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ABSTRACT Bionomic data usually hold the key for understanding the life history of the target insect
species. Here, we provide morphological characteristics of different larval instars of Acanthoscelides
macrophthalmus (Schaeffer), a leucaena bruchine beetle species that is a potential biocontrol agent
for the notoriously invasive plant Leucaena leucocephala. The scanning electron micrographs of the
head capsule, antenna, clypeolabrum, maxilla, labium, leg, spiracle, and anus of the larval stage of A.
macrophthalmus also are provided for the Þrst time for this species, with most of the traits reßecting
the taxonomic placement of A. macrophthalmus in the genus Acanthoscelides. Successive instars are
determined accurately by using a model of the distribution of the width of the larval head capsule.
Therefore, the data generated from this study represent baseline information for further biological
control programs involving A. macrophthalmus.
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The leucaena bruchine beetle Acanthoscelides mac-
rophthalmus (Schaeffer) is an effective and common
seed predator in tropical areas (Wu et al. 2007, Tuda
et al. 2009). Considering the serious damage to veg-
etation diversity by its host plant Leucaena leuco-
cephala (Lam.), Tuda et al. (2009) presented a list of
host plants fed by A. macrophthalmus; most of these
plants are limited to the genus Leucaena. Falcataria
moluccana (Miq.) is the only host found outside of this
genus. The feasibility of using A. macrophthalmus as a
biocontrol agent therefore was assessed by studying its
bionomics (Tuda et al. 2009, Shoba and Olckers 2010).
However, the host ranges of Bruchinae are limited
with most of plant taxa identiÞed at the level of tribes
and subtribes (Tuda 2007). Effowe et al. (2010) also
indicated the possibility of the leucaena bruchine bee-
tle as a substitute host for the mass rearing of the
parasitoidDinarmusbasalisRond (Hymenoptera: Pte-
romalidae), a biological agent for controlling beetles
that are pests of the economically important cowpea,
Vigna unguiculata (L.) Walpers (Fabales: Fabaceae).
To maximize the efÞciency of mass rearing, precise
informationabout larvalhistory isneeded,which leads
clues to understand the synchronization of growth
dynamics between host and parasitoid (Amevoin et al.
2007).

However, the data generated from the larval period
when the most effective destruction of seeds occurred
were quite inadequate (Begum et al. 1982, Pfaffen-
berger 1985). Over the past 70 yr, only a few studies
were conducted on larval morphology of this species
(Pfaffenberger and Johnson 1976, Pfaffenberger
1985). Accurately determining the instar designation
for bruchine larvae is fundamental to both applied and
bionomic research. The phenology and life-stage dis-
tribution of A. macrophthalmus are important in ap-
plied ecology because of their indigenous nature and
the synchrony with their host plant, which may con-
tain baseline information for maintaining the efÞ-
ciency of biocontrol (Logan et al. 1998, van Asch and
Visser 2007).

To study the bionomics of insects, it is essential but
difÞcult to determine the instar of the larvae, espe-
cially for endophagous insects (Pfaffenberger 1985).
The measurement of the head capsule width is the
most frequently used method to classify larval stages
in terms of their instars. However, data overlapping
between adjacent instars usually leads to the inaccu-
rate estimation of larval instars. Currently, some com-
puter programs, such as Hcap by Logan et al. (1998),
could effectively compensate for the misclassiÞcation
by facilitating the analyses of this kind of data.

In this study, we 1) described the four larval instars
of A. macrophthalmus and the morphological charac-
teristics that are needed to distinguish them, 2) pro-
vided the Þrst known illustrations of scanning electron
micrographs of the larval instars, and 3) identiÞed
different instars based on a distribution model of the
width of their head capsule.
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Materials and Methods

Adults of A. macrophthalmuswere collected in Tai-
wan in 2004 and reared in a walk-in chamber (25�C,
60% RH, and a photoperiod of 12:12 [L:D] h) over 10
generations. Before starting the experiment, the seeds
were placed in a freezer for 30 d to eliminate former
infestation. When the adults of A. macrophthalmus
emerged, six batches of 20 pairs consisting of a male
and a female were used. Each batch was placed in a
box (27 by 20 by 10.5 cm) containing 100 seeds. The
seeds of each batch were replaced daily by new ones
until the death of all adults. To acquire different instars
of larva and to determine their precise stage, 35
batches of 50 one-egg seeds of L. leucocephala were
made. Daily dissections of one of the 35 batches were
made starting from the Þrst larval stage in the seed and
continuing until the emergence of the adults. Twenty
larvae from each batch were obtained through the
dissection of seeds that were previously soaked in
water, and other larvae were obtained through the
direct dissection of eggs to prevent the instant ecdysis
of larvae to the second instar (Begum et al. 1982). The
larvae were preserved in 75% ethanol. We recorded
the head width to determine the duration of each
instar. Both DyarÕs law (Dyar 1890) and the frequen-
cies of capsules in the different width classes were
used to categorize the larval instar. Forty individuals
for each instar were selected for scanning electron

microscope (SEM) studies; these larvae were put
through a dehydration series (90%, 95%, and absolute
ethanol followed by absolute acetone) (Pfaffenberger
1985), critical point dried, coated with gold-palladium,
and examined using a JSM-5600 SEM (JEOL Ltd.,
Tokyo, Japan) at an accelerated voltage of 15 KV.

DyarÕs rule and the Hcap program (provided by
Logan) were used to reveal the distribution pattern of
the width of the head capsule of A. macrophthalmus
larva, clarifying the overlap of adjacent instars.

Results and Discussion

Larva of Acanthoscelides macrophthalmus
(Schaeffer)

First Instar
(Figs. 1-2)

Body. 0.48 mm long by 0.20 mm wide, cyphoso-
matic, widest at the meso- and metathoracic segments
and narrowed toward the abdominal apex (Fig. 1A).
General color white but the prothoracic plate brown.
Mouthparts and surroundings heavily pigmented.
StemmaandAntenna(Fig. 1B). One pair of stemma.

Antenna one-segmented and telescopic with single
elongate medial and smaller lateral microtrichia (M);
one sensillum chaeticum (SC) on an elongate base.

Fig. 1. Acanthoscelides macrophthalmus, Þrst instar. A) Ventral view of Þrst instar habitus; bar � 100 �m. B) Antenna
showing microtrichia (M) and sensillum chaeticum (SC); bar � 5 �m. C) Clypeolabrum showing blunt-tipped sensilla on
clypeus (arrows) and labrum (darts); bar � 10 �m. D) Metathoracic sternite showing elongate sensilla trichodea (darts) and
sclerotized pointed projections (perhaps microtrichia); bar � 50 �m.
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Clypeolabrum (Fig. 1C). Labral portion with six
blunt-tipped sensilla, and clypeal portion with two
sensilla.

Mandible. Monocondylic, with an awl-shaped
chewing surface and a lateral surface with two sensilla
trichodea.

Fig. 2. Acanthoscelidesmacrophthalmus, Þrst instar. A) Prothoracic plate showing paired (pairs indicated by numbers) sensilla
trichodea, paired double teeth of median arms and Þve teeth on each posterior arm; bar � 20 �m. B) Sclerotized eight and ninth
abdominal tergites without sensilla trichodea; bar � 20 �m. C) Metathoracic leg; bar � 20 �m. D) Thoracic spiracle; bar � 5 �m.

Fig. 3. Acanthoscelides macrophthalmus, second instar. A) Facial view of second instar habitus; bar � 50 �m. B) Right
antenna showing microtrichia (M) and sensillum chaeticum (SC); bar � 5 �m. C) Metathoracic leg; note terminal sensillum
trichodeum (dart); bar � 10 �m. D) Thoracic spiracle; bar � 10 �m.
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Prothoracic Plate (Fig. 2A). X-shaped, with ante-
rior, median, and posterior arms and Þve pairs of sen-
silla trichodea; anterior arms ßanking four pairs of
sensilla trichodea (one pair distolateral, one pair dis-
tomedial, one pair proximolateral, and one pair proxi-
momedial); tooth formula 2 � 0 � 6; median arms with
two teeth; each posterior arm with six teeth.
Thoracic Sternites (Fig. 1D). Each with one pair of

long sensilla trichodea and transverse rows of poste-
riorly directed, sclerotized projections.
Leg (Fig. 2C). Two-segmented structure, with an

enlarged base, a pair of elongate, decurved sensilla
trichodea located on the distolateral margins; distal
segment laterally expand, with a slightly ßattened tar-
sus.
Thoracic Spiracles (Fig. 2D). The thoracic spira-

cles specialized with a slender opening; the atrium
with sclerotized projections and surrounded by C-
shaped, sclerotized rings and four spines along one
side.
Specimens Examined Thirty-Þve larvae, recovered

from a stock culture in 2004.

Second Instar
(Fig. 3)

Body. 1.10Ð1.25 mm long by 0.75Ð0.90 mm wide,
ßeshy, and C-shaped. General coloration white but

the prodorsum lightly pigmented. The head capsule
lightly pigmented with deeply pigmented mouthparts.
Stemma and Antenna (Fig. 3B). One pair of

stemma. Antenna one-segmented and telescopic and
composed of two elongate medial (the larger one on
the margin side) and one elongate lateral microtrichia.
One elongate sensillum chaeticum emerged from a
short and stalk-like base arising from the antennal
surface.
Clypeolabrum. Labral portion with Þve blunt-

tipped sensilla, one sensillum ampullaceum present
along the medial base of the sensilla trichodea; clypeal
portion with two sensilla, with subtending sensillum
ampullaceum in each proximolateral corner.
Leg (Fig. 3C). Fleshy with four vague segments and

a single sensillum trichodeum at the end.
Thoracic Spiracles (Fig. 3D). Spiracles with a con-

centric opening; the atrium armed with few sclero-
tized projections; C-shaped sclerotized ridges evident
in the peritreme.
Specimens Examined. Thirty larvae, recovered

from a stock culture in 2004.

Third Instar
(Fig. 4)

Body. 1.51Ð2.03 mm long by 0.89Ð1.15 mm wide,
ßeshy, C-shaped, widest in the thoracic segments and

Fig. 4. Acanthoscelides macrophthalmus, third instar. A) Antenna showing elongate sensillum basiconicum (B) and
multiple microtrichia rows. bar � 10 �m. B) Clypeolabrum showing microtrichia (darts) on labrum; bar � 20 �m. C)
Metathoracic leg (four segments marked by darts); bar � 50 �m. D) Thoracic spiracle; note increasing number of folds in
peritreme; bar � 10 �m.
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narrowed toward the minute tenth abdominal seg-
ment. White to yellowish-white but the prodorsum
lightly pigmented. The head capsule heavily pig-
mented near the mouthparts.
Stemma and Antenna (Fig. 4A). One pair of

stemma. Antenna one-segmented and telescopic;
composed of one elongate medial, two smaller lateral
microtrichia on opposite sides and one elongate sen-
sillum basiconicum on a stalk-like base; base subequal
to the height of the microtrichia; multiple rows of
microtrichia prominent on the distal dorsal surface.
Clypeolabrum (Fig. 4B). Labral portion with �30

transversely blunt-tipped sensilla; several microtrichia
distributed near the peripheral C-shaped arc; one sen-
sillum ampullaceum present along the medial base of
the sensilla trichodea; clypeal portion with two sen-
silla, bearing subtending sensillum ampullaceum in
each proximolateral corner.
Leg (Fig. 4C). Fleshy, segmentation vaguely visible;

four-segmented with two (one lateral, one medial)
sensilla trichodea at the end.
Thoracic Spiracles (Fig. 4D). Peritreme of thoracic

spiracles with numerous sclerotized folds and in-
creased area of sclerotized projection; triangle scle-
rotized ridges visible from the ventral side, and many
pointed projections present in the spiracles.
SpecimensExamined.Thirty-two larvae, recovered

from a stock culture in 2004.

Fourth Instar
(Fig. 5)

Body. 2.71Ð3.03 mm long by 1.41Ð1.67 mm wide,
ßeshy, C-shaped, and widest at the metathoracic and
abdominal segments 1Ð4, tapering posteriorly (Fig.
5A). Yellow but the prodorsum heavily pigmented.
Stemma andAntenna (Fig. 5C). One pair of stemma.

Antenna one-segmented and telescopic, with apical sen-
silla, an enlarged medial and smaller lateral sensilla ba-
siconica, and one elongate sensillum chaeticum (SC);
these sensilla may be confused with multiple rows of
elongate microtrichia.
Clypeolabrum (Fig. 5D). Labral portion with 10

transversely blunt-tipped sensilla trichodea and six
sensilla, which lined the peripheral C-shaped arc, all
sensilla except for the most lateral ones (Fig. 5D)
almost concealed by elongate microtrichia, single sen-
sillum ampullaceum present (Fig. 5D) medial to the
posterolateral pair of sensilla trichodea; the sclerite
transversely oval. Clypeal portion with a convex prox-
imal border and distal margin (Fig. 5D), sclerite trans-
versely elongate, narrow with bulbous ends, each scle-
rite had a single supporting sensillum trichodeum and
subtending sensillum ampullaceum (Fig. 5D).
Mandible (Fig. 5B). Monocondylic, with an awl-

shaped chewing surface and a lateral surface with two
sensilla trichodea.

Fig. 5. Acanthoscelides macrophthalmus, fourth instar. A) Ventral view of fourth instar habitus (note transverse anal
opening); bar � 500 �m. B) Facial view of clypeolabrum; bar � 100 �m. C) Antenna showing sensillum basiconicum (SB)
and sensillum chaeticum (SC); bar � 10 �m. D) Facial view of clypeolabrum, showing sensillum ampullaceum (open arrows
on clypeus and solid arrows on labrum), and distribution of blunt-tipped sensilla trichodea (darts) on labrum; bar � 20 �m.
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Maxilla (Fig. 6A). Cardo present; membranous sti-
pes asetiferous with two sensilla trichodea on the
sclerite; palpifer with 10 sensilla trichodea, two oppo-
site of the elongate sensillum placodeum (Fig. 6A) and
the remaining sensilla distributed along the distoven-
tromedial to ventrolateral surface. Elongate placoid
sensillum (Fig. 6A) embedded on the dorsolateral
surface of the palpus dorsal to the sensillum ampul-
laceum; the distal end of the palpus terminating in 13
sensilla basiconica; lacinia terminating in Þve spatula-
like setae (Fig. 6A), with the mandibular surface bear-
ing numerous, decurved microtrichia (Fig. 6A).
Labium (Fig. 6A). Submentum transversely elon-

gate, narrow and lunate-shaped, ßanked proximally by
a pair of mediolateral sensilla trichodea (the latter
separated by the width of the mentum); mentum prox-
imally round, with a pair of narrow arms separated by
a round-shaped, unsclerotized cleft, converging to-
ward the narrow distal end with a single, unsclerotized
islet bearing one sensillum trichodeum near the base
of each arm; the distal end of each arm with a sensillum
trichodeum, subtended proximally by sensillum am-
pullaceum and terminating in a pair of microtrichia;
the basal half of the mentum bordered laterally by
pairs of sensilla trichodea; glossae (Fig. 6A) exceeding
the length of the arms of the mentum.
Leg (Fig. 6B). Four clearly deÞned segments; the

ultimate segment nipple-like, with two sensilla tricho-
dea on the opposite sides at the ultimate segments.

Thoracic Spiracles (Fig. 6CÐD). Thoracic perit-
reme with increasing numbers of integumental folds
and an atrial armature consisting of numerous, short
rows of pointed, sclerotized projections.
Anus. Transverse (Fig. 5A).
Specimens Examined. Forty-two larvae, recovered

from a stock culture in 2004.

Key to Instars

1. Body cyphosomatic; X-shaped prothoracic
plate present; legs stalk-like and two-seg-
mented (Figs. 1A, 1D, 2C); each thoracic
sternites present with pair of long sensilla
trichodea . . . . . . . . . . . . . . . Þrst instar

- Body robust and C-shaped; prothoracic
plate absent; legs nipple-like and four-seg-
mented (Fig. 3C); sensilla trichodea of tho-
racic sternites absent . . . . . . . . . . . . . 2

2(1). Single microtrichia on the distodorsal anten-
nal surface(Fig. 3B);marginal clypeolabral
microtrichia absent; leg a ßeshy lobe ter-
minating in the sensillum trichodeum (Fig.
3C) . . . . . . . . . . . . . . . . second instar

- Multiple microtrichia rows prominent on
the distodorsal antennal surface; marginal
clypeolabral microtrichia present; leg with
two sensilla trichodea at the end . . . . . . 3

Fig. 6. Acanthoscelides macrophthalmus, fourth instar. A) Dorsal view of maxilla and prosternum; bar � 50 �m. B)
Metathoracic leg showing four segments (marked by darts); bar � 50 �m. C) Thoracic spiracle; note bordering integumental
projections which surround sensillum trichodeum; bar � 20 �m. D) Thoracic spiracle showing concentric fold in peritreme
and armature of atrium; bar � 10 �m.
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3(2). One or two rows of microtrichia evident on
the distodorsal antennal surface (Fig. 4A),
but length of the microtrichia less than the
height of the largest sensillum basiconi-
cum; small microtrichia evident on disto-
lateral margins of clypeolabrum; leg
vaguely four-segmented, with two sensilla
trichodea (one lateral and one medial) at
the border of the ultimate and penultimate
segments (Fig. 4C) . . . . . . . . third instar

- Multiple rows of elongate microtrichia (Fig.
5C); clypeolabral microtrichia elongate
and numerous, nearly concealing sensilla
trichodea (Fig. 5D); leg with four clearly
deÞned segments, with two sensilla tricho-
dea on opposite sides of the distal end of
the penultimate segment and two elongate
sensilla trichodea on the anterolateral sur-
face of the basal segment . . . fourth instar

The variations between the morphology of succes-
sive instars have been described in the present paper.
The main observed diversities were in the size, seg-
ment of legs, and the amount of sensilla trichodea on
the antenna. For comparison, the Þrst-instar larva ofA.
macrophthalmus has been described by Pfaffenberger
and Johnson (1976). The only difference is in the
prothoracic plate. The elongate tooth on the median
edge of the posterior arms of the prothoracic plate is

invisible using SEM. According to Pfaffenberger and
Johnson (1976),A.macrophthalmusmight be in a stage
of transition from wandering over the pod or seed
surface before it enters (primitive; MacSwain 1956) to
penetrating the pod or seed directly upon eclosion
(more advanced), by means of possessing subequal
lengthsanda roundedÞrst andsecond tarsus.Thus,we
simultaneously compared the larval morphology of
the Þnal instar of A. macrophthalmus with A. obtectus
and Zabrotes subfasciatus to determine whether hy-
pothesis of character transitions associated with the
evolutionary process (primitive-advanced states) are
reinforced in the bruchine species. As noted by
Pfaffenberger (1985, 1990), numerous features that
are shared by the Þnal instars of genusAcanthoscelides
include 1) a single segmented antenna bearing one
large and two small conical sensilla and one seta, and
2) two pairs of setae on the labial mentum and sub-
mentum (Table 1). Like the Þrst instars (Pfaffen-
berger and Johnson 1976), A. macrophthalmus and A.
obtectus also form a well-deÞned cluster based on their
shared characteristics (Table 1).

Some incongruence exists between these Þnal larval
instars. A. macrophthalmus lacks setae on the labrum,
maxilla, and labium, and possesses one sensory pore in
the maxilla instead of two (Table 1). A. macrophthal-
mus may represent an evolving species that contains
fewer setae and sensory pores. However, Z. subfas-

Table 1. Comparative list of the taxonomic characters of the final-instar larvae of three bruchine species

Character Setae and pores
Acanthoscelides
obtectusa

Acanthoscelides
macrophthalmus

Zabrotes
subfasciatusb

Ocelli Pairs 1 1 1
Antenna No. setae 1 1 1

No. conical sensilla 3 3 2 degraded
Clypeus Pairs of setae 1 1 1

Pairs of sensory pores 1 1 1
Labrum No. anterior setae 2 0 2

No. anteromedian setae 2 2 2
No. median setae 2 2 2
No. posterior setae 2 2 2
No. median sensory pores Ð Ð Ð
No. posterior sensory pores 2 2 2

Maxilla Cardo: setae Ð Ð Ð
Stipes:

No. sensory pores 2 2 2
No. and position of setae 2M, 7S 2M, 5Ð7S 13Ð15M
Seta S Ð Ð Ð

Palpifer:
No. and position of setae 3M, 2S 3M, 2S 3M, 2S
No. sensory pores 2 1 1

Palp: setae:
No. segments 1 1 1
No. sensory pores 1 1 1

Labium Mentum: pairs of setae 2 2 1
Ligula: pairs of setae Ð Ð Ð
Submentum:

No. lateral setae 4 2Ð3 2
No. anteromedian setae Ð Ð Ð
No. posterior setae 2 2 Ð

Leg No. segments 4 4 Absent
Anal segment No. lobes 2 2 2

M equals membrane; S equals sclerite.
a From Pfaffenberger (1985).
b From Pfaffenberger (1990).
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ciatus, a more advanced species, also shows the ab-
sence of leg and a decrease of conical sensilla on the
antenna and submentum with some increase in the
number of setae and sensory pores (Table 1). Such
trends are attributed to the degradation of its legs.
Because of its apodous body, a larva must move or gain
adhesive force thorough additional setae and sensory
pores. The similar morphological specialization also
occurs on the ventral thoracic side of Z. subfasciatus
(Pfaffenberger 1990). These differences in the Þnal
larval instar also provide solid supporting traits that
clarify the phylogenetic positions of the genus Acan-
thoscelides, the most abundant and complex polyphyl-
etic group in the bruchine genus (Johnson 1981, Tuda
2007).

Instar Determination Using Head Capsule Widths

The widths of head capsules of A. macrophthalmus
that were measured in 2004 ranged from 11 to 38 �m.
The frequency distribution of measures produced by
Hcap is multimodal curves (Fig. 7) and shows four
modal peaks. Generally, morphological measurements
from enough samples are scattered normally (Hunt
and Chapman 2001); hence, these peaks probably rep-
resent four instars. The result is consistent with the
morphological SEM view described above. The prob-
abilities of misclassiÞcation that are calculated by

Hcap are small (Table 2). All individuals can be clas-
siÞed according to one of four instars with a proba-
bility of error rate �0.05; the maximum value is ob-
tained for the overlapping 3Ð4 instars.

Similar to other head capsule width measurements,
the measurement distribution of the Þrst-instar larvae
indicated a skewed distribution rather than a normal
distribution so that the overlap between Þrst two in-
stars was hardly observed (McClellan and Logan 1994,
Godin et al. 2002, Calvo and Molina 2008). Such pat-
tern is common in the larvae of both Lepidoptera and
Coleoptera, two phylogenetically divergent orders. To
understand the causes for the speciÞc Þrst-instar dis-
tribution, further studies of the biology and head cap-
sule width for other bruchine species of different
genera are needed.

As Gaines and Campbell (1935) stated, a perfect
straight regression line could be gained by plotting
the logarithms of the head capsule width from dif-
ferent instars against the number of instars. Our
results by DyarÕs rule (Dyar 1890) and implemen-
tation of a geometric head capsule growth show a
signiÞcant linear regression equation (P� 0.01, r2 �
0.9975; Fig. 8).

Our study is the Þrst one that reveals the integrative
view of larval characteristics through SEM and pro-
vides a detailed key to identify each instar with ac-
curacy. In addition, essential parameters for the anal-

Fig. 7. Larval head capsule width distribution of Acanthoscelides macrophthalmus. The dotted lines are the simulated
individual instar distribution. Graphs composed by Hcap.

Table 2. Head capsule means, ranges, and misclassification probabilities for Acanthoscelides macrophthalmus calculated by Hcap

Larval
instar (i)

Sample size
Mean � SD

(�m)
Size range

(�m)
DyarÕs ratio

Probability of misclassiÞcation

i as iÐ1 i as i � 1 Total

1 74 11.770 � 0.6846 11Ð13 0.000000 0.000018 0.000018
2 70 16.478 � 0.9860 13Ð20 1.4000 0.003612 0.007525 0.011137
3 95 22.495 � 1.7862 20Ð27 1.3746 0.025321 0.010832 0.036153
4 95 29.653 � 3.7799 27Ð38 1.3091 0.037125 0.000000 0.037125
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ysis of the head capsule width of A. macrophthalmus
were provided for the Þrst time. The parameters can
be used to determine the precise timing of growth of
A. macrophthalmus larvae, which is critically valuable
when used for the biological control ofL. leucocephala
and the mass production of Dinarmus basalis (Ame-
voin et al. 2007, Effowe et al. 2010).
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Fig. 8. The regression relationship between the natural
logarithm of the mean larval head capsule widths and the
instar number of Acanthoscelides macrophthalmus.
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