
mente más atractivo para las hembras. Los dos cebos fueron más atractivos para las
moscas de la línea del laboratorio que para las silvestres de cualquiera de las dos re-

 

giones de México.

Robacker & Warfield (1993) developed and Robacker (1995) modified an attractant
for the Mexican fruit fly, 

 

Anastrepha ludens

 

 (Loew), called AMPu consisting of ammo-
nium carbonate, methylamine HCl and putrescine. Later, Heath et al. (1995) devel-
oped an attractant for the Mediterranean fruit fly, 

 

Ceratitis capitata

 

 (Wiedemann),
consisting of ammonium acetate and putrescine. The latter attractant, commercially
available as BioLure

 

â

 

, was improved by addition of trimethylamine (Heath et al.
1997). Field tests showed that the original two-component BioLure

 

â

 

 also attracted
the Mexican fruit fly (Heath et al. 1995) and that addition of trimethylamine did not
affect attractiveness to the Mexican fruit fly (Heath et al. 1997). 

Wind-tunnel bioassays demonstrated that AMPu was about two times more at-
tractive than BioLure

 

â

 

 to laboratory-strain Mexican fruit flies in experiments de-
signed to test effects of hunger and gamma irradiation of flies on their responses to
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the two lures (Robacker 1998). One-day experiments conducted in citrus orchards in
south Texas with fresh AMPu lures each day and BioLure

 

â

 

 lures ranging in age from
0-24 days confirmed the wind-tunnel bioassays. In these field tests in which the lures
were tested on sticky traps, AMPu was about 2.5 times more attractive than Bi-
oLure

 

â

 

 to sterile, laboratory-strain Mexican fruit flies. 
The purpose of this research was to test the hypothesis that wild-type Mexican

fruit flies, or flies that originated from different populations, may not respond to these
two lures in the same way as the laboratory-strain flies. Wild-type flies from both
northeastern and southern Mexico were tested against the laboratory strain. The ex-
periments were conducted using the wind-tunnel bioassay described in Robacker
(1998). 

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Insects and Laboratory Conditions 

Laboratory-strain flies were from a culture that originated from fruit of chapote
amarillo, 

 

Sargentia greggii

 

 S. Wats., a native host of the Mexican fruit fly, collected in
Nuevo Leon, Mexico, in 1987. The culture has been maintained on laboratory diet
since establishment. Wild-type flies were from the Montemorelos area of Nuevo Leon
in northeastern Mexico and the Tapachula area of Chiapas in southern Mexico. Nuevo
Leon flies were obtained from larvae that egressed from either grapefruit or chapote
amarillo collected during the spring of 1997. Chiapas flies were obtained from larvae
that egressed from either sweet or sour orange collected during the winters of 1997
and 1998. Adult flies were maintained on sugar and water (provided separately) be-
cause previous work showed that this feeding regime maximized responses to both
types of lures used in this work (Robacker 1998). Laboratory conditions for holding
flies were 22 

 

±

 

 2

 

°

 

C, 50 

 

±

 

 20% relative humidity and photophase from 0630 to 1930 h
provided by fluorescent lights. 

Lures 

BioLure

 

â

 

 lures were obtained from Consep, Inc. (Bend, Oregon). They consisted of
an ammonium acetate packet and a putrescine packet. The 2 packets were taped to-
gether with their membrane openings unobstructed and separated from each other
for use in the wind tunnel bioassay. BioLure

 

â

 

 lures were used each day for 5 days fol-
lowing removal from refrigeration. The BioLure

 

â

 

 lures produce stable emissions of
their components for at least 4 weeks in the laboratory (Heath et al. 1995). Laboratory
tests to measure emissions of BioLure

 

â

 

 components indicated that the lures emit (at
laboratory temperature 23

 

°

 

C) about 300 

 

m

 

g/h of ammonia (Heath et al. 1997). Emis-
sion of acetic acid is probably about 3-12 

 

m

 

g/h. These rates for acetic acid were re-
ported by Heath et al. (1995) for a similar ammonium acetate packet (Consep, Inc.)
that emitted 100-500 

 

m

 

g/h of ammonia. Putrescine emission has not been determined
for BioLure

 

â

 

. 
AMPu was used in an agar formulation in 1.9 ml polypropylene microcentrifuge

tubes (A. Daigger & Company, Inc., Wheeling, Illinois) (Robacker 1995, 1998). AMPu/
agar lures were prepared by mixing equal volumes of hot agar solution (Bacto Agar,
Difco Laboratories, Detroit, Michigan) and aqueous AMPu containing 120, 200, and
20 mg/ml, respectively, of ammonium carbonate (ACS Reagent quality, Aldrich Chem-
ical Co., Inc., Milwaukee, Wisconsin), methylamine hydrochloride (99%, Sigma Chem-
ical Co., St. Louis, Missouri) and putrescine (98%, Aldrich). Final concentrations in
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AMPu/agar tubes were 60, 100, and 10 mg/ml of the three chemicals and 1% agar in
a final volume of 1.7 ml. The pH of the AMPu/agar formulation was 8.7-8.9. AMPu
tubes were capped and stored in a refrigerator. They were used in tests for 1 day after
removal from refrigeration. Lures were discarded after 1 day because this agar for-
mulation was developed only for short-term delivery of the AMPu components. Previ-
ous laboratory tests to measure emissions of AMPu components indicated that these
lures emit (at 35

 

°

 

C) about 300 

 

m

 

g/h of ammonia, 40 

 

m

 

g/h of methylamine, 17 ng/h of
putrescine, and 20 ng/h of 1-pyrroline, a chemical that forms spontaneously in the
lures (Robacker and Bartelt 1996). 

W

 

IND

 

-T

 

UNNEL

 

 B

 

IOASSAY

 

 

Bioassays were conducted in a plexiglass wind tunnel with dimensions 0.3 

 

´

 

 0.3 

 

´

 

1.2 m. Wind tunnels of similar dimensions have been used successfully for bioassays of
fruit fly semiochemicals (Landolt et al. 1992, Epsky et al. 1997). The bioassay method
used for this work was modeled after that used by Landolt et al. (1992) for the Medi-
terranean fruit fly and was used previously with the Mexican fruit fly (Robacker 1998). 

Each end of the wind tunnel was screened to allow airflow. The downwind end con-
tained a baffle system to create a uniform airflow through the chamber. Air was pulled
through the chamber at 0.4 m/sec by an exhaust fan connected to the downwind end.
Air leaving the chamber was vented from the room by a ceiling exhaust fan. The top
of the chamber had 2 circular service openings (12.8 cm diam) with plexiglass covers,
one located near each end of the chamber to allow easy access to the chamber interior.
A 100 W “soft white” light bulb (General Electric Co., Cleveland, Ohio) in a reflecting
lamp was positioned 17 cm above the downwind end of the chamber. The purpose of
this light was to hold flies non-responsive to lure odors in the downwind end by posi-
tive phototaxis and thus minimize random flying into the upwind end of the chamber.
Overhead lighting was provided by 2 banks of 4 fluorescent “cool white” lights each
(F40CW, General Electric). 

For each bioassay one AMPu tube or BioLure

 

â

 

 lure was attached to the side of a
yellow plastic panel (10 by 13 cm). The panel was suspended in a fixed position from
the service opening at the upwind end of the chamber so as to provide a broad visual
stimulus to responding flies downwind and with the lure on the upwind side of the
panel away from responding flies. In this configuration the panel was 21 cm away
from the upwind end and nearly in the center of the air stream (midway between top
and bottom and the sides). 

Flies were introduced one at a time into the downwind end of the chamber in clear
plastic vials (7 cm by 3 cm diam) placed on top of a beaker on the bottom of the cham-
ber directly below the downwind service opening. In this configuration, the top of the
vial (where the fly would emerge) was located in the center of the air stream. Each fly
was allowed 5 min to leave the vial (fly or walk off of the vial). Flies that did not leave
in 5 min were not included in the data. Once a fly left the vial, the fly was allowed 5
min to fly or walk upwind or contact the panel. Upwind movement was scored if flies
passed a point 2/3 of the distance from the release vial to the panel. 

As a control, each test of a wild fly was followed by a test of attraction of a labora-
tory-strain fly to the same lure. Also, tests were conducted in two identical chambers.
One chamber was used for AMPu and the other for BioLure

 

â

 

 for a series of 40-50
tests. Chambers then were washed with soapy water (all test chemicals are water sol-
uble) and the lures were tested in the other chambers for a series. Comparison of data
obtained in the two chambers indicated that fly responses were not affected by cham-
ber. 



 

Robacker: Attraction of Mexican Fruit Fly to Synthetic Lures

 

91

 

Statistical Analyses 

Effects of fly type, sex, lure type, time of year when bioassays were conducted, and
various factor interactions on responses of flies in the wind-tunnel bioassay were
tested by Chi-square using the Loglinear Model procedure of SYSTAT 7.0 (SYSTAT
1997). The effect of fly age on response was tested using option Cochran (Cochran’s
test of linear trend) of the XTAB procedure of SYSTAT 7.0. 

R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

Wild-Type vs Laboratory-Strain Flies from Nuevo Leon 

Loglinear models containing the factors fly type, sex, and lure type and all inter-
actions of these factors with response (response or not) were constructed. Pearson 

 

c

 

2

 

was not significant for either upwind movement (

 

c

 

2

 

 = 6.4; df = 5; 

 

P

 

 = 0.27) or contact
with panels (

 

c

 

2

 

 = 3.9; df = 5; 

 

P

 

 = 0.57) indicating that the complete models fit the ob-
served response frequencies. 

Fly type had significant effects in models for both upwind movement and contact
with panels. Wild-type flies from Nuevo Leon moved upwind (

 

c

 

2

 

 = 163.6 for both lures
combined; df = 1; 

 

P

 

 < 0.001) and contacted (

 

c

 

2

 

 = 175.3 for both lures combined; df = 1;

 

P

 

 < 0.001) panels at much lower rates than laboratory-strain flies that originated
from Nuevo Leon (Table 1). Wild-type flies whose larvae had egressed from chapote
amarillo did not respond differently to the lures than flies from grapefruit. 

Sex of flies had little effect on upwind movement of either strain toward either lure
or on contact with panels with AMPu. Females of both strains contacted panels with
BioLure

 

â

 

 at higher rates than did males (

 

c

 

2

 

 = 4.9 from a reduced model containing
data for BioLure

 

â

 

 only; df = 1; 

 

P

 

 < 0.05). Although sex had less effect on responses to
AMPu than to BioLure

 

â

 

, the interactionof sex and lure type was not significant. 
Lure type also had significant effects. More flies of both strains moved upwind (

 

c

 

2

 

= 45.9 for both strains combined; df = 1; 

 

P

 

 < 0.001) and contacted (

 

c

 

2

 

 = 57.9 for both
strains combined; df = 1; 

 

P

 

 < 0.001) panels with AMPu than panels with BioLure

 

â

 

.
Lure type also had significant effects when only wild-type flies were included in the
analysis. More wild-type flies moved  upwind (

 

c

 

2

 

 = 13.0; df = 1; 

 

P

 

 < 0.001) and con-
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IN

 

 

 

A
WIND

 

 

 

TUNNEL

 

 

 

BY

 

 

 

LABORATORY

 

-

 

STRAIN

 

 AND WILD-TYPE MEXICAN FRUIT FLIES,
BOTH STRAINS ORIGINATING FROM NUEVO LEON, MEXICO. 

Upwind Movement Contact with Source

BioLureâ AMPu BioLureâ AMPu

laboratory Males 22.8 47.1 9.8 36.6
strain

Females 27.7 51.1 17.5 44.9
wild-type Males 5.2 15.7 0.5 5.2

Females 5.6 10.2 1.7 4.5

Values are percentages with n’s per cell: male flies with BioLureâ, 193; females with BioLureâ, 177; males
with AMPu, 191; females with AMPu, 176. 
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tacted (c2 = 9.3; df = 1; P < 0.01) panels with AMPu than panels with BioLureâ. Rel-
ative responses of wild-type flies and laboratory-strain flies to the two lures differed
as indicated by significant interactions of lure type by fly type for both upwind move-
ment (c2 = 3.9; df = 1; P < 0.05) and contact with panels (c2 = 7.2; df = 1; P < 0.01).
These interactions indicated that responses to BioLureâ by wild-type flies were
slightly less than expected based on main effects of lure type and fly type. 

Wild-Type Flies from Chiapas vs Laboratory-Strain Flies 

Loglinear models like those used to analyze the Nuevo Leon fly responses were
constructed. Pearson c2 was not significant for either upwind movement (c2 = 3.0; df =
5; P = 0.70) or contact with panels (c2 = 1.8; df = 5; P = 0.88). 

Wild-type flies from Chiapas moved upwind (c2 = 16.4 for both lures combined; df
= 1; P < 0.001) and contacted (c2 = 33.0 for both lures combined; df = 1; P < 0.001) pan-
els with lures at lower rates than the laboratory-strain flies that originated in Nuevo
Leon (Table 2). Effects of larval host of the wild-type flies on responses of the flies to
the lures could not be determined because the pupae from the two hosts were mixed
together before eclosion. 

Females of both strains moved upwind (c2 = 10.5 for both strains combined; df = 1;
P < 0.01) and contacted (c2 = 16.3 for both strains combined; df = 1; P < 0.001) panels
with lures at higher rates than did males. As with wild-type flies from Nuevo Leon,
the effect was more pronounced for response to BioLureâ than for response to AMPu
although interactions of sex and lure were not significant for either upwind movement
or contact with panels. 

More flies of both strains moved upwind (c2 = 10.2 for both strains combined; df =
1; P < 0.01) and contacted (c2 = 13.1 for both strains combined; df = 1; P < 0.001) panels
with AMPu than panels with BioLureâ AMPu was not significantly more attractive
than BioLureâ when only wild-type flies were included in the analysis. Interactions
of fly type with lure type were not significant for either upwind movement or contact
with panels. 

TABLE 2. UPWIND MOVEMENT AND CONTACT WITH PANELS WITH SYNTHETIC LURES IN A
WIND TUNNEL BY WILD-TYPE MEXICAN FRUIT FLIES FROM CHIAPAS, MEXICO,
AND BY LABORATORY-STRAIN FLIES ORIGINATING FROM NUEVO LEON, MEXICO. 

Upwind Movement Contact with Source

BioLureâ AMPu BioLureâ AMPu

laboratory Males 15.6 23.8 4.8 17.0
strain

Females 18.3 29.8 12.5 22.3
wild-type Males 10.2 12.2 2.0 4.1

flies
Females 9.2 18.2 4.2 5.8

Values are percentages with n’s per cell: male flies, 147; females with BioLureâ, 120; females with AMPu,
121. 
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Effect of Fly Sex 

Data from the current work and from Robacker (1998) indicated that BioLureâ
was much more attractive to females than to males (females/males = 1.2 to 6.1 in var-
ious experiments). Corresponding ratios for attraction to AMPu were smaller (fe-
males/males = 1.1 to 2.8). I conclude that AMPu and BioLureâ differ in their
propensities to attract males and females. 

Effect of Fly Age 

Bioassays were conducted with wild-type flies from both Nuevo Leon and Chiapas
ranging in age from 3-60 days post eclosion. The relationship between age of flies and
their responses to the two lures was investigated. 

Table 3 shows the percentages of wild-type flies of 3 age groups that contacted pan-
els with lures. The percentage of males responding to BioLureâ appeared to increase
with age of flies. Cochran’s test of linear trend indicated the effect was not significant. 

The percentages of older males (>18 days) that responded to both lures were
higher than the percentages of 3-7 day old males that responded whereas the opposite
was true for females (Table 3). A loglinear model containing the factors age and sex
and the interaction o f age, sex, and response (contact or not) was constructed to test
whether age affected responses of males and females differently. Pearson c2 was not
significant (c2 = 3.5; df = 4; P = 0.48). The interaction of sex and age was significant
(c2 = 4.3; df = 1; P < 0.05) indicating that age affected responses of the sexes differ-
ently. 

More flies contacted panels with AMPu than those with BioLureâ at all fly ages
(Table 3). Relative attractiveness of the lures at different fly ages was not significantly
different. 

Previous work showed that age of laboratory-strain flies between 6 and 17 days old
had little effect on attraction of the flies to AMPu and BioLureâ (Robacker 1998). The
analysis conducted here indicates that age also did not have great effects on responses of
wild-type flies to these two lures. I do not conclude that age would have little or no effect
on responses to these lures or similar semiochemicals in nature where conditions differ. 

TABLE 3. CONTACTS WITH PANELS WITH SYNTHETIC LURES IN A WIND TUNNEL BY WILD-
TYPE FLIES (NUEVO LEON AND CHIAPAS FLIES COMBINED) OF DIFFERENT AGES. 

3-7 days 8-18 days >18 days

BioLure® 0.0 0.6 2.0
males

AMPu 3.0 5.2 4.8
BioLure® 5.1 1.4 3.4

females
AMPu 5.4 5.5 4.2

Values are percentages with n’s per cell: 0-7 days old, 33-39; 8-18 days old, 144-155; males >18 days old, 145-
148; females >18 days old, 118-119. 
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Effect of Time of Year 

AMPu was much more attractive than BioLureâ to wild-type flies from Nuevo
Leon but only slightly more attractive than BioLureâ to wild-type flies from Chiapas.
The following analysis indicates that this difference is not due to inherent differences
between flies from Nuevo Leon and Chiapas, but more likely is due to the time of year
when the bioassays were conducted. 

Bioassays with wild-type flies from Nuevo Leon were conducted from June to Sep-
tember, 1997. Bioassays with wild-type flies from Chiapas were conducted during
April and May, 1997, and during March and April, 1998. During each experiment, bio-
assays with laboratory-strain flies were conducted as controls. Laboratory-strain flies
tested during June to September along with wild-type flies from Nuevo Leon re-
sponded like the wild-type flies in that their responses to AMPu were much higher
than to BioLureâ (Table 1). Likewise, laboratory-strain flies tested during March to
May along with wild-type flies from Chiapas responded like the wild-type flies in that
their responses to AMPu were only slightly higher than to BioLureâ(Table 2). Thus,
responses of wild-type flies from the two regions of Mexico were similar to responses
of the laboratory-strain flies in each experiment. 

Because the laboratory strain was the same in both experiments, the effect of time
of year on responses of the laboratory strain was analyzed to determine if time of year
may have affected the relative attractiveness of AMPu and BioLureâ to the two wild-
type strains. Table 4 shows responses in wind-tunnel bioassays of 4-17 day old, sugar-
fed, protein-deprived laboratory-strain flies to the two lures during spring (February-
May) and summer (June-September). Table 4 includes data from the current work
and from experiments conducted previously to test effects of food deprivation and
gamma irradiation(Robacker 1998). 

AMPu was about four times more attractive than BioLureâ to males during both
test periods (Table 4). However, the relative responses of females to AMPu and Bi-
oLureâ changed. AMPu was only about 30% more attractive than BioLureâ during
spring bioassays but 2.5 times more attractive during summer bioassays. 

A loglinear model containing the factors lure and time of year and all interactions
of these factors with response (response or not) was constructed to test the hypothesis
that laboratory-strain females responded differentially to the 2 lures at different
times of the year. Pearson c2 was not significant (c2 = 0.9; df = 2; P = 0.64). The inter-
action of lure and time of year was significa nt (c2 = 5.9; df = 1; P < 0.05) indicating that

TABLE 4. CONTACTS WITH PANELS WITH SYNTHETIC LURES IN A WIND TUNNEL BY LAB-
ORATORY-STRAIN MEXICAN FRUIT FLIES AT 2 TIMES OF THE YEAR. 

BioLureâ AMPu

spring 7.0 27.8
males

summer 8.9 39.0
spring 20.0 26.4

females
summer 16.9 43.6

Values are percentages with n’s per cell: male flies during spring, 227-229; males during summer, 210-213; fe-
males during spring, 200-201; females during summer, 195.
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the relative attractiveness to laboratory-strain females of AMPu compared with Bi-
oLureâ changed from spring to summer. This analysis indicates that the difference in
relative attractiveness of AMPu and BioLureâ to wild-type females from Nuevo Leon
compared with those from Chiapas probably is not due to inherent differences be-
tween flies from Nuevo Leon and Chiapas. The factors that caused the time-of-year ef-
fect are not known but they exerted their effects equally on laboratory-strain and
wild-type flies. 

Wind-Tunnel Responses in the Absence of Lures 

Control bioassays were not conducted to determine how many wild-type flies
would move upwind and contact panels when no lures were present. Previous re-
search with laboratory-strain flies in this bioassay system showed that about 9% of
males and 4% of females moved upwind and 0.6% of both males and females contacted
panels that did not contain lures (Robacker 1998). Responses by wild-type females but
not males to BioLureâ were higher than responses by laboratory-strain flies when no
lures were present (Tables 1 & 2), however, it was not possible to determine from this
comparison if wild-type females actually responded to BioLureâ. Positive responses
to AMPu can be inferred because responses of wild-type flies (Nuevo Leon & Chiapas
combined) to AMPu were significantly greater than responses to BioLureâ (c2 = 8.3
for upwind movements by males, df = 1, P < 0.01; c2 = 7.5 for contacts by males, df =
1, P < 0.01; c2 = 6.6 for upwind movements by females, df = 1, P = 0.01; c2 = 2.2 for con-
tacts by females, df = 1, P = 0.14). 

Implications for Attractants Research 

Laboratory-strain flies (not irradiated) responded to the lures at much higher
rates (21.5%) (summed over both lures and both experiments) than wild-type flies
(3.4%) in this work, and nonirradiated flies responded at higher rates (29.4%) than ir-
radiated flies (14.4%) in previous work (Robacker 1998). However, attractiveness of
the 2 lures relative to each other varied little with fly type: i.e. AMPu/BioLureâ re-
sponse (contacts) ratios were similar for wild-type flies (2.6) (summed over Nuevo
Leon and Chiapas flies) vs laboratory-strain control flies from the experiments with
wild flies (2.8) in this work, and for irradiated (2.8) vs nonirradiated laboratory-strain
flies (2.4) in previous work. These data indicate that semiochemical research con-
ducted with laboratory-strain Mexican fruit flies, irradiated or nonirradiated, should
not differ qualitatively from that done with wild-type flies. 

As discussed above, laboratory-strain flies responded quantitatively much differ-
ently than wild-type flies to both lures. It is not known if this result is due to morpho-
logical or physiological differences in neural apparatus between the fly types, or to
differences in the way each fly type reacts to laboratory conditions. 

Implications for Trapping Programs 

Results in this work and in Robacker (1998) in which AMPu was consistently more
attractive than BioLureâ to both laboratory and wild-type Mexican fruit flies suggest
that AMPu should be a better lure than BioLureâ in trapping programs. However,
other factors such as local climatic conditions and the type of trap used with the lures
could have profound effects on the relative attractiveness of the lures. Thus, results of
these laboratory bioassays and even the field experiments conducted with irradiated
flies in south Texas (Robacker 1998) may be poor predictors of field-trapping experi-
ments with wild flies in localities other than Texas. 
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Direct field comparisons of the two lures in populations of wild flies have not been
conducted because a formulation of AMPu proven to function properly for more than
2 days in the field has not been developed. Obviously, a long-lasting formulation is
needed before AMPu could even be considered for use in trapping programs. 
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A

 

BSTRACT

 

We evaluated the survival, mortality and colony growth over time after worker
emergence in colonies of 

 

Atta laevigata 

 

(Fr. Smith) ants in young pine tree plantations
of 

 

Pinus caribaea 

 

(Mor) located in Estado Monagas, Venezuela. One hundred forty-
four colonies were inspected during a 41-month period. Colony mortality one month
after worker emergence was 45%. A small mortality peak was evidenced when colo-
nies were 24 months old, coinciding with a dry season. About 23% of the colonies
marked survived more than 3 years. During the first two years, colony growth was
faster than during the next two years, as measured by the total number of nest en-
trances and the nest surface area. Multiple regression analyses showed a closer cor-
relation between nest age and nest area than between nest age and number of nest
entrances. Most of the nests grew in an eccentric way with respect to the site where
the queen first established the nest. These results allow for a more rational pest man-
agement of pine plantations by using the knowledge on nest growth for decisions on
pest control.

Key Words: 

 

Atta laevigata

 

, ants, colony growth, pest management, pines, nests, Ven-
ezuela

R

 

ESUMEN

 

La sobrevivencia, mortalidad y crecimiento a través del tiempo de colonias de 

 

Atta
laevigata

 

 (Fr. Smith) presentes en plantaciones recién establecidas de 

 

Pinus caribaea

 

(Mor) en el Estado de Monagas, Venezuela, fueron evaluados después de la emergen-
cia de las primeras obreras. Ciento cuarenta y cuatro colonias fueron observadas du-
rante un período de 41 meses. La mortalidad de las colonias un mes después de haber
sido marcadas fue del 45%. Un pequeño pico de mortalidad fue observado a los 24 me-
ses de edad de las colonias coincidiendo con un período de sequía. Alrededor del 24%
de las colonias marcadas sobrevivieron más de 3 años. El crecimiento de las colonias
durante los dos primeros años fue mas rápido que en los dos años siguientes, tanto en
el número total de entradas al nido como en el área de superficie del nido. Los análisis
de regresión múltiple mostraron una correlación más cercana entre la edad y el área
del nido que entre la edad y el número de entradas al nido. La mayoría de los nidos
crecieron en forma excéntrica con respecto al sitio en el cual la reina estableció inicial-
mente el nido. Estos resultados permiten un manejo más racional de esta plaga en
plantaciones de pino al utilizar el conocimiento sobre el crecimiento de sus nidos para

 

tomar decisiones para su control.

Leaf-cutting ants are important pests in agriculture and forestry (Cherret & Per-
egrine 1976, Gonzales 1976). In Venezuela, 

 

Atta laevigata 

 

(Fr. Smith) is the main pest
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affecting the establishment and development of pine tree plantations, causing losses
of over 50% in wood volume produced per hectare at populations over 30 nests/ha.
(Hernández & Jaffé 1995). The most important aspects affecting pest management
programs of these ants is the colonization dynamics of new areas and nest growth
during the first stages of infestation.

Ants of the genus 

 

Atta

 

, have colonies formed by many underground chambers
joined by numerous tunnels. Externally the nests are characterized by numerous
mounds of bare soil excavated by the ants when digging the tunnels and chambers
(Autori 1941, Gonçalves 1964, Mariconi 1970). Maximum development of 

 

Atta sexdens
rubropilosa 

 

(Forel) colonies occurs three years after foundation (Autori 1941). In 

 

A.
sexdens,

 

 the first nest entrance appears 77-188 days after the nuptial flights. The sec-
ond nest entrance appears 377-467 days, and 82 days after this time the colony may
have up to 10 entrances (Mariconi 1970). According to these estimates, a two year old
nest could show an area of approximately 10 m

 

2

 

. In the case of 

 

A. laevigata,

 

 nest
growth increases after the first two years, reaching in average an area of 24 m

 

2

 

 when
the nest is three years old (Salzemann & Jaffé 1990).

In this paper, we detail the growth and population dynamics of

 

 A. laevigata

 

 nests
infecting young pine plantations.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

The study was carried out in a 100 hectare plot of young pines planted in 1991 at
El Merey, the commercial pine plantations of CVG-PROFORCA, in Monagas and An-
zoategui states, Venezuela. In these regions, CVG-PROFORCA has planted between
12,000 and 15,000 hectares of pines every year. The soils of the area are sandy, with
a low natural fertility and a pH of 4.5. Annual precipitation occurs in two marked pe-
riods, a dry season from November to May and a rainy season from June to October.
The average precipitation during the study (1990-1994) was 1255 mm per year, ac-
cording to the meteorological station at El Merey, CVG-PROFORCA.

Nest Selection

We marked 144 incipient nests of 

 

A. laevigata

 

 and evaluated their activity in Feb-
ruary 1992, corresponding to colonies founded after the nuptial flights of June 1991.
These nests were approximately 8 months old, as the queen digs the nest after its nup-
tial flight at the beginning of the rainy season and remains in the sealed nest, which
is opened only after the first adult workers emerge. Nests to be marked were selected
at random by establishing 30 

 

´

 

 100 m transects and marking each nest found along
these transects. All 

 

Atta 

 

nests present in the study area had been destroyed in April
1991, using cultural (burning of the savanna and plowing) and chemical (baits) control.

Evaluations

The next evaluation was carried out one month after the incipient nests were
marked (about nine months of age). Only nest activity was checked as no nest growth
was observed. Thereafter, the colonies were examined at 12, 16, 18, 23, 26, 35, 38, 41
and 48 months after nest foundation. In each one of these evaluations we determined
the nest activity, the number of nest entrances, the surface area of the central nest
conglomerate and the form of this conglomerate. Nest area was estimated by measur-
ing the length and breadth of each nest. Nest area was calculated with the formula for
the ellipse: A = 

 

p

 

ab where a = 

 

½

 

 length and b = 

 

½

 

 breadth of the nest. The position of
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the nest with respect to the first nest entrance was determined by referring to the
identifier stake used to mark the incipient nest. All data were analyzed using STA-
TISTICA for MS-Windows.

R

 

ESULTS

 

Nest Survival and Mortality

Figure 1 shows that only 55% of the nests survived more than one month after
they were marked at nine months of age. Nest survival fell to 34% after 23 months,
stabilizing at 25% after three years. That is, nest mortality was 45%/month one month
after the first exploring workers emerged and then decreased to one digit values
showing a smaller peak at about 25 months.

Nest Growth

The average nest areas for 

 

A. laevigata

 

 during the 48 month study are shown in Fig.
2. The rate of increase of the nest area was higher during the first 30 months than dur-

Fig. 1. Survival and nest mortality of Atta laevigata nest after the claustral stage,
i.e. after the first workers emerged from incipient nests.
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ing the final two years. Colonies with 4 years of age had nests with an average size of
71 

 

±

 

 13 m

 

2

 

. The increase in nest area was accompanied by an increase in the number of
nest entrances. During the first two years, the rate of increase in the number of nest en-
trances (Fig. 3) was also higher than during the last two years. The ratio of nest en-
trances to nest area (Fig. 4) decreased rapidly in young colonies and gradually in the
older colonies. In other words, older colonies have fewer entrances per unit area of nest.

The age, nest area, and the number of nest entrances showed significant correla-
tions among them (p < 0.05, Pearson correlation coefficient). These results confirm that
nest area and the number of nest entrances are related to the age of the colony. A re-
gression analysis of the nest area, number of nest entrances and age showed that nest
area is a better predictor for nest age than the number of nest entrances (R

 

2

 

 = 0.52 and
0.38 respectively). The regression equation for nest area was NA = -12.577 + 6.7X and
for nest entrances the equation was NE = -16.679 + 18.6X; where X is age in months.

From a total of 58 nests evaluated, 24% grew in a concentric way around the initial
founding chamber, 60% eccentric to it and 16% leaving the initial chamber at the mar-
gin of the nest mound conglomerate.

Fig. 2. Growth over time of nest area (in logarithmic scale) of Atta laevigata colo-
nies in a new pine plantation. (Means and standard error).
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D

 

ISCUSSION

 

Mariconi (1970) reported that only about 3% of the inseminated queens estab-
lished a nest. Our results show that colony mortality continues to be high, although
less so, after the nests produced workers. Absolute nest size was small during the first
two years although the growth rate was high. After this time nest growth and colony
mortality decreased. The small peak in nest mortality found (Fig. 1) coincided with
low precipitation during this period.

 

 

 

The mortality peak was probably due to the fact
that young colonies are more susceptible to low soil humidity than larger ones. We
found that two year-old nests had an average area of 7.4 

 

±

 

 6.3 m

 

2

 

, which is similar to
that reported for 

 

A

 

. 

 

sexdens

 

 by Mariconi (1970). Three years-old nests reached an av-
erage area of 39 

 

±

 

 33 m

 

2

 

 which contrasts with the 24 m

 

2

 

 reported by Salzemann &
Jaffe (1990) for 

 

A. laevigata

 

 feeding on adult pine trees in areas close to this study site.
The larger size reported here may be due to the fact that in our site, the savanna had
still not been displaced by the pines and the ants could feed on a larger variety of
plants.

Fig. 3. Increase over time of the number of nest entrances (in logarithmic scale)
of Atta laevigata nests in a new pine plantation. (Means and standard error).
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The results show that colony growth has at least two phases irrespective of the
variable measured (nest area or number of nest entrances), and that after two years,
colonies grow at a lower rate compared to the first two years. The proportional rela-
tionship between nest area and the number of nest entrances is not constant, as the
number of nest entrances per nest area decrease during the first two years remaining
approximately constant thereafter. Our analysis suggests that nest area is a better es-
timate of colony age than the number of nest entrances, at least for young nests.

In young pine tree plantations, where 

 

A. laevigata

 

 nests are eliminated before
planting the pines, a fast re-colonization by this pest will occur. This means that an ef-
fective management of ant populations should include a pest density evaluation and
eventual control of ant nests when pines are two years old (Hernández & Jaffé 1995).
Nests will have suffered the largest amount of natural mortality and will still be small
and thus easier to control, requiring lower amounts of toxic baits, having advantages
both from an environmental and an economic point of view.
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A

 

BSTRACT

 

This study provides a field test of the behavioral activity of the sugar cane weevil

 

Metamasius hemipterus 

 

(L.) pheromone with the odors of its host plants, and de-
scribes the development of a laboratory two-cup pitfall olfactometer and a field trap
to determine the effectiveness of baits. The aromatic sources were host plant odors: a)
pseudostem and rhizome of the 

 

Musa

 

 sp “apple” banana (AAB) and b) stalks of sugar
cane, 

 

Saccharum

 

 sp. The olfatometric results show that the host plant odors do at-
tract the insects. Sugar cane is more attractive than banana rhizome, and pseudostem
is as attractive as sugar cane stalk. Two field traps were tested, one with a lid and the
other with a funnel. The capture efficiency of the two traps was evaluated at two
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heights (0 and 1 meter) and with aggregation pheromone alone, pheromone plus ba-
nana pseudostem, pheromone plus sugar cane, pheromone plus banana rhizome, and
pheromone plus pineapple as baits. The results indicate that the most effective trap
was the lid type placed at a 1 meter, using pheromone plus sugar cane as bait.

Key Words: olfactometric method, trap system, host odor

R

 

ESUMEN

 

En este trabajo se presenta una prueba de campo sobre la actividad de la feromona
del gorgojo rayado,

 

 Metamasius hemipterus 

 

(L.), combinada con olores de sus plantas
huéspedes y se describe um método olfatométrico que nos permite determinar en el la-
boratorio la eficacia de los semioquímicos a evaluar y un sistema de trampeo que nos
permite determinar en el campo la efectividad de los cebos atrayentes. En el labora-
torio se evaluó la respuesta del insecto usando un olfatómetro de caída de dos pocillos.
Como fuentes aromáticas se usaron olores de las plantas huéspedes: a) seudotallo y
cormo de

 

 Musa 

 

sp. variedad cambur manzano (AAB) y b) tallos de caña de azúcar 

 

Sa-
ccharum

 

 sp. Los resultados indican que las aromas de las plantas huéspedes atraen
al insecto, que el aroma de la caña de azúcar es más atrayente que el del cormo de
cambur manzano, y que el aroma del seudotallo es tan atrayente como el aroma del ta-
llo de la caña de azúcar. Para el estudio de campo se diseñaron dos trampas de cap-
tura: trampa con tapa y trampa con embudo. Se evaluó la eficiencia de captura de
estas trampas colocadas a dos alturas (0 y 1 metro) y usando como cebo atrayente la
feromona de agregación sola, la feromona con el seudotallo de cambur manzano, la fe-
romona con la caña de azúcar, la feromona con el cormo de cambur manzano, y la fe-
romona con piña. Los resultados indican que la trampa más atrayente fue la trampa

 

con tapa colocada a un metro de altura con feromona mas caña de azúcar como cebo.

Due to the problems posed by the use of synthetic insecticides for pest control, in-
cluding environmental degradation and the pests’ development of resistance to insec-
ticides (Getz and Gutierres, 1982; Jaffé et al. 1993), there is a growing use of natural
enemies and semiochemicals in integrated insect pest control programs. That ap-
proach is of considerable practical utility for controlling some Coleoptera pests (Vilela
and Castro, 1987).

The sugar cane weevil 

 

Metamasius hemipterus

 

 (L.) (Coleoptera: Curculionidae) is
a serious sugar cane pest (Restrepo et al. 1982). Some authors (Cárdenas, 1976; Bos-
can and Godoy, 1988) also view it as a secondary agricultural pest for Musaseae. In its
larval stage 

 

M. hemipterus

 

 damages sugar cane stalks and Musaseae pseudostems.
As it feeds in those zones, it digs tunnels, destroys tissue, and weakens the plant. 

The use of poisoned sugar cane and Musascea traps to control these beetles (Re-
strepo et al. 1982; Nava and Sosa, 1985) has revealed that this species, like many
other insects (Bell, 1991), uses volatile semiochemicals probably originating in fer-
mented pieces of Musasea pseudostem and sugar cane stalk to orient it to the plant.
Using pitfall traps in southern Florida (USA), Giblin-Davis et al. (1994) showed that
the sugar cane weevil is attracted by sugar cane, musasea pseudostem, palm crown,
and sugar cane stem aromas.

Pure attractants isolated from host plants or pheromonal compounds may be use-
ful as bait to lure the insects into traps for monitoring or control purposes. 
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Rochat et al. (1993) used a collection method based on supelpack and desorption
with dichloromethane, then gas chromatography coupled with mass spectrometry, to
isolate and identify 4 methyl-5-nonanol as the main component of an aggregation
pheromone produced by male 

 

M.hemipterus

 

. The same compound is also present in
the aggregation pheromone of another rhynchophorine, 

 

Rhynchophorus vulneratus

 

.
The sugar cane weevil pheromone was subsequently synthesized by Mori et al. (1993). 

Traps with attractant semiochemicals, pheromones, and kairomones have been
successfully used for coleoptera control of the boll weevil 

 

Anthonomus grandis

 

Hardee, (1982), wood-attacking scolitids (Borden, 1993), and the coconut weevil
(Hernández et al. 1992; Oehlschlager et al. 1993). Hence, massive trapping of sugar
cane weevils may be a viable method for control. 

Castrillo et al. (1995) reported that the pheromone emitted by the male is (4S,5S) 4-
methyl-5-nonanol; (+/-) 2-methyl-4-heptanol) in 8: 1 proportion. In April 1995 we re-
ceived 50 devices for releasing the pheromone. Each lure will release a constant amount
of pheromone per day in the field during 2-3 months (Oehlschlager, pers. comm).

In this study we field tested the behavioral activity of the 

 

M. hemipterus

 

 phero-
mone mixed with the odors of its host plants, and developed (1) an olfactometric
method for laboratory determination of the effectiveness of the semiochemicals and
(2) a field trap system with which to determine the effectiveness of baits in attracting
sugar cane weevils in the field. Using those olfactometric methods we measured the
attraction of sugar cane weevils to semiochemicals from their host plants and the ag-
gregation pheromone described for this species.

M

 

ATERIALS

 

 A

 

ND

 

 M

 

ETHODS

 

Capture and Maintenance of Adults.

The insects were collected in a plantation of edible musaseae plants shaded by ca-
cao trees near the Simón Rodríguez University Río Negro Experiment Station in Ace-
vedo District of Miranda State, Venezuela (10

 

°

 

20’ North, 66

 

°

 

11 West, at 42 meters
above sea level, with 2050 mm of annual precipitation). The plantation produces a
mix of banana and plantain varieties including: “pineo” (genotype AAA), “plátano”
(AAB), “topocho” (ABB), and “cambur manzano” (AAB).

The place is not a commercial musaseae or sugar cane plantation. Moreover, chem-
ical insecticides or herbicides are not used in the experimental plot. 

The insects were caught with sandwich-type retention traps (Castrillón, 1989)
which use pseudostem tissues as attractors. The insects were then taken to the labo-
ratory in individual plastic containers 7.5 cm high by 9 cm in diameter, the lid perfo-
rated to allow air flow. In the laboratory the insects were kept in plastic containers, in
groups of 10. The adults were given a piece of sugar cane for food. The specimens were
kept in the laboratory, at 23-27

 

°

 

C and 70-90% relative humidity, with 12 hours of light
and 12 of darkness per day. Under these conditions the adults fed twice a week on
sugar cane pieces of 80 to 100 g, cut lengthwise. 

Olfactometric Methods

The Pavis and Minost (1992) double-pitfall olfactometer (Fig. 1) was adapted to de-
termine attraction of the aggregation pheromone to adults. This device was built as a
cylindrical chamber (25 cm in diameter by 30 cm high), connected to two jars contain-
ing the odor sources. The duration of each piece of experiment was of six hours (9:00
to 14:00), using 20 insects placed on the platform at a time. The number of insects that
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had fallen into each jar was counted at the end of each period without distinction by
sex. The tests were carried out in a room with dimmed daylight and a normal photo-
period. The environment was kept clean with extractor fans to remove odors not re-
lated to the experiment.

Odor Sources

The odor sources used for the biotests were 50 grams of vegetable tissue taken
from “cambur manzano” banana clone pseudostems and rhizomes without flowers or
fruit (AAB genomic composition), 50 grams of pineapple, and 50 grams of sugar cane
stalk (

 

Saccharum

 

 sp). The vegetable material was collected at the aforementioned
Musaseae plantation, located in the vicinity of the Simón Rodríguez University Río
Negro Experiment Station.

Field Capture Tests

The traps were placed in a shaded area of an edible Musaseae plantation between
May and July 1995, arranged in a straight line perpendicular to the prevailing wind
direction, with alternation of the treatments under examination; they were placed ap-
proximately at 10 m apart, and checked at 2 or 3 day intervals. The experiments were
conducted between May 22 and July 19, 1995. 

Fig. 1. Double-Pitfall Olfactometer.
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Two distinct trap designs were tested to compare their capture efficiency:

Design 1: Funnel trap (Fig. 2). This kind of trap is composed of a plastic cylinder 10
cm in diameter by 14 cm high, with a 5 cm-high funnel in its top half. A layer of water
approximately 3 cm deep was placed at the bottom of the trap to keep the insects from
escaping. The aroma sources were suspended from a wire half way down the cylinder. 

Design 2: Perforated lid trap. This trap uses the same plastic cylinder, with no fun-
nel but with a lid having 20 holes approximately 4 mm in diameter. A layer of water
approximately 3 cm deep was placed at the bottom of the trap to prevent escape. The
aroma sources were suspended from a wire half way down the cylinder. 

Evaluation of pheromone device activity.

The following baits were used to evaluate the pheromone’s field effectiveness in
the pheromone release device (PRD) described by Castrillo et al. (1995) and Camm
Oehlsclager pers. comm. in perforated lid trap. Lures of pheromones (4S, 5S) 4-me-
thyl-5-nonanol; (+/-) 2-methyl-4-heptanol) in 8: 1 proportion. 

Fig. 2. Funnel Trap.
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A

 

BSTRACT

 

This study provides a field test of the behavioral activity of the sugar cane weevil

 

Metamasius hemipterus 

 

(L.) pheromone with the odors of its host plants, and de-
scribes the development of a laboratory two-cup pitfall olfactometer and a field trap
to determine the effectiveness of baits. The aromatic sources were host plant odors: a)
pseudostem and rhizome of the 

 

Musa

 

 sp “apple” banana (AAB) and b) stalks of sugar
cane, 

 

Saccharum

 

 sp. The olfatometric results show that the host plant odors do at-
tract the insects. Sugar cane is more attractive than banana rhizome, and pseudostem
is as attractive as sugar cane stalk. Two field traps were tested, one with a lid and the
other with a funnel. The capture efficiency of the two traps was evaluated at two
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heights (0 and 1 meter) and with aggregation pheromone alone, pheromone plus ba-
nana pseudostem, pheromone plus sugar cane, pheromone plus banana rhizome, and
pheromone plus pineapple as baits. The results indicate that the most effective trap
was the lid type placed at a 1 meter, using pheromone plus sugar cane as bait.

Key Words: olfactometric method, trap system, host odor

R

 

ESUMEN

 

En este trabajo se presenta una prueba de campo sobre la actividad de la feromona
del gorgojo rayado,

 

 Metamasius hemipterus 

 

(L.), combinada con olores de sus plantas
huéspedes y se describe um método olfatométrico que nos permite determinar en el la-
boratorio la eficacia de los semioquímicos a evaluar y un sistema de trampeo que nos
permite determinar en el campo la efectividad de los cebos atrayentes. En el labora-
torio se evaluó la respuesta del insecto usando un olfatómetro de caída de dos pocillos.
Como fuentes aromáticas se usaron olores de las plantas huéspedes: a) seudotallo y
cormo de

 

 Musa 

 

sp. variedad cambur manzano (AAB) y b) tallos de caña de azúcar 

 

Sa-
ccharum

 

 sp. Los resultados indican que las aromas de las plantas huéspedes atraen
al insecto, que el aroma de la caña de azúcar es más atrayente que el del cormo de
cambur manzano, y que el aroma del seudotallo es tan atrayente como el aroma del ta-
llo de la caña de azúcar. Para el estudio de campo se diseñaron dos trampas de cap-
tura: trampa con tapa y trampa con embudo. Se evaluó la eficiencia de captura de
estas trampas colocadas a dos alturas (0 y 1 metro) y usando como cebo atrayente la
feromona de agregación sola, la feromona con el seudotallo de cambur manzano, la fe-
romona con la caña de azúcar, la feromona con el cormo de cambur manzano, y la fe-
romona con piña. Los resultados indican que la trampa más atrayente fue la trampa

 

con tapa colocada a un metro de altura con feromona mas caña de azúcar como cebo.

Due to the problems posed by the use of synthetic insecticides for pest control, in-
cluding environmental degradation and the pests’ development of resistance to insec-
ticides (Getz and Gutierres, 1982; Jaffé et al. 1993), there is a growing use of natural
enemies and semiochemicals in integrated insect pest control programs. That ap-
proach is of considerable practical utility for controlling some Coleoptera pests (Vilela
and Castro, 1987).

The sugar cane weevil 

 

Metamasius hemipterus

 

 (L.) (Coleoptera: Curculionidae) is
a serious sugar cane pest (Restrepo et al. 1982). Some authors (Cárdenas, 1976; Bos-
can and Godoy, 1988) also view it as a secondary agricultural pest for Musaseae. In its
larval stage 

 

M. hemipterus

 

 damages sugar cane stalks and Musaseae pseudostems.
As it feeds in those zones, it digs tunnels, destroys tissue, and weakens the plant. 

The use of poisoned sugar cane and Musascea traps to control these beetles (Re-
strepo et al. 1982; Nava and Sosa, 1985) has revealed that this species, like many
other insects (Bell, 1991), uses volatile semiochemicals probably originating in fer-
mented pieces of Musasea pseudostem and sugar cane stalk to orient it to the plant.
Using pitfall traps in southern Florida (USA), Giblin-Davis et al. (1994) showed that
the sugar cane weevil is attracted by sugar cane, musasea pseudostem, palm crown,
and sugar cane stem aromas.

Pure attractants isolated from host plants or pheromonal compounds may be use-
ful as bait to lure the insects into traps for monitoring or control purposes. 
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Rochat et al. (1993) used a collection method based on supelpack and desorption
with dichloromethane, then gas chromatography coupled with mass spectrometry, to
isolate and identify 4 methyl-5-nonanol as the main component of an aggregation
pheromone produced by male 

 

M.hemipterus

 

. The same compound is also present in
the aggregation pheromone of another rhynchophorine, 

 

Rhynchophorus vulneratus

 

.
The sugar cane weevil pheromone was subsequently synthesized by Mori et al. (1993). 

Traps with attractant semiochemicals, pheromones, and kairomones have been
successfully used for coleoptera control of the boll weevil 

 

Anthonomus grandis

 

Hardee, (1982), wood-attacking scolitids (Borden, 1993), and the coconut weevil
(Hernández et al. 1992; Oehlschlager et al. 1993). Hence, massive trapping of sugar
cane weevils may be a viable method for control. 

Castrillo et al. (1995) reported that the pheromone emitted by the male is (4S,5S) 4-
methyl-5-nonanol; (+/-) 2-methyl-4-heptanol) in 8: 1 proportion. In April 1995 we re-
ceived 50 devices for releasing the pheromone. Each lure will release a constant amount
of pheromone per day in the field during 2-3 months (Oehlschlager, pers. comm).

In this study we field tested the behavioral activity of the 

 

M. hemipterus

 

 phero-
mone mixed with the odors of its host plants, and developed (1) an olfactometric
method for laboratory determination of the effectiveness of the semiochemicals and
(2) a field trap system with which to determine the effectiveness of baits in attracting
sugar cane weevils in the field. Using those olfactometric methods we measured the
attraction of sugar cane weevils to semiochemicals from their host plants and the ag-
gregation pheromone described for this species.

M

 

ATERIALS

 

 A

 

ND

 

 M

 

ETHODS

 

Capture and Maintenance of Adults.

The insects were collected in a plantation of edible musaseae plants shaded by ca-
cao trees near the Simón Rodríguez University Río Negro Experiment Station in Ace-
vedo District of Miranda State, Venezuela (10

 

°

 

20’ North, 66

 

°

 

11 West, at 42 meters
above sea level, with 2050 mm of annual precipitation). The plantation produces a
mix of banana and plantain varieties including: “pineo” (genotype AAA), “plátano”
(AAB), “topocho” (ABB), and “cambur manzano” (AAB).

The place is not a commercial musaseae or sugar cane plantation. Moreover, chem-
ical insecticides or herbicides are not used in the experimental plot. 

The insects were caught with sandwich-type retention traps (Castrillón, 1989)
which use pseudostem tissues as attractors. The insects were then taken to the labo-
ratory in individual plastic containers 7.5 cm high by 9 cm in diameter, the lid perfo-
rated to allow air flow. In the laboratory the insects were kept in plastic containers, in
groups of 10. The adults were given a piece of sugar cane for food. The specimens were
kept in the laboratory, at 23-27

 

°

 

C and 70-90% relative humidity, with 12 hours of light
and 12 of darkness per day. Under these conditions the adults fed twice a week on
sugar cane pieces of 80 to 100 g, cut lengthwise. 

Olfactometric Methods

The Pavis and Minost (1992) double-pitfall olfactometer (Fig. 1) was adapted to de-
termine attraction of the aggregation pheromone to adults. This device was built as a
cylindrical chamber (25 cm in diameter by 30 cm high), connected to two jars contain-
ing the odor sources. The duration of each piece of experiment was of six hours (9:00
to 14:00), using 20 insects placed on the platform at a time. The number of insects that
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had fallen into each jar was counted at the end of each period without distinction by
sex. The tests were carried out in a room with dimmed daylight and a normal photo-
period. The environment was kept clean with extractor fans to remove odors not re-
lated to the experiment.

Odor Sources

The odor sources used for the biotests were 50 grams of vegetable tissue taken
from “cambur manzano” banana clone pseudostems and rhizomes without flowers or
fruit (AAB genomic composition), 50 grams of pineapple, and 50 grams of sugar cane
stalk (

 

Saccharum

 

 sp). The vegetable material was collected at the aforementioned
Musaseae plantation, located in the vicinity of the Simón Rodríguez University Río
Negro Experiment Station.

Field Capture Tests

The traps were placed in a shaded area of an edible Musaseae plantation between
May and July 1995, arranged in a straight line perpendicular to the prevailing wind
direction, with alternation of the treatments under examination; they were placed ap-
proximately at 10 m apart, and checked at 2 or 3 day intervals. The experiments were
conducted between May 22 and July 19, 1995. 

Fig. 1. Double-Pitfall Olfactometer.
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Two distinct trap designs were tested to compare their capture efficiency:

Design 1: Funnel trap (Fig. 2). This kind of trap is composed of a plastic cylinder 10
cm in diameter by 14 cm high, with a 5 cm-high funnel in its top half. A layer of water
approximately 3 cm deep was placed at the bottom of the trap to keep the insects from
escaping. The aroma sources were suspended from a wire half way down the cylinder. 

Design 2: Perforated lid trap. This trap uses the same plastic cylinder, with no fun-
nel but with a lid having 20 holes approximately 4 mm in diameter. A layer of water
approximately 3 cm deep was placed at the bottom of the trap to prevent escape. The
aroma sources were suspended from a wire half way down the cylinder. 

 

Evaluation of pheromone device activity.

 

The following baits were used to evaluate the pheromone’s field effectiveness in
the pheromone release device (PRD) described by Castrillo et al. (1995) and Camm
Oehlsclager pers. comm. in perforated lid trap. Lures of pheromones (4S, 5S) 4-me-
thyl-5-nonanol; (+/-) 2-methyl-4-heptanol) in 8: 1 proportion. 

Fig. 2. Funnel Trap.
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1- PRD plus 2 to 3 pieces of “cambur manzano” banana pseudostem (approxi-
mately 50 g).

2- 2 to 3 pieces of “cambur manzano” banana pseudostem (approximately 50 g).
The traps were arrayed in a straight line at 10 meter intervals, in the shade, with

alternating baits. Four traps were used for each treatment and, checked every 2 to 3
days over a 15-day period. 

Evaluation of the synergetic effect of the pheromone release device (PRD) combined 
with aromas from vegetable tissues in perforated lid trap.

A) The PRD plus 2 to 3 pieces of sugar cane stalk (

 

Saccharum

 

 sp.) without flower
or fruit (approximately 50 g). B) The PRD device plus 2 to 3 pieces of pineapple fruit
(

 

Ananas

 

 sp.) (approximately 50 g).C) The PRD plus 2 to 3 pieces of “cambur manzano”
banana pseudostem (approximately 50 g). D) The PRD plus 2 to 3 pieces of “cambur
manzano” banana rhizome (approximately 50 g). And E) The PRD alone.

The traps were arrayed in a straight line at 10 meter intervals, in the shade, with
alternating heights. Four traps were used for each treatment and the traps were
checked every 2 to 3 days over a 33-day period. 

Evaluation of the two trap designs and the effect of Trap Height. 

To evaluate the effect of the traps’ height and the trap design on capture efficiency,
eight funnel and lid traps were placed at ground level and at a 1 meter height (after
Oehlsclager, pers comm). The number of insects trapped was counted every 2-3 day
for 44 days. The traps were arrayed at 10 meter intervals, in a straight line, and in
the shade, with alternating heights. PRD plus 2 to 3 pieces of pseudostem were used
as the bait.

Statistical Analysis

The null hypothesis that there are no differences among the various treatments
was tested by the Kruskal Wallis Siegel non-parametric Variance Analysis test (Sie-
gel, 1956). The numerical values or data are the numbers of individuals caught per 2-
3 day period for each trap. The Statistix Release 4.0 (Sx 4.0) statistical package, in-
stalled in a personal computer, was used for the analysis. 

R

 

ESULTS

 

 A

 

ND

 

 D

 

ISCUSSION

 

Olfactometric Results

Table 1 illustrates the responses of 

 

M. hemipterus

 

 weevil to stimulus by rhizome
aroma vs. air, pseudostem aroma vs. air, and sugar cane stalk aroma vs. air. It is clearly
shown that the insects strongly prefer the plant odors (rhizome, pseudostem, and sugar
cane) to pure air. This indicates that olfactometry permits the determination of whether
a particular aroma attracts sugar cane weevils or not, and is the first olfactometric evi-
dence for this species obtained in the laboratory. Several studies have demonstrated the
attractiveness of pseudostem and sugar cane stalk odors in the field (Boscan and Godoy,
1982; Boscan and Godoy, 1988; Restrepo et al. 1982 and Giblin-Davis et al. 1994).

Table 1 shows that, under constant humidity, temperature, and dimmed natural
light, and having the aromatic volatiles produced by the tissues used in the study as
their only source of stimulation, sugar cane weevils are attracted by these aromas,
with sugar cane being more effective than rhizome and as effective as pseudostem.
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Traps in the Field

Twelve insects were observed to be attracted by the aromatic sources in the field.

 

M. hemipterus

 

 adults fly at a height of 1 to 2 meters, in a zig-zag course for short dis-
tances of 4 to 5 meters before falling near the source of odor, or on it. Then a beetle ac-
tively walks into the trap or conceals itself in the brush.

- Types of baits:

Table 2 shows the captures of adult 

 

M. hemipterus

 

 specimens with traps using the
PRD plus 2 to 3 pieces of “cambur manzano” banana pseudostem, as well as traps
holding only pseudostem. It is clear that the pheromone increased captures. 

Table 3 shows the captures of adult 

 

M. hemipterus

 

 with traps using the pheromone
release device plus sugar cane stalk PH+CANE, pineapple fruit PH+PINE, “cambur
manzano” banana pseudostem PH+PSEUD, “cambur manzano” banana rhizome
PH+RHIZ, and pheromone alone PH ALONE. Three groups emerged: 1) pheromone
plus sugar cane or pineapple, the one which proved to be the most effective; 2) phero-
mone plus pseudostem or rhizome; and 3) pheromone alone. 

These results suggest that the pheromone requires the synergy of plant odors to be
activated and produce the aggregation of 

 

M. hemipterus

 

. The fact that the aggregation
pheromone requires vegetable odor synergy to be active in field conditions appears to
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Comparison of Aroma 
Source A / Source B Source A Source B No Choice Total

Rhizome/air 12* 1 7 20 
Pseudostem/air 13* 4 6 20
Sugar cane/air 10* 2 8 20
Pseudostem/rhizome 11 6 3 20
Sugar cane/rhizome 16*** 1 3 20
Sugar cane/pseudostem 10 8 2 20

 

*p < 0.05 **p < 0.01 ***p < 0.001 for a binomial test between two aromatic sources.
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Trap Captured insects
 mean per trap 

 

±

 

 sd N

With pseudostem 0.00 0.00 20
With pseudostem plus pheromone 0.18 0.39 39

 

*p < 0.05 for a Kruskal Wallis non-parametric variance analysis applied to the ranges of insects caught, for
each treatment. 

N = number of catches per 2-3 day period for each trap. 
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be a common condition among the 

 

Rhynchophorine 

 

species (Cerda et al. 1997, Jaffé et
al. 1993), which share many pheromonal components (Rochat et al. 1993).

In Table 4 we shows the number of individuals attracted to the traps of each design
type, placed at a 1 meter height and at ground level. The trap which caught the most
insects was the lid trap placed 1 meter above the ground. 

In Table 4 we observed that the trap with the lid is clearly more efficient, both at
1 meter height and on the ground (p = 0.000 for a Kruskal Wallis test applied to the
ranges of the insect for each treatment). That may reflect the insect’s flight path. Be-
cause they approach the trap, halt in mid-air, and fall into the trap, landing on the lid
may be easier for the insects than landing on the -funnel.

Table 4 shows that there is a significant difference in the number of beetles caught
in traps placed at different heights. The traps with lid at 1 meter above the ground
clearly caught more insects than those on the ground (p < 0.05 for a Kruskal Wallis
test applied to the ranges of the insect for each treatment). Under the conditions of the
study, the insect flies at 1 to 2 meters above the ground, and landing may be easier on
the elevated traps than on ground-level traps. 

T

 

ABLE

 

3. F

 

IELD

 

 C

 

ATCHES

 

 O

 

F

 

 A

 

DULT

 

 W

 

EEVILS

 

 U

 

SING

 

 T

 

RAPS

 

 B

 

AITED

 

 W

 

ITH

 

 P

 

HEROMONE

 

P

 

LUS

 

 P

 

SEUDOSTEM

 

 (P

 

H

 

 + 

 

PSEUD

 

), P

 

HEROMONE

 

 P

 

LUS

 

 R

 

HIZOME

 

 (P

 

H + RHIZ),
PHEROMONE PLUS SUGAR CANE (PH + CANE), PHEROMONE PLUS PINEAPPLE
(PH+ + PINE), AND PHEROMONE ALONE (PH ALONE). 40 CATCHES PER 2-3
DAY PERIOD FOR EACH TRAP ARE GIVEN.

Trap Captured insects
mean per trap ± sd

Homogeneous Groups* 

PH+CANE 1.15 ± 1.70 I
PH+PINE 1.12 ± 1.18 I
PH+PSEUD 0.47 ± 0.85 I
PH+RHIZ 0.40 ± 0.84 I
PH ALONE 0.10 ± 0.50 I

*Homogeneous groups for a Kruskal Wallis non-parametric variance analysis applied to the ranges of insects
caught for each treatment.

TABLE 4. FIELD CATCHES OF ADULT WEEVILS USING FUNNEL TRAPS AND LID TRAPS
PLACED AT A 1 METER HEIGHT AND AT GROUND LEVEL. 68 CATCHES PER 2-
3 DAY PERIOD FOR EACH TRAP ARE GIVEN.

Trap
Captured insects

mean per trap ± sd

Funnel trap at 1 meter height 0.03 ± 0.17
Funnel trap at ground level 0.00 ± 0.00

Lid trap at 1 meter height 0.21 ± 0.40
Lid trap at ground level 0.06 ± 0.24 
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We conclude that, under the conditions of the study, the sugar cane weevil is at-
tracted by host plant aromes with sugar cane being more effective than musaceae rhi-
zome and as effective as musaceae pseudostem, and that RPD requires the synergy of
plant odors to be activated and produce the aggregation of M. hemipterus. The lid
traps at 1 meter above the ground clearly caught more insects than those on the
ground. This may be related with the weevil’s flight behaviour.
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A

 

BSTRACT

 

Parasitoids associated with 8 species of Anastrepha were recovered from host
fruits that belonged to 9 species of plants in the Cauca Valley, Colombia. These para-
sitoids were identified and quantified. The most common parasitoid was 

 

Doryctobra-
con zeteki

 

, which was associated with the 

 

species A. leptozona

 

, 

 

A. serpentina

 

, 

 

A.
nunezae

 

 and 

 

A. striata

 

 recovered from 

 

Pouteria caimito, Chrysophyllum cainito

 

 and

 

Campomanesia lineatifolia

 

 host fruits.

Key Words: 

 

Anastrepha

 

, 

 

Doryctobracon

 

, parasitoids, Valle del Cauca, Colombia

R

 

ESUMEN

 

Se identificaron y cuantificaron las especies de parasitoides asociadas a 8 espe-
cies de 

 

Anastrepha

 

 obtenidas de frutos pertenecientes a 9 especies de plantas del Va-
lle del Cauca, Colombia. 

 

Doryctobracon zeteki

 

 fue la especie de parasitoide más
frecuente y estuvo asociada a las especies

 

 A. leptozona, A. serpentina, A. nunezae

 

 y

 

A. striata

 

 obtenidas de los frutos de 

 

Pouteria caimito

 

, 

 

Chrysophyllum cainito

 

 y 

 

Cam-

 

pomanesia lineatifolia.

 

Knowledge of fruit fly natural enemies is of vital importance for biological control
programs. Some programs have failed because of the absence of basic information in
taxonomic, morphologic and biologic aspects of the parasitoids (Wharton 1989 in Ca-
nal-Daza et al. 1994).

Studies have been done in many countries of the New World on whether to make
inventories of native parasitoids or to evaluate only the introduced ones. In Mexico
Aluja et al. (1990) recorded fruits parasitized by fruit flies, especially by 

 

A. ludens

 

(Loew), 

 

A. obliqua

 

 (Macquart), 

 

A. striata

 

 Shiner and 

 

A. serpentina

 

 (Weidemann). In
these cases the most common parasitoid was 

 

Diachasmimorpha longicaudata

 

 (Ash-
mead). Jirón & Mexzon (1989) recognized 8 species of parasitoids from the 11% of
fruits that were infested with 5 species of Anastrepha in 135 locations in Costa Rica.
In Brazil, Canal-Daza et al. (1994) obtained 3 families of parasitoids (Braconidae, Eu-
coilidae and Pteromalidae) from samples of 11 species of fruit trees where 

 

Anastrepha

 

species were developed; 93% of them belonged to Braconidae.
Some contributions have been made in Colombia. Olarte (1980) reported 

 

Psidium
guajava

 

 L. attacked by 

 

A. striata

 

, which was attacked by 

 

Utetes (Bracanastrepha)
anastrephae 

 

(Viereck). Portilla et al. (1993) identified 3 species of parasitoids; 

 

Doryc-
tobracon. crawfordi 

 

(Viereck), 

 

O. anastrephae

 

, and 

 

Microscapis

 

 sp.; apparently asso-
ciated 

 

with Ceratitis capitata

 

 (Wiedemann) and 

 

A. fraterculus

 

 in 

 

Coffea arabica

 

 L. in
the Department of Nariño (Colombia). The inventory of parasitoids of fruit flies used
in biological control includes 82 species, of which the majority were braconids (Whar-
ton 1989).
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It has been possible to colonize and mass-rear some parasitoid species; this has
permitted introduction and release in other countries to reduce Anastrepha popula-
tions. Species like 

 

Diachasmimorpha longicaudata

 

, 

 

Doryctobracon crawfordi

 

, 

 

Ganas-
pis pelleranoi

 

 (Brethes), 

 

Biosteres giffardi

 

 (Silvestri), 

 

B. vandenboschi

 

 (Fullaway) and

 

Aceratoneuromyia indica

 

 (Silvestri) have been imported and released in the U.S.A.,
Mexico, Costa Rica, Brazil, Peru and Argentina to control 

 

Anastrepha suspensa

 

(Loew), 

 

A. ludens

 

 and 

 

A. fraterculus

 

. Of these, 

 

D. longicaudata

 

 and 

 

D. crawfordi

 

 have
established in many countries of America (Aluja 1994). 

In Florida (U.S.A.), 15 parasitoid species (representing 4 families) have been im-
ported to control the Caribbean fruit fly (

 

A. suspensa

 

). These parasitoids coexist with
generalist native species that also attack this fly. In this case, 

 

Diachasmimorpha lon-
gicaudata

 

 released, most frequently especially during the periods when A. suspensa
populations decreased because of host absence (Baranowski et al. 1993).

During a project directed to determine the diversity of species of

 

 Anastrepha

 

 in
some localities of the Department of Valle del Cauca, 26 species of 

 

Anastrepha

 

 were
recovered from different host plants and also caught in McPhail traps. Also, in this
manuscript the results about the 

 

Anastrepha

 

 parasitoids found in fruits are pre-
sented.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Study Area

Many fruits were collected from about 13 municipalities of the Department of Valle
del Cauca, but only the samples obtained from the municipalities of Buenaventura,
Jamundí, La Cumbre and Yumbo were considered in this study, in which at least one
parasitoid was recovered besides the 

 

Anastrepha

 

 fruit fly. 

Collection of Parasitoids 

Fruit were collected in plastic, 15 

 

´ 

 

12 cm containers that held a mixture of humid
sawdust and sieved river sand that had been sterilized. Each container was covered
with white muslin and held at a temperature of + 24

 

°

 

C and 70% R. H. The pupae that
were formed were removed and transferred to emergence containers that had the
same mixture. When the imagos of 

 

Anastrepha

 

 and parasitoids were obtained the
mixture in the container was sieved to quantify the number of larvase the number of
pupae viable, that formed parasitoids. The parasitization calculation was based on
the number of adult flies produced and not on the number of larvae, due to high mor-
tality different from parasitism.

All emerged flies and parasitoids were maintained in vials filled with 70% alcohol
until identified. The 

 

Anastrepha

 

 species were identified with the authors’ knowledge
and the literature available. Some determinations of parasitoids were made by P.M.
Marsh and A.S. Menke (Systematic Entomology Laboratory of USDA). 

 

Phaenocarpa

 

sp. (Braconidae) was identified by Dr. R. A. Wharton (Dept. of Entomology, Texas A &
M. University, College Station). Percent of parasitism was calculated following the
formula of Baranowski et al. (1993), number of parasitoids emerged/number of para-
sitoids + number of flies 

 

´

 

 100. When more than one parasitoid specimen/pupae was
obtained, only one was considered because the formula implies that when parasitism
occurs, each parasitoid will replace a pupa; this is not valid for all species that para-
sitize 

 

Anastrepha

 

 fruit flies.
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The specimens were deposited in the Museum of Entomology at the Universidad
del Valle (Department of Biology, Cali-Colombia).

R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

From 447 different fruits we obtained 1759 

 

Anastrepha

 

 flies and 204 parasitic lar-
vae (Table 1). 

 

Anastrepha

 

 was not recovered from 10 of the plant species. From 

 

Gar-
cinia madruno

 

 (Kunth) Hammel, 

 

Inga

 

 spp., 

 

Spondias purpurea

 

 L., 

 

Averrhoa
carambola

 

 L., 

 

Coffea arabica

 

 and 

 

Sysigium malaccense

 

 (L) flies were produced but no
parasitoids.

No correlation was observed between number of flies per fruit host and percent of
parasitism (r = 0.26; p = 0.51) (Table 2). Apparently parasitism is mainly influenced
by fruit characteristics, the available alternate hosts and the environment. In

 

Quararibea cordata

 

 Vischer fruits, a high number of 

 

A. nunenzae

 

 Steyskal per fruit
(18.8) was observed, but only 3.5% parasitism. In other samples of this fruit that were
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Parasitoids
Species of 

Anastrepha Fruit host

 

Braconidae

 

 (Opinae)

 

serpentina

 

Chrysophyllum cainito 

 

and

 

Doryctobracon zeteki Pouteria caimito 

 

(1)
striata

 

Campomanesia lineatifolia 

 

Ruiz et. Pav

 

. 

 

(1)
leptozona

 

P. caimito 

 

(3,4
nunezae

 

Quararibea cordata 

 

(6)
striata

 

C. lineatifolia 

 

(1),

 

 Psidium guajava 

 

(2)

 

D. areolatus

 

leptozona

 

P. caimito 

 

(4,1)
coronilli

 

Bellucia pentamera 

 

(3)
pickeli

 

Manihot esculenta 

 

(6)
obliqua

 

Mangifera indica 

 

(7)

 

Opius sp

 

. leptozona

 

P. caimito 

 

(1)

 

Phaenocarpa 

 

sp. distincta

 

Inga edulis

 

 (3)

 

Eucoilidae

 

Aganaspis sp.

 

leptozona

 

P. caimito

 

 (1)
Proctotrupoidea

sp. indeterminate obliqua M. indica (7)
Hymenoptera

sp. indeterminate striata Psidium guajava (5,2)
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colonized in the same way with flies at different locations, no parasitoids were ob-
served; this may be because the husk thickness does not permit a high rate of para-
sitism. The low frequency of parasitoids in Anastrepha species that attack P. guajava
(2.7%), is strange. Our observations in the Valle del Cauca are similar to those of
Olarte (1980) in Santander (Colombia).

According to this author, considering the scarcity of U. anastrephae and D. craw-
fordi in this plant species, they have an insignificant effect on A. striata populations.
In this study, specimens of D. areolatus (Szepligeti) associated with A. striata were ob-
served in this crop, which also coincide with species observed by Canal-Daza et al.
(1994) in the state of Amazonas (Brazil).

For Mangifera indica L. it is necessary to process a larger number of samples from
different areas. The parasites observed came from fruits strongly attacked by A. obli-
qua (3.2 / fruit). When flies were not abundant parasitoids did not occur. The parasites
were represented by 7 species classified in 3 families: Braconidae (4 species), Eucoil-
idae (1 species), Proctotrupoidea, (1 species) and one species that has not been iden-
tified to date.

At locations that had Anastrepha infested fruits and parasitoids, parasitism var-
ied from 2.7% in P. guajava to 62.5% in Inga edulis Mart., but this last value is not re-
liable because of the size of the sample (Table 2).

Although the number of fruits sampled must be considered, it is evident that the
Buenaventura locations had the largest frequency and diversity of parasitoids ob-
served (Table 1). However, this was influenced by the Pouteria caimito Radlk. sam-
ples; 5 species of parasitoids were observed in this fruit. The most common species
was Doryctobracon zeteki (Muesebeck) (69%). This species, besides being a parasitoid
of A. leptozona, was also associated with A. serpentina, A. striata and A. nunenzae. In
other fruits, D. aereolatus, Aganaspis sp. and Opius sp. were present at 15%, 13% and
3%, respectively. In other municipalities like Dagua, La Cumbre and Jamundi, which
are located in an area with less precipitation, samples of the same species did not
yield any parasitoids, even though there was abundant A. leptozona and A. serpentina
emergence.

TABLE 2. PERCENT OF PARASITISM SEEN IN FRUITS OF NINE SPECIES OF PLANTS AF-
FECTED WITH ANASTREPHA SP. AT FOUR MUNICIPALITIES OF THE DEPART-
MENT OF VALLE DEL CAUCA (COLOMBIA).

Speciesof fruit Number 
Fruit

Number
Flies / Fruit

Number
Parasitoid/Fruit

%
Parasitism

Q. cordata 19 18.80 0.68 3.5
C. caimito 49 4.73 0.78 14.1
B. pentamera 41 1.20 0.15 10.9
P. guajava 72 6.01 0.17 2.7
Inga edulis 1 6.00 10.0 62.5
M. esculenta 32 0.09 0.03 25.0
M. indica 17 3.12 0.41 11.7
C. lineatifolia 64 0.73 0.47 39.0
P. caimito 152 3.80 0.56 12.8
Total 447 3.93 0.46 10.4
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The second species in importance was D. areolatus; besides being a parasite of A.
leptozona Hendel in P. caimito, it was also found in association with other species of
Anastrepha such as A. pickeli Lima, A. striata, A. obliqua and A. coronilli Carrejo y G.
This species is considered the most abundant parasitoid and also the one with the
widest distribution in Costa Rica, where it is a parasitoid of A. obliqua, A. striata, A.
distincta Greene and Anastrepha species that attack Chrysophyllum cainito L. fruits
(Jirón & Mexzon 1989).

In Florida (U.S.A.), after this species was introduced, it was recovered from A. sus-
pensa pupae (Baranowski et al. 1993). According to Canal-Daza et al. (1994), this spe-
cies is distributed in Mexico, Costa Rica, Panamá, Trinidad, Colombia, Venezuela,
Brasil and Argentina, having these hosts: A. bahiensis Lima, A. benjamini Kima, A.
bistrigata Bezzi, A. consobrina (Loew), A. fraterculus, A. leptozona, A. ludens, A. mon-
tei Lima, A. obliqua, A. pickeli, A. pseudoparallela (Loew), A. serpentina, A. striata, A.
sororcula Zucchi, A. suspensa, C. capitata and Rhagoletotrypeta sp. 

Aganaspis was represented by 13 parasitoids that colonized A. leptozona (in P.
caimito) in the municipality of Buenaventura. Phaenocarpa sp. was recovered only
from A. distincta obtained from I. edulis at the same municipality. Apparently it caused
a high percent of parasitism in this area but this should be confirmed with a larger
number of fruits. According to R. Wharton (Dept. of Entomology, Texas A & M Univer-
sity College Station, personal communication) it was not possible to determine to which
of the two neotropical species of this genera it belongs because it is poorly described.
Canal-Daza et al. (1994) reported P. anastrephae attacking A. obliqua in Brasil.

There are many parasitoid species of Tephritidae in the genus Opius. Opius sp.
was not very frequent during this study; the few specimens that were recovered were
associated with A. leptozona in P. caimito in Buenaventura, and it represented only
2.8% of the parasitoids.

According to Canal-Daza et al. (1994) the species Opius bellus Gahan has been re-
ported for Costa Rica, Belize, Panamá, Trinidad, Venezuela, Brasil and Argentina, as-
sociated with some Anastrepha species and other Tephritidae. This distribution
suggests that it is also in Colombia.

The species of Proctotrupoidea has not yet been identified; it was found only in one
of the processed mangos, and although it was abundant, it seems not to be important
because of its small size and the frequency with which it appeared in the fruit. It is a
group for which no specialist is known.

ACKNOWLEDGMENTS

Special thanks to the Colombian Institute of Investigation and Special Projects
“Francisco José de Caldas” (COLCIENCIAS) and to the Universidad del Valle for its
financial support, to Philip Silverstone-Sopkin and Jorge Ramos of the Botanical Sec-
tion, Dept. of Biology, Universidad del Valle, for their important help with identifica-
tion of the host plants, to P. M. Marsh and A. S. Menke (Systematic Entomology
Laboratory of USDA), to Dr. R. Warton (Dept. of Entomology, Texas A & M University
College Station), and to Orlando Grijalva for his help with recovering the parasitoids
at the laboratory.

REFERENCES CITED

ALUJA, M. 1994. Bionomics and management of Anastrepha. Annual Review of Ento-
mology 39: 155-78



118 Florida Entomologist 82(1) March, 1999

ALUJA, M., J. GILLEN, P. CABRERA, E. RIOS, G. DE LA ROSA, H. CELEDON, AND
D. MOTA. 1990. Fruit infesting tephritids (Dip.: Tephritidae) and associated
parasitoids in Chiapas, Mexico. Entomophaga 35(1): 39-48.

BARANOWSKI, R., H. GLENN, AND J. SIVINSKI. 1993. Biological control of the Caribbean
fruit fly (Diptera: Tephritidae). Florida Entomologist 76(2): 245-251.

CANAL-DAZA, N. A., R. A. ZUCCHI, N. M. DA SILVA, AND F. L. LEONEL JR. 1994. Re-
conocimiento de las especies de parasitoides (Hym.: Braconidae) de moscas de
las frutas (Dip.: Tephritidae) en dos municipios del Estado de Amazonas Brasil.
Boletín del Museo de Entomología de la Universidad del Valle. 2(1,2): 1-17.

GONZÁLEZ, R., AND N. S. CARREJO. 1993. Cohabitación por dos especies de Anastrepha
(Dip.: Tephritidae) en frutos de caimito Pouteria caimito (Ruiz y Pavón) Radlko-
fer. Boletín del Museo de Entomología de la Universidad del Valle. 1(2):13-21.

JIRÓN, L. F., AND R. G. MEXZON. 1989. Parasitoid hymenopterans of Costa Rica: Geo-
graphical distribution of the species associated with fruit flies. Entomophaga
34(1): 53-60.

OLARTE, W. 1980. Dinámica poblacional del complejo constituido por las moscas de las
frutas Anastrepha striata y Anastrepha fraterculus, en el medio ecológico del
sur de Santander. Univ. Industrial de Santander, COLCIENCIAS, Bucara-
manga 75 pp.

PORTILLA M., G. GONZÁLEZ, AND L. NUÑEZ. 1993. Infestación, reconocimiento, identi-
ficación de moscas de las frutas y de sus controladores benéficos en el cultivo del
café (Coffea arabica). XX Congreso de la Sociedad Colombiana de Entomología
(Socolen). Resúmenes. p. 88.

WHARTON, R. 1989. Classical biological control of fruit infesting Tephritidae, Pp. 303-
313. In: A. S. Robinson and G. Hooper (eds.). Fruit flies: Their biology, natural
enemies, and control. Elsevier, Amsterdam.



 

Scientific Notes

 

119

MEASURING MITE FEEDING DAMAGE ON AVOCADO LEAVES 
WITH AUTOMATED IMAGE ANALYSIS SOFTWARE

 

V. K

 

ERGUELEN

 

 

 

AND

 

 M. S. H

 

ODDLE

 

Department of Entomology, University of California, Riverside CA 92521

One way of assessing the impact of pathogens or herbivores on host plants is to
measure the area of leaf damaged. Common methods to estimate the area damaged
include counting the number of squares with damage on a grid overlayed on the leaf
surface (Simms 1993) or visually estimating leaf area damaged by comparison with
pictures of leaves with known amounts of damage (Schaffer et al. 1986, Kogan & Tur-
nipseed 1980). These techniques are simple to implement; however, they are not ac-
curate. Injury in the form of either excised or necrotic tissue is often split into several
small areas of various and irregular shapes. Accurate damage estimates require pre-
cise measurements; this may be achieved with automated image analysis techniques
(McMillan & Schwartz 1993, Kokko et al. 1995, Schaffer et al. 1997). In this study we
evaluated the performances of three techniques within a single image analysis soft-
ware package to measure leaf damage caused by a phytophagous mite.

The persea mite, 

 

Oligonychus perseae

 

 Tuttle, Baker and Abbatiello (Acari: Tet-
ranychidae), is a serious pest of avocados, 

 

Persea americana

 

 Miller (Lauraceae) in
California. Mites live and feed inside silk nests on the underside of leaves (Aponte &
McMurtry 1997). Feeding by mites induces necrosis of leaf tissue forming the nest’s
floor resulting in a pattern of small (ca 1-5 mm

 

2

 

) brown spots located primarily along
leaf veins. In order to study susceptibility of various avocado cultivars to O

 

. perseae

 

,
we wanted to quantify mite feeding damage using an image analysis technique to
count brown spots on leaves and calculate percentage of leaf area damaged. To deter-
mine the most accurate technique, we evaluated three measurement methods within
the software package. The software used automatically marked and measured areas
on a scanned leaf image. To determine that the software marked all damaged areas,
we compared results obtained with these three methods with results obtained when
damage was marked manually with the computer mouse on scanned images. Manual
marking was considered the most accurate non automated method of measurement to
which automated methods could be compared.

Mature leaves with 

 

O. persea

 

 feeding damage from the summer of 1997 were col-
lected in February 1998 from an avocado orchard of mixed cultivars grown at South
Coast Experiment Station, Irvine, CA. In the laboratory, 14 leaves were individually
scanned (petiole removed) with a flat bed color scanner (UMAX® Astra 1200S; reso-
lution 400 dpi and 25% size reduction) to obtain true color pictures which were saved
as BMP format files.

Leaf damage was measured with SigmaScan™ Pro 4.02 (Jandel Corporation 1995)
image analysis software. Macros were written to perform automated measurements
of damage on leaves with each of the three methods described below:

(1) 

 

Color-defined marking method (CD):

 

 the program was set to mark all brown ar-
eas (pixels with hue values of 0-35 which was the color of necrotic tissue caused by
mite feeding).

(2) 

 

Filtered color-defined marking method (FC)

 

: the program was set to mark all
brown areas (hue 0-35). Then, marked areas were filtered with a binary erosion filter
to separate fused marked areas into distinct spots.

(3) 

 

Shape-defined marking method (SD)

 

: the program was set to mark all brown
areas (hue 0-35). Then, the shape factor (S) of marked objects was calculated with the
following equation: , where a = area and p = perimeter. Brown areas with S <S

4pa
p2

-----------=
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0.55 were ignored because preliminary measurements showed that S > 0.55 for ne-
crotic spots caused by mite feeding.

For each method, the number of marked spots of areas larger than 1 mm

 

2

 

 (smallest
estimated size of necrotic spots due to mite feeding), was automatically counted, and
the total area marked was measured to compute percentage of leaf area damaged. To-
tal leaf area was measured as the sum of all colored pixels in the picture.

Of the three automated methods, the CD method gave the closest results to the
manual method both for the number of necrotic spots and the percentage leaf area
damaged (Fig. 1). Deviations of automated damage measurements from manual mea-
surement were relatively constant across leaves with all methods (Fig. 2). Only per-
centage area damaged for leaves with very little mite feeding damage but extensive

Fig. 1. (a) Mean number of necrotic spots (+ s.e.) and (b) mean percentage of leaf
area damaged (+ s.e.) by Oligonychus perseae when measured manually or with three
automated image analysis techniques (N =1 4).
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Fig. 2. Linear regression between estimates of damage caused by Oligonychus per-
seae on avocado leaves when measured with one of three automated techniques and
manual measurements. (a) Number of necrotic spots per leaf and (b) percentage area
of leaf damaged. 
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additional damage (e.g. tip burn) tended to be overestimated with CD marking. How-
ever, this problem can be readily overcome by masking the area of non-mite damage
before automated measurements are made. With the manual marking method, 225
necrotic spots were counted per leaf on average (Fig. 1a). The CD, FC, and SD methods
significantly underestimated the average number of spots by 35, 57, and 81%, respec-
tively (Repeated-measures ANOVA, F = 27.36, df = 3, p = 0.0001). The average per-
centage of leaf area damaged was overestimated by 29% with the CD method
compared to the manual method (Fig. 1b). However, percentage of leaf area damaged
was significantly underestimated by 61% with the FC method and by 89% with the SD
method (Repeated-measures ANOVA on Arcsine-transformed data, F = 47.08, df = 3,
p = 0.0001).

Although CD marking underestimated numbers of spots (by merging spots to-
gether) and overestimated the percentage of leaf area damaged (by marking dark
healthy leaf tissue), damage was estimated accurately with this method by applying
correction factors of 0.68 for the number of spots, and 1.21 for the percentage area
damaged to measured values. 

S

 

UMMARY

 

Of the methods tested within the automated image analysis software package,
color-defined marking was the most accurate compared with manual measurements
for measuring mite feeding damage on leaves. This technique will be very useful in
studies involving numerous measurements of leaf damage because it (1) provides re-
liable damage estimates, (2) is fast (<2 min to scan and measure damage on a leaf), (3)
provides a permanent record (pictures stored on disks), and (4) results do not vary
among people because measurements are automated.
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D

 

ALY

 

, H. V., J. T. D

 

OYEN

 

, 

 

AND

 

 A. H. P

 

URCELL

 

. 1998. Introduction to Insect Biology
and Diversity. Oxford University Press, New York. vii + 680 p. ISBN 0-19-510033-6.
Hardback. $70.00.

Not too hot, nor too cold, this general entomology text seems to be just about right.
University of California Berkeley authors Daly, Doyen and Purcell in their 1998 sec-
ond edition of “Introduction to Insect Biology and Diversity” have put together a gen-
eral entomology text with the combination of content, eye appeal and price that
makes switching from any other current text worth the effort. 

Current choices of general entomology texts include books by Evans (1984. Insect
Biology: A Textbook of Entomology, Addison Wesley, Reading, MA. List price $56.75),
Romoser & Stoffolano (1998. The Science of Entomology, 4th edition, Wm. C. Brown,
Dubuque, IA. List price $90.05), Gullan & Cranston (1994. The Insects: An Outline of
Entomology, Chapman & Hall, London. List price $59.95), Elzinga (1997. Fundamen-
tals of Entomology, 4th edition, Prentice-Hall, Upper Saddle River, NJ. List price
$89.00), Borror, Triplehorn & Johnson (Borror et al.) (1989. Introduction to the Study
of Insects, 6th edition, Saunders College Publishing, Philadelphia PA. List price
$86.00) and O’Toole (1995. Encyclopedia of Insects, Facts on File, New York. List Price
$29.95). Though all of these books are designed for a general or introductory entomol-
ogy course, each has strengths and weaknesses that may or may not make it appro-
priate for a particular course. 

Because it appears that the text being reviewed is designed for use in an introduc-
tory entomology course for entomology or other life science majors, what follows are
my evaluations of the texts listed with this target audience in mind. Evans’ book has
been used for several years in the course that I now teach, but is severely out of date.
Gullan & Cranston is an impressive yet economical new book that unfortunately is
too advanced for the target audience. Romoser & Stoffolano is an exhaustive and
rather imposing book that is too overwhelming for most undergraduate students. Elz-
inga has an appropriate content level but is rather plain and unimpressive looking
and is overpriced. Borror et al., though a personal favorite, has too little insect biology
and ecology and too much taxonomy, but is still the choice for courses in insect classi-
fication. O’Toole has too little content overall but is visually spectacular and very ap-
propriate for an introductory entomology course for non-science majors. Daly et al.
comes closer than any of the texts mentioned to achieving the right balance of content
for the specified target audience and at a list price of $70.00, does so in a relatively
economical package. While it in no way approaches the graphic complexity and qual-
ity of a modern general biology text, it is attractive, interesting and relatively easy to
read. 

The text is divided into three parts: 1 Insects as Organisms, 2. Insect Ecology, and
3. Insect Diversity. Part 1. includes six standard chapters on insect anatomy and
physiology-related topics and a chapter on social relationships. Part 2 is composed of
chapters on population biology, adaptations to habitats, plant insect interactions, en-
tomophagous insects, insects and vertebrates, insects and microbes, and pest man-
agement. Part 3 includes a chapter on insect evolution, an order level key, a chapter
on each order. The books final chapter covers insect collection and preservation tech-
niques in a complete yet straightforward and practical manner. Following the final
chapter is a glossary of terms, an extensive list of references cited, and separate tax-
onomic and subject indexes. References are cited within the text and a list of sug-
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gested readings is found at the end of each chapter complete with a description of the
type of work it is and the specific topics covered. 

Because this is the same format as the first edition you may have on your shelf, you
may wonder what is different about the second edition. The first most noticeable
change is that the pages are brighter and easier to read with bold rather than itali-
cized key words and titles, something that makes a huge difference when compared
side by side. Though most of the figures from the first edition remain, many new fig-
ures have been added so that there are few pages of plain text. Forty eight color pho-
tographs of exceptional quality are combined on eight high-gloss pages in the center
of the text. Each page of these photographs represents a single topic such as insect/
plant interactions or protective coloration. These photographs are not only useful
teaching tools but also increase the text’s overall appeal to students by providing
them with needed color relief in an otherwise all black and white text and by inviting
further investigation through the vividness of the images. 

Except for the color plates mentioned, the figures placed throughout the text are
black and white photographs, SEMs, line and shaded drawings, and simple graphs.
The black and white photographs are found under the title at the beginning of each
chapter and scattered throughout the book. The quality of most of these photographs
is excellent, and all effectively depict the intended information, though captions under
some could be more informative. Line and shaded drawings are also mostly of excellent
quality, with some equaling the wonderful drawings found throughout Gullan & Cran-
ston. Unique to this text is a series of simple but highly effective illustrations in which
the insect, for example, is gray except for the structure of interest which is black.

One way the authors have apparently chosen to increase the amount of informa-
tion contained in the text without sacrificing readability or applicability to non-ento-
mology majors is through the use of numerous supplemental tables of information.
These informative tables, placed throughout the text, are nicely laid out and cover
topics ranging from the nutritional requirements of insects to the family characteris-
tics of caddisfly larvae. 

A controversial feature of the text is that forty percent (274 of the 680 pages) is oc-
cupied with the keys and chapters covering the hexapod orders, a far greater propor-
tion than any other general entomology text with the exception of Borror et al. Some
undoubtedly will consider this amount of coverage to be excessive. Others, however,
will find that this text fills a long vacant gap between Borror et al. and other general
entomology texts by simultaneously covering both family level insect classification
and general entomology topics in sufficient depth and breadth. I personally applaud
the decision and find that the text complements perfectly the Peterson Field Guide
used in my course’s laboratory by providing the family level keys, natural history in-
formation, and up-to-date classifications the field guide lacks. In fairness it should be
pointed out that the text by Elzinga also covers the hexapod orders in a similar man-
ner though not as extensively, and that Romoser & Stoffolano provide approximately
the same amount of coverage, but again in a text that is far more advanced and ex-
tensive. 

The chapters on each of the hexapod orders are reminiscent of Borror et al. Each
begins with a black and white photograph of a representative insect followed by a gen-
eral description of the order’s physical appearance, natural history, and economic im-
portance, keys to the common families, their general description, and sufficient line
drawings to illustrate the important physical characters. Although simple, both the
family keys and character illustrations are very good and effective. 

In the insect diversity section of the text, the authors have chosen to give
Hexapoda superclass status and recognize Parainsecta (Protura & Collembola), En-
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tognatha (Diplura) and Insecta as classes. Other areas in which the text deviates from
Borror et al. include the use of the order names Archeognatha and Blattodea instead
of Microcoryphia and Blattaria, lumping Homoptera in with Hemiptera, and splitting
Raphidioptera and Megaloptera from Neuroptera. 

One of the book’s few shortcomings is its failure to address the use of molecular
techniques in entomology. This is a topic that Romoser & Stoffolano dedicate an entire
chapter to in their 4th edition but which is not even given a paragraph in this text. Al-
though this is a topic that can be easily covered using supplemental material, such an
omission is surprising and unfortunate. 

In summary, Daly et al. have produced a text that uniquely meets the needs of an
introductory entomology course for entomology or other life science majors. Unlike
most other texts available, it provides the right amount of content in most areas with-
out overwhelming students with excessive terminology. It is pleasant to read and look
at, has useful color photographs, and is reasonably priced. Best of all it includes
enough taxonomy to be a truly useful identification tool in a laboratory setting and
complements perfectly field guides that may already be used. This combination of fea-
tures and benefits is impressive enough that I am now changing to a new course text.

John T. Zenger
Department of Entomology and
Nematology
University of Florida
Gainesville, Florida 32611-0620

J

 

ANSSON

 

, R. K., 

 

AND

 

 K. V. R

 

AMAN

 

 (eds.). 1991. Sweet Potato Pest Management. A
Global Perspective. Westview Press, Boulder, CO. xv + 458 p. ISBN 81-204-0635-4.
hardback. $85.00.

This edited volume brings together contributions by some of the world’s foremost
experts on sweet potato pests. The contributors to this volume are mostly American,
but there is representation from Africa, Asia and South America, and the perspective
provided reflects much more than the North American view of sweet potato as a minor
or specialty vegetable crop. In this volume “pests” is considered to be insects and nem-
atodes. Plant diseases are considered only in the context of insect vectors; weeds, mol-
luscs, and rodents are not included.

Sweet potato is an important staple food for both humans and livestock in some
parts of the world, ranking as the seventh most important crop world-wide. In this
book, chapters are included on sweet potato in world nutrition and commerce, and the
pest constraints on production. The chapter by D. E. Horton and P. T. Ewell on the so-
cial science perspective to sweet potato pest management is especially informative,
though it perhaps should have been placed at the beginning rather than the end of the
book. 

Throughout the world, 

 

Cylas

 

 weevils are a limiting factor to production. This is
clearly reflected in the content of this book, in which 12 of the 23 chapters are devoted
to these weevils. Such topics as systematics, quarantine, biological control, plant re-
sistance, sampling, chemical ecology, and integrated control are treated in depth.
There is also useful information on the coevolution of weevils in relation to the plant
family Convolvulaceae, and the physiological and yield responses of sweet potato to
insect injury. Although three chapters are devoted to host plant resistance and the ef-
forts to develop useful levels of resistance, it is evident that the rate of progress has
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been disappointing. This is particularly important because in many countries of the
world this is the only feasible, economic solution to pest protection. The application of
pheromone and entomopathogenic nematode technology, though interesting, is not af-
fordable or available in most locations.

Other pests included in this book are another weevil, 

 

Euscepes postfasciatus

 

; wire-
worms, vine borers, disease vectors, nematodes, and some relatively minor North
American pests such as white grubs and cucumber beetles. This publication is clearly
the best source of information on insect pests of sweet potato, and is essential for any-
one working with sweetpotato weevil, 

 

Cylas formicarius

 

.
This book is well edited, and seemingly free of typographical errors. The figures,

including photographs, are clear. It is a rich source of references, which are arranged
by chapter. A useful and comprehensive index is included.

John L. Capinera
Department of Entomology and
Nematology
University of Florida
Gainesville, Florida, 32611

P

 

ECK

 

, S. B., 

 

AND

 

 M. C. T

 

HOMAS

 

. 1998. A Distributional Checklist of the Beetles
(Coleoptera) of Florida. Arthropods of Florida and Neighboring Land Areas 16: i-viii,
1-180. From: Florida State Collection of Arthropods, P.O. Box 147100, Gainesville, FL
32614-7100, $5.25 + $1.74 for post and packing ($2.32 abroad).

In this up-to-date checklist, the compilers state that they provide the scientific
names of 4,675 species of Coleoptera and 11 of Strepsiptera now known or thought to
occur in Florida. They note that the list is yet incomplete, and will grow as species
names are added. The British fauna, for comparison, includes just under 4,000 species
of Coleoptera and 15 of Strepsiptera in a larger land area (Pope 1975). 

The arrangement of the checklist is phylogenetic (so far as is possible) between the
levels of tribe and order, but alphabetical for names of genera within tribes and spe-
cies within genera. There is an alphabetical index of names of genera at the end of the
checklist. Following the listing of each family are given some references from the lit-
erature. After the name of each species is given its colloquial name, if one exists. Also
is given for each species its general distribution within the USA (and in other major
land areas where relevant), and its distribution by county within Florida (so far as
was known to the compilers). For a few of the species are given some comments on the
habitat and/or food of adults and/or larvae.

A note is made for those species known only from Florida, labelling them “en-
demic” (elsewhere called precinctive). Likewise, a note is made for those species be-
lieved to be adventive (the vogue expression for this word in the early 1990s in the
USA was “non-indigenous”). The two subcategories of adventive are immigrant
(meaning arrived by entirely natural means, or at least without deliberate help from
humans, and thus an undocumented arrival), and introduced (meaning introduced
deliberately by humans, and thus a documented arrival). One strepsipteran species
was introduced to Florida in the 1950s, for purposes of biological control, but may al-
ready have been present. Few coleopteran species have been introduced successfully,
but a couple of hundred are immigrant.

The value of this checklist is evident to anyone who works with the Florida insect
fauna. I, for one, wish there were similar checklists for all other orders of insects in
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Florida, and I congratulate the compilers for their effort. Because of frugal printing
budgets, we are unlikely to see a revised, expanded version for decades (consider, after
all, how many years this checklist has been awaited). Therefore, I would like to see
this checklist published on the internet, which could be done for vastly less cost than
the cost of printing and distribution on paper. Then, the compilers or their successors
could make additions and corrections as needed, to keep the checklist current. If they
take this step, they might consider five changes to it, as follows:

1. Each species name is followed by the name of its author, but without the date of
description and without reference(s) to the literature. These things should be added
for the convenience of users.

2. The compilers have not deemed it necessary to provide a reference to a specialist
publication reporting each species from Florida. However, checklists may by error list
species that do not occur in the area in question (in this instance, Florida), and such
errors tend to be perpetuated in the literature because subsequent workers have dif-
ficulty in refuting the entry. An example is 

 

Steirastoma brevis

 

 Sulzer (p. 122) whose
presence in Florida is questionable according to the compilers. Please tell us: who re-
ported it for Florida and in what publication? With that information, we might be able
to track specimens upon which the record is based, and then either confirm the record
or refute it.

3. I am unenthusiastic about the inclusion of unnamed species such as 

 

Eulimnich-
ius

 

 sp. (p. 68) and 

 

Eurysphindus

 

 n. sp. (p. 87). I think the appropriate time to include
them is after they have been characterized in the literature, and notes about them
should until then remain in the files of specialist taxonomists. Publication of species
names in the primary literature brings with it a much higher level of certainty about
the true identity, plus a description or reference to one, plus information on distribu-
tion and habitat. 

4. I am unenthusiastic about listing species as probably occurring in Florida
“based on their occurrence in neighboring states” (p. 1). I think it far better to defer
such listings until the primary literature reports occurrences. This checklist denies
incentive for anyone to bother to publish a report finding in Florida a species that is
already mentioned here, no matter that there may previously have been no confirmed
record. 

5. I am unenthusiastic about listing subspecies on an equal ranking with names of
species. For example, 

 

Onthophagus polyphemi polyphemi

 

 and 

 

Onthophagus poly-
phemi sparsisetosus

 

 are listed (p. 57) just as if they were species. I think it would have
been more appropriate to list the species name 

 

Onthophagus polyphemi

 

 with its au-
thor and distribution and, under that heading, to list the two subspecies with their in-
dividual distributions. My major point is that studies of most Coleoptera in Florida
are still at the species level, so that subspecies have not yet been discriminated. My
minor point is that by listing the two subspecies separately, as if they were species,
the compilers may have inflated the apparent number of species in Florida.

Items 2-5 above blur the edges of an accurate species list for Florida and make me
aware that the number of species actually reported for Florida probably is less than
4,675. I have not counted. This checklist adds a huge amount of information to what
was scattered in the literature. Unfortunately, it does not discriminate between what
is new (was listed first here) and what was in the primary literature, nor does it spec-
ify where to look in the primary literature, making verification of records difficult. 

J. H. Frank
Entomology & Nematology Dept.
University of Florida
Gainesville, FL 32611-0630
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 (eds.). 1998. Recent Advances in Arthropod En-
docrinology. Cambridge University Press; Cambridge. xvi + 406 p. ISBN 0-521-59113-
9. Hardback. $110.

Recent Advances in Arthropod Endocrinology deals with a wide range of hormon-
ally controlled systems including metamorphosis, metabolism, reproduction, excre-
tion, ion transport, and neuropeptides. There are 18 chapters written by a
combination of 48 authors. The chapters are allocated to four sections: Part I: Molting,
metamorphosis and reproduction; Part II: Control of intermediary metabolism, and
ion and water balance; Part III: Myotropic and myoinhibitory arthropod neuropep-
tides, and Part IV: Peptidases, peptide and pseudopeptide mimetics. There is an in-
dex. The book grew out of a 2-day symposium held in 1996 as part of the annual
meeting of the Society for Experimental Biology. 

One very useful aspect of the book is the comparative nature of reviews of endo-
crine systems in crustaceans (5 chapters on growth and reproduction neuropeptides,
hypoglycemic hormone, ecdysteroid synthesis, regulation of steroidogenesis, and neu-
ronal networks and functions in arthropod evolution), acarines (only 1 chapter), and
insects (most of the information in 12 chapters).    

Part I contains reviews of insect allatostatic peptides, endocrine controls of insect
vitellogenesis, neuropeptides inhibiting growth and reproduction in crustaceans,
crustacean hyperglycemic hormones, ecdysteroid synthesis and regulation in crusta-
ceans, and endocrine regulation of development and reproduction in acarines. 

All four chapters in Part II deal with insects—two chapters on adipokinetic hor-
mones, and one each on urine production and ion transport in insects. 

Four of the five chapters in Part III deal primarily with insect neuropeptides, and
one explores crustacean cardioactive peptide (CCAP) in crustaceans, insects, other ar-
thropods, and some non-arthropod invertebrates. There are excellent reviews of the
dipteran callatostatins, tachykinin-related peptides, FLRFamide and related pep-
tides, and crustacean cardioactive peptide. 

Part IV contains only two chapters—one on insect angiotensin-converting enzyme
and the other on mimetic analogs of the myotropic and diuretic insect neuropeptides. 

The book is a useful addition to the library of invertebrate physiologists, biochem-
ists, and endocrinologists, and is a valuable comparative work for vertebrate endocri-
nologists. True to its title, it describes recent advances, and little background is
provided on what has led to the current state of knowledge. Thus, it is likely to be dif-
ficult reading for the non-specialist or uninitiated. 

James L. Nation
Professor
Department of Entomology and
Nematology
University of Florida
Gainesville, FL 32611-0620
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C
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, G. M., 

 

AND

 

 S. G. W

 

EBSTER

 

 (eds.). 1998. Recent Advances in Arthropod En-
docrinology. Cambridge University Press; Cambridge. xvi + 406 p. ISBN 0-521-59113-
9. Hardback. $110.

Recent Advances in Arthropod Endocrinology deals with a wide range of hormon-
ally controlled systems including metamorphosis, metabolism, reproduction, excre-
tion, ion transport, and neuropeptides. There are 18 chapters written by a
combination of 48 authors. The chapters are allocated to four sections: Part I: Molting,
metamorphosis and reproduction; Part II: Control of intermediary metabolism, and
ion and water balance; Part III: Myotropic and myoinhibitory arthropod neuropep-
tides, and Part IV: Peptidases, peptide and pseudopeptide mimetics. There is an in-
dex. The book grew out of a 2-day symposium held in 1996 as part of the annual
meeting of the Society for Experimental Biology. 

One very useful aspect of the book is the comparative nature of reviews of endo-
crine systems in crustaceans (5 chapters on growth and reproduction neuropeptides,
hypoglycemic hormone, ecdysteroid synthesis, regulation of steroidogenesis, and neu-
ronal networks and functions in arthropod evolution), acarines (only 1 chapter), and
insects (most of the information in 12 chapters).    

Part I contains reviews of insect allatostatic peptides, endocrine controls of insect
vitellogenesis, neuropeptides inhibiting growth and reproduction in crustaceans,
crustacean hyperglycemic hormones, ecdysteroid synthesis and regulation in crusta-
ceans, and endocrine regulation of development and reproduction in acarines. 

All four chapters in Part II deal with insects—two chapters on adipokinetic hor-
mones, and one each on urine production and ion transport in insects. 

Four of the five chapters in Part III deal primarily with insect neuropeptides, and
one explores crustacean cardioactive peptide (CCAP) in crustaceans, insects, other ar-
thropods, and some non-arthropod invertebrates. There are excellent reviews of the
dipteran callatostatins, tachykinin-related peptides, FLRFamide and related pep-
tides, and crustacean cardioactive peptide. 

Part IV contains only two chapters—one on insect angiotensin-converting enzyme
and the other on mimetic analogs of the myotropic and diuretic insect neuropeptides. 

The book is a useful addition to the library of invertebrate physiologists, biochem-
ists, and endocrinologists, and is a valuable comparative work for vertebrate endocri-
nologists. True to its title, it describes recent advances, and little background is
provided on what has led to the current state of knowledge. Thus, it is likely to be dif-
ficult reading for the non-specialist or uninitiated. 

James L. Nation
Professor
Department of Entomology and
Nematology
University of Florida
Gainesville, FL 32611-0620
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H

 

RUSKA

 

, A. J., 

 

AND

 

 M. L. P

 

AVON

 

 (eds.). 1997. Transgenic Plants (

 

Bacillus thuring-
iensis

 

) in Mesoamerican Agriculture. Zamorano Academic Press, Tegucigalpa, Hondu-
ras, Central America [Available both in English and Spanish]. ISBN 1-885995-41-5
Paperback. iii + 127 p. $15 + $5 mailing from Libreria Zamorano, Box 93, Tegucigalpa,
MDC, Honduras, Central America.

This small paperback book presents information about integrating pesticidal
transgenic crops into Mesoamerican agriculture. It includes an introduction by Allan
Hruska regarding the future and status of transgenic crops in Mesoamerican agricul-
ture, chapters by Fred Gould (an overview of integration issues), Wendy Gelerntner
(development and commercialization status), J. Antonio Serratos Hernandez (field
test regulations for transgenic plants in Mexico), Allison Snow (potential for gene flow
between transgenic crops and wild relatives), Alex May Montero (transgenic plant
regulations in Costa Rica), Mark Whalon and Deborah Norris (resistance manage-
ment recommendations for Mesoamerica), Guillermo Carrillo Castaneda (research
and development in agro-biotechnology), Tracy Johnson (effects of transgenic plants
on agroecosystems), Martha Willcox and David Bergvinson (issues regarding Bt corn
in Mexico), and a final chapter on “conclusions and recommendations” that came out
of the workshop hosted by the Panamerican College of Agriculture, Zamorano, in Hon-
duras in May of 1996.

The book is well written and would serve to introduce undergraduate and gradu-
ate students to the biological, ecological, social, and political issues surrounding the
deployment of transgenic crops (especially those containing the 

 

Bacillus thuringiensis

 

(Bt) toxic gene(s)), not only in this region but elsewhere. Few issues were raised that
are irrelevant to the use of transgenic crops in agricultural systems throughout the
world. As pointed out by Fred Gould on the cover of the book, “There is little doubt
that pesticidal plants will get to the marketplace in Mesoamerica. Without interven-
tion by the public sector, the plants that reach the marketplace, and the way these
plants are used could be very inappropriate.”

The workshop participants came to several conclusions and made recommenda-
tions, including: (a) it is important that the correct Bt toxin genes are used against
Mesoamerican pests; certain crops (such as tomato) are high priority crops for re-
search because pesticides are used frequently on this crop; various agencies (interna-
tional and universities) should develop and evaluate transgenic crops in the region so
that appropriate technologies are available for the region; development of multi-gene,
multi-toxin transgenic plant material should be a high priority to ensure durable use;
transgenic plants that offer resistance to multiple crop problems should be developed;
appropriate use of transgenic crops in Mesoamerica should be encouraged; resistance
management programs are essential if Bt sprays (an important IPM tool) are not to
be lost; resistance management strategies recommended include the combination of
high dose and refuges. In addition, recommendations were made regarding training
and dissemination of relevant information throughout Mesoamerica and follow-up re-
sponses by countries and groups. A final plea was made to harmonize laws, regula-
tions, and policies regarding the use of transgenic plants throughout Mesoamerica.

Marjorie A. Hoy
Department of Entomology and
Nematology
University of Florida
Gainesville, Florida 32611-0620
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Presidential Address

80th Annual Meeting of The Florida Entomological Society

 

David G. Hall

It is a privilege and honor to stand before you today as President of the Florida En-
tomological Society and to open our 80th Annual Meeting. As you know, I accepted the
presidential gavel prematurely last fall when newly-installed President Everett
Mitchell had to step down due to a serious health problem.

Dr. Mitchell’s health had been improving to the point that he planned to attend our
annual meeting this year. Everett informed me last week that his doctors wanted to
put him in the hospital for further treatments, preventing him from attending our
meeting. I am happy to report that Everett’s attitude is very positive. I know you will
keep him in your prayers.

When I took over this office last fall, Everett had already organized much of what
needed to be done, making my job fairly easy—and I got out of the president-elect’s re-
sponsibility of putting together this year’s technical program. That burden shifted to
Dr. Joe Funderburk, and he has done a fine job.

Dr. Mitchell once referred to the office of FES President as a coveted position. I cer-
tainly agree with Dr. Mitchell. After all, ours is without question one of the finest en-
tomological organizations in the world. 

FES is unique in many respects.

Our journal, the 

 

Florida Entomologist

 

, is one of the most-respected entomological
research publications in the U.S. and currently the only entomology journal on the In-
ternet (thank you, Dr. Tom Walker). All major university libraries subscribe to our
journal, and it has most fittingly been dubbed “An International Journal for the Amer-
icas.” 

Our Society’s Annual Meetings feature excellent scientific presentations and bring
internationally acclaimed scientists together each year. We offer the prestigious “Pio-
neer Lectures” like those you will hear this morning by Dr. Knipling and Mr. Baum-
hover. In general, FES members share a special camaraderie, and our once-every-five
year Caribbean Conference has expanded our base.

At the heart of FES is education, the sharing of information pertaining to arthro-
pods. But our Society’s role in education goes beyond the sharing of information
through our journal and meetings. 

Each year, we encourage students of entomology to present papers at the annual
meeting, and the caliber of these student presentations is almost always outstanding
(I’ll see you at the student paper session on Wednesday). We also offer annual travel
grants and mini-grants to students, and two student appointees serve each year on
the Society’s Executive Committee with full voting privileges. 

Another example of our commitment to education is FES support of science fairs.
For the second year in a row, Gary Leibee and Moh Ling Kok-Yokomi served as judges
to select the best projects in entomology at the Florida State Science and Engineering
Fair. Vicky Buckles won the Senior Special Award for her project entitled ‘Can the Pat-
tern of 

 

Leucauge venusto 

 

Webs be Used to Indicate Environmental Contamination?’
Amanda Rebecca Zeiler won the Junior Special Award for her project “Which Color or
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Pattern Attracts the Most Insects?’ These winners will be present on Wednesday with
their projects. Please go by and welcome them.

FES interest and active involvement has increased with respect to educating the
general public about entomology. For example, for the second year in a row, FES mem-
bers participated in the Annual Insect Encounters Exhibition at the Florida State
Fair in Tampa. This large exhibit of live arthropods was extremely popular among
fair-goers. In particular, I commend Mary Jo Hayes for her leadership in this exhibi-
tion. 

As another example of our Society’s interest in educating the general public, we re-
cently worked with the Department of Entomology & Nematology at the University of
Florida to develop an informative poster about insects for primary school students.
Many of the posters have been sent to county school districts for distribution among
classrooms in Florida.

Each year FES offers an award for an outstanding elementary or high school
teacher promoting entomology. This year’s award-winning teacher will be honored
Wednesday evening at our banquet.

Our Society has been on the right track with respect to education, and we must
continue our endeavors in this arena. After all, entomological problems continue to af-
fect our welfare, and by educating each other and the public about these problems, we
stand a better chance defeating insects like the medfly, the Formosan termite, the
West Indian weevil 

 

Diaprepes, 

 

and the brown citrus aphid. Through education, we
stand a better chance of helping the general public implement true IPM programs.

Our excellent journal, our annual meetings, and our commitment to education -
these are some of the reasons entomologists like Dr. Mitchell and myself hold so much
respect for the Florida Entomological Society. It has truly been an honor for me to
have served as President, and I thank you for the privilege.
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EIGHTIETH ANNUAL BUSINESS MEETING OF THE FLORIDA 
ENTOMOLOGICAL SOCIETY

 

The 1996-97 Annual Business Meeting was called to order by President David Hall
at 5:40 p.m., August 5, 1997, at the Adam’s Mark Hotel, Daytona Beach, Florida.
There were 44 members in attendance. Approval of minutes from the 1996 business
meeting held at the Sheraton Sand Key, published in the 

 

Florida Entomologist

 

 80(1):
105- 111, was motioned by Russ Mizell, seconded by Abe White, and unanimously ac-
cepted. Final reports from standing committees of the Society were presented. Out-
going President Hall handed the gavel over to incoming President Joe Funderburk.
The first 1997-98 Executive Committee meeting was tentatively scheduled to be held
September 11, at 10:00 a.m. in Gainesville. The meeting adjourned at 6:50 p.m.
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 31, 1996

INCOME:
Operating Income

Membership Dues 8,675.00
Subscriptions 7,632.00
Annual Meeting 10,725.00
Miscellaneous  221.64

Total Operating Income 27,253.64

Other Income - Interest Income  3,041.54

Total Income 30,295.18

EXPENSES
Business Manager Salary 11,693.24
Editor Salary 1,876.95
Other Labor 795.68
Office Expenses 290.99
Postage 354.80
Grants/Scholarships 2,500.00
Journal Printing 1,435.25
Newsletter Expenses 105.98
Editing 1,554.59
Miscellaneous 48.35
Dues and Subscriptions 112.50
Bank Charges 312.38
Student Activities 700.00
Refunds 175.00
Licenses and Permits 61.25
Honors and Awards 302.65
Annual Meeting1 0,492.17

Total Expenses 32,811.78

NET INCOME 2,516.60

T

 

ERESA

 

 D

 

U

 

C

 

HENE

 

, B

 

USINESS

 

 M

 

ANAGER



 

Edited Minutes—80th Annual Meeting

 

133

 

S

 

TANDING

 

 C

 

OMMITTEE

 

 R

 

EPORTS

 

R

 

EPORT

 

 

 

OF

 

 P

 

UBLICATIONS

 

A total of 629 pages were published in Volume 79 (1996) including: Two Symposia
with a total of 15 papers, 45 research reports, 16 scientific notes, 7 book reviews, one
In Memoriam, the First Pioneer Lecture Award, the Minutes of the 1995 Annual
Meeting and Articles of Incorporation and Revised Bylaws of the Florida Entomolog-
ical Society.
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During 1997, the Public Relations Committee began a new procedure of outreach
to non-FES members. We were able to submit an announcement of the meeting so
that the Bulletin of the Entomological Society of America could list it. This was accom-
plished just in time to get an announcement in the final issue before the meeting. Also,
we constructed a quarter-page ad for the 

 

American Entomologist

 

. This also was final-
ized just in time for the issue that shipped about three weeks ahead of the meeting.
Apparently, there was positive response, as Dr. Funderburk received additional in-
quiries from non-members outside of Florida seeking additional information on the
1997 program. Our plans for 1998 include early development of information release
through these two conduits, and to announce the FES website address when it be-
comes available.
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The annual program for the Eightieth Annual Meeting of the Florida Entomolog-
ical Society consisted of 85 oral papers including 48 symposia papers, 12 student com-
petition papers, and 25 submitted papers. Additionally, there were 8 poster papers, a
termite workshop and the Pioneer Lecture (E. F. Knipling and A. Baumhover). Sym-
posia topics at the meeting were: Behavioral Ecology; Systematics; 

 

Diaprepes abbre-
viatus

 

; urban entomology; and IPM-compatable insecticides. The Presidential
Address was given by David Hall. Six full-page advertisements were included in the
final printed program, generating $660 to cover costs of printing and mailing.

J. F

 

UNDERBURK

 

 (C

 

HAIRMAN

 

)

Local Arrangements

The Eightieth Annual Meeting of the Florida Entomological Society was held at
the Adam’s Mark Hotel in Daytona Beach, FL. There were 158 registrants, 26 of
whom were students. A total of 184 attended the banquet. 
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)

1999 Meeting Site / Caribbean Conference Committee

The site selection representatives for the Florida Entomological Society—Teresa
DuChene (Business Manager), Lance Peterson (Vice-President)—visited the prospec-



 

134

 

Florida Entomologist

 

 82(1) March, 1999

 

tive 1999 meeting sites in Puerto Rico during June 10

 

th

 

-14

 

th

 

 to inspect the three sites
offering favorable facilities and room rates. The Caribe Hilton was selected as the site
for the 1999 Caribbean Conference of the Florida Entomological Society. This hotel is
located near the popular Condado shopping and dining area in San Juan and is close
to the Old San Juan historical district. The hotel also has a fine beach, a 17-acre gar-
den, two fresh water swimming pools, several restaurants and good meeting facilities.
The meeting dates are set for July 25-19. The standard room rate will be $115. The
committee feels the site offers our membership the opportunity for another interest-
ing and memorable Caribbean Conference. Information on the Caribe Hilton and on
activities in Puerto Rico were made available to members at the 1998 Annual Meeting
at Sanibel.
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As of August 3, 1998, we have 367 regular, 72 student, 44 sustaining, and 182 sub-
scription/institutional members. These numbers represented a 10% increase in regu-
lar memberships and a 36% increase in student memberships over 1996-97. The
committee sent letters to department heads at all biology-oriented departments at all
Florida colleges and universities inviting memberships. Half-page ads (free) were
placed in the two state trade magazines (PCO and Advantage) associated with the
pest control industry. Another free ad was scheduled to appear in “Wingbeats”, the of-
ficial newsletter of the Florida Mosquito Control Assn. A set of guidelines for the
Membership Committee was compiled and turned into the Executive Committee.
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This year the Florida Entomological Society is proud to recognize and honor 29 in-
dividuals for their achievements and contributions to the discipline of entomology and
to the Society.

Entomologist-of-the-Year
John L. Capinera

As Chairman of the Department of Entomology and Nematology, University of
Florida, John L. Capinera has administrative responsibility for the research, teach-
ing, and extension functions of 31 faculty and approximately 100 undergraduate and
75 graduate students in Gainesville. He also provides disciplinary support for 41 fac-
ulty at the research and education centers statewide and represents entomology to
state agencies, commodity groups, and the general public. His visionary leadership
has resulted in significant enhancement of the research, teaching, and extension func-
tions of our large and complex department. Notably, John has been a leader in encour-
aging the use of technology (e.g., teaching on the World Wide Web and initiating
development of a “Featured Creatures” Web site to serve as an information base on in-
sects for extension and the citizens of Florida). He took faculty development leave to
learn more about the extension function of the department. He has also established
an industry advisory group to assist the department in being more responsive to the
needs of the state. In addition to his administrative responsibilities, John has con-
ducted important grant-funded research in the biological control of vegetable insects
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and served as major advisor to seven graduate students during the last five years. For
his leadership role in entomology throughout the State of Florida, the Florida Ento-
mological Society proudly presents the Entomologist-of-the-Year Award for 1998 to
John L. Capinera.

Achievement Award for Research
Dov Borovsky 

Dov Borovsky has been studying the physiology of blood feeding by mosquitoes at
the Florida Medical Entomology Lab at Vero Beach, Florida. He identified the hor-
mone that regulated digestion in mosquitoes. He was able to clone this hormone and,
with the help of William O. Dawson at the Citrus Research and Education Center at
Lake Alfred, Florida, use tomato mosaic virus to produce the hormone. Further, he
has been able to insert the hormone into 

 

Clorella

 

 algae, which allows not only for
propagation but protection from degradation. The patents have been purchased and
the product is under the early stages of commercial development. This is a nice in-
stance of how fundamental research can translate into useable products, and likely
will result in an entirely new class of insecticides. For these contributions to the sci-
ence of entomology, the Florida Entomological Society proudly presents the 1998
Achievement Award for Research to Dov Borovsky.

Achievement Award for Extension
John L. Capinera

John L. Capinera took a sabbatical during 1997 to conduct working visits to many
of the county extension offices and research and education centers throughout Flor-
ida. The purpose of his sabbatical was to gain firsthand knowledge of the strengths
and weaknesses of the extension system in Florida, and to improve communication
between county extension and the main campus. During his sabbatical he recognized
that many county extension agents do not have entomological backgrounds, yet are
frequently required to answer entomological questions. Therefore, he established a
web page, “Featured Creatures” (GNV.IFAS.UFL.EDU/~INSECT/), for callers. He has
continued his involvement with county extension and recently conducted a workshop
for master gardeners on insect identification. His commitment and dedication to im-
proving extension entomology greatly benefits the people of Florida. For these out-
standing accomplishments, the Florida Entomological Society proudly presents John
L. Capinera with the 1998 Achievement Award for Extension.

Achievement Award for Industry
J. B. (Buster) Pratt

Buster has been instrumental over the last five years in assisting the citrus, sug-
arcane, ornamental and nursery industries fight one of the most important insect
pests in the State of Florida, the weevil, Diaprepes abbreviatus. Stimulated by the
site of citrus groves in central Florida that were dying out due to the weevil, Buster
has led the State’s fight against the weevil problem. Buster formed the growers’ Di-
aprepes Task Force, a group endorsed by the State of Florida through the Office of the
Commissioner of Agriculture. Through the Task Force, Buster has devoted countless
hours helping growers understand the Diaprepes problem and encouraging research
entomologists to find solutions. He has worked hard to help University and Govern-
mental administrators understand the economic importance of the weevil. During
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1996, Buster and his Task Force campaigned for increased USDA funding toward re-
search on the weevil problem and, as a result, the Federal House Appropriations Com-
mittee directed an additional $400,000 annually toward finding a solution to the
weevil problem. He has held numerous meetings, workshops, and field days to bring
growers, researchers and administrators together to discuss this important pest. For
his efforts and dedication in the fight against Diaprepes abbreviatus, the Florida En-
tomological Society proudly presents Buster Pratt with the 1998 Achievement Award
for Industry.

Achievement Award for Team Research
Marinus van de Vrie, James F. Price, and Gordon C. DeCou

Marinus van de Vrie, James F. Price, and Gordon C. DeCou were responsible for
developing and implementing a biological control program for the management of spi-
der mites on strawberries. The program is based upon scouting, timed releases of pre-
daceous mites, and applications of selective pesticides. During the 1997-98 season,
about 13% (800 acres) of the strawberry acreage was under biological control. Another
13% of the acreage was scouted but not under biological control. Without the efforts
of this team, no strawberries would be scouted or under biological control. For their
significant contributions to the advancement of IPM for strawberries, the Florida En-
tomological Society proudly presents Marinus van de Vrie, James F. Price, and Gor-
don C. DeCou with the 1998 Achievement Award for Team Research.

Achievement Award for Education (K-12)
Vicki Crisp

Vicki Crisp was a participant in Dr. Donald W. Hall’s 1996 NSF-sponsored summer
science institute in insect field biology for middle school teachers. Vicki was transferred
out of the traditional classroom setting by the Putnam County School Board to her cur-
rent position as Project Coordinator for the Northeast Florida Educational Consor-
tium. In this capacity, she trains teachers from 19 north Florida counties to teach
environmental biology. She also conducts summer science workshops for K-12 children.

Vicki utilizes hands-on insect activities in many of her workshops with both teach-
ers and children. Vicki has been extremely effective in the education of both science
teachers and students of north Florida in entomology and environmental education.
For her creativity and commitment to education, the Florida Entomological Society
proudly presents Vicki Crisp with the 1998 Achievement Award for Education (K-12).

Achievement Award for Higher Education
Paul M. Choate

Paul M. Choate has made major contributions toward the education of 100 under-
graduate majors and many of the graduate students in the Department of Entomol-
ogy and Nematology at the University of Florida. Although it is not part of his job
description, he has voluntarily taken responsibility for teaching laboratory sections of
both the Principles of Entomology and Insect Classification courses. This has required
many hours in addition to his normal assigned responsibilities. He has worked hard
to develop laboratory exercises that teach not only content (i.e., facts) but also chal-
lenge the students to think. For his dedication and excellent teaching contributions to
the profession of entomology, the Florida Entomological Society proudly presents Paul
M. Choate with the 1998 Achievement Award for Higher Education.
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Presidential Recognition Award
Patrick Greany

The Florida Entomological Society recognizes Patrick Greany for leadership and
devotion in the development of the Florida Entomological Society website.

Presidential Recognition Award
Thomas J. Walker

The Florida Entomological Society recognizes Thomas J. Walker for leadership and
devotion in the publication of all issues of Florida Entomologist on the Internet.

Presidential Recognition Award
Ellen M. Thoms

The Florida Entomological Society recognizes Ellen M. Thoms for development of
the Florida Entomological Society operating guidelines.

Presidential Recognition Award
Joseph E. Eger

The Florida Entomological Society recognizes Joseph E. Eger for development of
the Florida Entomological Society operating guidelines.

Presidential Recognition Award
Clayton W. McCoy, Jr.

The Florida Entomological Society recognizes Clayton W. McCoy, Jr. for leadership
and devotion in launching the Pioneer Lecture Award.

Recognition of the President
Joseph E. Funderburk

The Society recognizes our outgoing president, Joseph E. Funderburk, for out-
standing dedicated service as President of the Florida Entomological Society for 1998,
culminating in the 81

 

st

 

 Annual Meeting.

Certificates of Appreciation

 

Moh Leng Kok-Yokomi

 

 for outstanding service to the benefit of the Society and the
profession of entomology as Special Awards Judge for the 43

 

rd

 

 Annual State Science
and Engineering Fair of Florida.

 

Ellen M. Thoms

 

 for outstanding service to the benefit of the Society and the pro-
fession of entomology as Special Awards Judge for the 43

 

rd

 

 Annual State Science and
Engineering Fair of Florida.

 

Joseph E. Eger

 

 for outstanding service to the benefit of the Society and the profes-
sion of entomology as Special Awards Judge for the 43

 

rd

 

 Annual State Science and En-
gineering Fair of Florida.

 

Andrew K. Rasmussen

 

 for outstanding service to the benefit of the Society and pro-
fession of entomology as Student Member of the Executive Committee.
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Christopher Tipping

 

 for outstanding service to the benefit of the Society and pro-
fession of entomology as Student Member of the Executive Committee.

 

Lois Wood

 

 for outstanding service as Co-Editor of the Newsletter of the Florida En-
tomological Society.

 

Nancy Epsky

 

 for outstanding service as Co-Editor of the Newsletter of the Florida
Entomological Society.

 

Joseph L. Knapp

 

 for outstanding service to the benefit of the Society and profes-
sion of entomology as Associate Editor of the Florida Entomologist.

 

Sanford D. Porter

 

 for outstanding service to the benefit of the Society and profes-
sion of entomology as Associate Editor of the Florida Entomologist.

 

John M. Sivinski

 

 for exemplary service as Chairman of the Program Committee
for the 81

 

st

 

 Annual Meeting of the Florida Entomological Society.

 

Lance G. Peterson

 

 for exemplary service as Chairman of the Local Arrangements
Committee for the 81

 

st

 

 Annual Meeting of the Florida Entomological Society.

 

Guangye Hu

 

 for outstanding service to the benefit of the Society and the profession
of entomology as Chairman of the Student Activities Committee.

 

Jerome A. Hogsette

 

 for outstanding service to the Society as Chairman of the Com-
mittee for Tax Exempt Status.

 

Mary Jo Hayes

 

 for outstanding service to the benefit of the Society and the profes-
sion of entomology as Secretary of Florida Entomological Society.

 

John M. Petti

 

 for outstanding service to the benefit of the Society and the profes-
sion of entomology as Secretary of the Florida Entomological Society.

 

Joseph E. Funderburk

 

 for his leadership in guiding the Florida Entomological So-
ciety “on-line.”

Certificates of Achievement:

 

Stephanie M. Dodson

 

 of St. Michael Lutheran, Fort Myers, Florida for outstanding
achievement as recipient of the 1998 Florida Entomological Society Special Award in
the Junior Section of the 43

 

rd

 

 State Science and Engineering Fair of Florida for her
project 

 

How to please the bees

 

. Stephanie’s project also won Second Place in the Be-
havioral and Social Sciences category at the SSEFF. Stephanie received $100 in cash
and an invitation to the 81

 

st

 

 Annual Meeting of the Florida Entomological Society. 

 

Vicky P. Buckles

 

 of Palatka High School, Palatka, Florida for outstanding achieve-
ment as recipient of the 1998 Florida Entomological Society Special Award in the Se-
nior Section of the 43

 

rd

 

 State Science and Engineering Fair of Florida for her project

 

Can the pattern of Leucauge venusta webs be used to indicate environmental contam-
ination: phase III.

 

 Vicky’s project also won First Place in the Zoology category at the
SSEFF. Vicky received $100 in cash and an invitation to the 81

 

st

 

 Annual Meeting of
the Florida Entomological Society.

F. A. J

 

OHNSON

 

, F. W. H

 

OWARD

 

, G. L. L

 

EIBEE

 

 (C

 

HAIRMAN

 

).

R

 

EPORT

 

 

 

OF

 

 N

 

OMINATIONS

 

 C

 

OMMITTEE

 

The Nominating Committee submitted the following slate of nominees for 1998-99
FES offices:

President: John Sivinski
President-Elect: Lance Peterson
Secretary: John Petti
Vice-President: Pat Greany

Dan Wojcik
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Executive Committee Member at Large: Jim Carpenter
Julie Stavisky

There were a total of 47 ballots returned from FES members. John Sivinski was
elected President, Lance Peterson was elected President-Elect, John Petti was elected
Secretary, Pat Greany was elected Vice-President, and Julie Stavisky was elected Ex-
ecutive Committee Member at Large. The Nominating Committee expresses appreci-
ation to all the candidates for their willingness to serve.

D

 

AVID

 

 G. H

 

ALL

 

, C

 

HAIRMAN

 

.

R

 

EPORT

 

 

 

OF

 

 R

 

ESOLUTIONS

 

 C

 

OMMITTEE

 

Resolution No. 1:

WHEREAS the 81th Annual Meeting of the Florida Entomological Society at Sun-
dial Beach Resort, Sanibel Island, Florida, has enjoyed outstanding facilities and hos-
pitality which immensely contributed to the success of the meeting, 

AND WHEREAS Lance Peterson generously gave his time and effort to welcome
the Society to the city of Sanibel Island, at the opening of our 81th Annual Meeting, 

THEREFORE, BE IT RESOLVED that the Secretary of the Society be instructed
to forward a copy of the resolution to Stephanie Stevens, Manager of Catering and
Conference Services

 

, 

 

Sundial Beach Resort.

Resolution No. 2:

WHEREAS Lance Peterson and the Local Arrangements Committee have pro-
vided excellent organization and facilities for the 81th Annual Meeting of the Society,

AND WHEREAS John Sivinski and the Program Committee have prepared a well-
balanced, high quality program for the Society’s meeting, 

AND WHEREAS the speakers who presented papers, both invited and submitted,
shared their outstanding work and ideas with our Society,

AND WHEREAS excellent and timely symposia and workshops were organized by
R. Brenner, H. Browning, J. Carpenter, L. Davis, J. Eger, Jr., P. Greany, and J. Sivin-
ski,

AND WHEREAS the committee on Student Activities encouraged excellent stu-
dent participation in, and contributions to, our Annual Meeting, 

THEREFORE BE IT RESOLVED that the Society expresses its deepest apprecia-
tion to these individuals.

Resolution No. 3:

WHEREAS President Joe Funderburk and other members of the Executive Com-
mittee have provided our Society with dedicated leadership and invaluable service,

AND WHEREAS Teresa DuChene has done an outstanding job as Business Man-
ager, 

AND WHEREAS Richard Baranowski and the Associate Editors of Florida Ento-
mologist have done an exceptional job in maintaining the highest standards for the
Society’s journal, 

AND WHEREAS Lois Wood and Nancy Epsky have excelled in the production of
the informative and timely newsletter for the Society,
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AND WHEREAS Pat Greany, Richard Mankin and Tom Walker graciously spent
so much of their time designing and implementing the Society’s new Internet Web
Page, 

AND WHEREAS members of other committees and individuals have generously
contributed their time and efforts to the Society this past year,

THEREFORE BE IT RESOLVED that the Society commends these individuals
and expresses its appreciation for their service to the Society and to the Science of En-
tomology. 

Resolution No. 4. 

WHEREAS members of the industry continue to provide much needed financial
support to the Society by way of Sustaining Memberships, advertising in the program,
support for the journal and numerous other Society functions,

THEREFORE BE IT RESOLVED that the Society hereby expresses its apprecia-
tion to these groups.

R. S

 

PRENKEL

 

, R. D

 

UNCAN

 

 (C

 

HAIRMAN

 

)
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EPORT
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The Fiscal Committee met on April 29 and July 6, 1998 in Gainesville to examine
the financial records of the Society for the 1997 fiscal year. The records were found to
be in order. We do recommend, however, that documentation for all disbursements be
on file, especially for reimbursements of the travel expenses of symposium speakers.
The committee suggests that all those being reimbursed should submit original re-
ceipts to the Business Manager before receiving a check. The committee thanks the
Business Manager, Teresa DuChene, for her cooperation, excellent record-keeping,
and sound advice.

R

 

OB

 

 M

 

EAGHER

 

, J

 

OHN

 

 A

 

LTOM

 

, S

 

USAN

 

 W

 

EBB

 

 (C

 

HAIRMAN

 

)

R

 

EPORT

 

 

 

OF

 

 S

 

TUDENT

 

 A

 

CTIVITIES

 

Travel grants of $187 each to attend the 1997 Entomological Society of America
Annual Meeting in Nashville were awarded to: Denise Johanowicz, Dina Richman,
Alonso Suazo-Calix, Juan A. Villanueva-Jimenez, Yasmin J. Cardoza and Tim McCoy.
Fifteen applications were received for 1998 Florida Entomological Society Annual
Meeting travel grants. The committee found that all travel grant requests were valid
and recommended that each student be awarded $100. The awardees were: Juan Al-
varez (cancelled), Divina Amalin, Deanna Branscome, Jerry Gahlhoff, Hazel Levy,
Timothy McCoy, Wendy Meyer, Thomas Powell, Andrew Rasmussen, Dina Richman,
Lois Swoboda (cancelled), Chris Tipping, Marco Toapanta (cancelled), Barbara
Vasquez and Yong Zeng.

Fourteen applications were received for 10 minigrants. The committee chose 10
winners and awarded $100 each to: Deanna Branscome, Marco Toapanta, Paul Tiner-
ella, Juan Alvarez, Divina Amalin, Jerry Gahlhoff, Chris Tipping, Timothy McCoy,
Yong Zeng and Heather Dillon.

Twelve applications were received for the three $500 scholarships. The committee
chose three winners despite great difficulty in picking only three from so many well-
qualified and deserving applicants. Those receiving scholarships were: Juan Manuel
Alvarez, Wendy L. Meyer and Chris Tipping.

Fourteen papers were judged for the Student Paper competition. The winners
were: Dina Richman (3

 

rd

 

 place), Barbara Vasquez (2

 

nd

 

 place) and Dini Miller (1

 

st place).
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Heather McAuslane had twin babies and was unable to judge the student award
applications and paper competition. Robert Meagher was chosen as her substitute.
Jorge Peña was not able to judge the paper presentations, and John Sivinski was cho-
sen as his substitute.

H. MCAUSLANE, J. PEÑA, E. MCCORD, G. HU (CHAIRMAN).

REPORT OF LONG RANGE PLANNING COMMITTEE

The long range planning committee suggests that the following issues need to be
addressed by the Executive Committee and where pertinent the Society at large.

1. The duties and function of the Long Range Planning Committee (LRP)
should be examined and redefined as necessary. The committee suggests
that the LRP be assigned the task of planning for the Caribbean Basin
Meetings. This could be addressed in several ways: by having a regular
LRP committee and having the ad hoc meeting committee members as
automatic special members of LRP; or selecting as LRP committee mem-
bers people interested in developing the off-shore meetings. 

2. The FES should revisit the issue of being a Society and having a journal
“for the Americas”. Are the present activities and ties to Entomologists
in the Caribbean Basin and beyond appropriate and effective or should
we change current practices and polices? We ask specifically if our jour-
nal publications are appropriately representing “the Americas” and if
the Society is effectively fostering the entomology profession and prac-
tices off-shore? We observe that the threat of invasive species to Florida
from Caribbean countries is one area where it is imperative that we in-
teract with Caribbean scientists.

3. It has been suggested that the timeliness, quality and unusually reflec-
tive nature of the symposium presentations (relative to normal scientific
discourse) warrant more formal publication in addition to the program
title and abstracts. We suggest that the web site might be an appropriate
venue for this and suggest that a standard web site subject area and
form be developed for those presenters who would be willing to summa-
rize their thoughts for extra-society consumption. 

RUSS MIZELL, CHAIRMAN

REPORT OF AD HOC COMMITTEE REPORTS

Newsletter

The Newsletter of the Florida Entomological Society is scheduled to appear four
times a year, usually during the months of February/March, May/June, August/Sep-
tember, and November/December, to coordinate reporting of Society business con-
ducted at quarterly Executive Committee meetings. At the time this report was
written, three Newsletters had been organized and distributed during 1998: the Jan-
uary issue (Volume 12, #4), March issue (Volume 13, #1), and June issue (Volume 13,
#2). These were mailed out to members. The Newsletter now appears on the Internet
on the Society’s Home Page (www.flaentsoc.org). The aforementioned issues as well as
March, June and September 1997 issues (Volume 12, #s 1, 2 and 3) are available as
PDF files that can be downloaded. While the Newsletter serves as an important role
in informing the general membership of the business and activities of the Society and
its members, the practicality of sending hard copies (approximately 600) through the
mail will need to be addressed in the near future. The editors foresee increases in
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printing and mailing costs since the University of Florida is changing policies that
will directly affect the IFAS print shop and mail room, facilities FES depends on for
their respective services. Inclusion of certain items in the Newsletter, for example the
minutes of the Executive Committee Meetings, will also need to be discussed in light
of the feasibility of posting such information on the Home Page.

NANCY EPSKY, LOIS WOOD (CO-CHAIRMEN)

Computer Resources

The Computer Resources Committee is pleased to announce the successful devel-
opment of a new, comprehensive FES website that is essentially a “one-stop-shop” for
information pertaining to most of the society’s activities. This was accomplished with
the cooperation and assistance of the FES Board, Dr. Tom Walker, the Newsletter Ed-
itors, and the Public Relations and Program Committees. A commercial website de-
velopment firm, Colony One Online, was employed to do the actual HTML
programming. The site can be found at www.flaentsoc.org. Dr. Richard Mankin has
agreed to serve as the webmaster for the site. P. Greany, Chair

REPORT OF PIONEER LECTURE COMMITTEE

Dr. Wilmon Newell, former Plant Commissioner (1915), Dean of the College of Ag-
riculture, Director of the Florida Agricultural Experiment Station and the Agricul-
tural Extension Division, was unanimously elected as the third Honoree for the
Pioneer Lecture Awards Series.

Dr. Laurence Mound, former Deputy Keeper, Department of Entomology (Senior
Principal Scientific Officer) (1975) was the choice of the Committee to give the Lecture.

J. FUNDERBURK, J. LLOYD, N. LEPPLA, J. SIVINSKI, D. HABECK, C. MCCOY, A. SEL-

HIME, H. DENMARK (CHAIRMAN)

REPORT OF EDUCATION COMMITTEE

The principal activity of the committee during 1997-98 was to organize the ento-
mology exhibit at the State Fair in Tampa, held February 5-16, 1998. Participants
were Florida Department of Agriculture, University of Florida, U.S. Department of
Agriculture - ARS, and the Florida Mosquito Control Association. The committee will
solicit participation from USDA-APHIS next year because invasive organisms are
such a timely topic. Also, planning has begun for a poster to replace the popular “In-
sects - Friend or Foe” poster, which is out of print. The theme will be Insects Unique
to Florida. We could use some suggestions on insects to feature, accompanied by pho-
tographs and text as well as on ways to finance the new poster. A number of educa-
tional computer links were submitted for inclusion on the FES website.

W. DIXON, R. MANKIN, B WOJECK, B. KELLY, L. CUTTS, J. STEWART, M. REEVES, D.
HABECK, G. BUCKINGHAM, J. CAPINERA (CHAIRMAN)

REPORT OF OPERATING GUIDELINES COMMITTEE

The Operating Guidelines Committee completed the initial draft of the Florida Ento-
mological Society Operating Guidelines. The document contains at least preliminary
guidelines for almost all of the officers and committees currently operating in the Society.
The committee would like to thank President Joe Funderburk and the other 1997-98 of-
ficers and committee chairs for their cooperation in assembling these guidelines. The final
document contained 131 pages and 25 copies were produced for the incoming officers and
committee chairs. The cost of producing these copies was $292.23. 
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D. G. HALL, E. M. THOMS, (CO-CHAIR), J. E. EGER, JR. (CO-CHAIR)

REPORT OF SUSTAINING MEMBERSHIP

The committee met in Lake Alfred, FL and composed letters for solicitation of new
sustaining members and renewal for existing members, for solicitation of monetary
support for the FES Annual Mixer, and for support of student scholarships and
grants. Over 70 companies or businesses were contacted. The current 43 sustaining
memberships were listed in the 1998 program. A total of 14 sustaining members con-
tributed to the FES Annual mixer and the number providing financial support for stu-
dent scholarships was 9. 

E. MCCORD, J. KNAPP, K. GRIFFITH (CHAIRMAN)

REPORT OF HISTORICAL AND NECROLOGY COMMITTEE

The Historical and Necrology Committee is an ad hoc committee of our Society but
might be worthy of being a standing committee. Any FES member who has an interest
in joining and working with this committee is welcome to become a member. The year
1996 was really the first year that this committee was up and running. The committee
set up a historical photo display at the 1996 annual meeting on Sand Key in Clearwa-
ter. The display included photographs of several groups of FES officers during the 1st

and 2nd decades of the history of the society. More recent groupings of FES officers,
honored members and the like were also displayed. Particularly showcased were
Scholarship Program recipients, and other photos and memorabilia that illustrated
FES outreach commitment efforts to expand the roles of minorities and women in
FES, as well as in entomology in general. Future displays will be presented periodi-
cally and will be based on themes chosen the committee. Other future endeavors
based on the FES archival photo collection could include such efforts as note card or
memo pad production for sale to our members. With respect to necrology, we plan to
designate a primary member, as well as a back-up member, responsible for receiving
and keeping/developing records of FES members recently deceased. Either of two
present members, Howard V. Weems or Susan Broda, would be responsible for reading
the memorial list of names at the FES annual meetings. Anyone at this present met-
ing who is aware of FES members whose names were not read at the 1996 Annual
Meeting at Daytona Beach, as well as others deceased more recently, please contact
either of these two members during the meeting. We on the Committee thank every-
one for their assistance in this matter. In conclusion, the Historical and Necrology
Committee plans to meet as a group once annually the FES annual meetings. Con-
tacts between the various committee members will be made via telephone or corre-
spondence throughout the intervening year.

H. V. WEEMS, F. W. MEAD, S. BRODA-HYDORN (CHAIRMAN)

EXECUTIVE COMMITTEE MEETINGS

1997-98

September 11, 1997, Gainesville
December 4, 1997, Gainesville
May 7, 1998, Gainesville
August 3, 1998, Sanibel Island
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