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ABSTRACT

Field observations of the hunting and nesting behaviour of
Tachypompilus analis (Fabricius, 1781)  (Pompilinae: Pompilini)
were carried out by the author in the vicinity of his house in Hong
Kong over several years. Behaviour on one particular nesting niche
is described as well as the capture of a rare prey species.

It was noted that although the species is known to excavate
shallow depressions in soil as nesting sites, T. analis also chooses
pre-existing cavities in masonry. Additionally, T. analis was
observed to prey upon a web-fabricating spider (Agelenidae or
Amaurobiidae), a clear departure from the usual wandering type
preyed upon by the genus. This choice affects the normal hunting
sequences possessed by the genus. From fragmentary
observations I suggest that T.analis may have some level of
behavioural plasticity, probably providing a net gain in parental
investment.

Key words: Tachypompilus analis; Pompilinae, Heteropodidae,
Spassaridae, Lycosidae, Amaurobiidae, nesting sites.

INTRODUCTION

The Spider wasp Tachypompilus analis is a common representative
of the Pompilidae (spider wasps) locally. This paper reports on
the prey usage and hunting techniques of this pompilid, based on
observations made by the author, over several years in his garden
at Pak Sha O, Sai Kung, South East New Territories.

The Pompilidae is a cosmopolitan family comprising over 5,000
species in more than 230 genera worldwide (Pitts et al. 2005). All
members are predatory, with the greater diversity occurring in the
tropics. The family inner relationships have long been debated
and several classifications have been proposed since the beginning
of the 20th century. The latest cladistic analysis proposed by Pitts
et al. (2005) recognises four subfamilies: Ceropalinae, Pepsinae,
Ctenocerinae and Pompilinae. Pepsinae and Pompilinae make
up the vast majority of the species in the family, with well over
2,000 species each. There have been only fragmentary and regional
revisions of members of this family and considerable generic
synonymy remains a problem (Pitts, 2005).

All members of the family prey upon spiders for larval food and
invariably store the nest with one single paralysed prey item. There
are only fragmentary records on the biology of members of the
subfamily Pompilinae, but in all cases there seems to be a great
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variability of prey choice, with some species restricting
themselves to a few members in one family, while others
may use a wide range of prey in various families (Evans,
1953; Iwata, 1976; Wasbauer & Kimsey, 1985; O’Neill 2001;
Pitts, 2005). Members of the genus Tachypompilus
(Ashmead, 1902) are reported to be specialist predators of
Lycosidae (wolf spiders) and the related families Pisauridae
(fishing spiders) and Agelenidae (funnel web spiders) in the
USA (Evans, 1953, Evans & Yoshimoto, 1962; Kurczewski
& Kurczewski, 1968, 1973; Kurczewski, 1981, 1999;
Wasbauer & Kimsey, 1985), although some also prey upon
Heteropodidae (Huntsman Spiders) (Nakao & Iwata, 1964;
Martins, 1991; O’Neill, 2001), and this is clearly a prey of
choice for T. analis in Hong Kong.

Members of these spider families can be generally
characterised as wanderers, without a permanent home,
although most Agelenidae construct burrows with a silken
finish. I report here on the observation in the field of the
capture of a probable member of the Agelenidae or
Amaurobiidae (lace-webbed spiders), families that build
complex tangled webs terminating in a cavity where the
spider lays in wait – necessitating a hunting strategy clearly
in departure from that applied when hunting the normal
wandering type of spiders. I also report on the intra-specific
theft of prey.

Nesting habits of the Pompilidae range from leaving the
prey in-situ after oviposition (ectoparasitoid), to dragging it
into a pre-existing cavity before oviposition and, for the most
“evolved”, flying with dismembered prey and placing them
in multi-cellular nests constructed wholly of foreign materials
(mud) (Evans & West Eberhard, 1970; Iwata, 1976; O’Neill,
2001). Females of the genus Tachypompilus are known to
drag paralysed prey backwards by the chelicerae or
pedipalps to a dry spot, and excavate a shallow depression
- by raking the soil with the front tarsi - into which the prey
is deposited. An egg is laid on the abdomen of the prey and
the depression is filled with the excavated soil and bits of
debris, leaving no apparent traces of the nesting site (Evans
& Yoshimoto, 1962; Wasbauer & Kimsey, 1985). I report
here on the use of pre-existing cavities/crevices that the
wasp may re-arrange as nesting sites.

Aculeate wasps are commonly compared to one another
by using parental behavioural traits arranged on a increasing
scale of behavioural complexity, culminating with the
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eusocial species (Table 1) ), a model thought to represent
the trend of evolution in wasps. Pompilids have been placed
on the lower levels of this scale (Level 1, 2, 3, 4a & 4b of
Table 1), because no representatives are known to have
departed from the habit of provisioning one prey per egg
and many construct a nest after prey capture, both
characteristics thought to preclude gradual provisioning seen
as necessary step towards brood care and social
interactions (Evans, 1953; Evans & West Eberhard, 1970;
O’Neill, 2001). Additionally, only a few species are known
to nest gregariously (Evans & West Eberhard, 1970) or to
have generational overlap on the same nesting site (O’Neill,
2001; Barthélémy and Pitts, in preparation), none of which
are in the subfamily Pompilinae.

There are relatively few species of Tachypompilus worldwide
but they are widely distributed, occurring in the Ethiopian,
Oriental, Nearctic and Neotropical regions. Tachypompilus
analis is the only reported species in the genus locally. It is
widespread from the Nansei islands in Japan to Taiwan,
the Philippines, Hawaii, South-East Asia and South Asia.
It is a medium large wasp, wholly black save for the last
four metasomal segments (in females; last five in males)
which are bright orange/red. Locally, females measure 16-
21mm, while males are markedly smaller measuring
approximately 11mm. These dimensions seem to be larger
for females than those measured in Taiwan by Tsuneki
(1989), where it was found that females measured 13-15
mm, while in the Philippines female specimens were even
smaller at 12-14mm. Female individuals from the Nansei
Islands (Japan) range from 15 to 20mm (Yamane et al,1999).

Adults are known to feed on floral secretions and may also
feed on the haemolymph oozing from the sting wound of
the prey. Larvae are fed locally with at least three species
of spiders in three distinct families:

· Sparassidae; Olios sp.  (Figure1)
· Heteropodidae; Undetermined sp.1.

(Fig.2).
· Agelenidae or Amaurobiidae;

Undetermined sp. 2.

Additionally, in Japan the species is reported to prey on
Heteropoda venatoria Linnaeus (Heteropodidae) (Nakao and
Iwata, 1964), a species that also occurs in Hong Kong (Hills,
1981).

The Pompilids Xanthampulex sp. and Irenangelus
luzonensis (Rohwer) (Ceropalinae) are reported to be
cleptoparasites of T. analis (Williams, 1919; O’Neill, 2001).
Tachinid flies are noted to attack the paralysed spider and
consume it (Williams, 1919), and it may be possible that
the spider wasp’s prey also is consumed by scuttle flies
(Phoridae) or satellite flies (Anthomyiidae).
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MATERIALS & METHODS

Casual observations of the wasps were made over several years
in various spots around the author’s house and garden, Pak Sha
O, Sai Kung Country Park, Hong Kong (UTM: 50Q KK 242 849,
70m asl). One niche has been used consistently over the years
and is situated in the crevices of a north-facing stone wall behind
a rain-water drainpipe, access to which is approximately 120cm
off the ground. The actual nesting site was hidden from view.
Observations at this site are summarised below.

On 12 May 2008, at around 15:00h, I witnessed in a disused
“greenhouse” in my garden the attack and capture of a spider,
nest construction and closure over a period of approximately one
hour; events also described below.

Prey transportation was documented photographically in many
instances and some examples presented in the Plate section.

The activity period of the T. analis  was monitored by a resident
Malaise trap, set between 2001 and 2009 in the authors garden
along with casual sightings.

OBSERVATIONS

A busy niche behind a rain- water drainpipe
Over the past years this site has been occupied by successive
generations of T. analis, from spring well into autumn, the wasps
seemingly able to find various prey (Sparassidae and
Heteropodidae) in the close vicinity. Invariably the wasps were
seen walking backwards while dragging the prey by the pedipalps,
and when they reached a point close to the foot of the wall near
the drainpipe they would let go of the prey, walk around with much
antennation, inspect the prey and often fly off, to check the nesting
site and fly back shortly after. The wasps would grab the paralysed
spider by the pedipalps and start the vertical climb to the nesting
site.

The ascension was never an easy affair and the trajectory was
oblique, sinuous and somewhat indirect. On occasion (in fact
relatively often) the wasps would accidentally drop the load, obliging
them to start the climb all over again. They were all extremely
persistent and prey were never abandoned.

When the wasp left her prey for nest inspection, the abandoned
item sometimes attracted other T. analis dwelling in the vicinity
who would attempt to steal it, presumably for their own use, as
observed on 2 July 2006. However, on that day the rightful owner
came back before the theft was consumed, found its prey and the
thief and engaged her in a violent fight where much biting and
apparently stinging attempts occurred (Fig.3). The original owner
was able to repel the other wasp and both individuals seemed to
be unscathed by the fight. The winner groomed and resumed
dragging the prey to the nest shortly afterwards.
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At regular intervals during the season this nesting site becomes
the scene of frantic activity when numerous males are seen
patrolling the close vicinity of the niche, presumably to attempt
mating with newly emerged females. However (and
unfortunately), no mating was ever observed.

An unusual prey
A disused greenhouse was the site of a prolonged observation
of prey capture, nest construction and closure. The soil was a
dry mix of sand, clay and organic matter (disused vegetable
patch). I was originally looking at the complex web that a spider
had extended from the hollow end of a horizontal structural
bamboo segment approximately 2 cm in diameter and 100cm
off the ground. Numerous strands of silk had been spun from
the bamboo to various elements of the greenhouse, forming an
extremely tangled structure more or less conical extending
horizontally for approximately 30cm and about 20cm at its
maximum diameter. The webbing close to the bamboo was
denser and formed a sheath or a funnel that extended into the
hollow segment. The spider was laying in wait at the entrance
of the bamboo cavity. From the architecture of this web I have
tentatively identified the spider as belonging to either the
Agelenidae or Amaurobiidae.

A T. analis wasp was seen shortly before landing on the web
close to the entrance funnel. The flight seemed direct and the
strands of silk did not stop the wasp. Upon landing she
immediately penetrated the cavity without hesitation. This
caused the spider to be flushed out with the wasp in pursuit. A
small fight ensued, but the spider was faster on its web and
managed to elude the wasp, and came to a halt on a strand of
its web, while the wasp flew off. However, the wasp did not give
up and circled the web again attacking the spider as soon as
spotted, which prompted the spider to change position. It was
obvious that the tangles of silk strands hindered the access to
the spider, which managed to evade seven or eight attacks.
However, under the constant harassment of the wasp, the spider
eventually committed the fatal mistake of dropping to the ground,
where she was immediately followed by the wasp. There, a
very short pursuit ensued which resulted in the prompt paralysis
of the spider. Unfortunately the sting location was not
established. The spider was not much larger than the wasp.

As could be expected, the wasp used her mandibles to seize
the spider by the pedipalps and drag it, walking backward for
approximately 60cm, before dropping the prey. The wasp
inspected a small patch of ground of approximately 40cm x
20cm, settling for one spot where she started to dig a cavity.
However, she soon abandoned that position to begin at a new
location, and in total, four sites were investigated before finally
choosing one of them. Buttressed on her hind legs, she raked
the soil very rapidly with her front tarsi, ejecting fine material
under her body up to 10cm from the working area. Coarser bits
and large items were seized by the mandibles and carried
away. After approximately 40mins of digging – creating a conical
cavity of approx 3.5cm in diameter and 1.5cm deep – the wasp

stopped and started to compact the bottom of the cavity with
rapid motions of the abdominal tip, doing so for less than two
minutes. She walked to her prey, seized it and dragged it into
the cavity, depositing it venter down, legs folded. Adjustments
to the cavity were made for about five minutes and she continued
to dig around and underneath the prey on one side then on the
other, displacing the arachnid by using her abdomen as a leaver,
cautiously placing the spider in the right spot. Oviposition was
made ventrally on the prey but I cannot ascertain its exact
position or the moment it happened. Covering up the prey took
about 15mins, using the previously ejected soil but also new
material. Finally, the area was compacted with the abdominal
tip and there was no visible trace of the nesting site.

This behavioural sequence can be summarised as follows:

Sequence 2 and 3 could be grouped together under “Multiple
attacks” and behaviours may contain sub-sequences, such
as “Deposit prey” in sequence 5 and“Compacting”  in sequence
7 and 10.

All through this observation, I saw a small fly hovering or resting
at the proximity of the working site. Tachypompilus analis
aggressively gave chase to this apparently passive fly when
spotted, but the intruder would always reappear.

DISCUSSION

The selection of nesting sites by the females and the choice of
prey seem worthy of discussion.
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Nesting sites
Using the evolutionary scale (Table 1) and the published
literature (O’Neill, 2001) the genus Tachypompilus (and, in
particular, T. analis) would be placed in Stage 3 by building a
shallow depression. However, as described in this paper it often
uses pre-existing cavities (possibly slightly modified), which
would also place the species in Stage 2. It appears that T.
analis may have a certain level of behavioural plasticity in its
nesting patterns, excluding it from a clear classification on
this evolutionary scale. The opportunistic use of variable nesting
sites may in fact represent a net advantage in terms of parental
investment and in this case offers more time to prepare more
cells, increasing reproductive success although it has to be
noted that the choice of an elevated nesting site rendered
transportation difficult and on many occasions the prey was
dropped, the wasp spending extra time and effort to deposit
the item in the nest.

The descriptions by Williams (1919) and Iwata (1939) of the
nesting behaviour of T. analis match the description above.
Iwata (1939) also noted that the wasp would use both dry soil
and crevices in walls. On the other hand, detailed descriptions
of the nesting behaviour in the genus Tachypompilus by
Strandtmann (1953) and Martins (1991) for T.ferrugineus burrus
(Cresson) and T. xanthopterus Rohwer respectively – both New
World species – show substantial differences. In both cases,
the spider was placed venter up in the cavity and the wasp
would manoeuvre herself underneath the prey to oviposit on
the dorsal side, behaviour that is greatly different to what is
described here, although other elements of behaviour such as
carriage (5), site selection (6), cell construction (7) and cell
closure (10) were essentially the same.

Prey
In the same way, prey choice in T. analis may show a level of
flexibility that adapts it to various niches. Indeed, according to
the literature the genus uses wandering spiders and is even
considered a specialist hunter (Evans, 1953; Evans &
Yoshimoto, 1962; Kurczewski & Kurczewski, 1968, 1973;
Kurczewski, 1981, 1999; Wasbauer & Kimsey, 1985). The
observation reported here of the predation on a web fabricating
spider clearly departs from the known hunting habits, the wasp
performing a particular initial set of behaviours (“1.search-
2.flushing-3.multiple attacks-4.stinging”) in conditions vastly
different from those on the ground, a sequence that is more
complex than the normal pattern of “1.search-2.pursuit-
3.stinging” applied when hunting wandering spiders
(Heteropodidae, Spassaridae, Lycosidae and Pisauridae).

Other members of the Pompilinae such as Sericopompilus
apicalis (Say) or Anoplius “marginatus” (Say) are known to be
predisposed to some level of variability in prey choice and
hunting techniques (Kurczewski & Kurczewski, 1973;
Kurczewski, 1981), but none have been described as
“specialists”. The possible plasticity of the hunting behavioural

patterns may be the result of an adaptation to prey availability,
although none of the normal prey are rare in the study area.

Voltinism
Assuming a development stage (from egg to adult) of
approximately 45 days, we can infer that the species is at
least bivoltine in Hong Kong and likely has three generations
per year with the last one overwintering either as a diapausing
larva, or a pupa. Additionally, it is very unlikely that any adult
female would survive more than two months, meaning the active
females sighted between July and October were not 1st

generation individuals.

The activity period can be expressed by the following
diagram:

CONCLUSION

While it is commonly accepted that complex behaviours evolve
from simpler ones and are somewhat more adaptive, the
example of T. analis perhaps shows that simple behaviours
could also evolve from complex behaviours, depending on the
situation. Could it be that our model of behavioural evolution
remains an oversimplification of what evolution really is and
that perhaps eusociality does not represent the most adaptive
solution or the ultimate goal of evolution in wasps? However,
the apparent plasticity of behavioural patterns in T. analis and
in the genus generally may offer a rewarding research topic, to
fully understand if these modifications are inherited behavioural
traits or the result of experience. Further ethological studies in
the sub-family/tribe and genus will be required in order to obtain
sufficient series from which patterns can be extracted with
confidence.
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Figure 1 (left). T. analis
dragging a paralysed
Sparassidae, Olios sp. (Photo
author).

Figure 2 (below).  T. analis dragging a paralysed
Heteropodidae up a wall. (Photo author).

Figure 3 (below).  A  violent fight between two individuals of
T. analis, the consequence of a prey theft attempt (Photo
author).



 Predatory and nesting behaviour of Tachypompilus analis                                                                                                                                                      9

HKEB 2 (2) October 2010                                                                                                                                           © Hong Kong Entomological Society

Table 1. Sequences of parental behaviours in the solitary aculeate wasps. From O’Neill, 2001. Text in bold indicates the actual
   sequence of behaviours.
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ABSTRACT

A list of all known dermestid species from Hong Kong is
provided. Orphinus (Falsoorphinus) pseudoovalis Háva, 2004
and Evorinea indica (Arrow, 1915) are recorded from Hong Kong
for the first time.

Key words:  Coleoptera, Dermestidae, Orphinus, faunistics,
China, Hong Kong.

INTRODUCTION

The family Dermestidae is one of the best known beetle families
and currently contains about 1,300 species and subspecies
worldwide (Háva 2009). From Hong Kong, 15 species were
previously known (Háva 2009). We report two additional species
newly recorded, and provide notes below on other recently
collected material. A synonymic list of all 17 species known
from Hong Kong is also provided.

Members of the Dermestidae are oblong to broadly ovate
beetles, almost always clothed in erect or decumbent hairs or
scales. The larvae usually feed on dry material of animal origin.
Adults of some genera feed on pollen or nectar, others on the
larval food and yet others do not feed at all.  The family includes
several cosmopolitan pests of stored food and other products
of animal origin like wool, leather and also collections of dried
insects.

METHODS

The majority of material was collected by Paul Aston on Lantau
Island.  Additional material collected by G.M de Rougemont
and Jason F. Maté from other parts of Hong Kong is also included.
Identifications of specimens were made by the two senior
authors.

The following abbreviations refer to the collections where the
examined material is deposited:

AHEC - private collection of Andreas Herrmann, Stade,
Germany;
JHAC - private entomological laboratory and collection, Jiøí Háva,
Prague-west, Czech Republic;
NMPC - Czech Republic, Prague, National Museum (Natural
History).

We follow the systematics of Dermestidae proposed by Háva
(2004) and Lawrence & Slipinski (2005).
The distribution of Dermestidae is taken from Háva (2007: 2009).

Contribution to the Dermestidae of Hong Kong (Coleoptera: Bostrichoidea)

Andreas Herrmann1, Jiøí Háva2  & Paul Aston3

1 Bremervörder Strasse 123, D - 21682 Stade, Germany; email: herrmann@coleopterologie.de
2 Private Entomological Laboratory and Collection, Rýznerova 37, CZ - 252 62 Únìtice u Prahy, Praha-západ, Czech

Republic; email: jh.dermestidae@volny.cz
3 2F, 102 Wang Tong, Mui Wo, Lantau, Hong Kong; email: paulaston70@hotmail.com

THE SPECIES

Subfamily Trinodinae
Tribe Trinodini

Evorinea indica (Arrow, 1915)
Material examined: China: Hong Kong, Wang Tong Village,
Lantau Island, 2.viii.2009 leg. Paul Aston, 1 female (AHEC).

New species for Hong Kong.

Subfamily Attageninae
Tribe Attagenini

Attagenus (Aethriostoma) undulatus (Motschulsky, 1858)
Material examined: China: Hong Kong, Mui Wo, Lantau Island,
2.x.2006 leg. Paul Aston, 1 female (AHEC).

Subfamily Megatominae
Tribe Megatomini

Orphinus (Falsoorphinus) pseudoovalis Háva, 2004
Material examined: China: Hong Kong, on flowers
(unidentified) mid-slopes of Sunset Peak, Lantau Island ca 500
m altitude. 27.xi.2009 leg. Paul Aston, 1 female (AHEC). Wang
Tong Village, Mui Wo, Lantau Island, on  “Turn in the Wind
Tree” (Mallotus paiculatus Muell.). 26.iv.2008 leg. Paul Aston,
1 female (AHEC). Wang Tong Village, Mui Wo, Lantau Island,
in flowers of “Elephant Ear Tree” (Macaranga tanarius Muell.)
26.iv.2009 leg. Paul Aston, 1 male (AHEC).

New species for Hong Kong.

Orphinus (Orphinus) fulvipes (Guérin-Méneville, 1838)
Material examined: China: Hong Kong, Jardine’s Lookout,
26.iv.2001, leg. J. F. Maté, 1 ex. (AHEC).

Thaumaglossa herrmanni Háva, 2003
Material examined: China: Hong Kong, Wang Tong Village,
Mui Wo, Lantau Island, in flowers of “Elephant Ear Tree”
(Macaranga tanarius Muell.), 26.iv.2009 leg. Paul Aston, 1 male
(AHEC). Jardine’s Lookout, 26.iv.2001, leg. J. F. Maté, 1 male
(holotype , NMPC).
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Thaumaglossa cf. herrmanni Háva, 2003
Material examined: China: Hong Kong, Wang Tong Village,
Mui Wo, Lantau Island, 30.v.2009 leg. Paul Aston, 1 female
(AHEC).

The female specimen is similar to T. herrmanni, but slightly
differs in elytral coloration. A large series from the same locality
will be needed for determination.

Thaumaglossa rufocapillata Redtenbacher, 1867
Material examined: China: Hong Kong, on flowers
(unidentified) mid slopes of Sunset Peak, Lantau Island ca 500m
altitude, 6.viI.2009 leg. Paul Aston, 1 female (AHEC). Pui O
Village, Lantau Island, 7.viiiI.2009 leg. Paul Aston, 1 female
(AHEC). Wang Tong Village, Mui Wo, Lantau Island, 16.ix.2009
leg. Paul Aston, 1 male (AHEC). On flowers (unidentified) mid-
slopes of Sunset Peak, Lantau Island ca 500m altitude,
27.ix.2009 leg. Paul Aston, 1 male (AHEC). New..Territorrries.
Kadoorie Agricultural Research Centre, flight interception trap,
vi.1996, Rougemont leg., 1 male (JHAC).

SYNONYMIC LIST OF ALL KNOWN DERMESTIDAE RECORDED

FROM HONG KONG

Subfamily Dermestinae
Tribe Dermestini

Dermestes (Dermestes) ater DeGeer, 1774
    Syn.: Dermestes cadaverinus Fabricius, 1775

Dermestes piceus Thunberg, 1781
Dermestes felinus Fabricius, 1787
Dermestes domesticus Germar, 1824
Dermestes cinereus Motschulsky, 1848
Dermestes hispidulus Montrouzier, 1860
Dermestes chinensis Motschulsky, 1866
Dermestes subcostatus Murray, 1867
Dermestes noxius Mulsant et Rey, 1867
Dermestes domesticus var. subsulcatus Ballion, 1878
Dermestes favarcqui Godard, 1883
Dermestes rufoapicalis Pic, 1951

Distribution: cosmopolitan species.

Dermestes (Dermestes) lardarius Linnaeus, 1758
 Syn.: Dermestes lardarius var. conjunctus Reitter, 1887

Dermestes lardarius var. proximus Reitter, 1887
Dermestes luganensis Stierlin, 1902
Dermestes lardarius var. atrobasalis Pic, 1951

Distribution: cosmopolitan species.

Dermestes (Dermestinus) carnivorus Fabricius, 1775
Syn.: Dermestes carniforus (emend. by Goeze, 1777)

Dermestes versicolor Laporte, 1840
Dermestes mucoreus LeConte, 1854
Dermestes sobrinus LeConte, 1854
Dermestes muscoreus Reitter, 1881
Dermestes impressicollis Reitter, 1881
Dermestes carnivorus var. doemmlingi Meier, 1899

Dermestes unicolor Lepesme, 1950
Distribution: cosmopolitan species.

Dermestes (Dermestinus) frischii Kugelann, 1792
Syn.: Dermestes vulpinus Herbst IN Jablonsky, 1792

Dermestes pollinctus Hope IN Pettigrew, 1834
Dermestes frischii ab. uniformis Rey, 1889
Dermestes Frischii ssp. Heyrovskyi Obenberger, 1917
Dermestes frischii var. rufimembris Pic, 1951
Dermestes frischii var. sternimaculatus Marcu, 1957

Distribution: cosmopolitan species.

Dermestes (Dermestinus) maculatus DeGeer, 1774
   Syn.: Dermestes marginatus Thunberg, 1781

Dermestes vulpinus Fabricius, 1781
Dermestes australis Dejean, 1821 (nn)
Dermestes senex Germar, 1824
Dermestes lateralis Sturm, 1826 (nn)
Dermestes senegalensis Christofori et Jan, 1832 (nn)
Dermestes lupinus Christofori et Jan, 1832 (nn)
Dermestes elongatus Hope in Pettigrew, 1834
Dermestes roei Hope in Pettigrew, 1834
Dermestes lupinus Mannerheim, 1843
Dermestes semistriatus Boheman, 1851 (pars)
Dermestes cinereus Redtenbacher, 1867
Dermestes vulpinus var. rattulus Mulsant et Rey, 1867
Dermestes vulpinus var. sudanicus Gredler, 1878
Dermestes truncatus Casey, 1916
Dermestes maculatus var. kurseongensis Lepesme,

   1939
Dermestes maculatus var. cyprius Pic, 1951
Dermestes maculatus ssp. pakistanicus Havelka, 1951
 Dermestes maculatus ab. nigropubescens Kalík, 1955

Distribution: cosmopolitan species.

Subfamily Trinodinae
Tribe Trinodini

*Evorinea indica (Arrow, 1915)
Syn.: Apsectus indicus Arrow, 1915

Evorinea hisamatsui Ohbayashi, 1977
Distribution: China: Guangdong, India, Japan, Taiwan

Subfamily Attageninae
Tribe Attagenini

Attagenus (Aethriostoma) undulatus (Motschulsky, 1858)
Syn.: Aethriostoma undulata Motschulsky, 1858

Attagenus rufipes Walker, 1859
Pseudotelopes testaceipes Pic, 1916
Pseudotelopes simoni Pic, 1916

Distribution: Comoros, Madagascar, Mauritius, Seychelles,
Buru I., Cambodia, S China, India, Indonesia, Laos, Malaysia,
Myanmar, Philippines, Sri Lanka, Thailand, Vietnam, Hawaiian
Is., Papua New Guinea, S. Mariana Is.



Attagenus (Attagenus) fasciatus (Thunberg, 1795)
Syn.: Anthrenus fasciatus Thunberg, 1795

Anthrenus gloriosae Fabricius, 1798
Attagenus annulatus Dejean, 1821
Attagenus annulifer Laporte, 1840
Attagenus cinnamomeus Roth, 1851
Attagenus unifasciatus Fairmaire in Fairmaire et

            Coquerel, 1860
Trogoderma subfasciatum Chevrolat, 1863
Attagenus plebeius Sharp in Blackburn et Sharp, 1885
Attagenus gossypiatus Fauvel, 1903

Distribution: cosmopolitan species.

Attagenus (Attagenus) unicolor (Brahm, 1791)
Syn.: Dermestes piceus Olivier, 1790

Dermestes unicolor Brahm, 1790
Megatoma brevicornis Herbst, 1792
Dermestes megatoma Fabricius, 1798
Nitidula cylindricornis Schrank, 1798
Dermestes cilindricornis Melsheimer, 1806
Dermestes floricola Melsheimer, 1806
Dermestes obscurus Melsheimer, 1806
Dermestes schaefferi C. Sahlberg, 1819
Attagenus cylindricornis Say, 1825
Dermestes macellarius Duftschmid, 1825
Attagenus urbicola Gistel, 1857
Attagenus stygialis Mulsant et Rey, 1868
Attagenus fulvipes Mulsant et Rey, 1868
Attagenus japonicus Reitter, 1877
Attagenus cylindricornis Casey, 1900
Attagenus nankineus Pic, 1916
Attagenus canadensis Casey, 1916
Attagenus amurensis Pic, 1942
Attagenus amurensis Pic, 1943

Distribution: cosmopolitan species.

Subfamily Megatominae
Tribe Anthrenini

Anthrenus (Anthrenodes) maculifer Reitter, 1881
Syn.: Anthrenus globiger Arrow, 1915

Anthrenus multimaculatus Pic, 1918
Distribution:  China, India, Indonesia: Mentawai Isl., Sumatra,
Japan, Laos, Malaysia, Sabah, Sarawak, Myanmar, Nepal,
Taiwan, Thailand, Vietnam.

Anthrenus (Anthrenus) flavipes LeConte, 1854
Syn.: Anthrenus pimpinellae var. cinnamomeus Gredler, 1878

Anthrenus fasciatus Reitter, 1881
Anthrenus vorax Waterhouse, 1883
Anthrenus fasciatus var. albo-impletus J. Sahlberg,

            1903
Anthrenus seminiveus Casey, 1916

Distribution: cosmopolitan species.

Anthrenus (Nathrenus) verbasci  (Linnaeus, 1767)
Syn.: Byrrhus verbasci Linnaeus, 1767

Bostrichus varius Fabricius, 1775
Anthrenus florilegus Fourcroy, 1785
Anthrenus adspersus Herbst, 1797
Anthrenus tricolor Herbst, 1797
Anthrenus pictus Germar, 1813
Anthrenus tomentosus Thunberg, 1815
Anthrenus destructor Melsheimer, 1844
Anthrenus nitidulus Küster, 1847
Anthrenus funebris Reitter, 1889

Distribution: cosmopolitan species.

*Orphinus (Falsoorphinus) pseudoovalis Háva, 2004
Distribution:  China: Hubei

Orphinus (Orphinus) fulvipes (Guérin-Méneville, 1838)
Syn.: Globicornis fulvipes Guérin-Méneville, 1838

Trogoderma brasiliensis Reitter, 1881
Cryptorhopalum brevicorne Sharp in Blackburn & Sharp,

            1885
Trogoderma unicolor Kolbe, 1910
Trogoderma ruficeps Pic, 1937

Distribution:  cosmopolitan species.

Thaumaglossa herrmanni Háva, 2003
Distribution:  HongKong

Thaumaglossa laeta Arrow, 1915
Syn.: Orphilus bimaculatus Matsumura et Yokoyama, 1928

Distribution:  China, Indonesia (Flores), Japan, Laos, Philippines,
Taiwan, Thailand, Vietnam.

Thaumaglossa rufocapillata Redtenbacher, 1867
Syn.: Anthrenus ovalis Fleutiaux, 1887

Aethriostoma atricolor Pic, 1915
Orphiloides ovivorus Matsumura et Yokoyama, 1928
Thaumaglossa pygidialis var. sinensis Pic, 1951
Thaumaglossa pygidialis var. sumatrana Pic, 1951
Thaumaglossa africana Kalík, 1955

Distribution: Germany (intr.), Netherlands (intr.), Cameroon,
Congo, Kenya, Madagascar, Nigeria, Tanzania, Zimbabwe,
China, India, Indonesia, Japan, Korea, Laos, Malaysia, Nepal,
Taiwan, Thailand, Vietnam.
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FIGURES

Figure 1.  Evorinea indica (Arrow, 1915)  Female.  W ang
Tong Village, Mui Wo, Lantau Island, 2 July 2009.

Figure 2. Attagenus (Aethriostoma) undulatus (Motschulsky,
1858). female. Mui Wo, Lantau Island, 2 December 2006.
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Figure 3.  Orphinus (Falsoorphinus) pseudoovalis Háva, 2004.
Male left, female right  26 April 2008, Mui Wo, Lantau.

Figure 4. Thaumaglossa herrmanni Háva, 2003.  male, Wang
Tong, Mui Wo, Lantau  26 April 2009.

Figure 5. Thaumaglossa cf. herrmanni HÁVA, 2003. female Wang
Tong Village, Mui Wo, Lantau Island, 30 May 2009.

Figure 6. Thaumaglossa rufocapillata Redtenbacher, 1867.
Left: male 16 September 2009 Wang Tong, Mui Wo, Lantau.
Right: female 7 August 2009 Pui O, Lantau.
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Moths of Fung Yuen SSSI & Butterfly Reserve – a preliminary investigation

Roger C. Kendrick

Fauna Conservation Department, Kadoorie Farm & Botanic Garden, Lam Kam Road, Tai Po, N.T., Hong Kong.
email: moths@kfbg.org

ABSTRACT

A summary of two light trap recording events and other
opportunistic diurnal recording events of moths at Fung Yuen
Site of Special Scientific Interest and Fung Yuen Butterfly
Reserve, Tai Po, New Territories, Hong Kong is presented. A
total of 387 species was recorded, of which seven species are
recorded from Hong Kong for the first time, and a further 6
species await confirmation of being new records to Hong Kong.
Based on the available data, 18 species are of conservation
concern, five potentially meet IUCN Red List criteria for
threatened species in one of the three main categories “Critically
Endangered” (two species), “Endangered” (two species) and
“Vulnerable” (one species) and a further 13 species potentially
meet “Near Threatened” criteria. For the time being these 18
species should be regarded as IUCN Data Deficient, pending
further investigation. Twelve of the species recorded are currently
only known from Hong Kong; all are among the 18 species of
conservation concern.. Although based upon just two light trap
surveys and a small amount of opportunistic diurnal recording,
it is likely that the moth species richness at Fung Yuen will
prove to be one of the highest in Hong Kong, mirroring the butterfly
species richness for which the site is already renowned. The
high number of new records to Hong Kong and the number of
species potentially meeting IUCN Red List criteria for threatened
species from such a small amount of recording effort suggests
that the site is of conservation significance for moths. The moth
assemblages recorded are typical of human-disturbed forest,
feng shui woods and orchards, with a relatively low Geometridae
component, but include only a small number of low-conservation
interest species normally associated with agriculture and open
habitats that were found in the SSSI.

Key Words: Lepidoptera, moths, checklist, Fung Yuen, Hong
Kong, IUCN Red List

INTRODUCTION

Following a request by Tai Po Environmental Association
(TPEA), the Fauna Conservation Department of Kadoorie Farm
& Botanic Garden (KFBG) agreed to undertake two moth surveys
at Fung Yuen Site of Special Scientific Interest (SSSI) and the
adjacent Fung Yuen Butterfly Reserve, Tai Po, New Territories,
Hong Kong (see Figure 1 for site location map) to provide a
baseline documentation of the moth diversity there. The surveys
took place on 24th April and 16th October 2009. The work
(Kendrick, 2010) adds to previous Lepidoptera work undertaken
at the site in a conservation project summarised by Yau et al.

(2007). Other unpublished historical data on the moth
assemblage at Fung Yuen is also held by KFBG as part of the
KFBG insect collection and by the author, to whom was passed
the unpublished moth recording notes of the late Kent H.K. Li,
by his wife, in October 2008. There also exists a growing body
of information on the moths from Fung Yuen on two Internet
website forums, Hong Kong Wildlife Net (www.hkwildlife.net),
whose moth forum is moderated by the author, and the Hong
Kong Moths group on Flickr (www.flickr.com/groups/
hongkongmoths/), also administrated by the author. This paper
was brought about to pull together the unpublished information
with the data from the moth survey in 2009 (Kendrick, 2010),
upon which this paper is based, so as to provide as much
information as possible to assist TPEA with the wildlife
conservation management of Fung Yuen.

The history of the site is documented by Tai Po Environmental
Association (2004). It had been actively farmed for some 300
years until the 1970s and, following the expansion of Tai Po in
the late 1970s and 1980s, became abandoned due to migration
of the villagers for work elsewhere. The site is now managed by
TPEA in a private-public partnership with the local village
landowners and with funding provided by the Environment &
Conservation Fund. Due to multiple ownership of land, the site
contains a mosaic of habitats, comprising orchards, abandoned
agricultural land (paddy / marsh), a few streams, regenerating
secondary forest, some grassland and shrubland. Small areas
of the site (Koo Ka Garden within the SSSI and Phase 1 of the
Butterfly Garden, see Figure 1) are actively managed to
encourage butterflies through the planting of nectar-rich plants
and butterfly larval hostplants. The site was designated as a
SSSI on the basis of its high butterfly species richness.

METHODS

Moth recording by KFBG took place with ultra violet emitting
lights (125W MBF mercury vapour lights) either mounted on
Robinson or Skinner traps (Fry & Waring, 2001), or mounted
on a tripod and projecting onto a white sheet, on 24 April 2009
and 16 October 2009. Traps were located at least 50m apart
(locations shown on Figure 1) to maximise coverage of the site,
noting that the effective trapping radius of the light sources varies
according to habitat and moon phase (Frank, 1988; Nowinszky,
2004). Other records were made from daytime larval searching
and opportunistic observations of adult moths, recorded
photographically and posted to Hong Kong Wildlife Net or Flickr,
or recorded with a voucher specimen now housed at the KFBG
insect collection. Precise location data for the recording events
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was only noted for the KFBG sessions (using a Garmin global
positioning system unit GARMAP 60 CSx); for the remaining
observations, no record exists of which part of Fung Yuen the
observations were made.

Moths were identified to species level wherever possible, based
upon Kendrick 2002(2003), updated following Clarke (1965),
Robinson et al. (1994), Holloway (2005, 2008, 2009), Kononenko
& Pinratana (2005) Wang & Kendrick (2009) Wang et al. (2009)
and Li et al. (2010). Sesiidae were identified to genus by Axel
Kallies (pers. comm.), based upon Arita & Gorbunov (1995)
and Pühringer & Kallies (2004). Voucher specimens retained
from the KFBG survey are housed in the KFBG insect collection.

Assessment of species against IUCN Red List criteria (IUCN,
2001) follows and adds to work undertaken by Kendrick (2007),

Figure 1(a) Location of Fung Yuen SSSI & Butterfly Reserve
within Hong Kong.

Fig. 1(b) plan of Fung Yuen SSSI & Butterfly Reserve, indicating
locations recorded by the KFBG survey.

including the existing “Hong Kong Moth Recorder” database of
the author, amounting to just over 60,000 records, and Chinese
distributional data from collections at South China Agricultural
University and Nankai University Insect Collection. The species
richness ratio of Geometridae to Noctuidae (following Kitching
et al., 2000) was compared with that of Kadoorie Farm to gain
insight on the level of disturbance at Fung Yuen.

RESULTS

A total of 387 moth species from 36 families are herein
documented to have been recorded from Fung Yuen SSSI and
Fung Yuen Butterfly Reserve. These species are listed in
Appendix 1, in taxonomic order to subfamily, based upon
Kendrick (2004), updated for Noctuoidea according to Lafontaine
& Schmidt (2010). A total of 18 species of conservation concern
are found at Fung Yuen (Table 1).

Table 1. Moth species found at Fung Yuen which potentially meet IUCN Red List criteria for endangered / near threatened
species, all must be regarded as IUCN Data Deficient pending further investigation
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Further significant records from the KFBG survey were at least
seven species that have not been seen in Hong Kong before;
they are Hypenagonia sp. A, Mecodina diastriga Hampson, 1926
(subsequently recorded at KFBG the following night and seen
at KFBG, Tai Po Kau Headland and Ng Tung Chai in 2010 (pers.
obs., unpublished data), Frisilia sp. A, Frisilia sp. B, Faristenia
sp. A, Helcystogramma sp. A and Nepticulidae sp. A.
Identifications on the six unidentified species are in progress.
In addition, records of another five species tentatively identified
as Cosmopterigidae sp. indet. 1, Assara sp. indet. 2,
Helcystogramma sp. indet. B, Epicephala sp. indet. 1 and
Psychidae sp. indet. 1, may also be first records for Hong Kong,
though this is subject to comparison with collections in the
B.P. Bishop Museum, Honolulu, The Natural History Museum,
London and the collection of M.J. Sterling, St. Albans, England.

A further 10 species of local conservation interest occur at Fung
Yuen SSSI & Butterfly Reserve. In the April 2009 survey, there
were three other species, Nolini sp. indet. #1, Pelosia sp. indet.
#1 and Comibaena cassidara (Guenée, 1857 [1858]), recorded
for the second, fourth and seventh time, respectively, in Hong
Kong. Other rare species include Ramadasa pavo (Walker, 1856)
(Figure 2) and Araeopteroninae sp. 1 (possibly also undescribed)
(Figure 3). During the October 2009 survey, other notable
species recorded included a 5th Hong Kong record of the plume
moth Stenoptilia taprobanes (Felder & Rogenhofer, 1875), an
unidentified snout moth (Pleuroptya sp. A, Figure 4) representing
a likely new species for Hong Kong, the third site in Hong Kong
for the unidentified fan-foot moth Herminia sp. A (Figure 5) and
5th Hong Kong records for the leaf-twirler Dichomeris
microsphena (Meyrick, 1921) and the china-mark Eristena sp.
nr. bifurcalis. Also of interest was the occurrence of the fruit-
piercing noctuid moth Oraesia emarginata (Fabricius, 1794)
(Figure 6), a close relative of Hong Kong’s own blood-sucking
(see Zaspel et al., 2007) moth, Calyptra minuticornis (Guenée,
1852). During both KFBG surveys, one further species of note
was recorded, Chorsia perversa (Walker, 1863), indicating that
a well established population of this species exists at Fung
Yuen. Only single individuals had been seen in Hong Kong prior
to the eight seen over the two surveys at Fung Yuen.

Fung Yuen appears to be the most important site in Hong Kong
for the epiplemine moth Orudiza protheclaria Walker, 1861, with
at least four (of five from Hong Kong) recent records of this
species, which was noted by Holloway (1998) from Borneo as
uncommon (as it is in Hong Kong), “all recent material being
taken in lowland alluvial forest regenerating on abandoned
farmland” – a similar habitat to Fung Yuen; globally the species
is recorded from the Oriental tropics to Sulawesi (Holloway,
1998).

Figure 2. Ramadasa pavo (Noctuidae, Bagisarinae) – a rare
moth in Hong Kong, confined to three sites in the central New
Territories
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Figure 3. Araeopteroninae sp. indet. A (Erebidae) – one of the
many undescribed species of moth found at Fung Yuen during
the surveys

Figure 4. Pleuroptya sp. A (Crambidae, Spilomelinae) – an
unidentified snout moth that may be a new record for Hong
Kong
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Figure 5. Herminia sp. A (Erebidae, Herminiinae) – an
unidentified, and possibly undescribed, fan-foot moth; Fung Yuen
is the third known site for this species

Figure 6. Oraesia emarginata (Erebidae, Calpinae) is a close
relative of the blood-sucking moth Calyptra minuticornis, which
was also recorded at Fung Yuen

DISCUSSION

Considering the present study only covered two surveys, there
were a high number of species new to Hong Kong and also
several species which have the potential to meet the IUCN Red
List criteria for threatened species (IUCN, 2001), indicating that
the site has a high conservation value, mirroring the high butterfly
species richness found at Fung Yuen. It must be noted that all
the species in Hong Kong should, strictly speaking, be regarded
as Data Deficient for IUCN Red List analysis, as there is little
published data available on the distribution and assemblages
of moths in the South China region. The collections at South
China Agricultural University and Nankai Univeristy, Tianjin,

contained none of the suspected Hong Kong endemic species
from localities outside Hong Kong. Further recording throughout
Guangdong and Guangxi will help establish an understanding
of moth distributions and populations at the regional level, with
particular emphasis on sites near Hong Kong to the north, north-
east and east-north-east, such as Guangdong Guanyinshan
National Forest Park, Wutongshan National Forest Park and
remaining forests as far as Chiliangshan.

Based upon this initial survey and comparing with data for
Kadoorie Institute and Kadoorie Farm & Botanic Garden
(Kendrick, 2002(2003)), it is very likely a more thorough moth
survey undertaken on a monthly basis over several years would
increase the species richness at Fung Yuen to in excess of
1,000 species.. Further uncollated records are known to exist
(e.g. there are an additional fifty or so unidentified specimens
in the part of the J.J.Young collection not housed at KFBG
(J.J.Young, pers. com.), as well as four undated records for
Lyssa zampa Butler, 1869).

Species seen were a mix of habitat specialists and generalists,
most singletons recorded were not habitat associates except
for forest species (Geometridae, subfamilies Geometrinae and
Ennominae) at the Butterfly Reserve, and riparian species in
the subfamily Acentropinae, such as Paracymoriza vagalis
(Walker, 1866) (Figure 7), whose larvae are aquatic, at Ko Kaa
Garden in the SSSI.

As yet, it is not possible to draw many conclusions about
species assemblages due to insufficient recording effort, but
some generalist species were present. Six of the seven species
found at all the sub-sites recorded in the 2009 survey (Kendrick,
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Figure 7. Paracymoriza vagalis (Crambidae, Acentropinae) – a
chink-mark moth, whose larvae are aquatic and require
unpolluted water to survive
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2010) – Hydriris ornatalis (Duponchel, 1832), Creatonotos
transiens (Walker, 1855), Laspeyria ruficeps (Walker, 1864),
Ugia purpurea Galsworthy, 1997, Eublemma ragusana (Freyer,
1845) and Nodaria externalis Guenée, 1854 occur throughout
Hong Kong in many different habitats; the last of these is a
detritivore in the larval stages. The seventh species found
throughout Fung Yuen is Parapoynx diminutalis Snellen, 1880,
a stream associated species with aquatic larvae, which is known
to wander some distance from streams. There were also some
specialist or habitat associated species recorded. The presence
of six species of Acentropinae, which have stream dwelling
larvae, indicates low pollution levels in the water (Speidel &
Mey, 1999) and the presence of 14 species of Lithosiini
(Arctiinae), is high by Hong Kong’s standards, indicating a low
level of local SO2 pollution, as this group of moths have larvae
that feed on lichens (e.g. Scoble, 1992), which are susceptible
to SO2 pollution (e.g. Hawksworth & Rose, 1976, Blett et al.,
2003; Fenn et al., 2007).

The low Geometridae : Noctuidae (including quadrifine noctuoid
taxa) ratio observed by the KFBG surveys in 2009 (Kendrick,
2010) (58 geometrid species to 159 noctuid species, i.e. a ratio
of 1:2.75) is indicative of high human disturbance (Kitching, et
al. 2000), with relatively few true forest species recorded. When
compared to KFBG (231 geometrid species to 567 noctuid
species, 1:2.45), there is a lower proportion of Geometridae
recorded at Fung Yuen. However, there were very few open
habitat species recorded, such as Noctuinae (e.g. genera
Mythimna, Sasunaga, Agrotis) and Plusiinae, species which
are common in open habitats (grassland, agriculture, abandoned
agriculture) in Hong Kong, indicating the overall moth fauna
composition at Fung Yuen comprises forest and orchard species
rather than open habitat species, with a significant number of
generalists.

If the aim of managing the site is to maintain or increase the
biodiversity of the Lepidoptera fauna at Fung Yuen, then
managing the site in favour of lowland forest and orchard
habitats, retaining the streams, would be likely to sustain the
existing level of moth and butterfly diversity. Obtaining a more
complete temporal picture of the moth community variation
throughout at least a one-year study period would greatly
enhance the existing level of understanding about the moth
diversity at Fung Yuen and how to maintain this rich diversity.

CONCLUSIONS

Of the species recorded, 18 are of conservation concern and
should be listed as IUCN “Data Deficient”, noting that of these
18 species, five potentially meet IUCN Red List criteria for
threatened species in one of the three main categories “Critically
Endangered” (two species), “Endangered” (two species) and
“Vulnerable” (one species” and a further 13 species potentially
meet “Near Threatened” criteria. Twelve of the species recorded
are currently only known from Hong Kong, all are potentially
within one of the four IUCN threatened or near threatened
categories listed. Seven species are recorded from Hong Kong

for the first time, and a further 6 species await confirmation of
being new records to Hong Kong.

Several groups of moths (Acentropinae and Lithosiini), which
were seen in good numbers by Hong Kong standards, are
indicative of low levels of stream pollution and SO2 pollution
respectively.

Although based upon just light trap two surveys and a small
amount of opportunistic diurnal recording, it is likely that the
moth species richness at Fung Yuen will prove to be one of the
highest in Hong Kong, mirroring the butterfly species richness
for which the site is already renowned. The number of new records
to Hong Kong and the number of species meeting IUCN Red
List criteria for threatened species from just such a small amount
of recording effort suggests that the site is possibly of
international conservation significance for moths.

The moth assemblages recorded are typical of human disturbed
forest, feng shui woods and orchards, with a relatively low
Geometridae component, but includes only a small number of
low-conservation interest species normally associated with
agriculture and open habitats that were found in the SSSI.
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Notes on Vespa analis and Vespa mandarinia (Hymenoptera, Vespidae) in Hong Kong,
and a key to all Vespa species known from the SAR

John X.Q. Lee

No. 2, 2/F, Sai Wang Lane, Sai Kung, N.T.
email: vespa_bicolor@yahoo.com.sg

ABSTRACT

A brief summary of two uncommon hornet species in Hong
Kong, Vespa analis and Vespa mandarinia, is provided,with
notes on their biology in other regions. A key to all species of
Vespa occurring in Hong Kong is also given.

Key words: Hymenoptera, Vespidae, Vespinae, Vespa,
analis, mandarinia, hornet, wasp

INTRODUCTION

Vespa analis Fabricius, 1775 and Vespa mandarinia Smith,
1852 are hornet species with fairly wide distributions throughout
East Asia. Both species are present in Hong Kong, which lies
within their distributional range, although they are uncommon
and rarely seen. This paper presents some background
information regarding both species, with notes on their
distribution and previous records within Hong Kong, as well as
on their biology from what is known about them in other parts of
their range.

IDENTIFICATION

Eight species of Vespa (hornets) are present in Hong Kong, of
which six are common and regularly seen. The two uncommon
species covered in this paper can easily be identified by the
following characteristics: they are medium-sized to very large
species with the last abdominal segment completely orange-
yellow. The last abdominal segment of all other local species is
always either completely dark or partly reddish, except for Vespa
bicolor Fabricius, 1787, which however is a small and very
distinct species that cannot be mistaken for anything else. A
key to the eight known Vespa species in Hong Kong is given
here. This key is based on both structural and colour
characteristics, and is intended mainly for use within Hong Kong,
as individuals of some species exhibit considerable differences
in colour in other regions. Measurements are taken from
specimens in my personal collection.

1. a. Ground colour, including entire abdomen,
light yellow. Small species (queens 25mm, workers
generally under 20mm) - Vespa bicolor Fabricius,
1787.
b. Ground colour not entirely yellow. - 2

2(1). a. Head entirely yellow or orange. - 3
b. Head either completely or partly (vertex,

            frons, part of gena) dark brown or black. - 4

3(2). a. Head strongly widened, with gena enlarged
behind the eyes and at least 1.8x as wide as the eye
in the female
or 1.3x in the male from a lateral view. - 5
b. Head not strongly widened, with gena being
equal to or narrower than the eye when viewed
laterally. - 6

4(2). a. Frons, vertex black. Clypeus, mandibles and
lower part of gena predominantly orange. Thorax fully
black. Ground colour of abdomen black with metallic
gold sheen. Last abdominal segment partly reddish.
Small to medium-sized (queens to 28mm, workers
generally under 24mm) - Vespa velutina Lepeletier,
1836.
b. Head reddish brown. Abdomen black apart
from a distinct yellow band. - 7

5(3). a. Sixth abdominal segment entirely yellow.
Abdomen with orange or yellow bands which may
vary greatly in width between individuals and
populations. Very large species (queens may reach
or exceed 45mm, workers between 25mm and
40mm).- Vespa mandarinia Smith, 1852.
b. Sixth abdominal segment black. Abdomen
largely black, apart from first two segments coloured
with bands of orange, yellow and black. Very large
species (queens to 46mm, workers between 23mm
and 39mm). - Vespa soror du Buysson, 1905.

6(3). a. Sixth abdominal segment entirely yellow.
Abdomen dark brown with yellow or orange bands
which may vary greatly in width. A rather blunt,
triangular tooth present on the anterior margin of the
clypeus. Generally medium-sized species (22mm to
30mm), although some individuals may attain larger
sizes. - Vespa analis Fabricius, 1775
b. Sixth abdominal segment black. Abdomen
largely black, apart from first two segments coloured
with bands of orange-brown, yellow and black, and
sometimes a thin yellow band at the posterior margin
of the second tergite. Large species (22mm to
35mm) - Vespa ducalis Smith, 1852.

7(4). a. Yellow band on abdomen comprising of only
second tergite largely yellow. Larger species (20mm
to 34mm). - Vespa tropica (Linnaeus, 1758).
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b. Yellow band on abdomen comprising of both
first and second terga largely yellow. Smaller
species . - Vespa affinis (Linnaeus, 1764),
(workers generally under 24mm, queens up to
30mm).

Vespa analis and V. mandarinia are fairly similar in appearance,
and a large individual of V. analis or a small individual of V.
mandarinia might be confused with the other species at a glance
while flying past, but both are easily separable by structural
attributes, the most obvious of which would be the strongly
enlarged head of V. mandarinia, with the gena proportionately
wider in comparison to the eye in side profile (at least 1.8x in
the female). V. analis, on the other hand, is the only Vespa
species known to have a median tooth on the anterior margin of
the clypeus.

NOTES ON VESPA ANALIS

Vespa analis is widely distributed throughout East and
Southeast Asia, with the southernmost limit of its range being
Indonesia and extending all the way to Eastern Russia and
India (Archer 1998; Carpenter and Kojima 1997). In Hong Kong,
there appear to be two distinct colour forms (pers. obs.). The
more commonly seen form is reddish brown with a yellow head.
The pronotum is often reddish, but sometimes the same ground
colour as the rest of the thorax. The abdomen is brown with a
strong red tinge, the apical margin of each segment having an
orange-yellow band which may vary considerably in width
between individuals. This form can somewhat resemble the
common Chinese-Japanese colour form of V. mandarinia in
appearance. In the other colour form, which appears to be
exceedingly rare, the ground colour is an even darker brown
with hardly any reddish tinge, and with the yellow bands being
merely thin lines. This species is extremely variable in size,
with most individuals in Hong Kong being approximately 22mm
to 30mm (pers. obs.). Some individuals may be much larger,
although this is more common with individuals from Southeast
Asian regions such as Singapore (pers. obs.). There is not
much difference in size between queens and late workers in
mature colonies.

Vespa analis appears uncommon in Hong Kong, although it
does not appear to have a very limited local distribution. I have
seen it mainly in the New Territories, namely in many parts of
Sai Kung, Ma On Shan, Tai Po, Fanling, Sheung Shui, Yuen
Long and Tuen Mun. I have also seen individuals in Aberdeen
Country Park, Victoria Peak and Lamma Island. A majority
(70%; n = ?) of these records were of the more common colour
form, with the darker colour form, which is identical to that
formerly described as subspecies “Vespa analis nigrans” found
in various parts of continental Asia including Peninsular Malaysia
and Vietnam (Martin 1995; Nguyen et al 2006; Vecht 1957),
being very rare and limited to Sai Kung and the Northern New
Territories.

I have yet to personally see a nest of V. analis in Hong Kong.

However, I have seen photos by local photographers of
abandoned nests located among dense clusters of small trees
in country parks or, in one case, a cave, which appear to be of
this species. V. analis nests somewhat resemble nests of Vespa
affinis (Linnaeus, 1764) but do not generally reach such large
sizes. In addition, the markings on the envelope are quite
distinctive, the circular patterns being generally very large and
highly contrasting in colour. The envelope is typical of an aerial-
nesting hornet, being complete and covering the nest completely
except for a single entrance situated laterally on one side of
the envelope. Nests and colonies in subtropical Hong Kong
would probably be smaller than their counterparts in tropical
equatorial regions but larger than those in temperate regions;
they could possibly reach a maximum of 40cm in vertical length
and 30cm wide, and colonies would probably comprise of up to
200 wasps or fewer at their peak. Although the exact colony
cycle in Hong Kong is unknown, it can be expected to be fairly
long, as new queens often appear during March or April, and I
have seen workers attempting to catch prey such as butterflies
as late as early January.

In March to April, new queens can generally be seen feeding on
nectar from flowers of Litchi chinensis (lychee) and Dimocarpus
longan (longan). In summer, workers feed on flowers and rotting
fruit of Musa sp. (banana). Towards September to January, the
workers and possibly males and new queens frequent various
species of Camellia. In terms of prey choice, this species is a
generalist predator, which will capture any smaller insects,
especially flying ones near flowers. I have observed it catching
honeybees and butterflies in Hong Kong, and have witnessed
individuals in Singapore capture dragonflies as well.

Vespa analis is, as mentioned above, by no means restricted
in its distribution in Hong Kong, although it appears to be more
abundant in country parks and rural areas. However, a small
number of sightings have been made in urban parks, mainly in
Fanling, Sheung Shui and Yuen Long. It appears to be more
common at higher altitudes, with most sightings so far having
been made at elevations between 100m and 700m. There
appears to be a small but thriving population of this species
locally, and it might not actually be as rare as it appears to be.
One reason for its apparent rarity and difficulty in finding nests
is its exceedingly shy nature, which is apparent in its flight
pattern (pers. obs.).. Workers of this species generally fly close
to dense vegetation, often cutting in and out, therefore trying to
follow a foraging worker can be extremely difficult. In fact, a
large insect with the abdomen sporting a yellow tip disappearing
into the foliage of a tree or bush is often all that is seen of this
species. Even at flowers of fruit trees or Camellia trees, it will
fly back into the canopy to access flowers at another side of
the tree, rather than flying around on the outside. This species
is also alert and difficult to approach - it will flee at the slightest
disturbance. The only time it is more approachable is when
feeding on banana flowers or rotting fruits in summer.

In Singapore, V. analis is extremely abundant and will even
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nest in urban areas (pers. obs.).  However, the nests are not
always easy to find. I have, on several occasions, followed a
distinct flight path leading into a tree or cluster of shrubs, thinking
the nest would definitely be within, only to find out that the said
tree or bushes turned out to be merely a ‘transit point’ - the
wasps would then fly out from the foliage at an angle to their
original flight path, in another direction. The actual nest was
often located in another tree, not necessarily within view of the
transit point, and in fact one colony I observed used two such
transit points before returning to the nest, which was about
60m and 20m away from the first and second clusters of shrubs
respectively. This strange behaviour seems to function well in
helping nests escape detection from natural predators. Indeed,
even in urban areas with high human traffic many nests go
unnoticed and complete their colony cycle without being
discovered due to the species’ secretive nature. The flight
manner of V. analis in Hong Kong appears identical to their
counterparts in Singapore (pers. obs.). Due to the fact that V.
analis is much rarer locally as compared to in Singapore and is
more confined to rural areas and country parks, nests in Hong
Kong would prove very difficult to locate.

In contrast to its shy, secretive habits, V. analis is highly
aggressive and territorial around sources of food such as flowers
and fruit. Individuals often attack and chase other hornets,
preventing them from landing and feeding. Even smaller-sized
individuals often dominate larger individuals of V. ducalis and V.
tropica. It is probable that only V. soror and V. mandarinia are
more aggressive and dominate V. analis at such sources of
food. In addition, V. analis is also said to be the species most
likely to successfully repel or kill V. mandarinia in defense of
their nest in Japan (Matsuura and  Sakagami 1973). However,
V. analis is known to be a fairly placid and unaggressive species
in regards to colony defence (Matsuura 1973a; Vecht 1957;
Starr 1992; personal observations). Workers generally pay no
attention to people moving near the nest, and only attack if the
nest is actually disturbed. The number of attacking workers is
usually fairly small and the distance over which the attacking
wasps give chase usually not very far. Still, it is wise to avoid
disturbing nests of any social wasp.

NOTES ON VESPA MANDARINIA

Vespa mandarinia is also widely distributed throughout East
Asia and shares much of its range with Vespa analis. Indeed,
the Chinese name for V. analis translates roughly to “mimic of
V. mandarinia” (Li 1985; Yamane and Wang 1996). This is
largely due to the fact that V. analis in any given region often
somewhat resembles the colour form of V. mandarinia in the
same locality.

Vespa mandarinia is fairly well-studied in Japan (Archer 1995;
Matsuura and Sakagami 1973; Yamane and Makino 1977) and
is one of the best-known hornets due to it being the largest
known hornet species and the harm it poses to beekeepers.
Although single individuals will hunt any smaller insect they
can overpower, the species is best known for its ability to launch

coordinated attacks on nests of honeybees and other social
wasps. This usually takes place late in the season, prior to the
emergence of reproductives (males and new queens), and can
probably be attributed to a greatly increased need for nutrition
for the large number of larvae which will become reproductives,
the only ones intended to survive and carry on the next
generation. The attacking process can be divided into three
stages, namely the hunting phase, slaughter phase and
occupation phase (Matsuura and Sakagami 1973). V.
mandarinia was previously thought to be the only species to do
this, but in Hong Kong the closely related V. soror commonly
does this too and is a considerable menace to the beekeeping
industry locally (Lee, 2009).

The colony cycle of V. mandarinia in Hong Kong is not known,
but can be assumed to be fairly long, since its colony cycle in
temperate Japan is known to be quite long as well (Archer 1995).
Colony cycles of most Vespa species are longer in the tropics
than in the subtropics, and in turn longer in subtropical regions
compared to temperate regions. The species usually nests
underground and sometimes in tree hollows or very rarely, within
buildings in rural areas (Matsuura and Koike 2002). The nest is
fairly large, usually comprising four to seven combs, although
larger nests with more combs have been reported in Taiwan
(Yamane and Wang 1996), so it is definitely possible that nests
and colonies in subtropical Hong Kong can reach larger sizes
than in temperate regions. The envelope is incomplete, covering
the sides of the nest but leaving the bottom exposed - this is
typical of many ground-dwelling hornets (Matsuura 1973b). The
cavity is enlarged by the wasps as the nest grows, and the
workers spend a lot of time excavating earth, compacting it
into small pellets and depositing these pellets outside the nest
entrance, rather than flying off and dropping them some distance
from the nest, as some other Vespa species do (Matsuura
1991; Matsuura and Sakagami 1973). V. mandarinia was once
thought to be the only hornet to exhibit this excavation behaviour
(Matsuura 1991), although the closely related V. soror also does
so, and V. tropica as well (pers. obs.). The presence of excavated
soil pellets is often how nests are discovered (Matsuura and
Sakagami 1973). The workers are aggressively territorial, and
will fly out to investigate and warn off any moving object near
the nest, therefore it is strongly recommended that one maintain
a safe distance of more than three metres should a nest be
encountered. All these aspects of its biology also apply to V.
soror; the two species are clearly extremely similar in biology.

Vespa mandarinia has previously been recorded from Hong Kong
(Carpenter and Kojima 1997; Vecht 1959), and a series collected
from various localities in China in the Muséum National d’Histoire
Naturelle (National Museum of Natural History, Paris) collection
apparently includes specimens from Hong Kong (Vecht 1959).
As quoted directly from Vecht: “A series from various localities
(Se-Tchouen, Ta-Tsien-Lou, Siao-Lou, Hongkong, Kiangsi,
Shanghai and Kouy-Tcheou, region de PinFa) (MP)”. Vecht also
noted that the Chinese specimens were somewhat variable in
colour, but generally had the dark bands on the abdomen thinner



HKEB 2 (2) October 2010                                                                                                                                           © Hong Kong Entomological Society

34                                                                                                                                                                                                                                 J.X.Q. Lee

than specimens from Japan, and with the pronotum more
constantly ferruginous. So far, the individuals observed by the
author in Hong Kong generally agree with this statement in
having the dark bands thinner than specimens from Japan (i.e.,
the yellow bands consequently wider in proportion to the black
bands), although I have not had access to a large enough sample
of specimens to confirm this definitively.

Vespa mandarinia appears extremely rare in Hong Kong. Its
distribution in Hong Kong appears generally confined to the
outlying islands, although some beekeepers in Fanling and Yuen
Long have related incidents of this species attacking their hives
to the author; however, they noted that these incidents took
place many years back and that V. mandarinia have not been
seen in their apiaries for a long time. I have only three confirmed
personal records of this species locally. The first of these was
an enormous individual, probably a new queen, feeding on
banana flowers in Pui O, Lantau Island, on May 1996. No
collecting equipment or holding containers were at hand and
thus the individual was not collected. The second was found
dead on Lamma Island in April 2008 by the author along with
Christophe Barthelemy and Chan Kam Wah. It was a rather
small individual, possibly one of the earliest workers to emerge.
The third confirmed sighting occured on Lantau Island near Ngong
Ping, where an individual clearly belonging to this species was
observed in flight. Several other sightings which could apparently
be of this species but could not be confirmed positively have
been made by the author and Chan Kam Wah on Lantau Island,
Lamma Island and Tung Ping Chau. Paul Aston also related
cases of large hornets attacking nests of Polistes olivaceus
and Parapolybia varia in Mui Wo, Lantau. He noted two of the
largest species, one of which could be clearly identified as V.
soror, while the other, which he described as even larger and
stockier with distinct banding, clearly fitted the description of
V. mandarinia. Besides the Chinese-Japanese colour form, a
beekeeper in Fanling related an incident in which a single large
hornet captured bees from a hive entrance; his description fitted
the “Western colour form” (which is often referred to as V.
magnifica or V. mandarinia magnifica in older publications) of
the species; this form can be found in Western China as well
as Northern Thailand and North Vietnam. While it is not
impossible that two colour forms would co-exist locally, as is
seen with V. analis, I have not seen the wasp in question and
cannot rule out the possibility of it being a large individual of the
darker colour form of V. analis, which closely resembles the
Western colour form of V. mandarinia. Therefore the presence
of this second colour form in Hong Kong cannot be confirmed
at this point.

CONCLUSION

From my limited personal observations, although large
individuals of V. analis may be mistaken for small individuals of
V. mandarinia, the flight pattern of the two species differs
considerably, with the latter often flying boldly and in the open.
On the one occasion I approached an individual at banana
flowers, it circled boldly upon being disturbed and did not flee
quickly as V. analis usually does. Furthermore, even small

individuals of V. mandarinia are proportionately more robust
and stocky in shape and this is another factor which may help
in distinguishing the two species. In short, both species can be
distinguished fairly accurately from each other even at a
distance.

The apparent rarity of V. mandarinia in Hong Kong is somewhat
unexpected, considering that this species has fairly large
colonies, a long colony cycle and the fact that workers covers
substantial distances in their search for the great amount of
food needed to sustain the colony. One would naturally assume
that the individual wasps, at least, would be more visible.
However, this is apparently not uncommon over parts of its range.
V. mandarinia and V. soror do not have much geographical
overlap, but in many places where they do, V. soror is often the
more common species with V. mandarinia being very scarce
and limited in distribution. This is so in Vietnam (Nguyen and
Carpenter 2002; Nguyen et al 2006) and also in China’s
Guangdong Province (personal communication with several
professional hornet hunters who capture entire nests for the
brood which are often eaten in rural parts of China). Clearly,
more research into V. mandarinia in Hong Kong will be required
to learn more about its biology locally.
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Figure 1. A worker of V. analis on flower of Musa sp. (banana)

Figure 2. Another worker of V. analis

Figure 3. An individual of the dark colour form of V. analis
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Figure 4. Frontal closeup of V. analis, showing the distinctive
feature on the clypeus

Figure 5. Typical nest of V. analis in Singapore

Figure 6. Habitus of a worker V. mandarinia
Fig. 6a Lateral view

Fig. 6b Dorsal view

Fig. 6c Frontal view
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Abstract
The biology of Challia hongkongensis is described including
the systematics, feeding habit and forceps function.

Key words: Dermaptera, Challia hongkongensis, Hong Kong,
feeding habit

Introduction
The diet of earwigs varies from omnivorous, to purely carnivorous
or herbivorous (Chen & Ma, 2004). Some species are regarded
as agricultural pests (Zhang, 1996); some on the other hand
are beneficial in controlling pests (Zeng et al, 2004). Locally, no
observations of earwigs’ feeding habits have previously been
reported. The author observed a female Challia hongkongensis
Ho & Nishikawa eat a nymph of the same species – the first
report of this species’ feeding behaviour.

Taxonomy and habitat of Challia hongkongensis Ho &
Nishikawa, 2009
The genus Challia Burr, 1904 totally contains eight species
restricted to the Oriental region. In the past, Challia was regarded
as a Palaearctic genus (Moon & Kim, 1985). Nevertheless, two
additional species were found in Vietnam (Anisyutkin, 1994;
Anisyutkin & Gorokhov, 1998a and 1998b) and extended this
genus from the Palaearctic further to South-East Asia. Challia
hongkongensis Ho & Nishikawa, 2009 has recently been
described from Hong Kong and is the third species represented
in China (Nishikawa, 2006; Ho & Nishikawa, 2009). The allied
species is Challia gigantia Nishikawa, 2006 but this differs in
structure of the forceps and the male genitalia.

Challia hongkongensis is not a widely distributed species and
is restricted to montane forest in Hong Kong.

From April to August, adults can be found actively hunting on
rocks or leaves. It is a fast-moving insect that hunts at night.
When disturbed, individuals move quickly to hide themselves
under rocks or leaf litter. The habitat is confined to montane
forest above 400 metres above sea level.

Eating habit and forceps function
On 21 August 2009, at Tai Tung Shan, north Lantau Island,
around 700m above sea level, at midnight, a hunting female
was observed eating a nymph of the same species. The author
did not observe the hunting process but only saw the outcome
(Figure 1). The adult female held the prey by its dentate forceps
and bent the forceps toward its mouthparts to eat the prey (Fig.

2). Although the abdomen of the nymph was eaten, it was still
alive and its head and antennae were moving. This probably
proves that Challia hongkongensis uses its dentate forceps
to hunt prey in the wild. In addition, C. hongkongensis is also
considered to feed herbivorously based on a female observed
at Kowloon Peak (Fig. 3), which possibly ate plant seeds or
fruits.

From the above observations of this small nocturnal earwig, the
species has varied diet including small insects and plant fruits.
C. hongkongensis is considered to be an omnivorous earwig
species.

In most earwigs, the inner margins of the forceps have sharp
denticles. Their usage is related to the hunting and feeding
habit. The inner denticles of the forceps of female and male C.
hongkongensis are quite different in dentation and morphological
structure (Figs. 4 and 5). In females, the forceps are almost
straight and parallel-sided. The apices are curved inward and
pointed. Each inner arm has 10 to 15 sharp teeth. The posterior
teeth are longer than the anterior (basal) teeth. In males, the
basal two thirds of the arms are curved outward while the
posterior third of the forceps are almost parallel-sided. The curved
part is smooth without any teeth. The posterior part is sparsely
armed with four to six teeth. The teeth of the male forceps are
as sharp as the female’s, but slightly shorter. Generally, the
teeth of the female forceps are denser than those of the male.

It is believed that earwigs use their forceps to kill and hunt their
prey directly (Zeng et al, 2004). Keeping their “hunting weapon”
(forceps) clean is important (Fig. 3). Furthermore, the function
of long and sharp teeth can be considered as to hold and keep
the prey. Based on the forcep structure of Challia hongkongensis
and other allied members in the genus, the dentate inner arms
provide evidence of their hunting method and eating habit in the
wild. Although the teeth of the male forceps are weaker than in
the female, they are believed to be strong enough to kill and
hold prey, in addition to having an important function as display
devices (Briceno and Eberhard, 1995). Therefore, the sexually
dimorphic morphology of the forceps in C. hongkongensis is
significant.

Conclusion
Challia hongkongensis is a localised earwig and is only known
from Hong Kong. Its ecology needs further detailed study
especially on its unknown parental behaviour and life cycle.

SHORT COMMUNICATION
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Figure 4. Male forceps
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Figure 5. Female forceps

12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890
12345678901234567890123456789012123456789012345678901234567890121234567890

123456789012345678901234567890121234567890123456789012345678901212345678
123456789012345678901234567890121234567890123456789012345678901212345678
123456789012345678901234567890121234567890123456789012345678901212345678
123456789012345678901234567890121234567890123456789012345678901212345678
123456789012345678901234567890121234567890123456789012345678901212345678
123456789012345678901234567890121234567890123456789012345678901212345678

Figure 1. Female C. hongkongensis holding prey by forceps

Figure 2. C. hongkongensis nymph as prey of adult female

Figure 3. Female C. hongkongensis cleaning its forceps;
possible fruit diet







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


