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ABSTRACT Head structures of the leaf mining larva
of the chrysomelid species Podagricomela shirahatai
are described and illustrated. Internal and external
structures were reconstructed three dimensionally
based on image stacks obtained with microcomputed
tomography. The larval head is characterized by prognathism, a dorsoventrally compressed shape, a flattened maxillolabial complex, a completely reduced
coronal suture, and the presence of a deep, V-shaped
posterior emargination of the head capsule. Internal
structures are not distinctly affected by leaf mining.
The cephalic features are compared with conditions
found in surface feeding and root feeding alticine larvae and also with characters of chrysomeline larvae of
Chrysomela populi Linnaeus. Possible correlations
between modifications of the larval head and different
feeding behaviors are discussed. Characters are also
discussed with respect to possible phylogenetic implications. Some derived features are apparently due to phylogenetic constraints. Apomorphies characterizing
alticine larvae with distinctly different life habits are
the loss of M. frontoepharyngalis (M. 9), the origin of
M. tentoriostipitalis (M. 18) from the head capsule, two
insertions of M. tentoriopraementalis inferior (M. 29)
and the reduction of stemmata. The study underlines
that the anatomical study of chrysomeloid larvae is not
only highly desirable in a phylogenetic context, but
also crucial for understanding the evolution of different
life strategies in this extremely successful group of
Coleoptera. J. Morphol. 276:446–457, 2015. VC 2014

and Bezdek, 2014). This lineage is probably a
monophyletic subgroup of Galerucinae (e.g.,
Gomez-Zurita et al., 2008; Ge et al., 2011, 2012).
Root feeders, leaf miners, and external leaf feeders
are the three main larval feeding types in Alticini.
Sixty-nine species in nineteen alticine genera are
reported as leaf miners (Santiago-Blay, 2004). The
acute numbers of root feeders and external leaf
feeders are still unknown.
The effects of the microhabitat and larval feeding habits on the cephalic morphology have been
addressed in a number of studies (Hering, 1951;
Hasenfuss and Kristensen, 2003; Santiago-Blay,
2004). An obvious morphological adaptation is that
the head of alticine leaf miners is flattened and
prognathous, like in many leaf mining larvae in
other groups of insects such as for instance Nepticulidae (Lepidoptera) [see Needham et al., 1928].
However, internal structures are almost completely unknown. Generally, the anatomical knowledge of larvae of the extremely successful
Chrysomelidae is extremely sparse [e.g., few muscular data in Dorsey 1943]. Consequently, one aim
of our study is to document the external and internal head structures of the larva of P. shirahatai in
detail. The data are also compared with other
chrysomelid larvae either feeding externally on
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INTRODUCTION
The larvae of the leaf beetle species Podagricomela shirahatai are specialized leaf-miners. They
enter the leaves of Zanthoxylum bungeanum
(Rutaceae) immediately after hatching and can
start mining a new leaf as soon as the old one is
too crowded (Du et al., 1999; Qi, 2000). The genus
Podagricomela is assigned to Alticini, a megadiverse chrysomelid tribe comprising ca. 8,000 species arranged in more than 534 genera (Nadein
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leaves or on roots. The possible effects of leaf mining on the cephalic morphology are evaluated and
possible phylogenetic implications are discussed.
MATERIAL AND METHODS
Materials
Larvae and adults of P. shirahatai (Ch^
uj^
o, 1957) were collected on leaves of Zanthoxylum bungeanum Maximowicz
(Rutaceae) on May 3, 2013 in Jiaogong Town, Wudu District,
Gansu Province, China, by Mr. Hong-Jian Wang (Gansu Station
for Forestry Science and Technology Extension). They were
identified by Mr. Shu-Yong Wang (Institute of Zoology, Chinese
Academy of Sciences, Beijing, China).
Adults of Longitarsus jacobaeae (Waterhouse, 1858) were collected on leaves Senecio jacobae L. (Asteraceae) in southern France
by Dr. Jim Cullen (CSIRO Entomology, Canberra, Australia). Larvae were reared from these adults from June to July 1979 in
Canberra.
Larvae of Altica viridicyanea (Baly, 1874) were collected on
leaves of Geranium nepalense Sweet (Geraniaceae) in June–
July 2010, in Badaling, Yanqing County, Beijing, China, by Dr.
Huai-Jun Xue and Mr. Wen-Zhu Li (Institute of Zoology, Chinese Academy of Sciences, Beijing, China). Pupae and adults
were obtained through laboratory rearing. Adults were identified by Dr. Huai-Jun Xue.
The specimens of immatures of P. shirahatai, L. jacobaeae
and A. viridicyanea are deposited in the Institute of Zoology,
Chinese Academy of Sciences, Beijing, China.

Histological Sections
One mature larva of P. shirahatai and one mature larva of
L. jacobaeae were embedded in Araldit CY 212 (Agar Scientific,
Stansted/Essex, UK). Cross sectioning was carried out with a
HM 360 microtome (Microm, Walldorf, Germany) at 1 mm. The
sections were stained with Toluidine blue and Pyronin G (Waldeck Gmbh and Co.KG/Division Chroma, M€
unster, Germany).

X-ray Computer Tomography
One mature larva of P. shirahatai and one mature larva of
A. viridicyanea were dehydrated using increasing steps of ethanol up to 100% and acetone, dried at the critical point (Emitech
K850 critical point dryer), and scanned with an X-radia 400 at
the Institute of Zoology, Chinese Academy of Sciences (beam
strength: 60KV, absorption contrast).

Scanning Electron Microscopy
Two mature larvae of P. shirahatai were dehydrated using
increasing steps of ethanol up to 100% and acetone, dried at
the critical point (Emitech K850 critical point dryer) and
sputter-coated with gold (Emitech K500 sputter coater). Pictures were taken with a Philips XL 30 ESEM and Scandium
software. A special sample holder for scanning electron
microscopy was used (Pohl, 2010).

3D-Reconstruction and Image Preparation
Internal head structures of the P. shirahatai larva were
reconstructed with Amira 5.4. The data files were then transferred to Maya 2013 (Autodesk) to use the smoothing function,
the specific display, and render options implemented in this
software.
All pictures were evaluated and assembled with Adobe
PhotoshopV CS 8.0 and IllustratorV CS software. The data
of Chrysomela populi larvae come from Ge et al. (in press).
For muscles the nomenclature of K
eler 1963 is used in the
text, and the corresponding numbers are used in the
illustrations.
R

R
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RESULTS
Head Capsule
External structures. The head is narrower than
the thorax and its posterior part is distinctly
retracted into the prothorax. It is prognathous,
distinctly flattened dorsoventrally and very broad.
The exposed part of the head is almost twice as
wide as the length along the median line. The posterior cephalic region is covered by the membranous prothoracic collar and the adjacent pronotum
on the dorsal side. Large paired triangular extensions of the occipital region are dorsomedially separated by a deep median triangular emargination
and completely retracted into the prothorax (Fig.
1A–C). They are well sclerotized and their margin
is reinforced by a darkened bulge. The coloration
of the head is mostly dark brown but strengthened
areas appear blackish. The well-sclerotized cuticle
is smooth and the setation is sparse. The lateral
margin of the exposed part of the head is moderately rounded. A coronal suture is not present.
The V-shaped frontal sutures are distinctly developed as narrow membranous zones of weakness.
They enclose a broad frons and do not meet posteromedially. Anteriorly, very close to the anterior
margin of the head capsule, they are bent mesad
and meet the lateral margin of the antennal articulatory area. The bulges strengthening the posterior extensions meet medially at the anterior tip of
the posteromedian emargination and are anteriorly continuous with a strongly developed, bulgeshaped median endocarina, which is slightly widening anteriorly and completely dividing the frontal region. The frontal region is anterolaterally
delimited by a distinct edge mesad the antennal
articulating area and a rather indistinct internal
ridge anteromedially. Two pairs of long setae are
inserted anteriorly on the frons and three pairs of
microsetae are present medially (Fig. 1A–C). The
frontoclypeal ridge is not recognizable at the external surface (SEM images). The transverse clypeus
is much less pigmented than the remaining parts
of the dorsal head capsule and semitransparent. It
is almost 5x as wide as long and its anterolateral
edges are rounded (Fig. 1D). Vestigial fissureshaped anterior tentorial grooves are recognizable
posterolaterally. The epicranial halves comprising
the regions of the genae and vertex bear four long
setae, two of which are inserted along the frontal
suture. Four long setae are inserted on the anterolateral cephalic region. Typical stemmata and cornea lenses are absent, but a dark eye spot is
present posterior to the antenna (not visible on
SEM micrographs). The ventral closure of the
head is exclusively formed by the large maxillolabial complex.
Tentorium. The tentorium is mainly formed by
short but strongly developed posterior arms and a
broad tentorial bridge connecting them. The
Journal of Morphology
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Fig. 1. Head of mature larva of Podagricomela shirahatai. (A) dorsal view; (B) ventral view; and (C–H) SEM micrographs: (C)
frontal view; (D) labrum; (E) antenna; (F) mala; (G) maxillary palp; (H) labial palp. (C–H) adapted form Hua et al. 2014. Abbreviations: bs: basiconic sensillum; cly: clypeus; ds: digitiform sensillum; ec: endocarina; fs: frontal suture; ga: galea; la: labium; lbs: long
basiconic sensillum; lc: lacinia; lr: labrum; mx: maxilla; mxp: maxillary palp; sbs: short basiconic sensillum; sp: sensory papilla; st:
seta.

anterior arms are reduced. The dorsal arms are
vestigial, represented by ligamentous structures
connecting the apex of the posterior arms with the
dorsal wall of the head capsule (Fig. 4D–E).
Appendages and their Musculature
Labrum. The free labrum is connected with
the anterior clypeal margin by an internal membrane. Its shape is approximately semicircular.
The anterior margin is rounded, with a pair of
shallow emarginations halfway between the
median line and the rounded anterolateral corner.
The dorsal surface bears two pairs of short setae
Journal of Morphology

paramedially; a row of spine-like setae is present
laterad the emargination. Hair-like sensilla are
present anteromedially. The posterior margin of
the labrum is convex (Fig. 1D).
Musculature: M. 7 (M. labroepipharyngalis), a
ventrally diverging pair of muscles, O: medially on
the dorsal labral wall, I: epipharynx. The muscle
functions as levator of the epipharynx. M. 9 (M.
frontoepipharyngalis) absent.
Antennae. The strongly shortened antennae
are inserted on an elevated membranous articulating area at the anterior end of the frontal sutures.
They are composed of two segments. The short
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and broad proximal antennomere is roughly cylindrical in shape and bears a large conical sensory
papilla and four sensilla basiconica. The coneshaped distal antennomere is much narrower than
the basal segment; an elongate sensillum basiconicum and two setae are inserted on it (Fig. 1E).
Musculature: Two relatively thin muscles, probably M. 1 (M. tentorioscapalis anterior) and M. 2
(M. tentorioscapalis posterior), O: both muscles
originate on the same area on the dorsal wall of
the head capsule, I: separately attached to the
antennal base, one dorsally and one ventrally. The
ventral bundle is likely M. 1.
Mandibles. The mandibles are strongly sclerotized, symmetrical, palmate, and equipped with
four moderately pointed teeth. The second tooth is
larger than the others. The external mandibular
face bears two setae. A penicillus formed by a cluster of seven stiff setae is inserted on the basal
part of the mesal mandibular surface.
Musculature (Figs. 2 and 4): M. 11 (M. craniomandibularis internus), the largest muscle of the
head and composed of many bundles, O: dorsal,
dorsolateral, lateral, and ventrolateral areas of the
head capsule, I: adductor tendon. M. 12 (M. craniomandibularis externus), composed of seven
bundles, O: lateral wall of the head capsule, I:
abductor tendon.
Maxillae. The maxillae and the labium
together form a large and compact structural and
functional unit. This maxillolabial complex moderately widens posteriorly and forms the ventral closure of the head. It is less strongly pigmented
than the adjacent cephalic regions except for a
very dark, continuous narrow stripe separating
the anterior labial region from the adjacent maxillary parts, and the cardines from the stipes. The
posterolateral corners of the complex are rounded
and the lateral edges are sharp. The transverse
and relatively large cardines are mesally distinctly
separated from the posterior stipital margin but
the border between both regions is indistinct laterally; a short seta is inserted on the anterolateral
edge of the cardo. The stipes is parallel-sided and
elongate, almost exactly as long as the postmentum; the lateral edge is very slightly curved; two
relatively short setae are inserted close to the lateral border. A relatively voluminous distal structure is separated from the stipes by a fold which
is very distinct laterally but obliterated mesally; it
is placed laterad the prementum and almost of
equal size; it bears the mala anteromesally and
the palp anterolaterally; two short setae are
inserted on its mesal and lateral regions, respectively. The mala is distinctly divided into two
parts; the external lobe (galea) bears seven setae
arranged in a circle around a stout pedunculate
seta; the inner lobe (lacinia) bears a straight longitudinal row of four long and thick setae (Fig.
1F). The maxillary palpi are composed of three
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palpomeres; the basal palpomere is wider than
long and bears one seta; the intermediate palpomere is distinctly smaller than the basal one and
two very small setae are inserted on the lateral
and mesal region, respectively; the distal palpomere is elongate, slightly tapering distally and
rounded apically; a large digitiform sensillum is
present on the lateral side and 12 basiconic sensilla on the apex (Fig. 1G).
Musculature (Figs. 2 and 4): M. 17 (M. tentoriocardinalis), composed of three bundles, O: ventrolaterally from the posterior tentorial arm, I: two
bundles on the ventral surface of the cardo and
one bundle on its semimembranous mesal margin.
M. 18 (M. tentoriostipitalis), composed of three
small bundles, O: dorsal wall of the head capsule,
I: mesal edge of stipes. M. 19 (M. craniolacinialis),
one strong bundle, O: ventrolaterally from the
head capsule, directly ventrad the attachment
areas of M. 11, I: probably on the base of the mala
by means of a tendon, but the precise point of
insertion was not recognizable on mCt scans. M. 22
(M. stipitopalpalis externus) O: ventral surface of
stipes, I: base of maxillary palp.
Labium. The posterior element of the labium
is a large and slightly sclerotized, plate-like postmentum; the lateral edges separating it from the
stipes are sharp and distinctly converging anteriorly; it bears two pairs of short setae, one pair
on the middle region and one close to the posterior border. A mentum is not recognizable as a
separate structure. The short prementum is
strengthened by a semielliptical sclerotized band;
it bears a pair of short setae close to the mesal
base of the labial palpi; a relatively voluminous
ligula bears three pairs of short setae arranged
in longitudinal rows. The labial palpi are twosegmented, with an indistinctly defined basal
palpomere; the distal palpomere is elongate, with
a large digitiform sensillum on its lateral side
and nine basiconic sensilla on the apex (Fig. 1H).
Musculature (Figs. 2 and 4): M. 29 (M. tentoriopraementalis inferior), composed of two strong
bundles, O: ventral side of the tentorial bridge, I:
the anterior one (M. 29a) inserts on a membranous
fold connecting the hind margin of the prementum
with the anterior margin of the postmentum,
above and anterior to the insertion of the posterior
one, the posterior one (M. 29b) on the ventral surface of the postmentum.
Preoral cavity
Epipharynx. The anterior epipharynx bears a
patch of microtrichia grouped in short transverse
rows close to the anteromedian margin.
Musculature (Figs. 2 and 4): M. 43 (M. clypeopalatalis), composed of four small bundles, O: common origin paramedially on the clypeal region, I:
posterior epiparynx.
Journal of Morphology
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Fig. 2. Head of mature larva of Podagricomela shirahatai, 3D reconstructions of internal structures, cuticle rendered transparent.
(A) frontal view; (B) dorsal view; (C) ventral view, labium and left maxilla rendered transparent; (D) lateral view; (E) sagittal
section, pharynx rendered transparent; and (F) sagittal section, pharynx, labium and parts of musculature removed. Abbreviations:
br: brain; la: labium; lb: labrum; md: mandible; mx: maxilla; ph: pharynx; sog: suboesophageal ganglion; 1/2: M. tentorioscapalis
anterior/ M. tentorioscapalis posterior; 7: M. labroepipharyngalis; 11: M. craniomandibularis internus; 12: M. craniomandibularis
externus; 17: M. tentoriocardinalis; 18: M. tentoriostipitalis; 19: M. craniolacinialis; 22: M. stipitopalpalis externus; 29: M. tentoriopraementalis inferior; 41: M. frontohypopharyngalis; 43: M. clypeopalatalis; 45: M. frontobuccalis anterior; 46: M. frontobuccalis posterior; 48: M. tentoribuccalis anterior; 50/52: M. tentoriobuccalis posterior/ M. tentoriopharyngalis.

Hypopharynx. The hypopharynx forms a subparallel steep structure. A dense vestiture of hairs
is present at its lateral edges.
Musculature (Figs. 2 and 4): M. 41 (M. frontohypopharyngalis), composed of two closely adjacent
Journal of Morphology

bundles, the posterior one larger and fan-shaped,
O: two separate areas of origin on the posterior
frontal area, close to M. 45, I: laterally on the
anatomical mouth, very close to the insertion of
M. 45.
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TABLE 1. External structural differences of larvae
Chrysomela populi
Head
Colour

Orthognathous
Black, strongly
sclerotized

Shape of head
capsule
Posterior emargination of head
capsule
Stemmata
Antenna
Coronal suture
Endocarina

Three-segmented
Present, long
Narrow ridge

Teeth of mandible

Distinct and sharp

Podagricomela
shirahatai

Longitarsus
jacobaeae

Altica viridicyanea

Orthognathous
Light brown, moderately
sclerotized
Elongate-oval

Orthognathous
Dark brown, strongly sclerotized

Globular

Prognathous
Dark brown,
strongly
sclerotized
Flattened

Absent

Deep and V-shaped

Shallow

Shallow

Six stemmata

Dark eye spot posterior to antenna
Two-segmented
Absent
Strongly developed
median bulge
Distinct and sharp

Absent

Absent

Two-segmented
Present, short
Narrow ridge

Two-segmented
Present, short
Narrow ridge

Indistinct and
blunt

Distinct

Pharynx
The pharynx is moderately wide. Very distinct
dorsal, lateral and ventral folds are present for
attachment of dilators. Posteriorly, the lumen is
distinctly narrowing.
Musculature (Figs. 2 and 4): M. 45 (M. frontobuccalis anterior), one bundle, O: central region of
the frons, anterior to the anterior bundle of M. 41,
I: dorsally on the anterior pharynx, at the anatomical mouth. M. 46 (M. frontobuccalis posterior),
composed of two main subcomponents, the posterior one composed of several bundles, O: anterior
subcomponent on frons anterolaterad the origin of
the anterior bundle of M. 41, bundles of posterior
subcomponent laterad the origin of the posterior
bundle of M. 41, I: anterior subcomponent on anterior pharynx posterior to insertion of M. 41, bundles of posterior subcomponent successively on
posterior pharynx. M 48 (M. tentoribuccalis anterior), one strong bundle, O: tentorial bridge, I: posterior hypopharyngeal margin, functions as
hypopharyngeal retractor. M. 50 (M. tentoriobuccalis posterior) and M. 52 (M. tentoriopharyngalis), a large series of closely adjacent bundles, O:
posterior region of head capsule, laterad the origin
of the posterior tentorium, I: ventrolaterally on
the pharynx, below the attachment areas of the
posterior subcomponent of M. 46, antagonistic to
this muscle.
Cerebrum and Subesophageal Ganglion
The brain (diameter of a protocerebral hemisphere 137 mm) and suboesophageal ganglion
(diameter 135 mm) are small in relation to the
entire head (maximum width 712 mm). They are
mostly located within the head capsule (Fig. 2B–
D). The three parts of the brain form a compact
pear-shaped and posteriorly inclined structural
unit. The protocerebral hemispheres partly lie
within the anterior prothorax. The median con-

Elongate-oval

necting part is unusually narrow. Optic lobes and
neuropils are absent and optic nerves not recognizable. Strongly developed frontal connectives originate from the tapering anterior tritocerebral part,
very close to the origin of the circumoesophageal
connectives. The frontal ganglion, the tritocerebral
commissure, and the anterior region of the circumoesophageal connectives are not recognizable on
the mCt images. The suboesophageal ganglion is
located below the brain in the posteriormost region
of the head and the anterior prothorax. It reaches
the tentorial bridge anteriorly.
Salivary gland
The typical tube-like cucujiform salivary glands
are missing.
DISCUSSION
The investigation of external and internal
cephalic characters of the larva of P. shirahatai
revealed a number of differences between this leaf
miner and root feeding larvae (L. jacobaeae) and
external leaf feeders (A. viridicyanea and C. populi) (summarized in Tables 1, 2 and 3).
Morphological Modifications Related to Leaf
Mining
The leaf mining larva displays several specializations of the cephalic skeleton which are apparently related to the specific life style. In contrast
to other chrysomelid larvae including root feeders,
the head is distinctly prognathous and flattened
dorsoventrally, with a maxillolabial complex which
is distinctly less bulging than in the other species
examined. As a flattened head also occurs in nonrelated leaf miners, such as for instance in larvae
of Tischeriidae (Lepidoptera) and Fenusinae
(Hymenoptera) (Needham et al., 1928; Davis,
1998; Oishi and Sato, 2009), it is likely that this
Journal of Morphology
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TABLE 2. Internal structural differences of larvae (“1” means same as in P. shirahatai; “2” means absent)

Chrysomela populi (Fig. 6)
M. 1/M. 2

M. 7
M. 9

M. 1, – M. 2, O: dorsal wall
of head capsule I: posterodorsal margin of antennal
base
–

M. 11

O: frons I: medially on ventral labral wall
1

M. 12

1

M. 17

O: posterior tentorial arm I:
along mesal wall of cardo

M. 18a

O: oral arm of hypopharynx
I: mesal edge of stipes
O: anterior side of tentorial
bridge I: stipes, very close
to stipitocardinal ridge
O: ventrolaterally from head
capsule I: on base of mala

M. 18p
M. 19
M. 20

O: stipital wall I: basal edge
of mala

M. 22

1

M. 29a

1

M. 29b

2

M. 41

1

M. 43

M. 45

O: ventral frons, slightly
dorsad clypeo-frontal ridge
I: epipharyngeal wall,
anterad frontal ganglion
1

M. 46

1

M. 48

1

M. 50

O: anterior region of tentorial bridge I: ventral side
of anterior pharynx
O: area between posterior
tentorial arms and head
capsule I: ventral wall of
posterior pharynx

M. 52

Podagricomela shirahatai
(Fig. 2)
O: dorsal wall of head capsule I: separately attached
to antennal base
O: medially on dorsal labral
wall I: epipharynx
2

O: dorsal wall of
head capsule I:
unclear

Altica
viridicyanea
1

1

1

2

2

O: head capsule I: adductor
tendon
O: head capsule I: abductor
tendon
O: posterior tentorial arm I:
ventral surface and mesal
margin of cardo
O: head capsule I: mesal
edge of stipes
2

1

1

1

1

1

1

1

1

2

2

O: ventrolaterally from head
capsule I: probably on
base of mala
–

same as in C.
populi

same as in C.
populi

O: ventral surface of stipes
I: base of maxillary palp
O: ventral side of the tentorial bridge I: anterior
region of prementum
O: ventral side of the tentorial bridge I: on the ventral surface of the
postmentum
O: posterior frontal area,
close to M. 45 I: laterally
on anatomical mouth very
close to insertion of M. 45
O: paramedially on clypeal
region I: posterior
epiparynx
O: central region of frons I:
dorsally on pharynx, at
anatomical mouth
O: posterior part of frons I:
dorsally on pharynx.
O: tentorial bridge I: posterior hypopharyngeal
margin
O: posterior region of head
capsule I: ventral side of
pharynx
O: posterior region of head
capsule, laterad the origin
of the posterior tentorium
I: laterally on pharynx

feature is indeed correlated with this specialization. This also applies to other characters such as
the absence of a coronal suture and the presence
of a deep, V-shaped posterior emargination of the
Journal of Morphology

Longitarsus jacobaeae
(Fig. 5)

O: ventrolateral
surface of stipital base I: base
of mala
1

same as in L.
jacobaeae

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

head capsule. An endocarina occurs in different
groups of beetles without leaf mining larvae (e.g.,
Archostemata; Beutel and H€ornschemeyer, 2002a,
2002b), but is it unusually strongly developed and
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TABLE 3. Differences in the cephalic central nervous system of larvae
Chrysomela populi
Position of brain

Anterior region of
head capsule

Position of suboesophageal ganglion

In posteroventral
part of head

Diameter of head
capsule
Diameter of protocerebral hemisphere versus
head capsule

Podagricomela
shirahatai

Longitarsus jacobaeae

Altica viridicyanea

Outside of head

Posterior region of
head

1,705 mm

Posterior region of
head capsule and
anterior prothorax
Posteriormost region
of the head and
anterior prothorax
712 mm

Outside of head,
posterior region of
prothorax
425 mm

Posteriormost region
of the head and
anterior prothorax
592 mm

14%

19%

44%

21%

bulge-shaped in P. shirahatai. Shortening of
appendages such as for instance the antennae and
the absence of complex light sense organs are
apparently not related to leaf mining. Short
antennae and palps are also present in other alticine larvae with less specialized life habits. Light
sense organs are absent (e.g., L. jacobaeae, A. viridicyanea) or only one pair of stemmata is present
(other alticine larvae), whereas six pairs of stemmata are present in larvae of Chrysomelinae, and
interestingly four to six stemmata in the lepidopteran leaf mining larvae of Tischeriidae (mostly
arranged horizontally; Oishi and Sato, 2009).
It has been assumed by Hering 1951 that internal modifications have developed parallel to external differences between leaf mining insects and
their free-living relatives. However, our study
suggests that in the case of chrysomelid larvae
the effect on internal structures is very limited
compared to rather conspicuous external modifica-

tions. This applies to the musculature and also to
the cephalic central nervous system. The larval
cephalic anatomy of leaf miners is similar to what
is found in other alticine larvae (root feeder and
external leaf feeder) (see Tables 1, 2 and 3). The
absence of M. 20 in the leaf mining larva of P.
shirahatai cannot be explained by specific skeletal
modifications or secondarily lost functional
requirements. The position of the main part of
the brain of P. shirahatai and A. viridicyanea
within the head is surprising, considering the
small size. Miniaturization in larvae often results
in a posterior shift of the brain and suboesophageal ganglion (e.g., Grebennikov and Beutel,
2002), and this also applies to L. jacobaeae, where
the brain and suboesophageal ganglion are
unusually large compared to the small head
(diameter of protocerebral hemisphere versus
head capsule ca. 44%) and located in the anterior
prothorax (Fig. 3B).

Fig. 3. Overview of the cross sections of head. (A) mature larva of Podagricomela shirahatai
and (B) mature larva of Longitarsus jacobaeae.
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Fig. 4. (A–F) Cross sections of mature larva of Podagricomela shirahatai. Abbreviations: ant: antenna; md: mandible; ph: pharynx;
pta: posterior tentorial arms; tb: tentorial bridge; 11: M. craniomandibularis internus; 12: M. craniomandibularis externus; 17: M.
tentoriocardinalis; 18: M. tentoriostipitalis; 19: M. craniolacinialis; 22: M. stipitopalpalis externus; 29: M. tentoriopraementalis inferior; 41: M. frontohypopharyngalis; 43: M. clypeopalatalis; 45: M. frontobuccalis anterior; 46: M. frontobuccalis posterior; 48: M. tentoribuccalis anterior; 50/52: M. tentoriobuccalis posterior/M. tentoriopharyngalis.

Phylogenetic implications
The knowledge of the larval anatomy of leaf beetle taxa is fragmentary at present. Information for
most potentially related groups is largely or completely missing. Consequently the following phylogenetic character interpretations are not based on
a strict cladistic approach or an evaluation based
on a specific study on chrysomelid phylogeny (e.g.,
Ge et al., 2012), but rather on a comparison with
structural features found in the well-known larva
of Chrysomela (Ge et al., in press), in other
Journal of Morphology

recently studied larvae of Galerucinae (Hua et al.,
2014), and in other groups of Coleoptera, closely or
more distantly related to Chrysomelidae (e.g., Beutel, 1993, 1999; Beutel and Friedrich, 2005). An
important source of information in this context is
also the recently published volume on Phytophaga
in the Handbook of Zoology series (Leschen and
Beutel, 2014). In most cases, the polarity rationale
is straightforward, as for instance in the case of
stemmata (present in the groundplan of Cucujiformia and Chrysomelidae; for example, Beutel and
Friedrich, 2005; Leschen and Beutel, 2014) or
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Fig. 5. (A–F) Cross sections of mature larva of Longitarsus jacobaeae. Abbreviations: ant: antenna; md: mandible; ph: pharynx;
pta: posterior tentorial arms; tb: tentorial bridge. 11: M. craniomandibularis internus; 12: M. craniomandibularis externus; 17: M.
tentoriocardinalis; 18: M. tentoriostipitalis; 19: M. craniolacinialis; M. 20: M. stipitolacinialis; 22: M. stipitopalpalis externus; 29: M.
tentoriopraementalis inferior; 41: M. frontohypopharyngalis; 43: M. clypeopalatalis; 45: M. frontobuccalis anterior; 46: M. frontobuccalis posterior; 48: M. tentoribuccalis anterior; 50/52: M. tentoriobuccalis posterior/ M. tentoriopharyngalis.

cephalic muscles almost generally occuring in beetle larvae (e.g., Beutel, 1999; Beutel and Friedrich,
2005).
Morphological modifications can reflect changed
life habits and functional requirements, but the
presence of derived features can be simply a result
of the evolutionary history, i.e. based on phylogenetic constraints. This apparently applies to sev-

eral apomorphic features identified in alticine
larvae with distinctly different life habits. The loss
of M. frontoepharyngalis (M. 9), the origin of M.
tentoriostipitalis (M. 18) from the head capsule,
two insertions of M. tentoriopraementalis inferior
(M. 29) including one on the ventral surface of the
postmental region, and the shift of the brain to
the posterior cephalic region (or the prothorax) are
Journal of Morphology
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Fig. 6. Head of mature larva of Chrysomela populi, 3D reconstructions of internal structures, cuticle rendered transparent. (A)
frontal view; (B) lateral view; (C) dorsal view; and (D) ventral view, labium and left maxilla rendered transparent. Abbreviations: br:
brain; la: labium; la: labium; md: mandible; mx: maxilla; ph: pharynx; sog: suboesophageal ganglion; ste: stemmata; 9: M. frontoepipharyngalis; 11: M. craniomandibularis internus; 12: M. craniomandibularis externus; 17: M. tentoriocardinalis; 19: M. craniolacinialis; 29: M. tentoriopraementalis inferior; 41: M. frontohypopharyngalis; 43: M. clypeopalatalis; 48: M. tentoribuccalis anterior.

obviously derived features not related to a specific
microhabitat or feeding habit. The obviously plesiomorphic character states occur in larvae of
Chrysomela: M. 9 is present, M. 18 has a tentorial
origin, and M. 29 has only a single insertion, conditions which also occur in more generalized beetle
larvae (e.g., Beutel 1993, 1999; Beutel and
Molenda, 1997; Beutel and Friedrich, 2005). External apomorphic features shared by alticine larvae
are the loss of stemmata, which are well developed
in larvae of Chrysomela and other chrysomelid
 R tojan
 ska et al., 2014),
taxa (e.g., Cassidinae; Swie
the loss of antennomere 3, and the presence of a
well developed inner lobe of the mala (see Hua
et al., 2014 for more potential apomorphies). An
apomorphic feature found in alticine larvae and
Chrysomela is the greatly reduced condition of the
anterior tentorium. Due to the extreme scarcity of
anatomical data for chrysomeloid larvae a reliable
phylogenetic interpretation of this apomorphic
condition is presently not possible.
Journal of Morphology

The study underlines that despite of the enormous economic impact the anatomy of chrysomeloid
larvae is grossly understudied. Compared to other
groups of beetles such as for instance Archostemata
(Beutel and H€ornschemeyer, 2002a, 2002b), Adephaga (e.g., Beutel, 1993), Hydrophiloidea (e.g.,
Beutel, 1994, 1999), Staphylinoidea (e.g., Beutel and
Molenda, 1997; Grebennikov and Beutel, 2002;
H€
unefeld and Beutel, 2005; Korte et al., 2004), internal structural features are almost completely
unknown. Likewise, even though the general phenomenon of leaf mining has attracted considerable
attention (e.g., Needham et al., 1928; Hering, 1951;
Connor and Taverner, 1997) detailed morphological
studies of larval stages are very scarce.
It is evident that the intensive anatomical study
of chrysomeloid larvae is not only highly desirable
in a phylogenetic context, but also crucial for
understanding the evolution of different life strategies in this extremely successful group of cucujiform Coleoptera.
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