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The Instars of the Ant Amblyopone silvestrii
(Hymenoptera: Formicidae)

by
Keiichi Masuko1
ABSTRACT

Preimaginal developmental stages of the Japanese primitive ant,
Amblyopone silvestrii (Wheeler), are described. External mor-
phology of the larvae was investigated primarily on whole mount
preparations and in specimens viewed by scanning electron mi-
croscopy. This has shown that the larval stage consists of five
instars in both female and male individuals. After this examination,
the instars could be easily distinguished by chaetotaxy and body
length even in live specimens under a stereomicroscope. How-
ever, no external characteristics were found that enable the dis-
tinction of the larval sex, except that in statistical analyses, body
hairs were more abundant in male larvae through the five instars.
The prothorax of thelarva, especially its ventral surface, is provid-
ed with numerous minute spinules, which possibly assist thelarva
in holding the anterior body region firmly in the prey. On the other
hand, the hairless ventral surface of the 1st and 2ndinstars may
be related to their attachment to the egg pile and thus facilitate
their oophagy, for they are usually attached to eggs ventrally.

INTRODUCTION

Discrimination of the larval instars and their descriptions are
often prerequisite for ecological studies of social insects, such
as a study of colony development by means of age distribution
analysis. For ants, although the number of larvalinstars has been
reported for more than 20 species (see below), most studies
were made on species belonging to the two advanced subfamilies,
Myrmicinae and Formicinae. The primitive subfamily Ponerinae
remains ignored almost completely in this aspectand noinforma-
tion is available for the members of the Amblyoponini. Moreover,
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even for the Myrmicinae and Formicinae, definite descriptions of
each larval stage have been few. Exact determination and descrip-
tions of larval instars in the primitive genera like Amblyopone
could therefore be important for future comparative studies of
the developmental biology of ants. |describe here the larvalinstars
of the Japanese species Amblyopone silvestrii (Wheeler).

TERMINOLOGY

The terminology applied to larval morphology of Michener (1953)
and Wheeler and Wheeler (1976) is followed here. Allhairs appear-
ing on the body surface of A. silvestrii larvae are smooth and
unbranched, and most of them are flexous apically, though the
length and diameter are variable. Following Petralia and Vinson
(1979a), the term “microsetae” is used below to denote protuber-
ances 10um or less in length occurring on the head and body
trunk.

MATERIALS AND METHODS

Colonies of A. silvestrii were collectedin the evergreen broad-
leaf forest at Cape Manazuru, Kanagawa Prefecture. In the labora-
tory, after census of colony populations, some colonies were main-
tained in polystyrene observation nests (10x11x2cm or
10x19x2cm), and others were immediately fixed in Kahle’s solu-
tion, followed by 80% ethanol. Presumed female larvae were col-
lected from colonies which were producing only workers and gynes
over a reasonable length of period of laboratory culture. Male
specimens were taken from colony fractions containing only isolat-
ed workers, who were rearing the larvae hatched from the unfer-
tiized eggs they laid.

To determine the larval instars, the preliminary examination was
made particularly on the chaetotaxy of many live larvae of various
age and size, ranging from microlarvae newly hatched fromeggs
to mature larvae having completed the discharge of meconium
(i.e., prepupae). This examination suggested the presence of
five instar stages in the larvae of both sexes. For more detailed
studies, whole mount preparations were made by the procedure
of Wheeler and Wheeler ( 1960). PermountTM (Fisher Scientific
Co.) was used as the mounting medium. To prevent specimens
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Fig. 1. Whole mount preparation of 3rd instar (female). Arrow
indicates the abdominal segment IV. Stained with acid fuchsin.
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from being pressed, the medium was surrounded by supports
of small nylon washers which were a little thicker than the thickness
of the specimens (Wheeler and Nijhout 1981).

In search of any sex related difference, numbers of hairs on
the thoracic segment Il (=TIl) and abdominal segment IV (=AIV)
were examined as indices of the density of body hairs. For this,
specimens were treated with KOH, cleared with xylene, and com-
pletely pressed laterally under cover glasses. Then the prepara-
tions were photographed with a compound microscope and hairs
were counted on the printing papers (Fig. 1), except for the
cases of the 1st and 2nd instars, for which hairs were counted
directly under the microscope. Some material was also examined
with an SEM microscope (J.E.O.L. JSM-25), after being critical
point dried with liquid CO» or treated with hexamethyldisilazane
(Nation 1983). In the latter procedure, larvae were punctured
or partially incised to facilitate penetration of hexamethyldisilazane.

Measurement was made on the head width and body length
using preserved material. As representatives of each instar. of
male and female larvae, at least 10 larvae were chosen ranging
from individuals fixed immediately after their ecdyses, to those
who were ready to molt to the succeeding instar. The head width
was measured with a stereomicroscope at a magnification 160X.

Because the body of the A. silvestrii larva is strongly curled,
the following method, basically the same as applied to collembolans
by Tamura (1974), was used to measure the body length: Larvae

were laid on their side in an alcohol filled depression of a cok_)r

reaction plate. This glass plate was seton the stage of a stereomi-
croscope for observation at a magnification pf either 50X or 80X
depending on the larval size. Using a drawing tube a_ttached to
the microscope, the body length of the larvawas pre_msely drawn
as a line on a paper by tracing the central body _hng from t-he
abdominal tip to the anterior surface of the head. Thisline draw3ng
was then enlarged about three times with a photocopy mgchune

(Fuji Xerox), and its length was measured with a curvimeter

of the least scale of 1cm. With this method‘, the tar\_:al bc;dy

lengths can be precisely determined to 0.1lmm. Since A. s; !vlesx;: ;
larvae are hypognathus, the anteroposterior a_nd dorsoventrala

of the head are determined as indicated in Fig. 25
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Figs. 2-7. 2, Lateral view of 1st instar (female . Directions of
head and body are: A, anterior; D, dorsal; lg poste)rior; V, ventral.
Scale=0.2mm._ 3, Scanning electron micrograph of eggs collected
from a queenright laboratory colony of A. silvestrii. Metal-coated
and examined alive. Scale=0.3mm. 4, Ventral view of head of 1st
instar (male). Arrows point to the sites of both antennae.

E?al&iglﬂn 5tl Le;t antenna of 1st instar (female). It consists
silla. Arrows point anteriorly (A v (D).
Scale=5[m. 6, Ventral view y (A) and dorsally (D)

Hm of mouthparts of 1st instar (female).
Arrows mdtc_ate some of indistinct, encapsulated sensilla onlabrum
(m) and labium (b). Scale=30um. 7, Lateral view of left maxila
of 1st instar (female

_ ). Galea (g)is recognized only as two indistinct
sensilla (s). Arrow points anteriorly. Sc?ale=10|1r¥1.
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RESULTS

General features of the chaetotaxy are identical between male
and female larvae in each instar, with the exception that male
larvae have a little, but statistically significant, more abundant
body hairs than female larvae (Table 1). However, no other sex
difference was found in the form of sclerotized body parts, e.q.,
mandibles, maxillae, labium, and so on. Therefore, each of the
five instars is described below irrespective of sex. The results
of the body measurements are summarized in Table 2.

EGG. (Fig. 3) Typical ponerine shape; elongate and rather slen-
der. Long diameter 0.48-0.56mm (X=0.51mm, n=10) in female
(diploid) and 0.50-0.54mm (X=0.51mm, n=10) in male (haploid),
short diameter 0.18-0.23mm (¥X=0.20mm, n=10) in female and
0.19-0.22mm (X=0.20mm, n=10) in male. Color milkv white and
opaque. No significant difference was detected belween male
and female eggs.

FIRST INSTAR. (Figs. 2, 4-13) Head hairs lacking (Fig.4). All
sensilla except those on genae areindistinct or only small convexi-
ties in appearance. Antenna represented by 3 indistinct smooth
sensilla, arranged in a straight line or a triangle (Fig. 5). Labrum
subrectangular, slightly emarginate ventrally (Figs. 4 and 6); each
half bearing 5indistinct, encapsulated sensilla (4 near ventral mar-
gin and 1 on anterior surface). The ventral surface of labrum
and ventral portion of hypopharynx lack spinules (Figs. 4 and
6). Mandible narrower in distal third, which has a pointed apical
tooth and two denticles (Figs. 4 and 6). Maxillary lobe conoidal,
with minute spinules on surface of lacinia (Fig. 6). Maxilla!-y palp
slightly projecting, with 5 sensila (Fig. 7, s), the megiai one
protruding. Galea represented by twoless prominent sensilla (Fig.
7, g). Labium with minute spinulesonanterio_r to 1aFeral surfaces;
palp like maxillary palp, consisting of 5 sensilla (Figs. 6 anq 8).
In addition, 4 and 8 isolated sensilla on the surfaf:es of _rna_xrl!ary
lobe and labium, respectively. All of these sensilla are lndistmf:t
low convexities. Opening of sericteries present on anteromedial
surface of labium; small, not prominent (Figs. 6 and 8, os.).
Each thoracic and abdominal segment with a single row of hairs
in a group of usually 4 or 5 (longest c. 85pm) on dorsal to
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Figs. 8-13. 8, Lateroventral vie
Six of atotal of 8isolated sensilla
9, Right lateral view of thoracic
(male). Thick arrow points dorsa
tae which are much shorter t

w of labium of 1stinstar (female).
are visible (arrows). Scale=20pm.
segments |, Il and il of 1st instar
lly. Small arrows indicate microse-

brasadl) : er than the body hairs positioned on
e dorsum. Eachmicrosetais accompanied dorsally with an encap-

sulated sensillum (campaniform sensillum?). Scale=30um. 10,
Ventral surface of thoracic segment | of 1st instar (female). Note
that numerous short rows of minute spinules are present on the
anterior half of the surface. Labium (b) is seen at upper left.
Scale=30pum. 11, Same view as Fig. 10, enlarged to show the
ventral thoracic spinules. Scale=5um. 12, Ventral view of posterior
body region of 1stinstar (female), showing anus (n) on the last
abdominal segment (X). Scale=40l. 13, Spiracle (r) of thoracic

segment Nl of 1st instar (male). Arr i i and
dorsally (D). Scale=5)um. ( ) ows point anteriorly (A)
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Table 2. Head widths and body lengths of A. silvestrii larvae.

Larval Head width Body length

sex Instar range (mm) range (mm) N
1st 0.16 - 0.18 0.6 - 0.9 18
2nd 0.16 - 0.18 07 1] 23

Female 3rd 0.17 = 0.:19 1.0 145 24
4th 0.18 - 0.20 1.2 = 2.5 23
5th 0.19 - 0.23 2.2 - 5.0 24
1st 0.15 - 0.17 0.6 - 0.9 15
2nd 0.16 0.18 0.9 - 1.3 14

Male 3rd 0.16 0.20 1.2 - 1.8 10
4th 0.18 - 0.21 1.5 - 2.4 10
5th 0.20 - 0.25 21 5:4:5 20

lateral surfaces (Fig. 2); hairs positioned laterally often much
shorter or microsetae (Fig. 9, small arrows); no hairs on ventral
surface (Figs. 2 and 10). Short spinules arranged in many short
traverse rows on the ventral to lateral surfaces of the anterior
half of Tl (Figs. 10 and 11). AVI, AIX and AX with 1 or 2 hairs
(or none), but surface of the last 2 segments spinulose (Fig.
12). Spiracles ten pairs from TI to AVII, no collar process
developed on body surface (Fig. 13); shape of atrial opening
circular or oval. Anus small, present ventrally near abdominal
tip (Fig. 12, n).

SECOND INSTAR. (Figs. 14-21) Similar to first instar except
as follows. All head microsetae spinose or subconic (0.5-0.7pm
in length); their positions are: 3 pairs on clypeus, of which 2
pairs near ventral border and 1 pair near anterior tentorial pits;
2 pairs in lower regions of genae, 1 pair dorsomedia_| to antennae,
and 2 pairs near occipital border. Microsetae, especially on genae,
are variable in number and position. Antennal sensilla more distinct
and faintly papillose (Fig. 14). Labrum like that of 1st instar
(Fig. 15); 5 sensila on each lobe, ventral 4 more distinct (Fig.
16, arrows); spinules nearly invisible on ventral surface of labrum,
but somewhat developed on ventral portion of hypopharym_(. Man-
dible more sclerotized, with all 3 teeth more distinct (Fig. 16).
Maxillary lobe more conoidal (Figs. 15_ and 16); palp poo.rly
developed but medial sensila spinose (Fl_g. 16).- Galea as hxgh
as maxillary palp, and its sensilla more evident (Fig. 16). Labial
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palp like maxillary palp (Fig. 17); the isolated sensilla on the sur-
faces of maxillae and labium smooth low convexities (Figs. 16
and 17, s). Opening of sericteries small, only 1/15 width of whole

I‘ labum (Fig. 16). Body segments TI-AViIl bearing about 20-40
hairs each (longest c¢. 90pum) arranged in a row extending from
dorsal to ventrolateral surfaces (Fig. 18); medial ventral region
hairless (Figs. 18 and 19); hairs sparser on AlX and few or absent
in AX. Spinules on Tl, AIX and AX longer. Spiracles without collar
processes, but abdominal ones with peritremes distinct (Figs.
20 and 21). Anus a small slit on venter of AX.

THIRD INSTAR. (Figs. 22-32) Similar to second instar except
as follows. Microsetae on head all spinose or rarely conic (1.0-
2.0um in length) (Fig. 22, arrows). Antennal sensilla papillose
(Fig. 23). Labrum notched medially, with spinules developed on
ventral surface (Fig. 24). Distal part of mandible more curved
medially and posteriorly (Fig. 25). Maxillary palp a well defined
round but low elevation and galea a frustum; the latter exceeds
the former in height (Fig. 26). Each maxillary lobe with 4 isolated
sensila, 1 close to galea, 1 close to palp, 1 on dorsoposterior
surface, and 1 dorsally on hypostomal furrow; the former 2 are
smoothly convex and the latter 2 are usually conic in shape (Fig.
26, s). Each half of labiurn with 4 isolated dome shaped or subconic
sensilla, of which 1 is medial to and 1 dorsoposterior to palp,
respectively, and 2 on ventroposterior surface (Fig. 27, s). Labial
palp not distinctly elevated. Opening of sericteries a short trans-
verse slit, about 1/10 width of whole labium (Figs. 22 and 24).

Figs. 14-21. 14, Leftantennaof 2ndinstar (female) with 3 sensilla.
Arrows point anteriorly (A) and dorsally (D). Scale=3pm. 15,
Lateroventral view of head of 2nd instar (female). Scale=50pm.
16, Ventral view of mouthparts of 2nd instar (female). Arrows
point to sensilla on the labrum (m). Scal9=20um. 17, Left labial
palp of 2nd instar (female), bearing 5 sensilla of apparently 4 types
(numbered 1 to 4). Isolated sensila (s) areindistinctin thisinstar.
. Arrow points anteriorly. Scale=10pm. 18, Lateral view of 2ndinstar
(female). Scale=0.2mm. 19, Ventral view of 2nd instar (female).
Scale=0.2mm. 20, Left spiracle of thoracic segment i of 2ndinstar
' (female). Lateral view. Orientation same as Fig. 21. Scale=5um.
21, Left spiracle of abdominal segmentlof 2ndinstar. Same speci-
men as Fig. 20. Arrows point anteriorly (A) and dorsally (D).
Scale=5um.
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Figs. 22-27. 22, Ventral vi
indicate 3 pairs of spinos
23, Lateral view of right
point anteriorly (A) and d
3rd instar (female),

ew of head of 3rd instar (female). Arrows
e sensilla on the clypeus. Scale=50pm.
antenna of 3rd instar (female). Arrows
dorsally (D). Scale=3um. 24, Labrum of
ol are v bearing 5 pairs of sensilla (arrows). Only 4
syl visible on the left lobe in this specimen. Scale=20um.
2, Leit mandible (d) of 3rdinstar (male). Scale=20pm. 26, Lateral
ﬁ:&;\f 4of Ielft maxilla (>::) of 3rd instar (female). Each maxillary lobe
il S'S‘i‘;:;ed gensnla (s), of which the dorsoposterior two are
e inst%r (f:r;-\al cale=20. 27, Lateroventral view of labium of
) Sl 10|.Lm€.})’ showing the right palp (p) and 4 isolated sensilla
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Body hairs (longest c. 95um) numerous, distributed evenly
around each segment except sparse on ventromedial surfaces
(Fig. 28). Tl densely spinulose on the ventral region of the anterior
half. Spinules in short rows also on the last 2 abdominal segments
(Fig. 30). Spiracular peritremes on abdominal segments with ou-
ter collar processes, but those on thoracic segments smaller and
irregularly shaped (Figs. 31 and 32).

FOURTH INSTAR. (Figs. 33-44) Similar to third instar except
as follows. Head longer than wide; microsetae mostly spinose
(1.0-2.3um in length), 3 pairs on clypeus (Fig. 34, arrows) and
5 pairs on cranial region except clypeus. Antenna with 3 distinctly
papillose sensilla, each in a shallow depression (Fig. 35). Labrum
bilobed, each lobe with 5 round or subconic sensilla; spinules well
developed on ventral surface (Figs. 36 and 37). Mandible well
sclerotized, with 3 stout, subequal teeth; distal third more strongly
curved (Fig. 38). Maxillary apex coarsely spinulose (Figs. 37
and 39); with 4 isolated sensilla, 1 near palp and 1 near galea,
shorter and conic, and 2 dorsoposterior longer and spinose. Maxil-
lary palp a boss, wider than tall; with 2 small papillose, a long
finger like, a spinose, and a large disk like sensila (Fig. 39).
Galea digitiform, about twice as high as maxillary palp, bearing
2 papillose sensilla (Fig. 39). Labium with coarse spinules on
anterior surface; palp a low round elevation with 5 sensilla similar
to those on maxillary palp (Fig. 40). The 4 pairs of isolated sensilla
on labial surface, 2 pairs near labial palps conic and 2 pairs on
ventroposterior surface spinose (Fig. 40, s); sensila in more
exposed position are longer. Opening of sericteries a transverse
slit, about 1/8-1/7 width of labium (Fig. 37). Body hairs (longest
¢. 120pm) much denser (See Table 1); uniformly distributed
over body surface except ventral region of Tl (Figs._ 41 and42).
A different type of body hair appears on AIX (F!g. '43, small
arrows); 14-16 in number, 85-110pminlength, distinctively thick
(c. 5um in diameter atbase), and arranged around the segment;
always pointing posteriorly. Spinules on Tl (Fig. 424), AIX, and
AX more pointed (Fig. 43). Thoracic spiracles obviously smaller
than abdominal in diameter. Anus opens ventrally near the
abdominal tip.



234 Sociobiology, Vol. 17, No. 2, 1990

Egséois ngr 281,‘ Lateral view of 3rd instar (female). Scale=0.2mm.
29, Ilyandl\'ls of 3rd instar (female). Dorsal view. Abdominal seg-
Usa ol e(lrrr':aa:'narked. Scale=0.1mm. 30, Posterior body region
et o o e_). Scale=50um. 31, Right spiracle of thoracic
G o _nnstar (male). Arrows point anteriorly (A) and

- Scale=5um. 32, Right spiracle of abdominal segment

| of the same s i i
Scale=5pm. pecimen, with the same orientation, as Fig. 31.

FIF .

micrgs:tg\f?f" (Figs. 45-54) Head stout, longer than wide;
kg pinose (1.2-4.4um in length) (Fig. 45). A groove
s prebiald :eh n%ht and left antennae distinct (Fig. 45, dp). [it
muscles yalthiu e:rehssmn in cranial wall at the origin of the frontal
in the P;‘esent gt dt e he'ad musculature was not investigated
of other H mens udy. This structure is broadly known in larvae
been desc\s"ibed c;ptera (Short 1952; Yamane 1976), but has not
(Fig. 46) (rarel or 4ant larvae. ] Antenna with 3 papillose sensila
a low circul Y 4 or S in male larvae), which are mounted on

ular convexity (seeFig. 45; this antennal base, however,
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Figs. 33-38. 33, Anterolateral view of head of 4thinstar showing
cranial regions and appendages. Scale=0.1mm. 34, Anterior view
of clypeus of 4th instar (male), on which 3 pairs of spinose sensilla
(arrows) are distributed. Scale=30um. 35, Dorsolateral view of
right antenna of 4th instar (female). Arrows point anteriorly (A)
and dorsally (D). Scale=5pm. 36, Ventral view of head of 4th
instar (female). Scale=50pm. 37, Ventral view of mouthparts of
4th instar (female). Five sensilla (arrows) are seen on the right
lobe of the labrum (m). Scale=30pm. 38, Anteroventral view of
left mandible (d) of 4th instar (female). Scale=20pm.



237

Masuko - Instars of A. silvestrii

Sociobiology, Vol. 17, No. 2, 1990

236

sioyine 2yl £q pawirjuod jou 3Ing paisading ,

P231H 3anjel:] 1T Ut

L 91 3yl 30 .
SPNOUT aie (STI21Se UEB YITM paiew) 1x21 2yl UT palld 2soyl ATuo ‘uuwnyod STY] UT SI9IU9I3F
p ( ) *

SUspITTaWeT STYIBYILTO4

£961 B4TI0Y Y n
5 di
Ty3lee snjouodwg;)
661 ei38SE B °nd1iieq ? 4 mam,._wwuba *d
#L61 IPTUYDG 7 3“% paruodel 80TwIO]
$961 12U m ahi 1os1no sTydAT8RIE)
0861 UBTUSE] ; 2oBTIAS ¥
0861 2uyoy ¥ uyoL = 1 tproguenely srdaroyjuedy
SL61 UYOL ¥ UYOL gopwdAd srderorserd
8961 BI9SSE] S M SBUTOTWIO]
¥ A W IAWOIDY
7861 T8 39 BSS019-3l1I0] s x,w mﬂwmwmmﬂwmﬁo "’ 0
.mmm_ 9SS1aNaM-Z1TASSE) £ M .m~:um~hum 9
g.61 uaydieg-aderaqg € hww [uuewTepels 191588071801
*CL61 uaydieg-aderaq 2 o ) B30TAUT STsdouaTog
#B6L61 UOSUTA 3 BITEII3d iG/6] UTHIBW B TEaN,0 v MM sTuoeIeyd wWNIIOWOUOK
9861 Jauwaly R 37 £ .3 wn31dsepd wniIowel1la]
m in 2IBUTIEII] °d
: NS4 eprataj °d
£ ,._f ernpITTERd ST0PIayd
M .L SN3IBNI2TI8 JOSSIK
*E * F ] I33se8ouaeydy
¥9L61 I9T33yM B 1973y zi9 . iw““:&ﬁm W
6961 @y219e1S LY s, m_;u.ccn:mnu W
8L61 duewej P TUEINZTY € & ST c:_m:LWv ﬁpazh goTwIk)
6561 ATaN £ M (Srpoul S sy S
I u ¢ sTsusurys eisuodiyoeig
== BO6T :“T“.”x w .,_m,_ IT13S9ATIS auodoATquy
T USERIC SHL ' ) 2BUTJIAUO]
21589 satodadg

.@ouaiajay

S18]1SUT

TA9Maom ‘AA luBiplos ‘g fajew ‘w ‘gleway ‘4

"SiuB Ul SJBISUI |[BAJR| JO JBQWNN g a|gBe)

(s).

0.5mm.

0.3mm. 43,

(female), showing

y thick hairs are distribut-
small arrows). Thick arrow

, Lateroventral view of thoracic

pinules on its

Scale
Note that the surface of the
steriorly into two regions, and
provided with s
and thoracic segment Il are

)

ght maxilla of 4thinstar (male).
are visible in this photograph
view of left half of labium of 4th

of 4th instar

,» IXand X. Marked|

minal s

(s)
4thinstar (female). Scale
instar (male).

ateroventral

showing pal

P (p) and 4 isolated sensila
egment IX (

m. 44

male).

w of
ed anteropo
in particular

0
e

5
with labium (b

posterior end
m.

ts Vil

» Lateral view of ri
0.1m

, Lateral vie
roventral view of 4th

view of

isolated sensilla

20pm. 40, L
(male),
20m. 41

Late

Lateral

ventral surface. Head

segment | of 4th instar
also seen. Scale

Figs. 39-44, 39

Two of the

Scale

instar

Scale

42,

abdominal segmen

ed around on the abdo
points ventrally. Scale
segment is differentiat
the anterior region is



238 Sociobiology, Vol. 17, No. 2, 1990

is indistinct in younger instars when observed with an SEM micro-
scope). Labrum clearly bilobed, each lobe semicircular with 5
slightly papillose sensilla (Fig. 47, arrows); spinules on ventral
surface well developed. Mandible long (Fig. 47); distal third slen-
der, curved medioposteriorly, bearing 3 stout teeth (one apical
and two subapical), of which apices positioned at almost equal
intervals. Maxillary apex conoidal, with 1 spinose sensilla near
palp and 1 near galea, and with 2longer sensilla each on hypostomal
furrow and on dorsoposterior surface (Fig. 47,s). Maxillary palp
more slender, taller than wide; the top skewed with lateral half
more protruding (Fig. 48). Galea greatly projecting, digitiform,
about twice as long as mauxillary palp, with 2 apical bullet like
sensilla (Fig. 48). Labium with 4 pairs of spinose isolated sensilla
on surface, ventral pairs clearly shorter than dorsal 2 pairs (Fig.
49); palp very short, bearing 5 sensilla similar to those on maxillary
palp. Opening of sericteries well developed, about % as wide as
labium, with an undulatory integumental short nozzle (Fig. 47).
Body hairs (longest c. 150um), about twice as numerous as
those of 4th instar (see Table 1); uniformly distributed except
sparse on ventral surface of Tlbut with numerous rows of poster-
iorly pointing spinules (Figs. 50-52). Markedly thick hairs (7.5-
10.0pm in diameter at base) present on AIX (Fig. 53, arrows);
their numbers 18-20 in female and 21-25in male, arranged around
the segment, all pointing posteriorly; occasionally a few additional
ones on the preceding segment. Surfaces of AIX and AX with
minute spinules in short rows. Collar processes of peritremes
present on all thoracic and abdominal spiracles; diameter nearly
uniform, ranging 11-15um (Fig. 54). Anus opening ventrally near
abdominal tip (Fig. 53, n).

DISCUSSION

For the genus Amblyopone, "very young” and “mature” larvae
have been described for australis, longidens, and pallipes
(Wheeler and Wheeler 1952b, 1964, 1971). The results of the
present study on A. silvestrii are consistent with the description
on these species. Morphology of ant larvae has been extensively
examined and described by Wheeler and Wheeler (for summary
see their monograph in 1976), and, based on these results, they
have made several suggestions regarding ant taxonomy (Wheeler
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Figs. 45-50. 45, Anterior view of head of 5th .ns';ar (feénalnei?—;l
showing conic or spinose sensilla_(arrows) on its surface. ©ane
regions except clypeus (c) bear 5 pairs of sensila, o7 WIVE ™. 1998
of the left half are numbered 1 to 5 in this photogrr]?l; is probabl

groove (dp) exists between frons and vertex, w| f (seg text)y
the depression at the origin of f(ontal muscle Anteromedia:l
Scale=50pum. 46, Right antenna of 5thinstar (fer\?)a es)c.:ale=3um -

view. Arrows point laterally (L) and ventrally (v), SE8/SZ3L 0 B /)
Ventral view of mouthparts of 5th instar (fer;;natg v o aot s
5 sensila on the right half of the 1abl‘Um36 :1 48, Maxillary palp
and opening of sericteries (os). Scale= ‘utér (m’ale) Postarior
(p) and galea (g) on right maxilia of Bth 1Sns|e_10um " 49, Labial
view. Right mandible (d)is seen behind. SE8ES ERIN L ot St
palp (p) and 4 isolated sensilla (s) on l:?d of half- grown 5th
instar (female). Scale=10pum. 50, Entire body
instar (male). Scale=1mm.
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Figs. 51-54. 51, Lateroventral vi
instar (female). Ventral surface o

is covered with numerous rows of spi

: e . pinules. Scale=0.1mm. 52,

:gg magnification of posteriorly pointing, ventral spinules on thor-
segment | of 5th instar (female). Scale=5um. 53,

Lateroposterior view of the | :
: ast
instar (female). three abdominal segments of 5th

The segment IX has distinctivel i i
e y thick hairs (ar-
rows). Scale=0.2mm. 54, Left lateral view of spiracle of thoracic

segment |l i ;
ch!e=10p_m. Arrows point anteriorly (A) and dorsally (D).

ew of thoracic segment | of 5th
f the anterior half of the segment
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and Wheeler 1985). Although most of their descriptions were
based on mature larvae, the exact number of instars has been
determined for few species. On the other hand, several authors
described the instars of ant larvae under the necessity of instar
discrimination in their research on caste determination or ecology
of the interested species. As far as | know, the larval instars
have been determined for 24 species of ants, including theresult
of the present study (Table 3). Onoyama (1982) also reviewed
the number of larval instars for 12 species, and Wheeler and
Wheeler (1986) has listed known numbers of instars for 18
species, principally based on Onoyama’sreview. Theinstar deter-
mination was generally based on chaetotaxy, form of hairs and
body, morphological characteristics of mouthparts, or acombina-
tion of these. Although the determination by some authors
remains inconclusive, it can be seen in Table 3 that the instar
number reported for ant larvae mostly ranges 3to5, irrespective
of castes. The relatively large number of larval instars (five)
in Amblyopone may be an indication of more ancestral state of
this genus in this aspect.

In general there is no sexual difference in the number of larval
instars in ants (Table 3). However, some morphological differ-
ences between male and female have been found in larvae of
several advanced genera (Trabert 1957; Delage-Darchen 1972;
Wheeler and Wheeler 1952a, 1970a, 1976). The present study
has shown that the number of body hairs differs between male
and female larvae, though distinction remains to be made between
queen and worker larvae. The larvae of A. silvestrii, evenwhen
they mature, do not have integumental structures related tointer—
nal imaginal discs of gonopods, such as known in the larvae of
vespine wasps (Zander 1907; Yamane 1976). Hence, thecaste
discrimination is difficult in A. silvestrii until the larvae become
prepupae, in which stage it becomes possible to examine the
conditions of internally developing imaginal discs (i.e., the pre-
sence or absence of the wing buds and the form of the gonopods)'.
These organs are visible through the cuticle in preserved speci-
mens in toto, and this enables distinction among male, queen,
and worker (Masuko, unpubl. obs.).

A silvestrii larvae are usually positioned by workers onwhole
paralyzed prey (chiefly, geophilomorph centipedes), where they
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insert the anterior body segments into the prey body by them-
selves and consume its interior (Masuko 1987). This insertion
is so firm that a feeding larva often moves the posterior end
of the body actively in the air. As described, the ventral surface,
especially the anterior portion of the prothorax, is hairless. In
contrast, in this region there are numerous rows of posteriorly
pointing spinules, which are developed especially in the larvae of
later stages. This spinulose prothoracic part surrounds the base
of the head like a collar (see Fig. 44). Such spinules are also
known from other amblyoponine genera, such as Mystrium and
Onychomyrmex (Wheeler and Wheeler 1952b, 1952¢), but appar-
ently absent in Apomyrma (Wheeler and Wheeler 1970b). The
feeding behavior of A. silvestriilarvae suggests that these thor-
acic spinules serve as minute hooks for their firm attachment
to prey.

Moreover, hairs appear on the ventral surface of the body first
in the 3rd instar. Hairless venters of the 1st and 2nd instars
may be related to their oophagy. In this feeding, reproductive
eggs laid by the colony queens are consumed as ordinary food
for these young larvae (Masuko 1987). Laboratory observations
have shown that each larva normally feeds on a total of 2 or
3 of such eggs before molting to the 3rd instar and thereafter
it begins prey feeding (Masuko, unpubl. obs.). When in an egg
pile, the st or 2ndinstars usually adhere to eggs with their hairless
ventral area. This suggests that this naked surface provides them
with suitable placement for their oophagy.

Since Wheeler’'s (1918) classical work, there have been few
studies on ant larvae from the viewpoint of functional morphology,
except recent ones by Petralia and Vinson (1978 and 1979b).
Probably, one reason for this is that ant larvae are apodous and
totally, or for most parts, dependent on adults for nutrition and
other activities. Consequently, morphological specialization of ant
larvaeis apparently less striking and thus more prone to be overloo-
kc?d compared with specialization in adults. However, just a
glimpse of the monograph by Wheeler and Wheeler (1976) con-
vinces me that external structures of ant larvae vary considerably
among taxa. Many of these differences must be closely connect-
ed with their feeding habits. Ant larvae thus deserve future study
of functional morphology. To understand the functions and
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adaptations of structures of ant larvae, however, information on
feeding ecology of the concerned species will be necessary in
most cases.
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Note added in proof: After the original submission of this manu-
script, an additional publication has come to my notice, which
described the larval instars of the formicine ant Paratrechina
flavipes (Smith) (Ichinose, K. 1987, Kontyu 55:9-20). Accord-
ing to this, the larval stage of P, flavipes consists of four instars
in all gynes, males and workers.



