4.3. Insects of Papua

SCOTT E. MILLER

NSECTS AND OTHER terrestrial invertebrates are tremendously diverse in

Papua, and play vital roles in providing ecosystem services, but are poorly
known. Insects are interesting for conservation studies for the following reasons:
(1) generality of distribution: insects are found in almost every conceivable habitat
and niche; (2) within this overall versatility, there is much specialization; (3) many
taxa show rapid responses to environmental perturbation; (4) some taxa are
readily identifiable without specialized training; (5) many taxa are good indicators
of areas of endemism; and (6) many taxa are readily sampled with quantitative
methods, providing high quality data for statistical analyses (see Brown 1991; Hol-
loway and Stork 1991; Kremen et al. 1993; Miller and Rogo 2002; Sutton and
Collins 1991).

History

Frodin and Gressitt (1982; Chapter 2.1) have presented excellent descriptions of
the history of biological exploration in New Guinea and only the major elements
are repeated here (see also van Steenis-Kruseman 1950). The Papuan fauna cannot
be understood in isolation because much of the fauna is shared with Papua New
Guinea, the Solomon Islands, and Australia. Most groups of insects have been
more extensively sampled in Papua New Guinea than Papua, so it is often neces-
sary to extrapolate from knowledge of Papua New Guinea to understand the Pa-
puan fauna. The entomological literature for the New Guinea region was compiled
by Gressitt and Szent-Ivany (1968), and is available online in an updated version
at http://entomology.si.edu.

The first comprehensive insect collecting in Papua was undertaken by European
collectors starting in the 1870s and continuing into the 1930s. These collectors
included E. Cheesman, W. Doherty, H. A. Lorentz, E. Mayr, A. S. Meek, W. G.
Meek, A. E. Pratt, H. Pratt, and A. F. R. Wollaston. The Third Archbold Expedi-
tion (1938-1939) was the only one of the Archbold Expedition series that visited
Papua and it provided an unsurpassed sample of the fauna of the Mamberamo
Basin and headwaters (Archbold et al. 1942). During World War II, many United
States and Australian entomologists collected in coastal Papua. In the 1950s, J. L.
Gressitt of the Bishop Museum organized surveys of Papuan insects. Little research
was done on insects in Papua from the 1960s through the 1980s. Terrestrial insects
have been included in conservation surveys starting in the 1990s, but only in a
small way (e.g., Polhemus and Polhemus 2000; Rosariyanto et al. 2002; van Mas-
tright and Rosariyanto 2002; Oppel 2006).

Major collections of Papua’s terrestrial invertebrates are housed at Bishop Mu-
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seum, Honolulu (BPBM); Museum Zoologense Bogeriense, Bogor (MZB); Natural
History Museum (formerly British Museum of Natural History), London (NHM);
National Museum of Natural History (formerly Rijksmuseum van Natuurlijke
Historie), Leiden (RNH); American Museum of Natural History, New York
(AMNH); Smithsonian Institution, Washington DC (USNM); and the University
of Amsterdam. A small collection, which should be upgraded, exists at Cendera-
wasih University, Manokwari campus, Papua.

Status of General Knowledge

Knowledge of insects and other invertebrates of New Guinea varies tremendously
among taxonomic groups and localities, according to the history of sampling and
study, and the biological complexity of the group. For example, butterflies are
well known in some areas (e.g., Gotts and Pangemanan 2001; van Mastrigt and
Rosariyanto 2005), but little is known about soil arthropods at most sites in New
Guinea (Hammen 1983). The components involved in understanding insects in-
clude the following:

1. Sampling of basic diversity: collecting and preservation for study. Basic sampling
has taken place for many groups, although the smaller and more difficult to study
taxa are almost always undersampled. Geographic coverage of sampling is poor in
Papua, even for butterflies.

2. Systematic study of these samples: diagnosis of species and other taxonomic units.
The quality and quantity of systematic study varies with historical interest from
group to group. Some taxa are relatively well known, but information transfer is a
problem for all groups. The recent text on Australian insects (CSIRO 1991) is very
helpful for understanding the New Guinea fauna.

3. Field studies on the biology, ecology, and geographic distribution of species. Except
for species of economic interest to agriculture (e.g., Simon Thomas 1962; Ubaidillah
1991), forestry (Nair 2000), or medicine (Bangs and Subianto 1999; Owen 2005),
little is known about the ecology of Papua’s insects. In addition, little is known
about the distribution of insects in ecological space, including issues such as host
specificity, and the distribution of individuals and biomass per species within
ecosystems (Novotny et al. 2002a, 2006).

However, as noted above, the great diversity of insects is a positive feature,
allowing researchers to choose specific groups that can answer specific questions in
a statistically meaningful manner. Modern information management techniques
provide at least a partial solution to the information transfer problem.

Status of Taxonomic Knowledge

As noted above, taxonomic knowledge of New Guinea insects varies greatly from
group to group. There is no comprehensive review for any major group except the
flies, and the bibliography by Gressitt and Szent-Ivany (1968) is the only broad
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attempt to synthesize knowledge of New Guinea insects. The following is a brief
overview of the state of taxonomic knowledge of New Guinea insects, including
major references. Major taxonomic units follow the recent text on Australian in-
sects (CSIRO 1991) which is an important general review. Simon Thomas (1962)
reviewed agricultural entomology in Papua, and Hammen (1983) includes a re-
view of the meager knowledge of soil arthropods. “Very poorly known” in the list
below indicates that only very basic surveys have been done, little is known about
biogeography and distribution, and no ecological studies have been done (except
sometimes for selected pest organisms).

There is no comprehensive list of insects recorded from Papua (or New
Guinea), and any estimate must be based on assumptions and extrapolation (e.g.,
Novotny et al. 2002c). Miller (1996) estimated the total insect fauna of New
Guinea might be 300,000 species (Table 4.3.1). The diversity of insects in Australia
has recently been reviewed by Austin et al. (2004) and Yeates et al. (2003), who
reached the conclusion that the insect fauna of Australia is something over 200,000
species. In light of the new Australian estimates, and the lower host specificity
estimates in Novotny et al. (2002c¢), the insect fauna of New Guinea is likely less
than 300,000 species, of which many remain to be described.

Larger insects in the lowland areas are relatively well known, at least in the
sense of having species names (Novotny et al. 2005; S. Miller, unpublished data).
However, it is often impossible to associate the species name with a specimen
without reference to historic collections in Europe because the species have never
been adequately characterized in the literature. But the fauna of larger insects at
higher elevations (above about 1,000 m) is poorly known (Novotny et al. 2005;
Riedel 2001; S. Miller, unpublished data), and the fauna of small insects (as well
as mites and other tiny arthropods) is poorly known throughout Papua. There is
very little overlap in species between the lowlands and higher elevations, although
the nature of the transition in faunas with elevation is not yet adequately explored
(Allison et al. 1993; Novotny et al. 2005).

Table 4.3.1. Numbers of invertebrate species known from New Guinea

Taxon Number of species Source

Terrestrial flatworms 4 de Beauchamp 1972
Freshwater rotifers 135 Segers and de Meester 1994
Nematodes of plants 63 Bridge and Page 1984
Terrestrial mollusks 1,000 Cowie 1993

Leeches (part) 5 van der Lande 1993
Earthworms 42 Nakamura 1992
Onychophora 7 van der Lande 1993

Insects 300,000 Miller 1996
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Order Collembola (Springtails): Very poorly known in Papua (Yoshii and Suhardjno
1992).

Order Protura: Very poorly known for Papua (Tuxen 1964).

Order Diplura: Very poorly known for Papua (Paclt 1985).

Order Archaeognatha (= Microcoryphia) (Bristletails): Very poorly known for Papua
(Strum 1999, Strum and Machida 2001).

Order Thysanura (Silverfish): Very poorly known for Papua (Paclt 1982).

Order Ephemeroptera (Mayflies): Very poorly known for New Guinea (Edmunds and
Polhemus 1990).

Order Odonata (Dragonflies and damselflies): Relatively well known from extensive
work of Lieftinck (1949).

Order Plecoptera (Stoneflies): The only record in Papua is an unidentified species
recently collected by D. A. Polhemus (pers. comm.).

Order Blattodea (= Blattaria) (Cockroaches): Relatively poorly known. There is only
a scattered literature for Papua, partially reviewed by Roth (2003).

Order Isoptera (Termites): Relatively poorly known for Papua. Cataloged by Snyder
(1949). Nasute termites of Papua New Guinea revised by Roisin and Pasteels (1996).

Order Mantodea (Praying mantids): Relatively well known for New Guinea (Beier
1965; Rentz 1996).

Order Dermaptera (Earwigs): Relatively poorly known for Papua; see world checklist
by Steinmann (1989).

Order Orthoptera (Grasshoppers, locusts, katydids, crickets): Larger taxa relatively well
known in Papua, but the literature for New Guinea is scattered. See Rentz (1996)
and Willemse (2001).

Order Phasmatodea (Stick insects): Relatively well known in New Guinea (van
Herwaarden 1998; Nakata 1961; Rentz 1996).

Order Embioptera (= Embiidina) (Web-spinners): Relatively poorly known in Papua
(Ross 1948).

Order Zoraptera: Not yet known to occur in New Guinea (Smithers, in CSIRO 1991).

Order Psocoptera (Psocids, booklice): Generally poorly known in New Guinea,
although some groups recently revised (Lienhard and Smithers 2002; Smithers and
Thornton 1981).

Order Phthiraptera (including Mallophaga and Anoplura) (Lice): Generally poorly
known in New Guinea (Durden and Musser 1994; Ferris 1951; Price 2003).

Order Hemiptera (including Heteroptera and Homoptera) (Bugs, leathoppers, cicadas,
aphids, scale insects, etc.): Knowledge very uneven for New Guinea. Some groups
have modern revisions (especially some Cicadidae, Coccoidea, Miridae, Flatidae,
Cicadellidae, aquatic Heteroptera, etc.), but others do not. See Stonedahl and
Dolling (1991) for literature on Heteroptera.

Order Thysanoptera (Thrips): Generally poorly known for New Guinea but partially
treated in recent revisions by L. A. Mound and others.

Order Megaloptera (Alderflies, dobsonflies): Not yet known from New Guinea.

Order Raphidioptera (Snakeflies): Not yet known from New Guinea.

................. 16157% CH36  02-08-07 10:39:32  PS PAGE 518



Insects of Papua / 519

Order Neuroptera (Lacewings, etc.): Relatively well known in New Guinea because of
publications by T. R. New and colleagues, reviewed by New (2003).

Order Coleoptera (Beetles): A very diverse group in New Guinea, ranging from
relatively well known (e.g., Carabidae, Chyrsomelidae) to very poorly known (e.g.,
Scarabaeidae, Curculionidae). General review by Gressitt and Hornabrook (1977).
Several large families reviewed by Bigger and Schofield (1983).

Order Strepsiptera: A small parasitic group reviewed by Kifune and Hirashima (1989)
and Kathirithamby (1989).

Order Mecoptera (Scorpionflies): Not known from New Guinea (Penny and Byers
1979).

Order Siphonaptera (Fleas): Relatively well known in New Guinea; monographed by
Holland (1969).

Order Diptera (Flies): A very diverse group in New Guinea, ranging from relatively
well known (e.g., Culicidae, Simuliidae; e.g., Takaoka 2003) to very poorly known
(e.g., Chironomidae). Reviewed by Evenhuis (1989) and Oosterbroek (1998).

Order Trichoptera (Caddisflies): Reviewed by Neboiss (1986, 1989), but many taxa
remain to be sampled and described.

Order Lepidoptera (Moths and butterflies): A very diverse group in New Guinea,
ranging from relatively well known (e.g., butterflies) to very poorly known (e.g.,
Microlepidoptera). General review and identification guide by Holloway et al.
(2001). Butterflies partially reviewed by Parsons (1998) and van Mastrigt and
Rosariyanto (2005); Papilionidae are reviewed by Ubaidillah et al. (1994).
Microlepidoptera reviewed by Diakonoff (1952-1955), but many taxa remain to be
described.

Order Hymenoptera (Wasps, bees, ants, sawflies): A very diverse group in New Guinea,
ranging from relatively well known (e.g., ants) to very poorly known (e.g., many
parasitic wasps).

Terrestrial invertebrates other than insects have generally been very poorly sam-
pled and studied in New Guinea. It is worth noting that terrestrial and freshwater
mollusks are better known in Papua than in Papua New Guinea, although they
remain poorly understood (Cowie 1993). For further discussion of invertebrate
diversity see Ewers (1973), Miller (1996), and Sekhran and Miller (1996).

Biogeography

New Guinea and surrounding islands provide major challenges for understanding
the complex interrelationships of “mobile organisms in a geologically complex
area” (Holloway 1982). The island of New Guinea has evolved as a major land
area only over the past ten or so million years, through fusion and compression of
inner and outer Melanesian island arcs between the northward moving Australian
continent on the Indian Ocean tectonic plate and the westward moving margin of
the Pacific tectonic plate. Only in the Pliocene and Pleistocene were its mountain
ranges uplifted to the snow line, to be glaciated extensively during the latter pe-
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riod. Despite this geological youth, the insect fauna has attained a diversity that
appears to be equivalent to that of the much older tropical lands of Southeast Asia
(Gressitt 1982b). The majority of this fauna has its closest relationships with that
of Asia, with the genera tending to be fewer in number but more species-rich. For
instance, the majority of moth genera endemic to Melanesia are restricted to, or
have their species richness strongly centered in, New Guinea (Holloway 1984b).
Rapid development of high diversity in a geologically unstable environment with
high relief is counter to some hypotheses of tropical diversity, particularly those
based on environmental stability over long periods of geological time. Therefore
studies of the biogeographic origins of the New Guinea fauna and speciation pat-
terns within it are likely to throw considerable light on the processes leading to
increases in species richness (Holloway 1991).

Although many authors have addressed the biogeographic relationships of the
New Guinea fauna to those of adjacent regions, particularly in regard to the im-
portance of Australian versus Asian elements, few authors have attempted analyses
of biogeography within New Guinea (especially patterns of regional endemism).
The paucity of data for regionalization of New Guinea became very clear in an
extensive literature survey for the Papua New Guinea Conservation Needs Assess-
ment, an attempt to identify the areas within the country of greatest importance
to biodiversity conservation. Even among the relatively well known ground beetles
(Coleoptera: Carabidae), patterns based only on literature records proved mislead-
ing. For example, of 11 carabids that were known only from the Northern Prov-
ince lowlands (putative regional endemics), four were represented in the Bishop
Museum by specimens from outside of the Northern Province lowlands (Miller
1993). Thus, previously unpublished data from museum collections will be impor-
tant to a comprehensive view of invertebrate biogeography in New Guinea. The
best analyses of regional patterns are those for cicadas (de Boer 1995; de Boer and
Duffels 1996a,b; Duffels and de Boer 1990; and Chapter 4.4) and aquatic insects
(Chapter 2.5; Polhemus 1996, 1998). There are relatively few modern revisions
(i.e., those applying modern species concepts to adequate samples) of speciose
groups in New Guinea. Among the taxa for which such data exist are some groups
of mosquitoes, black flies, sarcophagid flies, aquatic bugs, ground beetles, chryso-
melid beetles, pyraloid moths, butterflies, and cicadas.

Based on intensive studies of cicada distributions, Papua can be subdivided into
four main areas of endemism, each with its own distinct biota (see Chapter 4.4):
the Vogelkop peninsula, the northern mountain ranges, the central mountain
ranges, and south New Guinea. The latter three continue into Papua New Guinea.

For most groups of invertebrates, all of Papua needs intensive collecting using
modern sampling techniques. Even where samples do exist, they are often limited
to material from early expeditions and usually to larger species (e.g., butterflies,
cicadas). But a huge area of Papua has received no serious sampling for insects.
Some of the areas that are especially poorly known are: (1) The Vogelkop area,
other than the Arfak Mountains; areas around Sorong, Fakfak, and Manokwari,
and the Wasior Peninsula, are almost unknown; (2) Papua north of the Central
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Range is largely unknown except for the coastal areas (especially around Nabire
and Jayapura) and the Cyclops Mts; (3) The Central Range from the Weyland Mts
to the Baliem Valley, and the Star Mts; and (4) the southeastern lowlands from
the Lorentz National Park to the Wasur area (including Yos Sudarso (Kimaam)
Island) remain unknown (Miller 1998).

Ecology and Conservation

So little is known about the ecology of most New Guinea insects that it is difficult
to identify ecologically critical areas. In general, the highest diversity is found in
primary forest, but little study has been devoted to the ecology of savanna and
wetlands insects in New Guinea and it is possible that important patterns of diver-
sity are being overlooked (e.g., Pimm and Gittleman 1992). Because of the need
for calcium for shell formation, the highest diversity of land snails is expected in
limestone areas with high soil pH (Andrews and Little 1982; Cowie 1993). Preser-
vation of isolated limestone outcrops will be especially important in the conserva-
tion of maximum diversity of land snails.

The impact of habitat disturbance on insects depends upon, among other
things, the life history strategies of the insect species involved. Although this has
received little study in New Guinea (Bowman et al. 1990; Novotny et al. 2004),
most native insects respond poorly to severe habitat degradation. Loss of diversity
from disturbance of forests affects some taxonomic groups more seriously than
others (see Miller and Holloway 1992 and Hill et al. 1995 for examples from other
Indonesian islands). Insects with narrow dietary requirements or other habitat
specialization tend to be most readily affected by habitat degradation. However,
some insect populations recover relatively well after disturbance. For example, in
Seram, moth diversity in shifting cultivation areas that were abandoned several
decades ago, which are now well forested, is comparable with that of undisturbed
forest at similar altitudes (Miller and Holloway 1992). It is therefore possible that
a sustainable cycle of forest exploitation or farming that permits a full regeneration
cycle will only temporarily depress biodiversity, although this may be dependent
on the proportion of climax forest present throughout the progression of such
cycles. However, conversion of lowland forest to field or cash crop plantations will
depress moth diversity to a much lower level, as seen in Sulawesi (Miller and
Holloway 1992).

Economically Important Species

The most widely recognized economically important species of insects are pests of
agriculture and forestry, and vectors of diseases. Although a great many species
have some negative economic importance in Papua (Simon Thomas 1962), they
constitute only a very minor fraction of the total fauna. However, as primary
forest resources are depleted in the future, and more plantations (particularly of
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leguminous trees) are established, these economic activities and developments will
be affected by insect attack, particularly from defoliating insects.

In Papua, most of the agricultural pest insects are native, and new “pests” fre-
quently emerge from the indigenous fauna in response to natural or human-
induced changes (Simon Thomas 1962, Kumar 2001). Szent-Ivany (1961) showed
that while 98% of the then insect pests of Hawai’i were introduced by humans,
less than 3% (1 of 34) of the then major agricultural insect pests in New Guinea
were introduced. Furthermore, many of the economic crops (e.g., sugar) are native
to the region. Thus a high “pest” potential, especially in crop monocultures, exists
in this region. The current emphasis in forestry to plant legumes and Eucalyptus
in monoculture after natural forest is cleared, will almost inevitably lead to major
pest problems because these crops are in the preferred host families for many
moths. Thus, for natural resource management, it will be important to have basic
data on the insect fauna of Papua. Pest exclusion and detection programs, such as
inspections and quarantines of incoming commodities, regular surveys for target
pests, and local diagnostic services supported by international laboratories are im-
portant to prevent future problems.

Large-scale conversion of primary forest to other uses can result in outbreaks
of a variety of pests, especially disease vectors. This should be factored into cost-
benefit analyses of programs. Ross River alphavirus and Murray River encephalitis
present likely prospects for intensified disease prevalence wherever lowland forests
are disturbed and people aggregated (Jenkins 1992). Clearing of native forest barri-
ers has allowed pest locusts to move into new areas in Africa and could happen in
New Guinea (Miller 1993).

Many of the large, colorful insects of Papua, especially butterflies, have a com-
mercial market value. Butterfly farming activities in New Guinea are generally
considered successful (e.g., studies in Papua New Guinea by Clark and Landford
1991; Collins and Morris 1985:29; Orsak 1993; Parsons 1998; Sekhran and Miller
1996; and in Papua by Mercer 1997; Morris 1986; and Parsons 1982). Neverthe-
less, a detailed analysis of the economic and conservation impact of butterfly farm-
ing would be useful in planning future expansion of the program (e.g., Goldstein
1991). It is clear that butterfly farming has raised the awareness, both locally and
internationally, of conservation issues and of the potential value of New Guinean
native fauna. Butterfly farming could clearly benefit from more research on effec-
tive methods of rearing rare species in captivity. Insects are also important food
resources for many local people (Mercer 1997; Ponzetta and Paoletti 1997).

Perennial malaria, vectored by mosquitoes in the Anopheles punctulatus com-
plex, is a major public health problem for most coastal, lowland, and foothill
populations in Papua. Malaria at higher elevations (above 1,500 m) is considered
intermittent and highly unstable, providing a constant threat of epidemics (Bangs
and Subianto 1999). Relatively few species of zoonotic parasites have been re-
corded in humans in Papua New Guinea (Owen 2005). Among them are flies
(Chrysomya bezziana), bed bugs (Cimex sp.), fleas (Ctenocephalides spp.), and
mites (Leptotrombidium spp., Sarcoptes scabiei, and Demodex sp.). The paucity of
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zoonotic parasite species can be attributed to long historical isolation of the island
of New Guinea and its people, and the absence until recent times of large placental
mammals other than pigs and dogs (Owen 2005).

Threats

The largest important threat to most insects is habitat disturbance. In most cases,
this means destruction of the integrity of primary forests and other natural habi-
tats. Some species might be threatened by alien species (e.g., by predation, parasit-
ism, or competition). Alien species are probably a minor threat to native insects
in most of mainland Papua, but can be significant in areas of heavy human distur-
bance (e.g., Snelling 1998) and islands that host many endemic species (e.g., How-
arth and Ramsay 1991; Nishida and Evenhuis 2000; Williams 1994). However,
alien species can be difficult to detect before they become widespread. The arbo-
real termite originally known as the New Guinea endemic Nasutitermes polygynus
Roisin and Pasteels was recently found to be an accidental introduction of Nasuti-
termes corniger (Motschulsky) from the New World tropics (Scheffrahn et al.
2005). Biological control introductions should be carefully screened to prevent
excessive impact on nontarget organisms (Howarth 1991).

Overcollecting is a threat only to large species with very restricted populations,
such as birdwing and Delias butterflies. Many butterflies are already protected by
Indonesian law (Simbolon and Iswari 1990), although it is not clear how effective
this protection has been.

The effects of pollution on invertebrates in Papua have received almost no
study, but may prove to be important. Chemical pollutants from mining and
increased sedimentation from deforestation are likely to heavily impact aquatic
insects, crustacea, and mollusks. Chemical pesticides used for agriculture, forestry,
and vector control can impact both terrestrial and aquatic invertebrates.

Note: Since this chapter was written, the Papua Insects Foundation has started
a web site at www.papua-insects.nl that includes diverse information on Papua
insects.
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