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Abstract
The head appendages of .-ldoryphorus couloni, a pasture pest in southeast Australia, are described and
inferences are drawn about the beetle's biology. There is a lack of sexual dimorphism in the antennae. The
long-lived adults possess a full range of labial sensilla but the mandibles appear incapable of chewing. Hence
trapping based on pheromones or feeding attractants is unlikely.

Introduction
The redheaded pasture cockchafer, Adoryphorus couloni (Burmeister), is a serious
pest of improved pasture in southeastern Australia but the subterranean habits of the
damaging larvae have made economic control with insecticides so far unachievable
(Hardy and Tandy 1971; Blackburn 1983). Elsewhere, control measures for some
scarabaeid pests have been aimed at the partly aerial, adult stage. This strategy has
been relatively successful in species which aggregate at trees, e.g. Melolontha
melolontha L., (Varlet 1973), or which can be trapped in large numbers using synthetic
pheromones, e.g. Costelytra zealandica (White) (Henzell et al. 1979) or blends of
feeding attractants e.g. Popillia japonica Newman (Ladd and McGovern 1980).
Observations to date on A. couloni offer little information on where adults feed, if
they feed at all, or whether pheromones are utilised in aggregation or to bring the sexes
together (Hardy 198 1). As a first step in obtaining these details, we studied the head
appendages and their sensilla which may be important in feeding and sexual
interaction. By comparison with similar structures in scarabaeids for which adult
biology is well understood, we draw inferences regarding the feeding and reproductive
biology of A . couloni.
Materials and methods
Overwintering beetles were collected in June from soil under a perennial ryegrass pasture near Campbell
Town, Tasmania (41".56'S, 147".30'E).They were killed by momentary immersion in boiling water and the
mouthparts and antennae were then excised with the aid of iris scissors.
The SEM preparations were air-dried. fixed onto an aluminium stub with conducting glue. then
gold-coated to a thickness of 30 nm. They were observed with a Cambridge Stereoscan 100 at IOkV.
For measurement of antennal and mouthpart features 3 males and 4 females were examined

Results
.-lntenna (Figs 1, 3-9, 10)
The antenna comprises 9 segments including a dumbell-shaped scape, a spherical
pedicel, 4 cylindrical flagellar segments, and 3 distal lamellate segments which form
the antennal club (Figs 1, 10). The scape and pedical bear erect, pointed setae up to 400
pm long. The outer surfaces of the antennal club have sparse, adpressed setae 90-105
pm in length.
The 3 lamellate segments are elliptical in outline (Figs 3, 4) and are similar in
dimensions for both sexes. Mean ( f SE) length by breadth dimensions in pm for
proximal, mid- and distal segments by sex are: males (n = 3), 55 1 ( k 106) X 282 ( f
53), 525 ( f 84) X ( t 46), 500( k 88) X 265 ( k 36); females(n=4), 538 ( f 86) X
2 7 7 ( - t 60), 5 2 0 ( k 48) X 3 4 3 ( * 69). 5 1 2 ( + 59) X 2 7 0 ( f 33).
In both sexes, placoid sensilla at a density of 6700-8600mm-' cover much of the
sensory surfaces of the antennal club and several morphological types are evident (Figs
3-5). Most abundant are those set in roughly circular orifices about 10 pm in diameter
(range 7.6-12.8 pm). These disc-shaped sensilla have either a smooth, wrinkled or
finely granulate surface and are encircled by 12-21 papillae (Figs 5-7).
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FIGSI-9-Mouthparts and antennae of.4dorplrorziscoulorii: (1) Underside of head showing antennae (A), eye
(E). labial palp (L) and mandible (M); (2) Underside of head with maxillary and labial complexes removed to
show mandibles; note lack o f cutting edges; (3) Middle lamella (segment 8) of male antennal club showing
distribution of’sensilla over its distal face; ( 4 ) Proximal lamella (segment 8) of male antennal club showing
distribution of sensilla over its distal face; ( 5 ) Range of sensilla types present on face of antennal lamella: (6)
Sensillum placodeum with wrinkled surface; (7) Sensillum placodeum with finely granulate surface; (8,9)
Erect peg-like sensilla in pit; note grooved surface ending in finger-like projections. Scale = 0.5 m m for Figs I ,
2; 0.1 mm for Figs 3, 4: 0.01 mm for Fig. 5 : 0.005 mm for Figs 6-9.
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Pit organs at a density of 800-1300mm-2are concentrated mostly near the centre
of the sensillar fields. These comprise a grooved peg 2-3 pm in diameter arising from
the bottom of a pit which has an orifice about 7 pm (range 6.0-7.6 pm) wide (Figs 5 , 8 ,
9).

Mouthparts (Figs 1, 2, 1 0- 1 3 )
The mandibles are just visible at the sides of the clypeus when viewed from above
(Fig. 10). They are simple (i.e. not toothed), strongly flattened and broadly rounded
distally. The spatulate apex bears a terminal fringe of I 1 or 12 curved setae and there
appear to be no functional opposable faces (Fig. 2).
The maxillary palp is 4-segmented and articulates with the stipes (Fig. 13). The
terminal segment dorsally bears a proximal field of trichoid sensilla which lie
longitudinally in cuticular furrows (Fig. 10). The apex of this segment has an array of
putative chemo- and tactile sensilla: 52 or 53 peg-like sensilla and 7 dome-like sensilla
(Fig. 1 1 ) in both sexes.
The labial palp is 3-segmented and articulates with the distal part of the labium.
The final segment in both sexes bears an apical field of sensilla similar to that of the
maxillary palpi. but only 15 peg-like sensilla and 4 dome-like sensilla comprise the
array (Fig. 12).
The maxilla has the galea much reduced to a conical piece terminated by several
robust setae (Fig. 13).

FIGSI0-13--Mouthpansof.-ld~r~phor.zcst~oii/oiii:
(10) Dorsal view ofhead showing mandibles ( M ) projecting
just beyond the clypeus (C)and the maxillary palp hearing a proximal field of trichoid sensilla set in cuticular
furrows (arrow): (11) Apical sensillar array on terminal segment of male maxillary palp: (12) Apical sensillar
array on terminal segment of male labial palp: (13) Maxillary complex showing reduced galea (arrow). Scale
= 0.5 mm for Fig. 10: 0.05 mm for Figs 1 I . 12: 0 . 2 5 mm for Fig 13.
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Discussion
The lack of sexual dimorphism in the surface area and number of sensilla on the
antenna1 lamellae suggests that specialised pheromone-sensitive sensilla are not
important in long range attraction in A. couloni. In Phylfoperthahorticofa(L.), a scarab
believed to use pheromones for this purpose, the male antenna has about 60% more
sensilla placodea than the female and the male lamellae are longer (Agren 1985).
Enlarged male antennae occur in Australian dynastines of the Pseudoryctina (Carne
1957) and probably assist in pheromone reception (Matthews 1984). Nevertheless, the
pit organs present in A . couloni are similar to those in P. horticofa (Agren 1985) and
believed to function as chemoreceptors. Thus, they could be important in short-range
interactions.
Scarabaeine dung beetles similarly lack dimorphism in the antennae since sexual
encounters occur at close range at feeding sites. In this group, exocrine glands on the
abdomen or fore legs are likely to be involved in species and mate recognition
(Houston 1986). However, comparable glands have not been observed in A. couloni.
Also lacking in this species is a stridulatory apparatus present on the propygidium of
some dynastines (Carne 1957).
Hardy ( 198 I ) found beetles in copulation on the sward following brief evening
flights and, later in the soil. Emergence and flight are synchronised in populations ofA.
couloni, following a long adult diapause in the soil. Together with a tendency for
populations to be in high densities and clumped in distribution, sufficient individuals
are probably present in a swarm to ensure that mates are easily found. Nevertherless,
the system of male recognition like many aspects of sexual interaction in this species
remains unknown.
The evidence for whether or not A. couloni feeds in the adult stage is somewhat
equivocal. The mandibles appear to be incapable of apposition and therefore
non-functional for cutting plant material, and the atrophied galea recalls that in the
Pseudoryctina which also have non-functional mouthparts and are thought not to feed
(Carne 1957). However, the possibility that beetles simply crush plant tissue then suck
the exudates cannot be dismissed. The sensilla present in furrows on the maxillary
palp are of a form widespread in the Coleoptera including feeding and non-feeding
species (Honomichl 1980), suggesting some generalised functions such as moisture or
vibration reception rather than food discrimination. Nevertheless, the apices of the
maxillary and labial palpi bear a range of probable chemo- and tactile sensilla typical
of those found in a wide range of phytophagous insects. On balance however, it seems
that A. couloni adults might not feed, a view strengthened by the observation of Hardy
(1981) that no solid food was found in the alimentary canal of field-collected
beetles.
In summary then, this work has not opened the way for using artificial pheromone
or feeding lures to aggregate these beetles for possible control purposes. Further
physiological and behavioural studies are needed to see if there is any scope in that
direction.
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