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Also, the body comprises a head, thorax, and abdomen. The number

of abdominal segments varies, however; there are only six in the
Collembola (springtails), 9-12 in the Protura, and 10 in the Diplura, whereas in
all other hexapods there are strictly 11. Insects are now regarded as comprising
only those hexapods with 11 abdominal segments.

Whereas crustaceans are the dominant group of arthropods in the sea,
hexapods prevail on land, in numbers and biomass. Altogether, the Hexapoda
constitutes the most diverse group of animals — the estimated number of
described species worldwide is just over 900,000, with the beetles (order
Coleoptera) comprising more than a third of these. Today, the Hexapoda is
considered to contain four classes — the Insecta, and the Protura, Collembola,
and Diplura. The latter three classes were formerly allied with the insect orders
Archaeognatha (jumping bristletails) and Thysanura (silverfish) as the insect
subclass Apterygota (‘wingless’). The Apterygota is now regarded as an artificial
assemblage (Bitsch & Bitsch 2000). Though fewer in numbers of species than
the beetles, Collembola (springtails) are perhaps the most abundant arthropods
on earth, especially in soil litter. Found in the same environment, Protura are
very small pale arthropods that are rarely encountered; Diplura include a few
families of larger pale arthropods. The vast majority of hexapod species are
insects, classified among 26-30 orders (some gene-sequencing studies suggest
the amalgamation of some orders).

The earliest known hexapods in the fossil record are a Collembolon and an
insect, both terrestrial, from the Early Devonian Rhynie Chert in Scotland (Engel
& Grimaldi 2004). Both have relatively advanced features, showing that insects
must have originated earlier, in the Silurian. Traditionally, springtails, Protura, and
Diplura were united in a group called Entognatha, so named because members
of these classes all have the base of the mouthparts internalised, so that the

ﬁ defining feature of the Hexapoda, as the name suggests, is six legs.

Celatoblatta vulgaris.

Alastair Robertson and Maria Minor, Massey University
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Summary of New Zealand hexapod taxonomic diversity

Taxon Described Known Estimated Adventive Endemic Endemic
living undescribed/ unknown species+ species+ genera
species+ unrecorded species subspecies subspecies named
subspecies species+ +new
subspecies
Protura 17 1 0-10 2 10 0
Collembola 346+34 0 650 44+3 266+29 20
Diplura 8+1 2 0-5 4? 6 0
Archaeognatha 2 0 0-2 0 2 0
Thysanura 3 8 >8 2 8 0+2
Ephemeroptera 48 3 10 0 51 20
Odonata 17 0 0 3 10 3
Plecoptera 99 21 20 0 120 19
Blattodea 35 9 2-5 13 31 5+1
Isoptera 9 0 0 5 3 0
Mantodea 2 0 0 1 1 0
Dermaptera 21 1 0-3 9? 13? 0
Orthoptera 116 69 <5 7? 173 27+1
Phasmatodea 22 7 7 1? 29 10
Hemiptera 1,079+15 78 235-440 280? 8267+14 119+1
Thysanoptera 122 1 >10 55 65? 11
Psocoptera 62 7 30 5 31 3
Phthiraptera 340+8 10 20% 90 29 1
Megaloptera 1 0 0 0 1 0
Neuroptera 14 0 0 7 7 0
Coleoptera 5,062+29 417-420+1 3,000 418+29 5,002-5,005+30 533+2
Mecoptera 1 0 0 0 1 0
Siphonaptera 28+6 0 0-5 11 17 0
Diptera 2,483+9 736-785 130-1,640 195 3,030-3,026+9 192+17
Strepsiptera 2 1 2? 0 4 0
Hymenoptera 721 820-934 >500 259? 740-742 55+21
Trichoptera 228 26 10-50 0 241 33+2
Lepidoptera 1,686+8 14 >100 139+1 1,389+9 140
Totals 12,573+110 2,231-2,397 4,735-6,525 ~1,585+33 12,105-12,091+91 1,188+48

*  Not including possible species on vagrant birds

Dorsal and ventral views of Amphientulus

zelandicus.

R.Nielsen, from Tuxen 1986
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mandible and maxilla are partly contained within the head capsule. In addition
to this similarity in mouth structure, these three classes share reduced Malpighian
tubules. The precise relationships of these groups to one another and to Insecta are
still uncertain, however; analyses of morphological and developmental characters
and gene sequencing give conflicting results (Cook et al. 2001; Giribet et al. 2004;
Regier et al. 2005; Carapelli et al. 2007; Dell’Ampio et al. 2008; Timmermans et al.
2008). The majority of studies support the monophyly of Hexapoda.

All hexapods undergo several moults as they develop and grow in size,
necessitated by the fact that the exoskeleton, particularly in insects, is inelastic
and cannot expand. The newly moulted insect has a soft, flexible, lightly pig-
mented cuticle; it swallows air or water and so increases its volume before the
cuticle hardens and darkens and increases in thickness. Life-cycles vary. In
some groups the young are called nymphs, which are similar in form to the
adult except that the wings are not developed until the adult stage. This is
called incomplete metamorphosis and insects showing this are termed hemi-
metabolous. Representative orders include Ephemeroptera (mayflies), Odonata
(damselflies and dragonflies), Plecoptera (stoneflies), Orthoptera (crickets and
kin), Dermaptera (earwigs), Hemiptera (true bugs, cicadas, and kin), and Thysan-
optera (thrips) among others. Holometabolous insects pass through a complex
metamorphosis always accompanied by a pupal stage. The wings develop
internally and the larvae are usually specialised. Representative orders include
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the Coleoptera (beetles), Hymenoptera (ants, wasps, and kin), Diptera (true flies),
Trichoptera (caddis), and Lepidoptera (moths and butterflies) among others.

Living hexapods range in size from tiny hymenopteran parasites less than a
fifth of a millimetre to a slender 56 cm-long stick insect that lives on the island of
Borneo. While the overall largest insects today are Goliath beetles, the heaviest
documented species is the Little Barrier giant weta (Deinacrida heteracantha),
which used to live on the northern North Island mainland; one specimen
weighed more than 70 grams.

Although many hexapods are major pests, parasitising humans and livestock,
causing damage to crops and stored products, or transmitting diseases, others
are profoundly beneficial, as pollinators of economic crops or sources of products
ranging from honey to silk. Scavenging hexapods help recycle dead animals and
fallen trees; in fact insects of soil litter are responsible for much of the process by
which topsoil is made. About 1200 species are used as human food.

Geographically, hexapods range from polar zones to the equator and can be
found even in hot springs and deserts. Not only soils, but fresh waters support
their own extensive insect faunas, and a number of species are adapted to life
in the sea shore and, as larvae, in the shallow subtidal. There is not a single
species of seed plant that does not provide food for one or more species of
insect. Hexapods are so ubiquitous and important that our terrestrial planetary
ecosystems could not survive without them.

Class Protura

Sometimes referred to as coneheads, Protura are possibly the simplest of all
living hexapods. The name means‘first tail’, first in this context implying original,
alluding to the primitive form of the abdomen lacking specialised structures at
the rear end. These small white to transparent creatures, only 0.6-1.5 millimetres
long in New Zealand, are quite distinct because they lack antennae, eyes, and
wings. In consequence of lacking antennae, the front legs, which are somewhat
hairy, are raised in front of the body to act as sensory detectors. The abdomen
is tubular with up to 12 segments and the legs are simple with five segments.
Protura are unique among hexapods in that eggs hatch into larvae with only a
few abdominal segments, with the number increasing with subsequent moults
to the full adult complement. Proturan sperm is unique too, differing from any
other hexapod sperm and also very different in the two proturan orders.

Protura live only in humid places, mainly in acid soils, sometimes in rotten
wood, as part of the community of decomposers that help break down and
recycle organic nutrients. They are frequently associated with leaf litter and moss
under trees where they may feed on fungi.

The first Protura were not discovered until 1907, in New York State. About
500 species have been named so far, arranged in two orders — Eosentomoida and
Acerentomoida — segregated not only on sperm characters but the presence or
absence of spiracular openings to a tracheal respiratory system.

Tuxen (1986) described seven new species out of the 18 species currently
known from New Zealand. Eosentomon is the most diverse genus, with seven
species. Protura cannot disperse widely owing to their vulnerability to desic-
cation and saline water and their habitat restriction to soil or rotting wood.
It is therefore not surprising that ~56% of the species are endemic and 30%
are indigenous with Gondwanan distributions. Two species are accidental
introductions from Europe. Within New Zealand, distributional records are
very limited for 14 of the species, with only one to six locality records for each.
Collection and identification involve extraction of specimens from soil or logs
and careful preparation for mounting on microscope slides. The specimens
in Tuxen’s study were derived from three major collections — New Zealand
Arthropod Collection (NZAC), Landcare Research; Museum of New Zealand Eosentomon australicum.

Te Papa Tongarewa (MONZ); and Lincoln University (LUNZ), but geographic Alistair Robertson & Marie Minor, Massey University
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Gracilentulus gracilis.

Alastair Robertson and Maria Minor, Massey University

236

Summary of New Zealand hexapod diversity by environment
(species plus subspecies)

Taxon Marine* Freshwater* Terrestrial* Fossilt
pre-Holocene Holocene

Protura 0 0 18 0 0
Collembola 0 0 346+34 0 0
Diplura 0 0 10+1 0 0
Archaeognatha 0 0 2 0 0
Thysanura 0 0 11 0 0
Ephemeroptera 0 51 0 0 0
Odonata 0 15 2 0 0
Plecoptera 0 120 0 0 0
Blattodea 0 0 44 0 0
Isoptera 0 0 9 0 0
Mantodea 0 0 2 0 0
Dermaptera 0 0 22 0 0
Orthoptera 0 0 185 1 0
Phasmatodea 0 0 29 0 0
Hemiptera 1 10 1,146+15 2 0
Thysanoptera 0 0 123 0 0
Psocoptera 0 0 69 0 0
Phthiraptera 169+5 47+2 134+1 0 0
Megaloptera 0 1 0 0 0
Neuroptera 0 5 9 0 0
Coleoptera 5 83 5,391-5,394 113 106
Mecoptera 0 1 0 0 0
Siphonaptera 1145 0 18+3 0 0
Diptera 12 265 2,942-2,991+9 2 0
Strepsiptera 0 0 3 0 0
Hymenoptera 0 0 1,541-1,655 0 0
Trichoptera 5 249 0 1 0
Lepidoptera 0 1 1,699+8 2 0
Totals 197+10 848+2 13,755-13,918+68 121 106

*  For any significant part of life-cycle; ‘marine’ pertains to individuals or hosts that are regularly living or feeding in or
on the sea or below high-tide mark; ‘freshwater’ means fully submerged, as in the case of larvae, not merely
riparian.

1 219 species are known only from fossil remains. Eight of these are Pleistocene through Holocene in temporal distribution,
the Holocene being taken as the latter part of the Quaternary that started approximately 12,000 years before the present day,
i.e. around 10,000 BCE.

sampling has been limited. No identifications are recorded for the eastern half
of the North Island, the Taranaki and Wellington regions, or the Marlborough,
Otago, and Southland regions except for Tasmanentulus intermedius from Otago
and Marlborough. Conversely, three species have been recorded from Little
Barrier Island alone. But the rest of the northern offshore islands and Chatham
and Stewart Islands remain unstudied. The presence of Acerentulus kermadecensis
on the relatively recent and quite isolated small Kermadec islands is somewhat
surprising. If this species is not present in at least the upper part of the North
Island, could the Kermadec record be based on an accidental introduction there?

The most recent study, conducted in the Wanganui-Manawatu region
(Minor 2008), compared proturan diversity in native and exotic (Pinus radiata)
forests. The mean density of Protura was significantly higher in pine plantations
than native broadleaf forests. Among native forests, Protura were most abundant
under native beech (Nothofagus). These abundance patterns may reflect the
association between Protura and mycorrhizal fungal communities in the soil,
making Protura promising bioindicators of forest health, particular of exotic
conifers in the Southern Hemisphere.



Class Collembola: Springtails

Collembola are minute soft-bodied arthropods that look superficially similar to
the larvae of some insects. This is because they have a body divided into three
parts —a head with antennae, a three-segmented thorax with a pair of jointed legs
on each segment, and a segmented abdomen with paired appendages ventrally
on some segments. They differ from insects in lacking a hard exoskeleton and
wings, in the mouthparts being internal, and in possessing simple eyes, up to
eight, on each side of the head. Their common name, springtail, refers to the
ability of many species to leap considerable distances when disturbed. There
are three orders of Collembola that can be easily distinguished by body shape.
The Arthropleona, to which most species belong, are elongate with most body
segments separate and equal in length. The Symphypleona are globular with
anterior body segments fused, and the Neelipleona are a very small group of
minute globular animals that live deep in the soil. There are about 25 families
worldwide, mostly of Arthropleona.

Because of their small size and cryptic habits, springtails are not well known.
The class as a whole is, however, extremely widespread, with a global distribution
that includes polar and arid regions and is particularly diverse in tropical and
temperate rainforests. Although springtails are predominantly soil and litter
dwellers, they also occur in a wide range of other habitats, such as on vegetation
including tree canopies, in caves, in the marine littoral zone, and in freshwater
systems. As detritus feeders, springtails are important in nutrient cycling and
thus can be generally considered to be beneficial as very few species feed on
live plant material. The biology and widespread nature of springtails ought to
warrant more attention from biologists.

Worldwide, about 7900 species of Collembola in more than 580 genera have
been described. For information on the New Zealand fauna we are dependent on
the pioneer work of J. T. Salmon who worked on the indigenous Collembola from
about 1940 to 1970 (see, for example, Salmon 1964). Later, Wise (1977) meticulously
documented the species known from New Zealand and provided a complete list
of synonyms and new combinations together with all the relevant references. Only
one species has been described from New Zealand since Wise’s checklist, but there
have been numerous new combinations and a number of synonyms published
of genera and species (Deharveng & Wise 1987; Christiansen & Bellinger 2000;
Greenslade 1982, 1984, 1986, 1989, 1994). Currently 380 species and subspecies
in 103 genera are known from New Zealand, which is about five per cent of the
world fauna. However, from more recent but unstudied collections that exist, it is
clear that only a small proportion of the fauna has been described.

A new compilation of New Zealand Collembola has been made (see
end-chapter checklist) that includes all name changes and the new species
described since 1977. References to the changes can be found on the World List
of Collembola (Bellinger et al. 2009). The taxonomic arrangement used in the
checklist follows that of recent revisions, although recent morphological and
molecular studies are finding that most of the tribes and subfamilies are not
supported phylogenetically. They are used here for convenience and until an
improved higher classification has been published and adopted.

Diagnostic morphology of Collembola

Springtails are white or coloured, sometimes darkly pigmented and often
patterned. Normally 1-2 millimetres long, they can range from 0.2 to 10
millimetres. Their bodies are furnished with chaetae (also called setae), which can
be numerous or sparse, fine or thick, long or short, serrated, clublike, and with
hair-like structures or smooth. Scales and bothriotricha (long chaetae inserted in
pits) are found in some families. The mouth is anterior and the head is aligned
with the main body axis, except in Symphypleona, and Neelipleona, where the
head is at right angles to the body. Mouthparts are elongate and adapted either

PHYLUM ARTHROPODA HEXAPODA

Triacanthella setacea (Arthropleona,
Hypogastruridae).

From Salmon 1941

Platanurida marplesi (Arthropleona,
Neanuridae).

From Salmon 1941
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Zelandothorax novaezealandiae
(Neelipleona, Neelidae).

From Salmon 1944

Katianna purpuravirida
(Symphypleona, Katiannidae).

From Salmon 1941

Percentages of Collembola species per family in New Zealand,
Australia, the world

(Excluded are 14 small families with no Australasian species)

Family New Zealand % of Australia % of World % of
no. of species total no. of species  total no. of species  total

Brachystomellidae 3 0.8 21 5.6 129 1.6
Entomobryidae 98 25.8 90 23.9 1661 21.1
Paronellidae 17 45 20 5.3 506 6.4
Hypogastruridae 22 5.8 28 7.4 666 8.4
Isotomidae 87 22.9 56 14.9 1,311 16.6
Neanuridae 41 10.8 46 12.2 1,410 17.9
Odontellidae 6 1.6 4 11 129 1.6
Onychiuridae 10 2.6 6 1.6 555 7.0
Tomoceridae 14 3.7 7 1.9 147 1.9
Tullbergiidae 7 1.8 17 45 214 2.7
Arrhopalitidae 1 0.3 2 0.5 131 1.7
Bourlettiellidae 5 1.3 24 6.4 245 3.1
Dicytomidae 4 11 4 11 199 2.5
Katiannidae 51 13.4 33 8.8 205 2.6
Sminthuridae 6 1.6 6 1.6 145 1.8
Sminthurididae 4 11 7 1.9 145 1.8
Spinothecidae 1 0.3 1 0.3 6 0.1
Neelidae 3 0.8 3 0.8 33 0.4
Onopoduridae 0 0 1 0.3 52 0.7
Totals 380 100 376 100 7,889 100
% of world fauna 4.8 4.8

for biting and chewing/grinding, or for fluid feeding. They consist of a pair of
maxillae, a median labium and labrum, and a pair of mandibles. The pleural folds,
together with the labrum and the labium, completely enclose the mouthparts
to form the buccal cone, which occasionally projects anteriorly. A postantennal
organ is usually present, and up to eight, sometimes fewer, ocelli on each side
of the head or these simple eyes may be totally absent. The antennae are four-
segmented, sometimes subsegmented, with muscles within all segments.

The thorax has three segments; the first segment sometimes lacks chaetae
and is shorter than the other segments. The thoracic segments are conspicuous
in the Arthropleona but not in Symphypleona or Neelipleona, where they are
fused and form a single mass with the abdomen. The legs and the abdomen
are both six-segmented but two or three posterior segments in the abdomen
are sometimes fused. Specialised appendages — ventral tube, tenaculum, and
furca — are found ventrally on abdominal segments I, III, and IV respectively. The
ventral tube consists of a column with a pair of enclosed tubes distally, which are
normally retracted within the column, but which can be extruded. Their cuticle is
permeable to water and the tubes can provide adhesion to the substratum after
a leap. The jumping organ or furca is normally folded forward beneath the body
and held in place by the teeth of the tenaculum. When suddenly released from
the tenaculum, the furca springs backwards to the resting position and so hits
the ground with considerable force, propelling the animal into the air. Jumping
is both a reaction to disturbance and a means of dispersal, and some directional
ability has been demonstrated. The genital opening is in a ventral position on
abdominal segmentV and the anal aperture is on abdominal segment VI. Cerci
are absent, but anal spines are sometimes present. There is no metamorphosis.

Life-history
The life-histories of only a few springtails have been studied in detail anywhere in
the world, but there is a general pattern. Most species reproduce sexually, although



parthenogenesis is common in soil-inhabiting forms. Sperm transfer is indirect
in most families, the males depositing a globular, stalked spermatophore on the
ground in which sperm are encysted. In some Symphypleona (Bourletiellidae
and Sminthurididae), there may be an elaborate dance in which the male grasps
the female by means of the specialised spines and hairs on the antennae, head,
or legs and directs her to the spermatophore. There is strong sexual dimorphism
in these families and all truly aquatic species belong to this group. Springtails lay
their eggs singly or in clusters in protected sites such as in soil, in leaf litter, under
stones, or in crevices. Eggs are spherical and pale. In some Symphypleona they
are covered with freshly eaten soil mixed with a rectal fluid voided through the
anus after oviposition. This covering protects the eggs against dehydration and
fungal attack. In other species, eggs are kept free of fungal hyphae by the grazing
of adults. The juvenile instars are similar to the adult in general appearance,
the only difference being smaller size, lack of genital apparatus, and a reduced
arrangement of chaetae (chaetotaxy). Complete adult chaetotaxy and colour
gradually develop during the pre-adult instars. There can be from 3 to 13 stages
before maturity but four or five stages are common. The complete life-cycle from
egg to adult can take (on average) from one to three months but this varies
in different species and at different temperatures. Individuals of some species
may live for five years, yet in other species, males mate with pre-adult females

PHYLUM ARTHROPODA HEXAPODA

and then die, living only a few days. Adults continue moulting throughout life,

and may undergo up to 60 moults in some species, although usually no further
increase in size occurs after about moult 15.

Ecology

Entomobrya aniwaniwaensis (Arthropleona,
Entomobryidae).

From Salmon 1941

Springtails are virtually ubiquitous, being found in all biomes including mountain
tops, polar regions, and deserts, the only exception being the ocean. Terrestrial
springtails are found in a wide variety of usually moist habitats, predominantly
in soil and leaf litter and other decomposing materials such as logs and dung.
Many species inhabit caves. Others are found on grasses, in flowers, under
the bark of trees or in tree canopies. Some aquatic species live exclusively on
water surfaces but others live more intimately with the aquatic environment

Number of introduced (naturalised-alien) species per family

Family New Zealand % of No. of alien %
no. of species total species exotic
Brachystomellidae 3 0.8 1 33
Entomobryidae 98 25.8 8 8
Paronellidae 17 4.5 0 0
Hypogastruridae 22 5.8 7 32
Isotomidae 87 229 10 11
Neanuridae 41 10.8 2 5
Odontellidae 6 1.6 0 0
Onychiuridae 10 2.6 5 50
Tomoceridae 14 3.7 1 7
Tullbergiidae 7 1.8 1 14
Arrhopalitidae 1 0.3 1 100
Bourlettiellidae 5 1.3 4 80
Dicytomidae 4 1.1 1 25
Katiannidae 51 13.4 1 2
Sminthuridae 6 1.6 1 17
Sminthurididae 4 1.1 3 75
Spinothecidae 1 0.3 0 0
Neelidae 3 0.8 1 33
Onopoduridae 0 0 0 0
Totals 380 100 47 12 Novacerus spinosus (Arthropleona, Tomoceridae).

From Salmon, 1941
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Pseudoparonella dorsanota
(Arthropleona, Paronellidae).

From Salmon, 1941

Holacanthella spinosa (Athropleona,
Neanuridae).

From Salmon 1941

S

interstitially in sand and under submerged stones and rocks in streams and on
the seashore. As the cuticle of springtails is water repellent, being composed of
triangular granules that may be fused into larger raised tubercles, rendering it
hydrophobic, the animals are able to float on water. Some species seem to be
distributed in surface run-off; others disperse on the wind or actively migrate in
aggregations.

Most species feed on micro-organisms associated either with the soil around
roots (rhizosphere), decomposing organic matter, the water surface, and fungal
fruiting bodies, or to a lesser extent with the aerial surfaces of plants. They do
not feed readily on sterile leaves. A few species are predatory and feed on small
organisms such as rotifers and nematodes; others are saprophytic and pollen is
also sometimes a food source. Springtails act as catalysts in the breakdown of
organic matter and in the cycling of plant nutrients by grazing on and distributing
propagules of micro-organisms and, through their feeding and other activities
and the deposition of faecal material, they can alter the physical properties and
structure of soils.

Average densities in soils are usually between 10,000 and 30,000 per square
metre but can be as high as a million in rare situations. Some factors influencing
the distribution and abundance of springtails are the location of food, moisture,
and soil pore space. Springtails are also sensitive indicators of disturbances such
as chemical pollution, fire, vegetation clearance, tillage, etc., and therefore are of
value in environmental assessment.

Many arthropods prey on springtails as do coral-reef fish, birds, small
reptiles, and frogs. The predatory arthropods, some of which have evolved elab-
orate catching devices, include carabid and staphylinid beetles, dacetine ants,
Hemiptera, empidid and dolichopodid flies, spiders, harvestmen, pseudo-
scorpions, centipedes, and prostigmatid and mesostigmatid mites; for example,
springtails comprise the main items of diet for bdellid, cunaxid, and anystid mites.
Some springtail families, however, notably the Onychiuridae and Neanuridae,
seem immune from predators, probably because they contain and sometimes
exude a toxic or distasteful chemical. Apart from leaping and cryptic coloration,
springtails have a number of defence mechanisms against predation. These
include immobility, mimicry, and a spiny dorsum. Viruses, bacteria, fungi, and
protozoans as well as nematodes have been found to be parasites of springtails.

Characteristics of the New Zealand fauna

Nearly 80% (291) of the species listed here are currently considered endemic to
New Zealand and 20% (105) of the genera. This level of endemism is very high
and similar to that of Tasmania at the species level. The most highly endemic
families are the Neanuridae, Paronellidae, and Katiannidae followed by the
Entomobryidae and Isotomidae. Most taxa in the first three families are found
in humid undisturbed forest leaf litter and include a large element with affinities
with other southern regions such as southern South America and southeastern
Australia. It has been shown for Tasmania that the highest level of endemism is
found in temperate Nothofagus (southern beech) rainforests, on mountaintops,
and in caves (Greenslade 1987) and it is to be expected that New Zealand would
show similar patterns. However, much of the country has been cleared for
agriculture or forestry, both in the North Island and in the eastern plains of the
South Island, leaving only very little of the original vegetation. It is likely that
suites of locally endemic species that were present before human settlement
are now extinct so that a reliable comparison of endemism between vegetation
types and regions cannot now be made.

The number of New Zealand species expressed as a percentage of the total
world species is 4.8%. Coincidentally, this is the exact same percentage of the
world fauna recorded for Australia, however the proportion that some families
contribute to the total differs between the northern and southern hemispheres.



The Onychiuridae and Arrhopalitidae contribute a higher proportion of species
to the total world fauna than they do in either Australia or New Zealand, three
and four times respectively. The latter family is well developed in caves in the
northern hemisphere but does not seem to occur in caves in New Zealand or
Australia. Conversely the diversity of Katiannidae is greater in Australia (3 times)
and New Zealand (10 times) than in the rest of the world. The two southern
regions also differ. In Australia, the Brachystomellidae and Bourletiellidae
contribute a higher percentage of species to the total than do these two families
to the New Zealand fauna, five and seven times more, respectively. Species of
both families are tolerant or prefer warmer conditions and possess strategies to
survive in low humidities.

There are 47 naturalised-alien species recorded from New Zealand. The pro-
portions of exotic species vary with family. Considering only those families with
five or more species, exotics comprise a high proportion of the total in Hypo-
gastruridae (32%), Onychiuridae (50%), and Bourletiellidae (80%). When the
fauna of these families is revised, it may be that all Onychiuridae and Bourletiel-
lidae species found in New Zealand are exotic. Alternatively, the Katiannidae,
although a species-rich family, has only 2% exotic species recorded.

A genus of considerable interest from a conservation viewpoint is Hola-
canthella, comprising five species (Stevens et al. 2007a,b). All species are large
and conspicuous with a dark bluish-black background and profusely covered
with small brightly coloured orange, yellow, or red digitations. Specimens
are rarely encountered and are confined in habitat to well-rotted logs in old-
growth native forest. Phylogenetically they are close to the Australian genera
Acanthanura, Megalanura, and Womersleymeria, also found only in old-growth
vegetation, usually forest.

The publications of the late John Salmon, from 1937 until the mid-1970s,
resulted in a very large increase in new genera and species in the New Zealand
fauna. As there has been hardly any revision of Salmon'’s taxa since he first described
them, it is likely that a number of his new genera and species are synonyms and
that some of his species are incorrectly assigned to genus. For instance, based
on the structure of the dens and tibiotarsus, it is likely that Schoettella subcorta
belongs to the genus Xenylla. The genus Metakatianna was erected on the basis
of an immature specimen of Katianninae and M. nigraoculata is now recognised
as belonging to Pseudokatianna. Based on the figures and original description the
genus Isotomedia may be synonymous with Folsomotoma. Additionally, species he
described as endemic to New Zealand in some families, notably the Onychiuridae
and Hypogastruridae, are now proving to be well-known cosmopolitan species.
As not all of these synonyms and new combinations have been published, the
level of endemism shown in the list published in this work may be less than
stated. Notwithstanding, as many new species and some new genera remain to
be discovered, the difference between the current levels and actual levels may
eventually prove to be similar.

Class Diplura

Diplura means ‘two tails’, referring to the forked sensory structures (cerci) at
the end of the body, which in one group are modified as pincers. Hence some
Diplura resemble small wingless earwigs while others resemble primitive rove-
beetle larvae (called campodeiform because of their resemblance to the dipluran
genus Campodea). Two-pronged bristletails is another name for the group. Diplura
have no compound eyes, only simple ocelli like springtails, but the antennae
have many segments, like beads, and are up to three times as long as the head.
The mouthparts are enclosed in the head capsule and the body is mainly white.
The abdomen is long and slender with 10 segments and most species are 5-10
millimetres long, but some reach 40 millimetres. Diplura (and some stick insects)
are the only terrestrial arthropods known to be able to regenerate lost body parts.
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Crossodonthina radiata
(Arthropleona, Neanuridae).
Salmon 1941

Heterojapyx novaezeelandiae.

Alastair Robertson and Maria Minor, Massey University
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Nesomachilus maorica.
From Tillyard 1924

Legs, antennae, and cerci can be regenerated over the course of several moults.

Diplura inhabit damp sheltered places, mainly in soil and leaf litter, but also
under stones and logs, where they feed on other soil dwellers (Collembola, mites,
Symphyla, insect larvae, and even other Diplura). Some survive on plant litter
and fungal mycelia but most seem to prefer animal prey. Some of the few New
Zealand records are from forests (Moeed & Meads 1987a). There are 10 New
Zealand species (cf. about 800 worldwide), distributed in three families in the
single order Diplura (Tillyard 1924b; Hilton 1939; Pagés 1952; Townsend 1970;
Wise 1970a). This diversity compares to only one family in Britain, but species
diversity per square kilometre is similar in both countries. The four species of
Campodeidae in New Zealand are likely to be herbivores, while the other species
are likely to be predatory. An undetermined Burmjapyx, which is apparently an
undescribed species, has been found in caves in Nelson (McGuiness 2001). The
largest New Zealand dipluran is endemic Heterojapyx novaezeelandiae, which
grows to 36 millimetres long. Townsend (1970) provided a translation of the
original description of H. novaezeelandiae and commented on variation in the
antennae. This species lays eggs in clusters in small cavities in the soil under
stones or logs in the Nelson, Marlborough, and Westland districts from sea level
(Greymouth) to 900 metres. An undetermined dipluran has been collected from
the Poor Knights Islands (Watt 1982).

Class Insecta

What has made the insects so successful? There are more kinds of insects than
any other group of multicellular organisms. Exact numbers are uncertain, but
insects (around 909,000 species) account for about half of all named species of
life. Moreover, among the insects some groups are much more diverse than the
rest, including the ants, bees, and wasps (Hymenoptera) with ca. 110,000 species,
flies (Diptera) ca. 120,000 species, moths and butterflies (Lepidoptera) ca. 170 000
species, and beetles (Coleoptera) ca. 360,000 species. Among insects, these groups
have in common wings that flex and life cycles with complete metamorphosis,
and these features have been implicated in their diversification along with
parallel evolution with flowering plants. Famously, but possibly apocryphally, the
evolutionary biologist J. B. S. Haldane was moved to quip that the Creator had an
‘inordinate fondness for beetles’, but it would be more accurate to include other
winged insects in this perception — while beetles may have diversified faster than
some sister lineages from their time of origin, they do not stand out relative to
other closely related branches of the evolutionary tree (Mayhew 2002).

Following the classification used in the Nomina Insecta Nearctica for the
insects of North America, and based on modern morphological and molecular
studies, the Insecta is divided into two subclasses, the Archaeognatha, with a
single order of the same name, and the Dicondylia, comprising all the remaining
orders. The Archaeognatha (‘ancient jaws’) have several primitive features,
one of which is that their mandibles are monocondylic, that is, with only one
condyle articulating with the head capsule. All other insects, including the
Thysanura (silverfish) with which they were previously included, have two
condyles (dicondylic). Alternative classifications include the Archaeognatha and
Thysanura in the subclass Pterygota (the primitively wingless insects), a group
that used also to include the Protura, Collembola, and Diplura.

Subclass Archaeognatha

Order Archaeognatha: Bristletails

This small but ancient group of insects, sometimes called Microcoryphia (‘small
heads’), comprises about 350 described species worldwide, but there are only
two in New Zealand. Based on Museum of New Zealand (Te Papa) collection
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records, Nesomachilis maorica (Tillyard 1924a) is found on Cuvier Island
(Wygodzinsky 1948; Sturm 1980), the Poor Knights Islands (Watt 1982), and
indeed most of the islands off the Northland east coast that have been checked
for soil insects (Moeed & Meads 1987b). A second species, N. novaezelandiae, was
described seven decades later (Mendes et al. 1994)

Bristletails resemble thysanurans with eyes, except for the simple, small, paired
appendages known as styli under each abdominal segment. In addition, at the tip
of the abdomen, the three cerci are parallel, unlike the splayed cerci of Thysanura.
In N. maorica, all three cerci are directed backwards, with the inner one distinctly
longer than outer pair. The compound eyes are prominent and meet near the middle
—another bristletail distinctive. The antennae are directed backwards and are long
and thin with many segments. The legs have three tarsal segments. Bristletails are
omnivores and nocturnal, feeding on algae, lichens, vegetable debris from rock
crevices, litter, and bark. When disturbed, they can jump, thanks to specialised
muscles in the abdomen that snap it against the ground. It is this capacity that
gives these creatures an alternate common name — jumping bristletails. A good
source of information on the order is that of Sturm and Bach (1993), who revised
generic concepts and gave an overview of ecological variation.

Subclass Dicondylia
Order Thysanura: Silverfish

Silverfish are well known from the introduced house pest Lepisma saccharina that
feeds on books and clothing. The order includes about 200 species worldwide
but should be split into two separate orders, Zygentoma and Monura, according
to Larink (1997). These wingless insects are easily recognisable, with three cerci
at the end of the abdomen that are long, thin and near-equal in length. The
outer pair of cerci is splayed out, sometimes almost horizontally. Compared
to bristletails, silverfish eyes are small or absent. The antennae are long and
thin, with many segments, and pointed forward. The elongate body (up to 15
millimetres long) may have scales with short appendages under the last three
abdominal segments. The legs have 2—4 tarsal segments. Silverfish are agile
runners. Generally, they are scavengers, living under bark, in litter, among undis-
turbed paper, and in cupboards with dried food.

The New Zealand fauna includes 10 or 11 species, not all named. Members
of the family Lepismatidae have eyes, the scales can be dark, and the legs
have only 3—4 tarsal segments. This family includes both of the accidentally
introduced species, Lepisma saccharina from Europe and Ctenolepisma longicauda
from South Africa. According to Scott (1984), L. saccharina is mainly found either
in undisturbed piles of paper and tins with food in kitchens. These silverfish
begin to lay eggs at the ninth or tenth instar (a stage between moults) and can
live for over 2.5 years and undergo 30 moults. Some of the later instars undergo
arrested development (diapause) at 25° C and below but there is no diapause at
28° C (Nishizaka et al. 1998).

Tillyard (1924b) described a native lepismatid species, Heterolepisma zeland-
ica. There are apparently seven or eight undescribed species in several genera in
the families Ateluridae and Tricholepidiidae (as Lepidotrichidae) (Wise 1970a).
Species in these families lack eyes and scales, are white or yellow, and the tarsi
have five segments, so they can be readily distinguished from the described
species. An undetermined silverfish has been collected from the Poor Knights
Islands (Watt 1982). The status of all these forms needs proper determination.

Lepisma saccharina.
From Grant 1999

Order Ephemeroptera: Mayflies

The mayflies seen today in running waters throughout New Zealand are repre-
sentatives of the most primitive winged insects still in existence. Their ancestors
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Nesameletus ornatus adult male (imago).
W.J.Crawford

Coloburiscus humeralis larva.

Craig Dolphin, from Winterbourn et al. 2006

first appeared as fossils in the Carboniferous over 300 million years ago (Hubbard
1987). Mayftlies comprise a relatively small portion of the global fauna of aquatic
insects but are almost cosmopolitan, with species on all continents except
Antarctica and many islands except those that are truly oceanic.

Naturalists have long been interested in mayflies because of their brief adult
life — hence the ordinal name’ephemeral wings’. The immature stages of mayflies
are fully aquatic nymphs, usually inhabiting relatively unpolluted standing
and running waters where they may remain for up to three years. Nymphs of
most species are herbivores but a few are filter-feeders or predators (Peters &
Campbell 1991). Once mayflies enter the terrestrial environment, however, they
stop feeding; the two terrestrial stages, the subimago and imago, are essentially
for reproduction and dispersal. For most species, the terrestrial stages last little
more than 48 hours, but for some it is much shorter. In some North American
species the female never reaches the adult state at all, moulting from nymph to
subimago, mating, laying its eggs, and dying within the space of a few hours
(Edmunds et al. 1976).

Because mayflies usually inhabit unpolluted waters, they have frequently
been used as indicators of water quality (Williams 1980). In some circumstances,
mayflies respond positively to nutrient enrichment of aquatic systems. In the
USA, mayflies such as Hexagenia became so abundant following enrichment of
the Mississippi River, the emerging adults blocked bridges and had to be removed
using snowplows (Edmunds et al. 1976). This sensitivity to nutrient levels,
dissolved-oxygen concentrations, and other chemical and physical attributes of
fresh water, has led to the development of biotic indices, where combinations
of species are used to rank water quality (Williams 1980). Such indices are now
applied in many countries, including New Zealand (e.g. Stark 1993, 1998).

The value and use of mayflies to assess changes in aquatic systems is a
relatively recent development. There is a longer history of interest in the role of
mayflies as food for sports fish (especially salmonids), and a huge scientific and
popular literature developed around the use of artificial baits to imitate aquatic
insects such as mayflies following the first documented account in 1496: “The
Treatyse of Fysshynge wyth an Angle’ by Dame Juliana Berners (see Williams
1980). This interest has produced a distinctive vocabulary based around stages of
the life cycle of mayflies and the lures used to imitate them. The aquatic stages
of nymph or larva and emerging subimago are thus imitated by the ‘wet fly’, and
the terrestrial stages of subimago and imago are imitated by dry flies’, referred
to respectively as the dun and spinner. Local accounts are now available that
recommend the construction and use of flies specifically to imitate New Zealand
species of mayflies (e.g. Draper 1997).

Historical overview of studies on mayfly diversity
The history of descriptions of selected groups of mayflies in New Zealand was
outlined by Towns and Peters (1996) and Peters (2001). The first mayflies were
described from New Zealand by Walker (1853) and are now known as Coloburiscus
humeralis and Neozephlebia scita. With these two species there began a series of
descriptions based largely on specimens collected, dried, and pinned in New
Zealand and sent to recognised authorities in Britain. By the end of the 19th
century, at least 11 species had been described in this way (Eaton 1899). But the
use of pinned adult specimens, the distortions of male genitalia during drying,
the limited series of specimens, and communication difficulties all contributed
to subsequent identification problems, sometimes resulting in descriptions of
the same species under different names. Some of these problems have yet to be
resolved (see below). The first comprehensive account of the fauna added to this
confusion when two of the species, Deleatidium lillii and Neozephlebia scita, were
misidentified (Lillie 1898).

At the beginning of the 20th century, naturalists resident in New Zealand
began collecting and describing new species of maytflies. The known fauna grad-
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Families and species in mayfly faunas of New Zealand,
Australia, and New Caledonia

Family New Zealand  Australia’ New Caledonia’

Ameletopsidae
Baetidae

Caenidae
Coloburiscidae
Ephemeridae
Ephemerellidae
Leptophlebiidae
Nesameletidae
Oniscigastridae
Prosopistomatidae
Rallidentidae
Siphlaenigmatidae3
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Total endemic spp. 51 84

1. Peters and Campbell (1991)

2. Peters (2001)

3. Claims of Siphlaenigmatidae in Australia by Lugo-Ortiz and McCafferty (1998) have since been traced to
curatorial errors (McCafferty 1999)

ually increased following work by Hudson (1904), Tillyard (1923c), and Phillips
(1930Db).The usefulness of this work was compromised, however, because neither
Hudson nor Phillips identified specific type localities or nominated type series in
recognised institutions. Nevertheless, for several decades the revision provided
by Phillips (1930a, b) was the most comprehensive account of the mayfly fauna,
recognising 22 species in what were then three families. By the middle of last
century, the first ecological studies on New Zealand streams were under way
(e.g. Allen 1951), especially when it was discovered that immature mayflies were
amongst the most abundant organisms in some running waters. Biologists were
hampered, however, by a lack of reference material — types were either held
in Britain or had never been deposited. The confusion over identity prevailed
within some genera until fairly recently, leading Winterbourn (1977) to describe
the situation as a‘taxonomists’nightmare’.

The situation improved with the descriptions of new families, genera, and
species by Penniket (1961, 1962a, b, 1966) and the description of Atalophlebioides
aucklandensis by Peters (1971). The latter was the first comprehensive description
of nymphs and adults to be accompanied by accurate, high-quality diagnostic
illustrations for any species in the New Zealand Leptophlebiidae. A subsequent
review of New Zealand aquatic insects by Wise (1973a) listed a mayfly fauna of
27 species in 10 genera and four families, representing a 23% increase in the
number of species since 1930. The end-chapter checklist of Epheremoptera
provided here is the first comprehensive update since Wise’s list and represents
an 89% increase in the number of species since 1973.

Most modern taxonomists have included New Zealand collections as
repositories for part of the type series of species descriptions. The most
comprehensive of these collections is the New Zealand Arthropod Collection
held by Landcare Research in Auckland. Earlier workers were more likely to
submit collections to the provincial museums and there are useful collections
in the Auckland Institute and Museum, National Museum of New Zealand (Te
Papa), and Canterbury Museum. Although Phillips collected mostly around
Wellington, only a few specimens attributable to him are in the National Museum
collections (Towns & Peters 1978); most of his material was found by T. Hitchings
in the Canterbury Museum (Towns & Peters 1996) and some appears to have Deleatidium sp.larva.
reached the Natural History Museum, London (Towns 1983a). This museum Craig Dolphin, from Winterbourn et al, 2006
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Oniscigaster distans larva.
Craig Dolphin, from Winterbourn et al. 2006

remains the repository of much of the material described in the late 19th century.
Some material has also been deposited at Bernice P. Bishop Museum, Honolulu,
Hawaii. Probably the largest overseas collection is held in the Entomology
Department of Florida Agricultural & Mechanical University, Tallahassee, as
part of a comparative collection of Ephemeroptera of the world. This collection
also includes some reference material (especially Leptophlebiidae) previously
deposited at the University of Utah, Salt Lake City. Reference collections of
Siphlaenigmatidae, previously held at the University of Utah, are now held at
the Entomology Department of Purdue University, West Lafayette, Indiana.

Species diversity, endemism, and biogeography of mayflies

A revision of the family-level classification of Ephemeroptera (Kluge et al. 1995)
and revisions of the New Zealand Leptophlebiidae (Towns & Peters 1978, 1979a,
b, 1996, Towns 1983a) reveal a fauna of at least 52 species in 20 genera and eight
families. This fauna is distinctive in two ways — high levels of endemism and
patchy levels of radiation within genera and families. All genera are endemic
to New Zealand, but there are also two endemic families, Rallidentidae and
Siphlaenigmatidae. The latter family is of great scientific interest as it shares
features with both an ancient group like the Siphlonuridae and the more modern
Baetidae (Penniket 1962b). Although the Baetidae are almost cosmopolitan
in distribution, they did not reach New Zealand. Despite high distinctiveness
within families, few of them have radiated into complexes of genera or species.
Rather, six families comprise only a single genus with one to three species.
In a few cases (e.g. Coloburiscus tonnoiri and Oniscigaster intermedius) species
names may be synonymised. In contrast, two families have shown moderate to
high levels of radiation, with more species present than had been realised. The
Nesameletidae, currently under revision, has at least six species in one genus
(Hitchings & Staniczek 2003) and the Leptophlebiidae has at least 35 species in
13 genera, the latter thus comprising almost 70% of the species and 65% of the
genera in the fauna.

New Zealand and Australia have a similar number of maytly families, but
there are qualitative differences between them. New Zealand lacks modern
families such as Baetidae, Caenidae, and Ephemerellidae and the tropical Proso-
pistomatidae. On the other hand, Australia lacks the apparently ancient families
Rallidentidae and Siphlaenigmatidae. A particularly puzzling absence from the
Australian fauna is the Ephemeridae, a family present in New Zealand, Mada-
gascar, and all of the major continents (Edmunds et al. 1976). Like New Zealand,
Australia shows low levels of species radiation within most mayfly families along
with contrasting high levels in a few families. Most (64%) of Australian species
are also leptophlebiids.

The most extreme predominance of Leptophlebiidae is found in New
Caledonia, where the entire mayfly fauna, wholly endemic, belongs to this one
family. Of the 19 generaknown, 18 have close evolutionaryrelationships with New
Zealand, the remaining one being most closely related to a genus in Madagascar
(Peters 2001). In New Zealand, six evolutionary lineages of genera have been
recognised (Towns & Peters 1996), four with close links to New Caledonia,
and all six with links throughout much of the Southern Hemisphere. They are:
Deleatidium plus Atalophlebioides, with other representatives in South America,
Australia, Celebes, Sri Lanka, southern India and Madagascar; Austroclima and
Mauiulus, with other representatives in South America; Arachnocolus, Zephlebia,
and Austronella, with other representatives in South America and New Caledonia;
an enigmatic group comprising Isothraulus and Tepakia, having affinities with
Arachnocolus and its relatives as well as a tropical genus in Australia and genera
in Madagascar and the Seychelles; Neozephlebia, represented also by genera in
New Caledonia; and Acanthophlebia, as part of a lineage with representatives in
Africa, South America, Australia and New Caledonia.

Sister-group relationships that link Chile and Australia with New Zealand
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were also demonstrated by Edmunds (1975) for the families Coloburiscidae,
Oniscigastridae, Ameletopsidae, and Nesameletidae using nymphal morphology.
These analyses indicate that the New Zealand fauna occupies a unique position
when compared with the mayflies of Australia, South America, and New
Caledonia. On the one hand, New Zealand has retained ancient families not
represented elsewhere; on the other, there are families and genera that indicate
very ancient linkages to Australia and Chile. In addition, some Leptophlebiidae
show close taxonomic affinities with New Caledonia, indicating relatively recent
past direct links to the north. These relationships between the families and genera
of New Zealand mayflies and those elsewhere in the Southern Hemisphere
loosely correlate with proposed sequences of the fragmentation of Gondwana
(cf. Edmunds 1975). Some authors have also suggested that many New Zealand
forms may have evolved more slowly than related groups elsewhere (Edmunds
1975; Lugo-Ortiz & McCafferty 1998). Consequently, whereas the fauna of New
Caledonia has lost all but one family — and that of Australia has gained more
recent and tropical elements — we conclude that the mayflies of New Zealand
provide the most intact representation of a Cretaceous Gondwanan aquatic
biota.

Distribution and ecology
New Zealand mayflies show particularly close ties to running water; no species
are primarily inhabitants of ponds, lakes, or slow-flowing rivers. Even where
families or genera have strong representation in standing waters overseas, in New
Zealand they inhabit streams, e.g. Acanthophlebia cruentata (Leptophlebiidae)
and Ichthybotus spp. (Ephemeridae). The few species present in New Zealand
lakes are found either near the mouths of streams or on lake margins where
there is frequent wave action, which, presumably, maintains high oxygen
concentration. Perhaps related to the predilection for running water, mayfly
faunas on offshore islands are greatly reduced where permanent flowing water
is limited (Towns 1987). Even where it is present, the fauna is usually small on all
but the largest islands. For example, Riddell (1981) found only three species (all
Leptophlebiidae) in a permanent stream on Cuvier Island (170 ha) but Watson
(1972) was unable to find any in apparently permanent streams on Red Mercury
Island (225 ha). Further afield, no mayflies have reached (or survived on) the
Chatham Islands, and a single unique genus and species of Leptophlebiidae,
Cryophlebia aucklandensis, inhabits streams on the subantarctic Auckland Islands.

Most New Zealand mayflies are thus confined to the two main (North and
South), islands. Only 10 species in four families have been recorded on Stewart
Island — Ameletopsidae, Coloburiscidae, Leptophlebiidae, and Nesameletidae,
(Hitchings 2001). This low total may reflect the level of collecting effort, but
Towns (1987) found a similarly low family diversity (five families) on Great
Barrier Island, even after extensive sampling. Within the two main islands,
several genera and species have enigmatic, patchy, or restricted distributions
and a few genera have separate North Island and South Island representatives.
Examples include a burrowing mayfly with one species, Ichthybotus hudsoni, in
the North Island, and a second, I bicolor, in the South Island. Several genera
of leptophlebiids are confined to the North Island. For example, the distinctive
orange mayfly Acanthophlebia cruentata is widespread through lowland North
Island, is present in several streams on Great Barrier Island and southern North
Island, but has not been found in the South Island (Towns 1987). Deleatidium
also has separate North Island and South Island species. The patchy distribution
of several other species in the North Island may reflect availability of specific
habitats or variable collecting effort; if the latter, then some may yet be found to
be more widely distributed.

A distinctive feature of the mayfly faunas of the North Island is the
particularly high species diversity in some forested streams. The highest diversity
so far recorded (28 species in the Waitakere River catchment) is more than twice

Austroclima sepia larva.

Craig Dolphin, from Winterbourn et al. 2006
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Subadult of Zephlebia sp..

Stephen Moore, Landcare Research

Deleatidium myzobranchia larva.

Stephen Moore, Landcare Research

the number of species recorded in the entire South Island (Towns 1987 and
references therein). Furthermore, northern North Island sites are dominated
by species of Leptophlebiidae (19-21 species), which is an extraordinarily high
diversity anywhere (Towns 1987). Although many mayflies appear associated
with well-oxygenated waters (Collier 1994), the most species-rich faunas in
northern New Zealand are not necessarily where water velocity (and hence
dissolved oxygen levels) are highest. Instead, small, forested headwater streams
of third order or less often support the most species-rich mayfly faunas (Towns
1987).

Where families are shared with southern South America and Australia (Peters
& Campbell 1991; Edmunds 1975), the New Zealand species include highly mobile
predators (Ameletopsidae), filter-feeders (Coloburiscidae), surface-feeders capable
of burrowing (Oniscigastridae), free-swimming species that graze substratum
surfaces (Nesameletidae), and sprawling species that graze the surfaces of rock,
wood, leaves, and plants growing in water (Leptophlebiidae). Unlike Australia,
New Zealand has Ephemeridae that burrow in stream sediments.

The diversity of leptophlebiid genera is a consequence of adaptive radiation
into specific habitats, reflected, for example, in gill morphology. For example,
the fringed highly tracheated gills of Isothraulus abditus may enable nymphs to
inhabit pools in small headwater streams, whereas the single greatly expanded
gills of some species of Deleatidium allow them to inhabit torrential waters in
steep mountain streams. In some genera, body shape and gill morphology
can vary greatly. This is particularly well demonstrated in Deleatidium — D.
myzobranchia, which inhabits very fast-flowing waters, has compressed limbs,
hairs on the ventral abdomen, and expanded gills to aid in adhesion, whereas D.
cerinum is less compressed, has leaf-shaped gills, and occupies pools and slack
water (Collier 1994; Towns & Peters 1996).

One of the most remarkable aspects of New Zealand leptophlebiids is the
number of species in the same genus that can coexist in the same stream. For
example, five species of Deleatidium and at least seven species of Zephlebia live
together in streams in northern New Zealand, a degree of congeneric overlap
that is rarely matched elsewhere in the world. How this overlap is maintained
remains unclear but previously unsuspected ecological divergence into specific
flow regimes and habitats may provide part of the explanation (Towns 1987).
Perhaps this was a consequence of the poorly synchronised life-cycles shown
by many New Zealand species. In northern hemisphere mayflies, closely related
species often have staggered hatching and development periods, presumably in
response to limited resources that are used sequentially. In contrast, leptophlebiids
in one northern New Zealand stream have life-cycles ranging from univoltine
(one generation per year) to bivoltine (two per year), as well as overlapping
generations and cohorts and a high degree of habitat and life-history overlap
(Towns 1983b). The role of competition in determining life-history strategies
needs re-examining, and the weakly seasonal and poorly synchronised life
histories found in some New Zealand mayflies also suggest that non-biological
effects may play a larger role in influencing life-histories than was assumed in
the past (Towns 1983Db).

Biological interactions, conservation, and management

Mayflies are significant components of freshwater food webs, forming part of
the diet of a range of invertebrates, including stoneflies, caddisflies, freshwater
crayfish, some fly larvae, and even a predatory mayfly (Ameletopsis perscitus)
(McIntosh 2000). They are also a major part of the diet of native vertebrates;
for example Deleatidium species are important food for bullies, torrentfish, and
eels (McIntosh 2000) and species of Deleatidium, Nesameletus, and Coloburiscus
dominate the diet of some whitebait (Galaxias) populations (Cadwallader 1975).
The distinctive birds that inhabit braided rivers in the South Island — endemic
black-fronted tern (Sterna albostriata), wrybill (Anarhynchus frontalis), and black
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stilt (Himantopus novaezelandiae) — all feed on mayflies, especially nymphs of
Deleatidium (Robertson et al. 1983; Pierce 1986) and mayflies form part of the
diet of an endemic torrent duck, the blue duck Hymenolaimus malacorhynchos
(Veltman et al. 1995). Studies of primary production in streams in the South
Island have demonstrated that grazing by invertebrates (including Nesameletus
and Deleatidium mayflies) in streams lacking introduced trout is sufficient to
suppress the standing crop of algae on stone surfaces. Once trout are introduced,
the density of Nesameletus and Deleatidium nymphs foraging on stone surfaces
is reduced and algae increase (McIntosh & Townsend 1996). Interestingly, this
control on algae was not observed in streams containing native galaxiid fish
(Huryn 1998).

Observations like these have conservation implications, not only for mayflies
but also for their natural predators. Three species of Galaxias are listed amongst
the rarest New Zealand vertebrates, as are black-fronted tern, wrybill, and black
stilt (Molloy & Davis 1994). At least six species of mayflies are found in no more
than three Ecological Regions, and are therefore regarded as highly restricted in
distribution (Collier et al. 2000). There are thus three levels of concern. The first
includes subtle ecosystem effects, such as trophic shifts resulting from the presence
of trout, which may cause reductions in the diversity and density of mayflies
in streams. The second level of concern includes reductions of species diversity
caused through predation by introduced organisms. For both examples, streams
may show little external evidence of modification, but ecological processes may
be sufficiently altered to cause detrimental effects throughout a food web. The
third level of concern includes extreme modification of stream channels through
removal of riparian vegetation, channelisation, water abstraction, siltation, or
pollution by substances that are either directly or indirectly toxic (Collier et al.
2000).

Extreme modification of the riparian vegetation of stream catchments is of
particular concern, probably because it is so widespread, especially in lowland
areas. Catchment modification can affect water temperature and this in turn
may influence the distribution of particular species. Two species of leptophlebiid
mayfly were the most temperature-sensitive of a range of aquatic species tested
by Quinn et al. (1994), who suggested that elevated stream temperatures will
very likely limit such species in the North Island, where many species — even in
unmodified streams—are naturally near the upper limits of their thermal tolerance.
Other studies have shown that removal of shade by deforestation results in
reduced abundances of a range of mayfly species, apparently because of changes
(some with combined effects) in temperature, suspended solids, suspended
inorganic sediment, woody debris, periphyton (attached-algal) biomass and
productivity, and the availability of leaf litter (Quinn et al. 1997). Furthermore,
since the most species-rich faunas are often in headwater streams, removal of
forest cover from headwaters could conceivably reduce mayfly diversity through
entire catchments, even where native forest cover is retained downstream of the
headwaters. Consequently, changes to stream systems, either subtly or through
extreme modification, may have reinforced the isolation of several species of
mayflies that now appear to exist in localised relict populations. Examples
include Austronella planulata and Tepakia caligata, in scattered localities from
Northland to Wellington, and Deleatidium magnum, in a few locations around
the central North Island (Towns & Peters 1996). Collier (1993) has advocated the
protection of rare and representative aquatic habitats as a means of maintaining
species and genetic diversity of aquatic invertebrates. Perhaps it is necessary to
go beyond this, and develop methods of restoring stream systems in order to
re-establish connectivity between isolated catchments (e.g. Collier et al. 2000).
Whether isolated populations of rare mayflies are capable of reinvading restored
stream systems, however, remains unclear.

The effects of introduced salmonid fish on the species richness of mayfly Aupouriella pohei.
assemblages in New Zealand streams are still unclear (McIntosh 2000). Early From Winterbourn 2009
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Male giant dragonfly Uropetala carovei
Modified after Grant 1999

Procordulia grayi

Stephen Moore, Landcare Research

last century, Tillyard (1920) was of the opinion that in the ‘hot springs region’
(the lakes and streams around Rotorua) ‘the largest May-flies, which form the
very finest possible food for trout, have been practically exterminated, while the
smaller forms have been reduced, at a moderate estimate, by over 50%." This
contention has yet to be tested. Approaches similar to those applied in terrestrial
systems where introduced predators have been controlled locally (Saunders &
Norton 2001), may well prove instructive in aquatic systems. There may also
be subtle effects on mayflies in stream systems modified by species other than
trout. For example, insectivorous birds feed on emerging mayflies (T. Hitchings
pers. obs.), but whether the birds’ effects are modified by changes in the extent
of riparian forest cover remains unknown.

Order Odonata: Dragonflies and damselflies

Dragonflies are among the largest and most agile insect fliers in New Zealand.
They are instantly recognisable from their long abdomen and two pairs of wings
held at right angles to the body. The head has large eyes but the antennae are
short, ending in a fine bristle. Other features include short appendages (cerci) at
the end of the abdomen, a stigma (darkened area) on the front outer margin of
each wing, and spiny legs (Rowe 1987). In New Zealand the order is represented
by two suborders. The generally smaller damselflies (suborder Zygoptera) have
widely separated eyes and wings of similar size with a narrow base, while
dragonflies (suborder Anisoptera) have larger hind wings with a wide base and
the eyes usually touch at the top (except for Uropetala). The bodies of seven of the
smaller species (damselflies and the smaller dragonflies) are brightly coloured
with red, blue, or green. In contrast, the larger dragonflies (41-86 millimetres
long) have a contrasting pattern with yellow and dark-black marks or bands.

The diversity of species of Odonata in New Zealand (15, plus two non-
breeding migrants) is low compared with Tasmania and Britain, with 26 species,
i.e. seven times more species per square kilometre (Watson et al. 1991), and 45
species, i.e. two and a half times more species per square kilometre (Kloet &
Hinks 1964), respectively. Nevertheless, what New Zealand lacks in diversity
it makes up for in distinctiveness — three genera and 10 species are endem-
ic. Rowe (1987) mapped known species distribution, which showed a lack of
identified specimens from northeastern North Island and most of Marlborough.
Rowe (1987) recorded Uropetala chiltoni, Xanthocnemis sinclairi and X. zealandica,
Austrolestes colensonis, and Procordulia smithii and P. grayi from higher inland
locations between altitudes of 600 and 900 metres (e.g. Lake Waikaremoana, the
Hermitage) and noted that X. zealandica uses alpine tarns. Macfarlane (unpubl.)
has noted both U. chiltoni up to 800-900 metres and X. zealandica above the
bushline in subalpine snow tussock based in the Omarama saddle and Mt Dun
areas. Xanthocnemis zealandica females were observed ovipositing in springs
above 1550 metres and flying at the top of the Whether/Dunstan Range (1750
metres). Xanthocnemis sinclairi is known only from the upper Rakaia River at
around 1250 metres.

The slender red, greenish (22—41 millimetres long), and blue (40-47 milli-
metres long) damselflies are represented by two families (Coenagrionidae,
Lestidae), three genera, and six species. Xanthocnemis sinclairi is confined
to a few known upland sites in snow tussock in Canterbury, X. sobrina to the
Auckland province, and X. tuanuii to the Chatham islands. The self-introduced
and smallest (22-33 millimetres long) gossamer damselfly Ischnura aurora is
still confined to the North Island, so damselfly species diversity is limited over
much of New Zealand. Conversely, X. zealandica, Austrolestes colensonis, and the
dragonfly Procordulia smithii inhabit Stewart Island (Rowe 1987).

The stouter and mainly longer (41-86 millimetres length) dragonflies are
represented by nine resident species in seven genera and four families. In addition,
Pantala flavescens and Tramea transmarina are migratory dragonfly species
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(Libellulidae), which are periodically recorded in the North Island and the west
coast of the South Island (Rowe 1987). The other eight resident dragonfly species
have black with yellow patterns (Uropetala, Procordulia, Aeshna brevistyla),
greenish markings Hemianax papuensis, or dark with few markings Antipodochlora
braueri. Their larger size allows them quickly to be distinguished from damselflies
even in flight. Only Diplacodes bipunctata (smaller, at 29-34 millimetres length)
is mainly red among the resident mainland dragonfly species. It is apparently
confined to western New Zealand, where it is commoner in warmer areas.
Uropetala chiltoni is the only dragonfly confined to the South Island on the east
coast. Only Procordulia smithii extends to Stewart Island among the eight South
Island species. A species of Uropetala, possibly U. chiltoni, has been reported from
Banks Peninsula (Ward et al. 1999), which extends the known distribution of
Uropetela (Rowe 1987). Generally, it appears these large dragonflies are unable
to disperse and freely colonise above distances of 60 kilometres. Antipodochlora
braueri and the recent immigrant Hemianax papuensis are confined to the North
Island.

On offshore islands, Tramea transmarina resides in the Kermadec Islands
and is only a migrant to the North Island. Wise (1983b) summarised northern
records while Wilkinson and Wilkinson (1952) recorded four species, with
records from Kapiti Island, while Moeed and Meads (1987b) reported two Blue damselfly Austrolestes colensonis.
species (one undetermined) from Red Mercury Island. Thus Ischnura aurora has Modified after Grant 1999
been seen at the Poor Knights, Cuvier, Mercury, and Kapiti Islands, X. zealandica
and A. colensonis at Little Barrier, Great Barrier, and Kapiti Islands, and X.
zealandica at Red Mercury and Mayor Islands. Uropetala carovei is present on
Kapiti Island (Wilkinson & Wilkinson 1952). It is not always clear if these records
represent breeding populations, so more critical observations are needed on the
distribution of Odonata on offshore islands to understand the dispersal and
colonisation ability of each species. The lack of apparent resident species on the
Alderman Islands (Early 1995) and perhaps also the Poor Knights (Watt 1982)
could be because seasonal stability and quantity of freshwater resources on these
smaller islands is insufficient to allow for colonisation. At least X. zealandica has
colonised the more substantial area of lakes and swamp on Mayor Island (Bayly
et al. 1956).

Habitats and biological associations

Both nymphs and adults prey on insects and other small animals, and Rowe (1987)
has compiled details on the limited records of species preyed on by the commoner
species. His monograph also gives details about habitat, emergence, and other
aspects of ecology as well as behavioural habits such as mating, oviposition, and
flight. The nymphs of most species live in still to slowly running water (Rowe
1987, Winterbourn et al. 2000) with some apparently subtle differences in use
of different vegetation. Among resident New Zealand species, only Procordulia
smithii and the commonest damselfly, Xanthocnemis zealandica, may be found in
slow-flowing streams among vegetation or in muddy sediments, but P. smithii
mainly uses raupo (Tiypha) areas and ponds, while X. zealandica uses rush-sedge
bases for shelter. The two Uropetala dragonfly species are associated with damp
ground near bogs and seepages, either shaded by forest in the case of U. carovei or
in more open sites for U. chiltoni (Rowe 1987), including snow-tussock grassland.
Conversely, only the North Island dusk dragonfly Antipodochlora braueri inhabits
stony streambeds. The limited occupation of Odonata in running fresh water
contributes to their lack of importance in the diet of freshwater fish compared
with other aquatic insects (Collier & Winterbourn 2000). All species require fresh
water of at least moderate quality.

Damselfly enemies include large orb-web and Tetragnatha spiders, the larger
robber flies (adults of Neoitamus), and dragonflies amongst invertebrate predators
(Rowe 1987). Cats include dragonflies as a minor item of their prey (King 1990; Larva of Antipodochlora braueri.
Ryan 1994). Even the largest dragonfly species are not immune from predation From Winterbourn et al. 2000
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by the smaller German wasps, apart from being eaten by rats, kingfishers, harrier
hawks, tuis, and sparrows (Rowe 1987). Of these predators, only the kingfisher is
regularly associated with feeding in the freshwater environment. Harrier hawks
include insects as a minor component (less than 10%) of their diet (Higgins &
Marchant 1993). Other birds observed feeding on odonates include moreporks,
shining cuckoos (Rowe 1987; Higgins et al. 1999), starlings, and mynas, which
feed damselflies to nestlings (Moeed 1975).

Order Plecoptera: Stoneflies

The Plecoptera (‘folded wings’) is another ancient order of insects, with
a fossil record dating back about 260 million years ago to the Late Paleozoic
_ e era. A widespread group, with about 2000 species, they are found throughout
e ?'/'"‘/4{{7;' the world except in polar regions. They are soft-bodied with clearly separated
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thoracic segments, and usually with four wings, which are folded straight back
and closely applied to the abdomen. Supetficially they resemble and share some
primitive characters with orthopterans. Strictly, however, plecopterans do not
show close relationships to any other neopteran (‘new wing’) insects, and may
be an evolutionary sister group to all neopterans. A number of species do not
Large green stonefly Stenoperla prasina. have full wings and may be brachypterous (shortwinged) or apterous (without

From Grant 1999 wings). Immature stoneflies are typically found under stones in streams or
stream margins, hence the common name for the group.

Abdominal cerci may be long (e.g. Gripopterygidae) or reduced to one
segment (e.g. Notonemouridae). Nymphs are normally aquatic and may have
filamentous gills — in the form of an anal rosette in Gripopterygidae or in
Austroperlidae as a few beaded filaments on the appendages of the abdominal
apex. The Notonemouridae have no gills. Nymphs usually live in cool, running
fresh water, but in New Zealand and southern South America some wingless
species have terrestrial nymphs living in cool humid microclimates beneath
stones or vegetation in alpine or subantarctic situations. At low altitudes there
are winged species with semiterrestrial nymphs that, early in their existence,
move out of the water to spend the winter under stones of stream flood-plains.
The nymphs of stoneflies, being dependent on cool, well-oxygenated conditions,
are very susceptible to human abuse of their environment. Even quite minor
pollution sources such as farm drainage can eliminate stoneflies from nearby
streams. Impoundment of water, which can raise water temperature, is also
unfavourable to their existence. Plecopterans, then, are indicators of healthy
streams and rivers.

New Zealand’s stoneflies belong to four families that have an austral
distribution only, on lands derived from Gondwana fragments, i.e. Australia,
New Zealand, South America, Falkland Islands, South Africa, and Madagascar.

Zwick (1973) divided the order Plecoptera into two suborders — Arctoperlaria
and Antarctoperlaria. The Antarctoperlaria belong exclusively to the Southern
Hemisphere, whereas Arctoperlaria are those of Northern Hemisphere origin.
Two families of Arctoperlaria are found into the Southern Hemisphere, however.
The Perlidae, widespread in the Northern Hemisphere, extends to South Africa
and South America, and the Notonemouridae is actually restricted to the south.
McLellan (1991) revised New Zealand representatives of Notonemouridae.

The Antarctoperlaria is divided into two superfamilies. The Eusthenioidea
comprises the families Diamphipnoidae (South America, five species) and
Eustheniidae (Australia, 14 species; New Zealand, four species; South America,
one species). The Leptoperloidea presents a less clear-cut picture — Zwick (1973)
recognised the families Austroperlidae and Gripopterygidae but separated the
subfamily Antarctoperlinae from the Gripopterygidae and the genus Crypturo-
perla from the Austroperlidae. Hence, the Gripopterygidae sensu Zwick (1973)
Larva of Nesoperla fulvescens. is found in Australia, New Zealand, South America, and the Falkland Islands,

From Winterbourn et al. 2000 with the subfamily Antarctoperlinae in New Zealand, South America, and the
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Falkland Islands. The Austroperlidae occurs in New Zealand, South America,
andn Australia. Crypturoperla is endemic to Australia.

The New Zealand fauna comprises 99 described species but there may be 21
more undescribed species. All genera and species are endemic to New Zealand
apart from the genus Notonemoura, which is shared with Australia although
the species are endemic to each country. Some New Zealand genera are locally
restricted. Rakiuraperla is endemic to Stewart Island and Aucklandobius and
Rungaperla are found only on subantarctic Auckland and Campbell Islands,
respectively.

Order Blattodea: Cockroaches

Most New Zealanders might be surprised to learn that they share their country
with 44 species of cockroach, only 13 of which are introduced. They are among
the most cosmopolitan of insect pests and are associated with human dwellings
throughout the world. Their flattened body is well suited to hiding in cracks and
crevices. Although they do not sting or bite, some species are usually associated
with unsanitary conditions and may carry a variety of human pathogens in
some parts of the world. But cockroaches are truly remarkable creatures in many
ways and have proved useful as research tools in the study of insect physiology
and behaviour (one species can actually run on two legs when disturbed) and
toxicology. Cockroaches are an ancient group, dating from the Carboniferous
period 317 million years ago. Today there are about 4000 described species. The
ordinal name Blattodea is derived from blatta, the Greek word for cockroach.

Taxonomic knowledge of the New Zealand fauna has changed little since
the review of Johns (1966), but new knowledge has accrued concerning their Native black cockroach Maoriblatta
distribution, through extensive collections now held in various museums, novaeseelandiae.
available from Peter M. Johns. Zervos (1983, 1984, 1987) has described bivoltine From Grant 1999
life-cycles (two generations per year) and the parasites of two lowland species.
All species appear active throughout the year with only slight seasonal changes
in age structure.

All native species are probably endemic. The largest genus is Celatoblatta, in
which Princis (1974) included Austrostylopyga, thereby including eight Australian
(mainly Queensland), one New Guinean, and three New Caledonian species. He
also included two large native black cockroaches in the Australasian subgenus
Platyzosteria (Melanozosteria), but these are now placed in Maoriblatta along with
two New Caledonian species. As with several other native groups, flightlessness
is a feature, and some species have strong local distributions, being confined
to areas like Banks Peninsula and the Chatham Islands. Such geographically
restricted species are not necessarily restricted to one habitat, however. One
new Canterbury species is found in conditions ranging from subalpine shrub-
tussock vegetation, rocky screes, and stony riverbed terraces, to salty coastal cliffs
and stony beach ridges. Several species are well adapted to low temperatures.
Celatoblatta quinquemaculata, C. anisoptera, C. montana, and two new species in
the Otago mountains live above the winter snowline. None shows any degree
of arrested development (diapause) — all between-moult instars may be found
immediately after winter. Celatoblatta anisoptera tolerates freezing conditions by
increasing blood glycerols, and presumably other species in similar habitats have
a comparable cold-tolerance mechanism. Celatoblatta ginquemaculata is tolerant
of freezing up to 74% of its water volume. It may go through up to 23 freeze/
thaw cycles per month (Sinclair 1997a). Two widespread, short-winged, south-
ern Parellipsidion species occur in many types of open shrubland, forest, tussock,
and fellfield habitats from two to 2000 metres in the South Island. A related
winged (but rarely flying) species is confined to lowland forests of the North
Island and coastal Marlborough Sounds.

Most North Island species are widespread within the island, although those
in North Auckland and especially on the Three Kings Islands need further

Celatoblatta undulivitta

Alastair Robertson and Maria Minor, Massey University
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Introduced Gisborne cockroach
Drymaplaneta semivitta
From Grant 1999

taxonomic analysis — some may represent new species. Parellipsidion pachycercum
is the only cockroach species to be found in the subantarctic islands and then
only in a small area centred on the site of flax (Phormium tenax) introduced to the
Auckland Islands in the middle of the 19th century. Six new species of Celatoblatta
and two others, perhaps belonging to new genera, await description. All of these
species are restricted in distribution. Five are known from a few specimens
from single sites. It is thought that basic speciation patterns are related to the
Early Tertiary archipelagic nature of New Zealand and that present ecological
tolerances and distributional patterns are associated with Late Tertiary and
Pleistocene events. This hypothesis is now being tested through DNA analyses
of Canterbury mountain species. At higher taxon levels, the New Caledonian
connection is of particular interest and examples of all genera need to be compared
closely with species from Queensland and New Caledonia. Especially pertinent
is the finding of a relatively large tryonicine roach (Blattidae) in Northland. This
group is otherwise known only from eastern Australia (mainland Queensland)
and New Caledonia.

Adventive cockroach species

There are atleast 13 introduced species. Only two are at all widespread — Blattella
germanica and Drymaplaneta semivitta. Blattella germanica probably became
established manyyears ago, as it occurs throughout the country. It has been seen
in houses, university and hospital restaurants, cafes, and old and new hotels
everywhere. Drymaplaneta semivitta gradually spread through much of the
North Island during the 1980s and 1990s and in 1999 was found established in
Nelson. A new adventive is Drymaplaneta heydeniana, from Australia. Its colour
pattern is very similar to the native species of Celatoblatta. It is spreading quite
quickly out from Auckland. Drymaplaneta semivitta, Paratemnopteryx couloniana,
and Neotemnopteryx fulva come from Western Australia, perhaps indicative of
the huge numbers of telephone poles, wharf piles and planking, and railway
sleepers imported from that state. Paratemnopteryx couloniana and Blatta orien-
talis are yet to get far (in terms of only hundreds of metres) beyond their
original established sites in Auckland and Dunedin (Harris 1988), respectively.
In late 1999, the Australian (NSW—-Queensland) Panesthia cribata was found
in Kerikeri. It is also in Auckland, as is another Australian species, Tryonicus
parvus. Periplaneta americana is established in Auckland. For many years it
has been reared by schools and universities for teaching. Cultures have to be
carefully tended as the animals do not readily maintain natural populations
in New Zealand. It is known from factories where heat processes are used
regularly in production (e.g. tyre factories). Juveniles of what is thought to
be Periplaneta fuliginosa have been collected from a garden in Mairangi Bay,
Auckland. A single live Periplaneta australasiae was caught on a house site in
Rangiora to which bricks had been imported from Rockhampton, Queensland.
It has also been captured at Taumarunui, Masterton, and Dunedin, but as yet
it has not become established. It was perhaps more because of good luck than
good management that the pest Periplaneta brunnea did not become established
in Timaru, where it was found in imported second-hand cars from Japan. It
is, however, present at Raoul Island (Kermadecs). The worldwide household
pest Supella longipalpa is now known from Wellington. Shelfordina orchidae, a
species fairly well known in Australia and Japan associated with orchids, is
now established in the orchid hothouse of the Auckland City Domain (Winter
Gardens). Other tropical species still arrive occasionally in imported goods
(fruit from the Americas and Pacific Islands, and, reputedly, oil-refinery pipes
from India) but are yet to be confirmed as established. Pelmatosilpha vagabunda
Princis, 1954 has as its type locality a ship in Auckland Harbour (ex banana
cargo from Colombia), but it is not found in New Zealand! Cockroaches have
been, and always will be, a biosecurity threat in both inward and outward
goods.
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Order Isoptera: Termites

In the minds of most New Zealanders, termites are generally associated with
Australia. The New Zealand fauna is quite small, comprising only eight or nine
named species including three endemics. In Australia there are ca. 350 species,
but fewer than 270 have validated available names (Watson & Abbey, 1993).
These social, wood-inhabiting insects with pale bodies are quite small (seldom
exceeding 10 millimetres in length), and hence are sometimes referred to as
white ants. The termite body is soft, the abdomen is tubular, and the wings,
when present, are finely veined, a character that aids in family identification
(Kelsey 1944; CSIRO 1991). The many-segmented, filamentous antennae are
often longer than the head, and only the sexual forms are initially winged. The
wings are longer than the body and clear and flat when at rest. The wingless
workers have small heads, unlike the soldiers, which have enlarged heads and
prominent mandibles. Keys, descriptions, and illustrations of the New Zealand
species can be found in Hill (1942), Kelsey (1944), Gay (1969, 1976) and Bain

and Jenkin (1983). Kelsey (1944) gave line drawings and measurements of adults Kalotermes brouni worker.
and their cerci for four families and 14 species that had been reported from New From Grant 1999
Zealand.

Only seven or eight species of termites still exist on the main islands of New
Zealand (Wise 1977; Bain & Jenkin 1983). Apart from the three known endemic
species, the rest originated from Australia (Hill 1942; Wise 1977). At least one
Kalotermes species has colonised and remained on White island despite periodic
destruction of vegetation by the volcano (Hutcheson 1992) and at least one
undetermined species exists on the Poor Knights Islands (Watt 1982). These very
limited records from the offshore islands suggest that the native species may be
present on many of the wooded islands, because the extent of forest on White
island is quite limited and these are among two of the more remote northern
offshore islands.

Symbiotic flagellates in the gut of termites (Nurse 1945) allow them to
feed on dry or damp wood above or below the soil surface. The two Stolotermes
species (Termopsidae) are damp-wood-inhabiting termites that colonise logs,
poles, and posts, but not buildings. Stolotermes ruficeps inhabits wood of both
native and introduced tree species and a royal pair can consume 6-16 cubic
centimetres of wood per six months (Morgan 1959). This is more than 10 times
the amount of wood consumed by a dry-wood-inhabiting species. Morgan
(1959) also gave details on the habits, communication and defensive behaviour,
colony structure, and growth of S. ruficeps as well as other insects associated
with them in rotting wood. This species swarms in autumn (Morgan 1959).
Typically, Stolotermes colonies have several hundred termites but can reach up
to 6000 per colony (Milligan 1984a; Thorne & Lenz 2001). Malaise (Moeed &
Meads 1984; Macfarlane unpubl.) and intercept traps (McWilliam & Death 1998)
capture only a few of these termites in summer and autumn. Stolotermes inopus
is mainly confined to the North Island. Kalotermes brouni (Kalotermitidae) is
the commonest and most uniquitous species in New Zealand, extending to the
Chatham Islands. It inhabits dry decaying wood of semi-hollow native trees,
untreated power poles, fence posts, and buildings (Milligan 1984b). Kalotermes
cognitus is confined to the Kermadec, Norfolk and Lord Howe Islands (Gay 1976).

Subterranean colonies are limited to two species of Coptotermes (Rhino-
termitidae), which were serious pests in Auckland but are now apparently
confined to four sites. Glyptotermes brevicornis has been recorded from imported
poles, wharf timbers, and decaying logs and Kalotermes banksiae has been found
in logs, driftwood, and dead trees in various North Island and Nelson locations
(Bain & Jenkin 1983). None of these introduced species has been found in forests. i )

R . R . . Winged reproductive form (alate) of
Neotermes insularis is one of several species now considered to no longer exist New Zealand dry-wood termite
(Bain & Jenkin 1983) in any of the North Island sites where they were originally Kalotermes brouni.
detected (Kelsey 1944). From Grant 1999
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Praying mantis Orthodera novaezelandiae.
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From Grant 1999

European earwig Forficula auricularia.

Alastair Robertson and Maria Minor, Massey University

Order Mantodea: Mantids

There are two species of mantids in New Zealand, one endemic, the other
introduced. For many years the endemic New Zealand species (Orthodera
novaezealandiae) was considered to be conspecific with the Australian O. ministralis,
but Ramsay (1984, 1990) has clarified their status, giving illustrations and noting
differences in body features. A South African praying mantid, Miomantis caffra,
was first detected in Auckland in 1978 (Ramsay 1984). Orthodera novaezealandiae
is always green, and is found on both main islands of New Zealand and the
nearer offshore islands (Moeed & Meads 1987a; Ramsay 1990) that remained
connected to the main islands during the last ice age. Miomantis caffra, which is
often green and only rarely brown, had by 1990 spread to the Waikato and near
to the Bay of Plenty (Ramsay 1990). It has also been collected from Blenheim
(LUNZ collection). For excellent general information and a bibliography of New
Zealand studies on mantids the reader should consult Ramsay (1990).

Praying mantids are relatively large insects (32-52 millimetres long). Their
front legs are enlarged, with spines to aid in grasping prey. Further, the basal
segment (coxa) of the leg is large and mobile and the front thorax segment is
much longer than combined middle and hind segments. The wings cover much
of the abdomen and the front wing is narrower than the hind wing. After mating,
praying mantids deposit leathery eggs cases (oothecae) containing, on average,
34 eggs (Suckling 1984). These predators either walk slowly, or quite fast when
disturbed, and although can males fly the gravid female flies poorly (Castle 1988).
They inhabit gardens, shrublands (Ramsay 1990), and native forest (Moeed &
Meads 1992), and may also be found in bracken fern (Winterbourn 1987). Unlike
the omnivorous European earwig (Macfarlane 2002), mantids have not been
recorded in surveys of grassland, lucerne (alfalfa — Medicago sativa), fodder crops,
or cereals, where small potential fly prey is common (Macfarlane & Andrew
2001). Perhaps they favour firm vegetation to perch on so they can see their
prey properly and then attack it. Only insects that move are preyed on (Castle
1988). Prey can include blow flies, house flies, Drosophila fruit flies (Suckling
1984), the forest-inhabiting looper moth Pseudocoremia suavis (Valentine 1967a),
honey bees (Ramsay 1990) and even Vespula wasps on ivy flowers (Andrew pers.
comm.). Little is known of mantid prey under field conditions or their natural
feeding capacity.

In New Zealand, mantid predators include sparrows, mynahs, bats, and cats.
Other bird species and skinks probably prey on adults, too. Evidence of insect
predation on mantid eggs is sketchy in New Zealand (Ramsay 1990). Hymen-
opteran parasites of three species affect only the eggs and the main species
almost certainly are Eupelmus antipoda (Eupelmidae), and Pachytomoides ?frater
and Podagrion sp. (Torymidae). Seasonal activity of these parasites remains
unstudied. The limited information on the level of parasitism of the eggs suggests
that this complex of parasites can cause considerable mortality (Ramsay 1990).

Order Dermaptera: Earwigs

The Dermaptera is one of the most easily recognised insect orders, owing
to the distinctive forceps or pincers at the end of the abdomen. Other
characteristics include the leathery front wings that give the order its technical
name (literally’skinwings’) — these cover only the thorax —and the semicircular
hind wings that fold under the front wings when at rest.”Earwig’is possibly a
misinterpretation of ‘earwing’, a reference to the small, hardened forewings. If
true, it may well be partially responsible for the mistaken belief that earwigs
will crawl into a sleeping person’s ear and then burrow into their brain, thus
killing them. There are around 1200 species worldwide, of which rare, if not
extinct, Labidura herculeana from St Helena is the largest at around eight
centimetres long.
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There are 22 earwig species in New Zealand, but the establishment of the
two chelisochids and Carcinophora occidentalis needs to be rechecked. Of these
22 species, 13 (59%) are endemic and the rest are adventive. The adventive
species contribute three families — viz Forficula auricularia (Forficulidae) from
Europe, two species of Chelisochidae, three species of Spongiphoridae, and
Labidura truncata (Labiduridae) (Hudson 1973; Cassis 1998). Hudson (1973)
provided information on the distribution of each species based on the four main
collections in New Zealand and provided an illustrated key. Since then, three
genera have been redefined and Cassis (1998) also recorded Hamaxas feae from
New Zealand. A review by CSIRO (1991) explains specialist descriptive terms
(used also by Hudson) and has a key to families. It also illustrates three species
found in New Zealand and complements Hudson’s study. Brindle (1987) gave a
key to the nymphs of most of the introduced genera of earwigs (not Paraspania).
The habitat in which a specimen is found can aid species identification.

Biology and habits of endemic species

The biology and ecology of the 13 native earwigs are best known for the large
coastal species Anisolabis littorea, thanks to the study by Giles (1953), who also
studied copulation, egg-laying, and parental care. The body and legs of this
earwig are uniformly yellow-brown, unlike the adventive European species
Euborellia annulipes that also inhabits the seacoast. At 23-31 millimetres long,
A. littorea is among the largest native species. It inhabits damp beach drifts of
seaweed or wood, but its range may extend to gardens and wasteland provided
that sheltering stones and logs do not rest on soil. Individuals shelter under
stones and logs among damp debris, and the drier beaches are important for
maintaining their warmth in winter. Adults feed on slaters and millipedes,
cutting their prey with their forceps. They can be raised in captivity on a diet
of flies, slaters, and raw liver. Introduced species have been reared on cat food
(Shepard et al. 1975).

Despite being wingless, Anisolabis littorea is known from nine northern
offshore islands as far as the Three Kings, Mokohinau, the recent volcano of
White Island (Giles 1958; Wise 1970b; Hudson 1973), and Stephens Island (Wall
1981) but apparently not Kapiti Island (Moeed & Meads 1987b). The species is
also present on Chatham and Pitt Islands and Martins Bay in the South Island
(Giles 1953) through to Dunedin (Otago Museum records). On the Poor Knights
Islands, which were separated from Northland during the last glacial period, a
possibly endemic species of Anisolabis or a variety of A. kaspar is present (Watt
1982). Anisolabis kaspar inhabits bush, unlike A. littorea (Hudson 1973).

Parisolabis novaezeelandiae is the only species in this genus found in both
North and South islands (Hudson 1973). Collection records, some of which
include only the locality, indicate that Parisolabis species inhabit litter and
moss and that some may live in both forest and grassland habitats. Species
that occupy both habitats definitely include P. novaezeelandiae (Hudson 1973;
Moeed & Meads 1987a) and P. forsteri from Otago (Hudson 1973; Barratt &
Patrick 1987). In the Orongorongo Valley, Wellington, only pitfall trapping
collected a few earwigs from the surface of the forest floor, and none was
collected from the litter or on tree trunks. This might mean that forest species
prefer to shelter and feed in decaying logs and stumps. Parisolabis tapanuiensis
and an undetermined species have been collected from snow-tussock
grassland (Barratt & Patrick 1987). Locality records indicate that both P. nelsoni
and P. boulderensis from northwest Nelson (Hudson 1973) inhabit grassland.
Conversely, P. johnsi inhabits broadleaf forest, and P. setosa from Fiordland is
associated with shrubland and scree. The habitat association of P. iti is unclear
from collection records. Perhaps the widespread species are more flexible in
their use of habitat, but very little has been recorded about their ecology. The
grasslands and forests of the former island of Banks Peninsula lack any native Female seashore earwig Anisolabis littorea.
earwigs. From Grant 1999
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Male Australia earwig Labidura truncata.

From Grant 1999

Studies on the ecology, biology, behaviour, and biochemistry of the introduced
species provide guidance on aspects of the life of the endemic species that could
reveal valuable comparisons.

Biology of naturalised alien earwigs

Females of at least three introduced species (Euborellia annulipes, Forficula
auricularia, and Labidura riparia) protect their eggs and first-instar nymphs and
brood their young (Lamb 1976; Radl & Linsenmair 1991; Rankin et al. 1996).
This subsocial behaviour is the first basic step towards social organisation. In
the male the forceps are used for display and a tactile stimulus for the female
(Walker & Fell 2001).

The European earwig F. auricularia is omnivorous. The damage it caused
to ripening stone- and sometimes pipfruit as well as soft berry fruits (e.g. black
currant, strawberry) drew attention to it as a horticultural pest in New Zealand.
In addition, various flowers (e.g. dahlias) and vegetables (lettuce, celery, potatoes,
seedling beans, beet, and sweetcorn flower stalks) can be fed on. As well, these
earwigs are attracted to both the pollen resources gathered by bees and the
sheltered habitat the bees inhabit. If they become numerous in shelters they
can displace nesting lucerne leaf-cutter bees (Megachile rotundata) (Barthell et
al. 1998). Aggregations in hives set out for occupation by bumble bees (Bombus
spp.) appeared to discourage nesting and could also have caused the queens
to desert their founding brood. How important pollen is in the diet of earwigs
and whether it originates from flowers or bee-collected sources has not been
investigated. Nocturnal activity ensures that the role of F. auricularia as a predator
is much under-appreciated. Night sampling with light traps took only the
European earwig from hill-country pasture (McGregor et al. 1987) as did night
sweeping in lucerne (Macfarlane 1970; Leathwick & Winterbourn 1984). Day-
time sweeping of pasture (Cumber 1958), fodder (Eyles 1960), and cereal crops
(Cumber 1962; Bejakovich et al. 1998), or vacuuming in lucerne (Rohitha et al.
1985) failed to collect any earwigs. Pitfall traps were effective in pasture (Moeed
1976), while soil, pitfall, and sweep sampling in short dry pasture collected only
one specimen each of F. auricularia and L. riparia (Martin 1983). In Christchurch
insect-community studies, Macfarlane (unpubl.) found F. auricularia only among
rotting trunks of kowhai trees in dry danthonia grassland or in leaf litter among
the rushes and long grass in wetlands.

Solomon et al. (2000) found the European earwig to be the commonest
predator in apple and pear orchards in Europe. In New Zealand apple orchards,
Suckling et al. (2006) tested shelters and baiting to monitor these earwigs
because of their potential importance in devouring leaf roller egg batches.
Perhaps continental climates similar to that in central Otago favour this species.
Its role as a predator of the currant clearwing (Synanthedon tipuliformis) has been
examined in New Zealand (Scott 1979). Hill et al. (2005) considered earwigs to
be the cause of heavy mortality of armoured scale (Diaspididae) on kiwifruit.
In England there have been detailed studies of its role as an aphid predator in
grasslands and barley (Carillo 1985). An analysis of its stomach contents has
shown that F. auricularia can be one of the most important aphid predators
during aphid buildup in cereal crops (Sunderland & Vickerman 1980). Since 1985,
world literature on the European earwig has considered its predatory role on the
black scale Sissetia oleae, red-legged earth mite Halotydeus destructor, psyllids,
and moth caterpillars on grape vines. These earwigs are more effective predators
of the woolly apple aphid Eriosoma lanigerum than ladybird species (Solomon et
al. 2000). Unspecified earwigs, the commonest probably being F. auricularia, can
also be opportunistic predators in ganging together to prey on the much larger
puriri moths temporarily stunned by lights (Green 1983).

The European earwig has been caught in baited traps in open areas and not
in forests (Kocarek 1998), although more are found where there is deciduous leaf
litter (Thomas et al. 1992) such as from poplars (Macfarlane unpubl.). It is a better



coloniser of offshore islands than Labidura riparia, which may inhabit salt marshes
(Taglianti 1995). Earwigs aggregate together in response to a pheromone released
in frass (Sauphanor & Sureau 1993) and the same pheromone is secreted from the
tibia (Walker et al. 1993). Conversely, L. riparia does not aggregate, but earwigs
are attracted to shelters previously occupied by their own species (Sauphanor &
Sureau 1993), which suggests that a marker compound may be active.

Frost kills European earwigs in winter. Even the hardier females and eggs
can withstand only -2° to —3° C, so females must find more-protected sites
within soil or in cracks along house foundations (Gringas & Tournier 2001).
Even so, the species is found in Central Otago and the Mackenzie Basin. In
spring, a threshold of 6° C is needed to begin development in nymphs and an
accumulation of 600-750 day degrees to reach the fourth and last nymphal instar
(Helson et al. 1998). The number of segments on the antenna increases from
the nymphal instar stage to the adult (Hincks 1949a). Scott (1984) and Thomas
(1989a) summarised the pest status of European earwigs and the main aspects
of their biology as well as control options.

Among the other accidentally introduced species, both Labidura riparia
and Euborellia annulipes favour beaches. Ring-legged E. annulipes, at only 10-13
millimetres long, is distinctly smaller than both L. riparia and Anisolabis littorea.
Both of these introduced species have spread around the North Island as well as
to Nelson in the South Island (Hudson 1973). Labidura riparia has also spread
as far offshore as Great Barrier Island. It prefers sandy habitats, but is a predator
in orchards and among brassica, soybean, and maize crops. Prey includes
codling moth caterpillars (CSIRO 1991), diamond-backed moths (Strandberry
1981), armyworm, aphid, scale insects, and mites (Schlinger et al. 1959; Shepard
et al. 1973). One of these earwigs can consume two looper pupae and 5-38
caterpillars per day (Price & Shepard 1978). Euborellia annulipes can be a storage
pest of potatoes, flour and corn, and roots in glasshouses as well as in gardens,
nurseries, and even meat-packing plants, but it needs moist conditions to survive
(Bharadwaj 1966). But it also preys on pests (Klostermeyer 1942) and may be
associated with human corpses (Goff 1991). There is apparently no evidence
that Chelisoches morio breeds in New Zealand (Hudson 1973) even though it
was collected from a garden in Christchurch and at Titirangi, Auckland (Hincks
1949b). The collections of Lincoln and Canterbury Universities, Canterbury
and Otago Museums, and Ministry of Agriculture & Forestry, Lincoln, have no
specimens of any Chelisoches species. Unlike other species in New Zealand,
C. morio is active during the day. Throughout its range in the Pacific and in
Australasia, it shelters among debris, coconut shells, and decaying banana
stalks and lays it eggs in leaf sheaths of grasses. It feeds on leathoppers, scale
insects, beetle larvae, and caterpillars (Brindle 1972, 1987). Paraspania brunneri,
which originated from Australia, is mainly black centrally and red-brown at
the body extremes and is about half the size of most European earwigs. It has
been collected from logs and stumps in forests of pine and other introduced
conifers in Canterbury (Hincks 1949b). Labia minor has been in New Zealand
since before 1893, originating from Europe. The species can be associated with
compost heaps (Ramsay 1997), straw, and dry dung (Allen 1985) and may prey
on house fly eggs and larvae (Mourier 1986). Both L. minor and the doubtfully
endemic Paralabia kermadecensis are small, with little colour difference in their
brown to dark brown bodies (Hinks 1949a). The latter was initially found around
Auckland in 1967 and identified as Labia curvicauda (Hudson 1973), but Hudson
(1976) correctly identified this species.

Natural enemies of earwigs

The natural enemies of the European earwig have been studied extensively
in the Northern Hemisphere (Crumb et al. 1941; Barthell & Stone 1995;
Kuhlmann 1995). One enemy, the tachinid fly Triarthia setipennis, was released
in New Zealand in 1928-29. It apparently failed to establish (Thomas 1989a)
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European earwig Forficula auricularia.
From Grant 1999

but discriminating it from other tachinids in New Zealand has not been easy
(Macfarlane & Andrew 2001) — a recent redescription of Triarthia and its four
species (O’'Hara 1996) should help with recognition of this species. Any New
Zealand tachinids introduced against the European earwig could be free of both
main parasitic wasps (Dibrachys cavus and Phygadeuon vexator), but taxonomic
work on Dibrachys and the large ichneumonid subfamily Phylacteophaginae
has been minimal. By contrast, tachinid establishment was achieved in North
America (Barthell & Stone 1995) where such wasp parasitism varies from at least
1% to 18% compared with up to 49% in Europe (Kuhlman 1995).

Cool moist habitats are thought to favour earwig parasites, and the first
generation of earwigs may be more severely affected, as for example by the
nematode Mermis subnigrescens, which is common in Canterbury (Thomas
1989a; Macfarlane unpubl.). This internal parasite sterilises the adult hosts.
The effect on earwigs of the many other possible pathogens (fungi, gregarines)
present in New Zealand has not been determined. Nor has the likely level of
mortality caused by ground beetles (Miller & Walker 1984).

A decline in European earwig populations in New Zealand coincided
with the spread of hedgehogs (Thomas 1989a) so predation may be important
in keeping their populations in check. The hedgehog is commonest in open,
warmer, coastal pastureland, dunes, and settled areas (King 1990). Earwigs (F.
auricularia, A. littorea) are one of the most important dietary components of the
hedgehog (Brockie 1959; Campbell 1973), with ca. 5-10% of hedgehog food in
pasture, suburban areas, and dune habitats being earwigs, although fewer are
eaten in orchards. Ship rats and mice consume earwigs (species not specified) as
a minor part of their diet (Miller & Miller 1995). The tuatara includes A. littorea
as a minor item of its diet (Wall 1981). The common skink Oligosoma nigriplantare
was reported to feed on earwigs (possibly F. auricularia judging from the habitat)
as a minor component (Berwick 1959).

Various species of bird capture earwigs, especially those that are active at
night or which feed on the ground, unlike most of the common bush birds.
The European earwig is a minor item of the food (1-10% frequency) gathered
by ground- and day-feeding magpies (Mcllroy 1968; Moeed 1976), mynahs
(Moeed 1975), and starlings (Moeed 1975, 1976, 1980; Coleman 1977) with
only a modest increase in seasonal incidence in the diet compared to the peak
in numbers revealed by pitfall trapping (Moeed 1976). Sparrows infrequently
feed nestlings on F. auricularia (MacMillan 1981; MacMillan & Pollock 1983),
but if adult sparrows feed on them they do so less often (MacMillan 1981). This
earwig is also a minor item in the diet of the little owl (Soper 1963). Giles (1953)
examined A. littorea extensively for parasites without finding any. Introduced
Vespula wasps capture earwigs in native forest very occasionally (Harris 1991)
but apparently not elsewhere.

Order Orthoptera: Weta, grasshoppers, crickets, and kin

Orthopterans (‘straight wing’) have a generally cylindrical body, with hind legs
elongated for jumping. They have mandibulate mouthparts and large compound
eyes, and may or may not have ocelli, depending on the species. They have two
pairs of wings, which are held overlapping the abdomen at rest. New Zealand
has a very mixed bag of orthopteran insects. There are many endemics in a few
families yet the commonest species seen by most people are introduced. The
literature is large and scattered but early references can be obtained through the
BUGS database (Ramsay & Crosby 1992).

Weta: A New Zealand icon

There are many weta species in New Zealand, classified in two families — Anosto-
stomatidae (tree and ground weta) and Rhaphidophoridae (cave or jumping
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Summary of species numbers of Orthoptera

Family Described  Known undescribed Adventive
Prophalangopsidae* 1 0 -
Anostostomatidae 29 >33 0
Rhaphidophoridae 54 >30 0
Tettigoniidae 5 0 3?
Gryllidae 8 1 4?
Gryllotalpidae 1 0 0
Acrididae 19 3 0
Totals 117 >67 7?

¥ Extinct

weta). All genera and species are endemic. A fossil prophalangopsid orthopteran
indicates that the New Zealand fauna may have evolved during a long period
of isolation, well before New Zealand’s separation from the Gondwana
supercontinent some 120 million years ago.

Male Canterbury weta Hemideina femorata.

Anostostomatidae: Tree, giant, and ground weta Des Helmore
Everyone knows about weta, often referring only to the weta and implying that
all the details of the two that are common can be applied to others. Adults
often find weta repulsive, yet their supposed ugliness fascinates children.
Most details apply to the well-known Auckland and Wellington tree weta,
Hemideina thoracica and H. crassidens, respectively. It is the enlarged heads
of the males and spiny legs that people find so abhorrent. Ironically, giant
weta (Deinacrida species), among the world’s heaviest insects, seem much
less fearsome. Their conservation status is currently much discussed (Gibbs
1998). Discoveries of two species of horned weta on Red Mercury Island (Johns
1997) and the Raukumara Range of East Cape region (Gibbs 2002), four giant
weta in South Island mountains (Gibbs 1999), and 35 species of ground weta
throughout New Zealand (P. M. Johns, pers. obs.) have more than doubled
the known fauna, indicating the real paucity of our understanding of these
remarkable creatures. Furthermore, many gene sequences have now been
prepared, pointing to additional ‘hidden’ species such as Hemideina trewicki
(Morgan-Richards 1995). Population genetics has also shown that there are
many separate populations that have developed through prehistoric restriction
of gene flow by rising sea level or land sinking below the sea, leaving isolated
islands and peninsulas (Morgan-Richards 1997). Similarly, populations of
alpine species have diverged to a considerable degree, and studies have been
made on their behaviour and behavioural evolution (McVean & Field 1996;
Gwynne 1995) and genetic divergence (Trewick et al. 2000).

Rhaphidophoridae: Cave or jumping weta

Cave weta need revising. All species are endemic and there are many awaiting
description or perhaps even discovery (Johns 1991, and subsequent observations).
A name that was long forgotten (130 years) can now be applied to one recently _ j
collected form. A number have needed slight changes to their names, as /
indicated in the end-chapter checklist, to follow the ICZN rules of nomenclature
concerning gender agreement. Talitropsis has recently been placed in its own .
tribe (Gorochov 1995) and is said to be primitive, and other genera may well /
be allied to it. But the entire family is in need of revision at higher taxonomic ) '
levels inasmuch as one nominally key character is contravened — normally, t
stridulatory pegs on the abdomen, similar to those present in the ground weta

(Anostostomatidae), should be lacking but they are present and often well

developed in many New Zealand species. There is still much confusion at the Cave weta Gymnoplectron edwardsii.
generic level, which the work of Ward (1997) partly remedied. But it is the dozen From Grant 1999
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Female black field cricket
Teleogryllus commodus.
From Grant 1999

or so new species in Isoplectron and Neonetus that will pose a great problem
with their merging variation in presently fixed generic characters. Talitropsis is
already known to vary in ‘key’ characters. New Zealand’s subantarctic islands
(Antipodes, Auckland, Bounty, Campbell, and Snares) each have a monospecific
genus (except Antipodes — a species has been seen there but not caught).
These, too, may represent the ends of variation in one (especially Pleioplectron)
or more mainland New Zealand genera. The species of Gymnoplectron should
be combined with the older name Pachyrhamma. The situation concerning cave
species in northwest Nelson and northern Westland (Johns 1981) is now even
more complex as some, previously thought to be in Gymnoplectron, are certainly
members of the poorly known genus Macropathus.

Crickets, mole crickets, and grasshoppers

Gryllidae: Crickets

There are relatively few black crickets in New Zealand — only nine species,
comprising four shared with Australia, one introduced from Europe, and three
small ones that are very similar to their close Australian relatives (Swan 1972;
Maclntyre 1977a; Ramsay 1991). One very small species, known for at least 40
years and quite exceptional, is still undescribed. It has no wings, and thus neither
sings nor has any organs for hearing cricket song. Crickets normally live in open,
grassland/shrubland associations, but this unusual native species lives in thick
moss in high-rainfall forests. It represents a new genus.

The large black cricket Teleogryllus commodus is widespread in Australia and
the Pacific Islands. In New Zealand it is a well-known inhabitant of suburban
gardens and lawns and a pest of pastures in the northern part of the North
Island, but its range extends south to Kaikoura. The Kaikoura population is
different, however (Chen et al. 1967), and the differences pose a problem
concerning the time of its origination in Kaikoura and subsequent genetic
differentiation. North Island and Nelson populations are genetically very close
to Australian populations. The Kaikoura population is separate, yet if the species
was introduced, even the 200 years since European colonisation would seem
insufficient for genetic divergence. Perhaps it is part of a wider Polynesian
introduction and the North Island populations have been genetically infused
with later introductions from Australia.

Rarely seen little brown crickets are placed in the genus Metioche. Whether
this placement is correct or merely convenient is not known; much study is
needed. They appear to be throughout the country and, although only one
species has been described, many species may be present. Thus the status of
Gryllodes maorius Saussure, 1877, Metioche maorica (Walker, 1869), and Ornebius
‘Paihia’ of Ramsay (1993) need urgent revision.

Gryllotalpidae: Mole crickets
There is only the one burrowing cricket, Trimescaptor aotea, and it too is songless,
unlike its very noisy Australian relatives.

Tettigoniidae: Katydids and long-horned grasshoppers

There are threelong-horned grasshoppersin New Zealand, all within the worldwide
genus Conocephalus, and one katydid, Caedicia simplex. One Conocephalus species
has had a name change (Pitkin 1980) — C. modestus to C. albescens. The species
are either shared with Australia or have close relatives there. A Kermadec Island
record of Solomona solida needs confirmation.

Acrididae: Grasshoppers

There are 22 species of grasshopper in the fauna. The locust Locusta migratoria
is widespread around the world, whereas the other 21 species are endemic.
Phaulacridium marginale and those species presently in Sigaus have close relatives
in Australia. There is a real need to re-examine Sigaus and Key (1991) has already
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suggested that it needs dividing into three genera. Three new species are thought
to be present, two in Fiordland (Morris 2003).

All groups have been intensively studied biologically (Maclntyre 1977b;
Richards 1954a, b, 1962, 1965a, b, 1973; White 1975, 1978; White & Sedcole 1991;
Westerman & Ritchie 1984) and many examples have been successfully reared
(Barrett 1991). Devolving from their icon status, intensive efforts are now being
made to assess the rarity of the species (Gibbs 1998).

Grasshopper Phaulacridium marginale.
From Grant 1999

Order Phasmatodea: Stick insects

Phasmatodeans are stick and leaf insects but only the former occur in New
Zealand. Masters of camouflage, their greatest diversity is in the tropics, where
veritable giants have been recorded. The largest species, found on the island of
Borneo, exceeds half a metre in length including the legs (Hennemann & Conle
2008). Phasmatodeans are related to other insect orders such as Embioptera and
Orthoptera. Altogether, there are around 3000 species worldwide.

In New Zealand there are 22 described and several undescribed species
(Jewell & Brock 2002; Buckley et al. 2009a). All of them are flightless slow-
moving, night-feeding herbivores. They have a long body (40-150 millimetres)
with widely separated tubular legs. Salmon (1991) provided keys to adults and
eggs and provided coloured figures. Jewell and Brock (2002) published keys to
adults (both sexes) and eggs of the genera, including two new genera, and gave
notes on the taxonomic status of particular species, including synonyms and a
bibliography for stick insects. Trewick et al. (2005) and Buckley et al. (2009a,b)
proposed synonyms within Argosarchus and Clitarchus based on DNA sequence
analysis. The most recent taxonomic addition is that of Buckley and Bradler
(2010) for an endemic genus and species from Northland. Males are most easily
identified by the shape of the claspers and the number, size, and arrangement
of teeth on the claspers. Females are best identified by the terminalia including
size and shape of the cerci, and internal valves. The distribution of spines on the
body can be useful for identifying genera but are often too variable to be of use
for species-level identification. Each species has diagnostic characters associated
with the eggs (Salmon 19971; Jewell & Brock 2002).

All New Zealand species are endemic and, with the exception of Clitarchus,
all genera are endemic. However, once a taxonomic revision of Clitarchus is
completed this genus is likely to be endemic also (Buckley & Bradler pers. comm.).
Following the taxonomic classification of Glinther (1953) the genera Acanthoxyla,
Argosarchus, Clitarchus, and Pseudoclitarchus and are placed in the Phasmatinae
and the remaining genera — Asteliaphasma, Micrarchus, Niveaphasma, Tectarchus,
and Spinotectarchus — are placed in the Pachymorphinae. However, it is known
that neither of these groups is monophyletic (Giinther 1953; Bradler 2001, 2009;
Whiting et al. 2003; Trewick et al. 2008; Buckley et al. 2009¢, 2010). Analysis of
morphology and DNA sequences (Buckley et al. 2009¢, 2010) shows that New
Zealand taxa are all members of the clade Lanceocercata (Bradler 2001). This is
supported by key apomorphies including absence of a vomer, the male clasping
the female at the base of sternite X, claspers orientated medially, and cerci leaf like
and flattened. The molecular phylogenetic studies of Buckley et al. (2009¢, 2010)
showed that the New Zealand fauna is not monophyletic and in fact forms two
clades both nested within a larger and morphologically diverse New Caledonian
radiation. The first clade contains only Spinotectarchus acornutus and the second
clade contains all of the remaining genera. Many of the New Caledonian species
are winged or have wing pads, suggesting that the ancestor of the New Zealand
lineages may have been winged. The loss of flight in the New Zealand taxa is
consistent with the evolution of island insects in general.

Most New Zealand stick-insect species are found only or mainly at lower Tectarchus salebrosus.
altitudes below 900 metres, which reflects the tropical origin of these insects. Thomas Buckley
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Micrarchus n. sp.

Des Helmore

A notable exception is Niveaphasma annulata with several populations that are
found in alpine areas up to 1500 metres in the central to southern South island
(Jewell & Brock 2002; O’Neill et al. 2009). There is also at least one undescribed
species of Micrarchus that is found above the tree line in northern Westland and
Nelson (Salmon 1991). Tectarchus salebrosus has also been found in the Seaward
Kaikoura Range well above the tree line (Jewell pers. obs.).

The genus Asteliaphasma contains two nominal species, A. naomi and A.
Jucundum, but it is not clear if these are taxonomically distinct. They are relatively
common in forest in the upper North Island and usually associated with
Meterosideros vines and sometimes Leptospermum scoparium. Asteliaphasma are
relatively gracile phasmatodeans but some individuals are adorned with lobes
and crests and vary in colour (Salmon 1991). This variation does not appear to be
of taxonomic significance, with both body morphs being observed in the same
population.

The genus Tectarchus contains four species and these species range from
just south of Auckland to the central South Island. Tectarchus huttoni and
T. ovobessus are found in both North and South Islands and T. semilobatus is
restricted to the South Island. Tectarchus salebrosus is commonest in the South
Island, but Salmon (1991) reported it from the lower North Island, although
this observation has not been replicated (Buckley unpubl.). Tectarchus huttoni
is found on Kapiti Island (Wilkinson & Wilkinson 1952; Moeed & Meads 1987)
and islands in the Marlborough Sounds. Tectarchus species are found on a broad
range of plant species including Leptospermum scoparium and Meterosideros spp.
(Myrtaceae), Rubus spp. (Rosaceae), Weinmannia racemosa (Cunoniaceae), Astelia
spp. (Asteliaceae), Raukaua anomalus (Araliaceae), and Gahnia spp. (Cyperaceae).
Species of Tectarchus are most easily diagnosed by their smooth body and ridge-
shaped tergites. Most species come in two colour morphs, green and brown of
various shades.

Niveaphasma annulata is confined to the southern two thirds of the South
Island where it is found from sea level to at least 1500 metres. It is associated with
Muehlenbeckia axillaris, M. complexa, and more rarely M. australis (Polygonaceae).
It is also commonly found on Rubus spp., especially R. schmidelioides, and also
on Coriaria angustissima and C. plumosa (Coriariaceae), Leptospermum scoparium,
and Weinmannia racemosa (Salmon 1991; Jewell and Brock 1991; O’Neill et al.
2009).

Micrarchus is another genus of small spiny stick insects and currently
contains one recognised species and several undescribed species in the South
Island. Micrarchus hystriculeus is found in lowland habitats and feeds on
Leptospermum scoparium, Rubus sp., Acaena spp. (Rosaceae), Muehlenbeckia spp.,
and Meterosideros perforata. This species is found in the upper South Island and
lower North Island. As mentioned above an undescribed species is present about
the tree line in the upper South Island and can be found on tussock, sedges,
Astelia spp., Muehlenbeckia axillaris and Leptospermum scoparium (Salmon 19971;
Buckley & Jewell, unpubl.).

Argosarchus horridus is the longest New Zealand stick insect, reaching
slightly over 150 mm in the female. It is found most commonly on Rubus spp.,
Plagianthus regius (Malvaceae), Lophomyrtus bullata, and Muehlenbeckia australis.
It is widespread throughout the North Island, with the exception of Northland,
and at mainly coastal and low-elevation regions of the South Island (Salmon
1991; Buckley et al. 2009a). It is also recorded from the Chatham Islands
(Brunner 1907), which is notable given that the species is flightless (Trewick
et al. 2005; Buckley et al. 2009a). Within the Chathams group A. horridus is
found on at least two of the islands (Buckley et al. 2009a). Argosarchus horridus
is notable as being a geographic parthenogen (Trewick et al., 2005; Buckley et
al., 2009a) with males extremely rare in the South Island and common in the
North Island (Buckley et al., 2009a).

Pseudoclitarchus sentus is restricted to the Three Kings Islands where it is
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found on Great Island and South West Island. Salmon’s (1991) record of this
species from Great Barrier Island is dubious, having not been recorded there
since, while other species are common. This species is commonly found on
Kunzea ericoides (Myrtaceae) and Salmon (1948) also recorded it from Litsea
calicaris (Lauraceae) and Streblus smithii (Moraceae).

Clitarchus hookeri is perhaps the commonest species on the North Island and
is known from the northern offshore locations of Little Barrier, Mercury Islands,
Cuvier, and Kapiti, and islands in the Marlborough Sounds (Johannesson 1972,
Hicks et al. 1975; Moeed & Meads 1987; Salmon 1991; Buckley et al. 2009b).
There is an undescribed species on the Poor Knights islands (Watt 1982; Buckley
et al. 2009b). Clitarchus hookeri is most commonly found on Leptospermum
scoparium but also feeds on Rubus spp. and Meterosideros spp. Populations in the
upper North Island are predominantly bisexual whereas males are completely
unknown from the South Island (Buckley et al. 2009b), a pattern similar to A.
horridus.

The genus Acanthoxyla is remarkable for its complete lack of males (Salmon
1991), extremely unusual for an animal genus. There are nine recognised spe-
cies (Jewell & Brock 2002) but these are difficult to identify and it is not clear
how many species there actually are (Morgan-Richards & Trewick 2005; Buck-
ley et al. 2008). Most individuals are green with black-tipped spines, but some
individuals are brown and A. inermis lacks black-tipped spines. Acanthoxyla is
found from Northland southwards to Stewart Island and in the South Island it
is mainly restricted to lowland areas. Acanthoxyla species can be found on podo-
carps, particularly Podocarpus totara, Dacrydium cupressinum, and less commonly
Phyllocladus spp. It is also common on Metrosideros vines, Rubus spp., Leptosper-
mum scoparium, Weinmannia racemosa, and Muehlenbeckia spp. Despite the lack
of males it appears that lineages of Acanthoxyla have repeatedly hybridised with
C. hookeri (Morgan-Richards & Trewick 2005; Buckley et al. 2008) and it also
appears that the Acanthoxyla lineages are themselves the result of hybrid events
between sexual species of Acanthoxyla, which may now be extinct (Buckley et al.
2008).

The newly described genus Tepakiphasma contains one species, T. ngatikuri,
and is known only from two specimens collected from Te Paki at the far north
of the North Island (Buckley & Bradler 2010). Among other characters, this
relatively gracile genus is diagnosed by having a perforated capitulum, which is
unique amongst New Zealand phasmatodeans. The specimens were collected
from Metrosideros perforata but reared on M. excelsa and Lophomyrtus bullata. It
is likely to be restricted to the Te Paki region, which is well known as a centre
of endemism for many taxa. Owing to the restricted known distribution and
small number of specimens collected it is clear that T. ngatikuri requires urgent
conservation attention.

Spinotectarchus acornutus has a very similar distribution to Asteliaphasma and
is found in similar habitats. In addition to mainland localities, Spinotectarchus
acornutus also occurs on Little Barrier Island (Salmon 1991), Great Barrier
Island (Hutton 1898) and the Hen and Chickens Islands (Buckley, unpubl.). It
is commonly found on Meterosideros vines as well as Leptospermum scoparium,
Cyathodes spp., Astelia spp., Gahnia spp., Weinmannia racemosa, and Podocarpus
totara. Spinotectarchus acornutus has highly distinctive male claspers with the
teeth clustered at the apex of the hemitergites (Buckley et al. 2010). The structure
of the claspers is similar to its New Caledonian sister taxon and reflects its
phylogenetic isolation from the remaining New Zealand phasmatodean genera
(Buckley et al. 2010).

Published details of the distribution of New Zealand species were based
mainly on records from the Museum of New Zealand (Salmon 1948, 1954, 1991)
and Canterbury Museum (Wise 1977) until Jewell and Brock (2002) re-evaluated
the species and types. The Canterbury Museum has many unpublished locality Pseudoclitarchus sentus mating pair.
records. The largest New Zealand phasmatodean collection is housed in the New Thomas Buckley
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Egg of Spinotectarchus acornutus

Thomas Buckley

Zealand Arthropod Collection, which contains over 1500 specimens including
several undescribed species and genera. Databasing and mapping of all specimens
is underway and will reveal how many species are of conservation concern.

Stick insects can be found in almost all types of vegetation from just above
high-tide mark to the high alpine zone. Eggs are dropped haphazardly to the
ground and take several months to hatch (Salmon 1991). Identification of
nymphs of most species is difficult as most are green on hatching, but Argosarchus
horridus is brown with distinctive white banding on the legs (Salmon 1991).
Young nymphs then walk up tree trunks or other plants in search of the host
plant (Moeed & Meads 1983). Salmon (1991) remarked that phasmatodean
requirements of host plants to achieve development through to adult are strict.
However, more recent rearing studies reveal that many species can be successfully
reared on hosts rarely supporting them in the wild. More critical study of food
sources that favour particular species are warranted, as these would improve the
ability to map and monitor their presence and obtain specimens for rearing in
captivity. The number of moults from nymph to adult has not been determined
for all species but Stringer (1970) reported that C. hookeri took six moults and
Salmon (1991) claimed that other species had fewer moults.

The nocturnal feeding habits of phasmatodeans lower their risk of
predation. This behaviour and their camouflage notwithstanding, several forest
birds feed on stick insects. Some are captured by the mainly nectar-feeding tui
(Prosthemadera novaeseelandiae) (Merton 1970; Higgins et al. 2000a) as well as by
silvereye (Zosterops lateralis) (Gill 1979) and even fantail (Rhipidura fuliginosa)
(Moeed & Fitzgerald 1982), which feeds mainly on flying insects (Gravatt 1971;
Gill 1980). Robins (Petroica spp.) catch stick insects mainly in late summer—
autumn but are occasionally deterred from capturing them when the spiny legs
of the stick insect are used in defence (Powlesland 1981). Bellbirds (Anthornis
melanura) possibly catch them too, because some nectar-rich flowers (rata,
pohutukawa) used by bellbirds and tui (Higgins et al. 2000b) are also favoured
by stick insects. During the night, moreporks (Ninox novaeseelandiae) (Clark
1992; Haw et al. 2001) and little owls (Athene noctua) (Soper 1963) take stick
insects as a small part of their diet.

Possums are significant predators (Cowan & Moeed 1987) and among the
smaller mammals in New Zealand, only ship rats (Raftus rattus) are known to
feed on stick insects (Daniel 1973; Innes 1979). Mice (Mus musculus), Norway rats
(R. norvegicus), and kiore rats (R. exulans) keep to the ground more than ship rats
(King 1990), so they are less likely to feed on stick insects often but may take a
toll on eggs. Cats and introduced birds also catch and eat stick insects. Ferrets
(Mustela furo), which can feed in trees on birds, could possibly consume stick
insects to some extent. Tuatara (Sphenodon spp.), now confined to offshore islands,
occasionally consume stick insects (Wall 1981). Native lizards readily capture
and eat stick insects and in some habitats could be a significant natural predator;
some of the host plants such as M. complexa, Leptospermum scoparium and Kunzea
ericoides, are also strongly favoured by certain lizard species. Both vespulid and
other wasps are major predators and have devastated stick-insect communities
in forests where they have reached plague proportions. Parasites of New Zealand
stick insects have not been well studied, but mites are often observed on them and
Yeates and Buckley (2009) recorded unknown species of mermithid nematodes
emerging from Clitarchus spp., Asteliaphasma naomi, and Acanthoxyla spp.

Order Hemiptera: Bugs, cicadas, scale insects, aphids etc.

The Hemiptera is by far the largest and most successful of the hemimetabolic
insects, i.e. those having young that look like wingless adults and an incomplete
metamorphosis that does not involve a pupa. There are about 82,000 named
species, and probably many more, and the Hemiptera has the dubious distinction



of including probably more destructive and costly pest species than any other
insect order.

These insects used to be grouped into the orders Heteroptera and Homoptera
(the latter with two suborders, Sternorrhyncha and Auchenorrhyncha), based
basically on wing structure. A number of recent studies, integrating molecular
and morphological data, divide the order into four suborders — Sternorrhyncha,
Auchenorrhyncha, Coleorrhyncha, and Heteroptera, with the Auchenorrhyncha
believed to be more closely related to the Heteroptera than to the Sternorrhyncha.
The Sternorrhyncha, especially members of the superfamily Psylloidea (jumping
plant-lice), are closer to the basal hemipteran body-plan than the other groups.

Hemiptera means ‘half wing” and refers to the fact that the basal part of
the forewings is tough and hard while the outer part and the hindwings are
membranous. The differentiation of the forewings is also implied in the name
Heteroptera (‘different wings’), in contrast to the Homoptera (‘same wings’). All
hemipterans are characterised by piercing and sucking mouthparts. Some suck
plant juices and are plant pests, while others can bite painfully. The order dates
back to the Permian period and is fairly well represented by fossils.

Suborder Sternorrhyncha

Included in this suborder are the psyllids or jumping plant-lice, whiteflies,
aphids, coccids, mealybugs, and scale insects. All are plant suckers, mostly of
the phloem (the food-conducting tissue) of flowering plants, but some also on
conifers, on which they probably evolved.

Superfamily Psylloidea: Jumping plant-lice

These small plant-suckers attack plants as nymphs, feeding on the phloem via
stomatal pores in leaves. Nymphs tend to be confined to one host species or to
a group of closely related species. They are flattened and non-jumping. Adults,
which are winged, are less discriminating and sometimes feed and oviposit on
plants that do not support their nymphs. Leaf pit-galls and closed woody galls
are a common feature of species of Triozidae and some Psyllidae also form galls.

The New Zealand psylloid fauna has 19 described genera, of which 12
are represented only by adventive species, mostly from Australia. Others are
shared with Australia, with endemic species on both sides of the Tasman (e.g.
Acizzia, Anomalopsylla, Ctenarytaina). Notable in the present classification is
the absence of endemic genera, although a small number of endemic species
are likely to fill some of this gap in the future. In all, there are more than 90
described and undescribed species. Of the six families of Psylloidea worldwide,
only the Phacopteronidae and Carsidaridae are not found in New Zealand, but
two other families — Calophyidae and Homotomidae — are each represented by
only a single adventive species. The Psyllidae has 40 species and one subspecies,
of which 23 (60%) are adventive. In contrast, the Triozidae has 54 species, only
three of which are adventive (though not all yet determined to species); all the
rest are endemic, including 19 undescribed species. The number of adventive
species has grown over recent decades in parallel with the increase in aircraft
traffic and the availability of exotic host plants such as plantation eucalypts.
About a third of the New Zealand psyllid species are adventive.

Psyllids are usually fairly narrowly host-specific, with related species feeding
on related plant groups. In New Zealand, the genus Trioza has radiated on host-
plants in five genera of Asteraceae, particularly Olearia — 10 of 15 described
species of Trioza are on that genus. This loyalty to particular plant groups does
not prevent psyllids from using more unusual host groups when circumstances
allow or demand, e.g. the endemic spondyliaspidine Ctenarytaina fuchsiae on
Fuchsia (Onagraceae). Although most psyllids worldwide use host plants among
dicotyledonous angiosperms, in New Zealand two endemic triozine species
complete their development on gymnosperm species (Halocarpus, Podocarpaceae).

PHYLUM ARTHROPODA HEXAPODA

Trioza vitreoradiata — male (left) and
female (right) (upper photo) and male
in profile (lower photo).

Nicholas Martin
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Parasitoids and predators recorded attacking psyllids in
New Zealand

Order/Family Parasitoid/predator species Psyllid host/prey

Hymenoptera: Encyrtidae Adelencyrtoides variabilis Trioza irregularis

(parasitoid) Coccidoctonus gemitus Cardiaspina fiscella*
Psyllaephagus acaciae Acizzia acaciaebaileyanae
Psyllaephagus gemitus Cardiaspina fiscella
Psyllaephagus pilosus Ctenarytaina eucalypti
Psyllaephagus richardhenryi Anoeconeossa communis

Coleoptera: Coccinellidae Adalia bipunctata Acizzia acaciae

(predatory) Acizzia uncatoides
Cleobora mellyi Acizzia acaciae

Acizzia acaciaebaileyanae

Acizzia uncatoides
Halmus chalybeus Trioza vitreoradiata

Acizzia acaciae

Acizzia uncatoides
Harmonia conformis Acizzia acaciae

Acizzia uncatoides

Trioza vitreoradiata adult (lower) and nymphs Hemiptera: Miridae Idatiella albisignata Psyllopsz:s fraxz:m:
on leaf of lemonwood (predatory) Psyllopsis fraxinicola
(Pittosporum eugenioides) (upper).
From Grant 1999 Neuroptera: Hemerobiidae Boriomyia maorica Trioza vitreoradiata
(predatory) Drepanacra binocular Trioza vitreoradiata
P Iy P

Acizzia acaciae

Acizzia albizziae

Acizzia uncatoides
Micromus tasmaniae Trioza vitreoradiata

*  via Psyllaephagus gemitus

Psylloids affect many native plant genera, including Alseuosmia, Carmichaelia,
Dacrydium, Discaria, Dodonaea, Fuchsia, Pseudopanax, and Schefflera. Some psyll-
oids severely modify their host, like the psyllid on Pittosporum, pitting and causing
yellow streaks to appear on distorted leaves.

Superfamilies Aleyrodoidea and Coccoidea: Whiteflies, scale insects, and
mealybugs

Scale insects (Coccoidea) are soft-bodied sap-suckers that produce honeydew
through their anal apparatus and are sexually dimorphic, that is, the adult males
are winged insects and the adult females are neotenic (larvaeform). Worldwide
there are about 7600 species in 21 families. Individuals may be found feeding on
all parts of a host plant, from the roots, stems, and leaves to the fruit. One New
Zealand species, Newsteadia myersi (Ortheziidae), lives exclusively in litter and
mosses and is thought to feed on roots. Soil-inhabiting, root-feeding genera of
mealybugs such as Rhizoecus are pests in the garden nursery industry where plants
are grown in pots. The vast majority of scale insects feed on leaves and young
stems or through the bark of larger branches and tree trunks. Those that feed on
fruit bear the risk of a short time-span before the fruit falls or is eaten by other
animals, and are of economic importance where the fruit is a horticultural crop.
Aleyrodoidea (whiteflies), with about 1450 species worldwide, have a similar life-
style to scales, except that both male and female adults are fully winged.

Aspects of life-cycles

Endemic scale insect Epelidochiton piperis Male and female coccoids go through very different post-embryonic development.
(Coccidae). Males develop similarly to holometabolous insects, i.e. through prepupal and
Rosa Henderson pupal stages to winged adults quite different from the females. They have no
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Diversity of Coccoidea in New Zealand and globally
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Superfamily/Family No. of species Approx. no. References*
in New Zealand world
Total Endemic species
Aleyrodoidea
Aleyrodidae (whiteflies) 14 8 1450 Dumbleton 1957; Mound & Halsey 1978; Jesudasan &
David 1991
Coccoidea
Asterolecaniidae (pit scales) 3 2 232 Russell 1941; Stumpf & Lambdin 2006
Cerococcidae (false pit scales) 3 3 72 Lambdin & Kosztarab 1977; Lambdin 1998
Coccidae (soft scales) 59 45 1151 Hodgson & Henderson 1998, 2000; Henderson &
Hodgson 2005
Diaspididae (armoured scales) ~90 ~62 2413 Green 1914, 1929; Brittin 1915a,b, 1916, 1937; McKenzie
1960; Borchenius & Williams 1963; Morrison & Morrison
1966; Ben-Dov 1976; De Boer & Valentine 1977; Takagi
1985; Danzig 1993
Eriococcidae (felted scales) 102 96 554 Hoy 1961, 1962; Hodgson 1994; Hodgson & Henderson
1996; Henderson 2006, 2007a,b
Halimococcidae (halimococcids) 1 1 21 Deitz 1979a,b
Margarodidae (margarodids) 11 10 445 Morales 1991
Ortheziidae (ensign scales) 3 1 196 Green 1929; Kozér & Konczné Benedicty 2000
Phenacoleachiidae (phenacoleachiids) 2 2 2 Maskell 1891; Beardsley 1964
Pseudococcidae (mealy bugs) 116 96 2224 Cox 1987; Williams & Henderson 2005

*  General reference: ScaleNet [www.selbarc.usda.gov/scalenet/scalenet.html]

mouthparts and are short-lived. The 1st-instars, known as crawlers, are usually
indistinguishable as males or females, and are the main dispersal stage. They
reach new sites by walking, either on their natal host plant or on suitable plants
close by, or they may be blown by wind to more-distant sites. They soon settle, put
their feeding stylets into the plant tissue and usually become sessile for varying
periods. Nymphs in the families Asterolecaniidae, Cerococcidae, Diaspididae,
Halimococcidae, and species of Cryptococcus (Eriococcidae) lose their legs at the
first moult and their antennae reduce to several short setae on a sensory base, so
individuals are quite sessile thereafter. The legs of whiteflies are reduced when
nymphs and they remain sessile until becoming adult.

In New Zealand, the coccoid life-cycle shows greatest variation in endemic
genera of the family Margarodidae. All crawlers have normal legs and antennae
and all settled 1st- and 2nd-instars have reduced legs and antennae and inhabit
waxy cysts. Females of Coelostomidia and Platycoelostoma species proceed through
the 3rd-instar phase in this state, then redevelop normal legs and antennae and
become mobile adult females; females of Ultracoelostoma species, on the other
hand, retain reduced legs and antennae and continue to inhabit cysts. The male
stages in Coelostomidia and Platycoelostoma revert to normal legs and antennae
after the 2nd-instar, developing through prepupal and pupal stages to become
fully winged adults (no males are known for Platycoelostoma). Species of Coccidae
and Eriococcidae retain functional legs throughout their lives in most genera
but females become more sessile when reaching adulthood. The mealybugs,
phenacoleachiids, and ortheziids are mobile throughout their lives.

Protective coverings

A distinctive feature of scale insects is their different types of protective waxy
coverings. These can broadly identify each family or closely related groups of
families. Of the more mobile families, the mealybugs have bodies coated with
powdery wax like a dusting of flour, hence the name “mealy’. Phenacoleachiids
tend to live in clusters surrounded by fluffy cocoons. Ortheziids are also known
as ensign scales, for the large white plates of wax extending posteriorly from their

Introduced black scale Saissetia oleae
(Coccidae).
From Grant 1999
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Pseudococcus longispinus (Pseudococcidae).

270

Introduced long-tailed mealybug

From Grant 1999

Introduced rose scale Aulacaspis rosae
(Diaspididae).
From Grant 1999

bodies. Margarodids inhabit stout waxy cysts, often hidden in crevices in the bark
of host trees, once they are completely sessile with reduced legs. Their long anal
tube extends from the cyst so that honeydew droplets fall away from the insect,
incidentally providing a sweet, drippingtap’for birds and other invertebrates to
feed from. Pit- and gall-formers in Halimococcidae and Eriococcidae need little
covering other than some waxy strands near the opening of their dwelling. The
common name for eriococcids — felted scales — derives from the adult covering
(both female and the penultimate male instars) of a woven waxy sac on the
majority of species. Members of the Aleyrodidae, Asterolecaniidae, Cerococcidae,
and Coccidae in New Zealand all have covers of glassy wax called tests, in variable
form, although females of the species in the coccid genus Lecanochiton lose this
wax after the larval stage and develop a strongly sclerotised derm instead. Lastly,
the so-called armoured scales (Diaspididae) construct a cap from the moulted
skin of the previous instar, incorporating added waxy secretions whereby each
succeeding instar can be seen as a ring on the cap.

Historical perspective

New Zealand scale insects were first studied by W. M. Maskell between 1879
and 1898 (e.g. Maskell 1887). He described about 300 species of Sternorrhyncha
worldwide, including 94 species from New Zealand (Deitz & Tocker 1980). Since
Maskell, there have been a number of studies on the New Zealand Coccoidea and
Aleyrodidae. The Eriococcidae were completely revised by Hoy (1962), as were
the Margarodidae by Morales (1991) and the Pseudococcidae by Cox (1987). A
full revision of the Coccidae was published by Hodgson and Henderson (2000),
with descriptions of 25 new species and seven new genera. Species in the other
families have been described by various authors over many years.

Economic importance of whiteflies and scale insects

By the 1880s, the adventive species already present were causing economic
damage to the horticultural enterprises of early settlers. Maskell (1887) summar-
ised advice on how to control scale-insect pests in an extensive chapter in his
book on the nuisance New Zealand species. In a reversal on controlling scales,
they were subsequently used as a means of biological control. Between 1948
and 1952, the self-introduced felted scale Eriococcus orariensis (manuka blight)
was deliberately spread by farmers wishing to control the growth of manuka
scrub, Leptospermum scoparium (Hoy 1961). Eventually, populations of adventive
scale species stabilised, including the manuka blight scale which has been
overtaken by another less noxious scale, Eriococcus leptospermi, as the dominant
eriococcid on manuka. Hoy (1961) attributed the decline of E. orariensis to the
sudden appearance of the entomogenous (parasitic) fungus Angatia thwaitesii
(generally known as Myriangium thwaitesii). It is interesting to note that manuka
trees may still be covered in sooty mould growing on the honeydew produced
by these scales and margarodids, leading the casual observer to assume that it is
still‘manuka blight’.

Worldwide, whiteflies and scale insects (Aleyrodidae, Coccidae, Diaspididae,
Margarodidae, Pseudococcidae, and to a lesser extent Eriococcidae) are the
cause of millions of dollars of economic loss yearly to growers of agricultural
and horticultural crops. By sucking the plant sap, these insects deplete their host
plant’s resources and vigour and may distort plant tissues. Further, by producing
honeydew, they allow the usual growth of sooty moulds, with consequent
spoilage of fruit and reduction in photosynthesis. Citrus crops in New Zealand
suffer damage by adventive species of Coccidae and Diaspididae; the greenhouse
whitefly Trialeurodes vaporariorum damages soft fruit, such as indoor and
outdoor tomatoes. Scale insects may also transmit or cause plant diseases. For
example, a strain of the sweet potato whitefly Bemisia tabaci causes leaf-silvering
in cucurbits. Quarantine regulations between exporting and importing nations
may require zero tolerance for certain listed pest species of scale insects, adding
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to compliance costs for fruit producers, and this is so for New Zealand’s exports
of pip-fruit and kiwifruit.

Endemic scale insects are not crop pests as they are restricted to native host
plants and only rarely are found on exotic host plants — with some exceptions
among grass-feeding mealybugs (Cox 1987). On the other hand, most adventive
species prefer exotic host plants, although eight mealybug species, five soft-scale
species, three armoured-scale species, and the single adventive margarodid
species Icerya purchasi have migrated into natural ecosystems and also feed on
native plants.

Diversity

New Zealand has about 390 species of Coccoidea in 10 families and another 14
species in the Aleyrodidae (whiteflies). In comparison with the rest of the world,
New Zealand is depauperate in the three largest families — the Pseudococcidae
(mealybugs) have 116 species out of a worldwide total of 2224; Diaspididae
(armoured scales) have ca. 90 species out of a total of 2413; and Coccidae (soft
scales) have 59 known species out of a worldwide total of 1151. New Zealand
is relatively species-rich, however, in the Eriococcidae, with 102 known species
out of a total of 554 species worldwide. Endemism is high overall, at about 80%,
but varies among families, e.g. 94% in the felt scales (Eriococcidae), 68% in the
armoured scales, and 57% in the whiteflies. One family, the Phenacoleachiidae,
is wholly endemic. Hodgson and Henderson (2000) considered all of the coccid
genera to be endemic; exotic species ascribed to two of the genera, Ctenochiton
and Inglisia, will need to be reassigned to other genera.

Endemic Leucaspis podocarpi (Diaspididae).

Rosa Henderson

Special features

All of the indigenous soft scales (Coccidae), apart from the two Pounamococcus
species, are probably unique in the way the wax test (protective covering) is
constructed of rows of hexagonal wax plates. The males in this group have tests
with a distinctive flexibly hinged plate that allows egress of the newly emerged
adult male, itself more fragile than the protective waxy covering.

The large amount of honeydew produced by margarodids in beech forests
is considered a very important food source for other invertebrates including
honeybees and wasps, and for geckos and native birds. The availability of this
food to the native fauna has recently been greatly reduced by the invasion of Inglisia patella (Coccidae).
vespid wasps into South Island beech forests. The survival of New Zealand’s Rosa Henderson
endemic scale-insect species is dependent on the survival of their native host
plants in their natural forest habitat. Owing to their limited dispersal capacity,
few endemic scale species are able to recolonise patches of newly planted native
forest unless they are very close to natural habitats. Hence the indigenous fauna
will probably not benefit from new plantings in urban restoration schemes, but
rather from enrichment of existing forest remnants.

Superfamily Aphidoidea: Aphids and kin
The great majority of Aphidoidea are in the family Aphididae (aphids) with the
characteristics of polymorphism, complex life histories, the ability to reproduce
both sexually and asexually, giving birth to live young, telescoping of generations,
and high fecundity (Blackman & Eastop 1984; Minks & Harrewijn 1987; Dixon
1998). Aphids are major pests of temperate agricultural and horticultural crops
and forest trees, causing damage either directly by feeding or indirectly by
transmitting plant virus diseases (Minks & Harrewijn 1989). Two other families
are included in the superfamily — the Adelgidae and Phylloxeridae. Adelgids and
phylloxerids, although closely related to aphids, are quite distinct from them and
retain a number of primitive features, including the absence of viviparity and the
absence of siphunculi (the backward-pointing erect tubes found on the dorsal
side of the last segment of the body of most aphid species).

The superfamily classification used here follows that of Carver et al. (1991),
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Rose aphids Macrosiphium rosae.
From Grant 1999

Blackman and Eastop (1994), and Remaudiere and Remaudiere (1997) in recog-
nising three families. Classification of aphids follows Remaudiere and Remaud-
iere (1997) and Nieto Nafria et al. (1997). Key characteristics of the Aphidoidea are
found in Heie (1980), Blackman and Eastop (1984), and Foottit and Richards (1992).

Aphids were first recorded in New Zealand in 1861 (probably Eriosoma
lanigerum) (Thompson 1922) and 1862 (probably Brevicoryne brassicae) (Travers
1864). The first adelgid (Pineus sp.) and phylloxerid (Viteus vitifoliae) were found
in about 1880 (Maskell 1885) and 1865 (Thompson 1922), respectively. Most
of the early records of New Zealand aphidoids were of introduced species on
economically important plants. Hutton (1904) listed nine species of Aphidoidea
(including six aphids), Myers (1922) 15 species (12 aphids), and Tillyard (1926)
18 species (16 aphids). Cottier’s (1953) seminal work Aphids of New Zealand
significantly increased the number of aphid species to 59, with the most recently
published estimate being 80 species (Lowe 1973). Adelgids and phylloxerids
were not considered by Cottier and Lowe. Recent records of new species are
found in Sunde (1973, 1984, 1988), Cox and Dale (1976), and Blackman and
Eastop (1984, 1994), among others.

Major repositories of New Zealand specimens

The Natural History Museum, London, has the most comprehensive and
best-organised collection of New Zealand aphidoid species. The New Zealand
Arthropod Collection, Auckland, is extensive but has been neglected in recent
years. Most type specimens of endemic species are found in these two collections.
The two Ministry of Agriculture and Forestry National Plant Pest Reference
Laboratory collections, in Tamaki (Auckland) and Lincoln (Canterbury), are
comprehensive but comprise mostly pest species. A collection held by Plant &
Food Research, Lincoln, contains most of the recent collections of indigenous
aphid species. Some specimens, including some types of endemic species, are
also found in the Australian National Insect Collection, Canberra.

Current known natural diversity

The Aphidoidea is predominantly a northern temperate group, richest in species
in North America, Europe, and Central and East Asia (Blackman & Eastop
1984) with about 4700 species in 599 genera in the Aphididae (Remaudiere &
Remaudiere 1997), 50 species in the Adelgidae, and fewer than 50 species in the
Phylloxeridae (Foottit & Richards 1992).

Aphid genera and species are considered to be under-represented in the
tropics and Southern Hemisphere (including New Zealand) compared to the
Northern Hemisphere, possibly as a result of the tropics acting as a barrier to
movement of the species-rich subfamilies Aphidinae and Lachninae, which
underwent adaptive radiation in the Northern Hemisphere in the Late Tertiary
(Heie 1994). Only seven (1%) of the world genera are from subtropical and
temperate regions of the Southern Hemisphere (Heie 1994).

The present number of recognised aphidoid species in New Zealand is
three adelgids, three phylloxerids, and at least 121 aphid species. The majority
of aphidoid species in New Zealand (90%) are aliens (Teulon & Stufkens 2002).
There are no endemic phylloxerids or adelgids and the relatively few endemic
aphids (at least 12 species) are mostly rare. Only introduced aphids have been
reported from subantarctic islands (Cottier 1964; Palmer 1974; Marris 2000;
Horning unpubl.). Only seven of the endemic species have been described.
Thripsaphis foxtonensis, which was first recorded in New Zealand and at one
time considered to be endemic (Cottier 1953), is probably of North American
origin.

In the Neophyllaphidinae, Neophyllaphis totarae lives on more than one
species of Podocarpus and an undescribed Neophyllaphis is thought to occur on
snow totara, P. nivalis (M. Carver pers. comm.). Worldwide, about 12 Neophylla-
phis species are found on Podocarpaceae and Araucariaceae, with a distribution
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that includes the southern hemisphere and mountains of the tropics, extending
northwards into China and Japan (Blackman & Eastop 1994). Neophyllaphis
species exhibit a number of primitive characters and are considered to resemble
the hypothesised ancestral aphid (Heie 1987; Carver et al. 1991).

Sensoriaphis nothofagi, subfamily Taiwanaphidinae, lives on several Nothofagus
species in New Zealand. Three further species of Sensoriaphis are found on
Nothofagus in Australia and the genus is closely related to Neuquenaphis (~10
species) on Nothofagus in South America and Taiwanaphis (about nine species)
in southeastern Asia.

Within the Aphidinae, four Aphis species (A. coprosmae, A. cottieri, A. healyi,
and A. nelsonensis) and two Paradoxaphis species (P. aristoteliae, P. plagianthi)
have been described from New Zealand. Several other species have also been
recognised. Paradoxaphis appears to be an endemic genus. At least four species
of the Aphis/Paradoxaphis group appear to form a genetically distinct lineage
within the subtribe Aphidina (von Dohlen & Teulon 2003).

At least two undescribed endemic species belonging to Euschizaphis have
been recorded from Dracophyllum and Aciphylla, respectively. An undescribed
Casimira species has been recorded from Ozothamnus.

Wingless Rhopalosiphum maidis,
a pest of cereals.

Robert Lamberts, Plant and Food Research

Adventive aphid species

As already noted, about 90% of the New Zealand aphids are not endemic
(Teulon & Stufkens 2002). A similar proportion of non-endemic species has been
recorded from Australia (Carver et al. 1991). All adelgids and phylloxerids in New
Zealand are aliens. In terms of the ratio between introduced and indigenous
species (111/14), the aphids probably represent one of the most invasive insect
groups in New Zealand. Furthermore, the introduced aphids also constitute a
significant proportion of the 2600 exotic insect species estimated to be in New
Zealand by Emberson (2000). Since the 1950s, an average of one new alien aphid
species per year has been found in New Zealand.

Pest species

Aphids are the major pests of temperate agriculture, causing damage either directly
by feeding or by transmitting plant virus diseases (Minks & Harrewijn 1987,
1989). In New Zealand, many of the introduced aphids, as well as the adelgids
and phylloxerids, are also important pests of agricultural and horticultural crops
and forest trees (see Lowe 1973; Scott 1984). Endemic species are not considered
to be pests although Neophyllaphis totarae causes some damage to the growing
tips of totara.

Taxonomic novelty

New Zealand endemic aphids constitute a distinctive taxonomic component of
the New Zealand insect fauna and of the world aphid fauna. Specific character-
istics of aphids and parasitic wasp associates include the following:

Neophyllaphis and Sensoriaphis are primitive genera with Gondwanan
distributions (Carver et al. 1991). Neophyllaphis is considered the closest living
relative of the ancestral aphid form.

Paradoxaphis appears to be endemic to New Zealand (Sunde 1988; Remau-
diere & Remaudiere 1997).

Casimira might be an endemic austral genus. The type species, C. canberrae, is
native to Australia. The only other nominal species, C. bhutanensis, was described
from India, but the validity of its generic assignment is questionable.

The recent characterisation of the two New Zealand Euschizaphis species
now means that half the known species of this genus are found in New Zealand.

Accepted dogma is that the austral Aphidinae (i.e. Aphis, Casimira, Euschi-
zaphis, Paradoxaphis) are descendants of recent chance trans-tropical immigrants
from the Northern Hemisphere (Eastop 2001; von Dohlen & Teulon 2002). Wingless green peach aphid Myzus persicae.
However, recent molecular work has found that a group of four New Zealand Lincoln University
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underneath the native aphid
Neophyllaphis totarae.

Robert Lamberts, Plant and Food Research

endemic aphids belonging to the genera Aphis and Paradoxaphis form a highly
supported lineage (possibly basal in the tribe Aphidini) estimated to be ca. 15-30
million years old. These results place this New Zealand group as central to the
evolution of the species-rich Aphidinae, which contains many agricultural pests
(von Dohlen & Teulon 2003).

The braconid wasp subfamily Aphidiinae (all parasitoids of aphids), although
now much more numerous in the Northern Hemisphere, probably originated in
the Southern Hemisphere (Belshaw et al. 2000).

Rarity of endemic aphids

Of the endemic taxa, only three — Neophyllaphis totarae, Sensoriaphis nothofagi, and
the undescribed aphids on Dracophyllum — can be considered relatively common.
Despite some effort in recent years seeking populations of the remaining species
(see Teulon & Stufkens 1998) they have been difficult to find and should be
considered rare. For example, A. nelsonensis has not been found for over 30 years.
Only three sites (non-current) for A. coprosmae populations have ever been
observed (Teulon & Stufkens 1998; Stufkens pers. obs.). Other species are only
slightly commoner (see Teulon & Stufkens 1998).

Threats to endemic aphids

New Zealand’s indigenous aphids face a number of threats to their continued
survival, although the relative importance of these threats has yet to be deter-
mined. Threats include:

Habitat destruction, with consequent major disruptions in distribution owing
to the complete removal of host plants as well as less obvious destruction in the
form of animals browsing the young growing shoots of host plants, e.g. Aphis
healyi on the native broom Carmichaelia.

The high ratio of alien to indigenous aphid species, which is increasingly
steadily because of continued introductions (see above). Some indigenous aphid
species may be threatened as a result of displacement from their host plants
by introduced species. For example, Aphis nelsonensis, not recorded for over 30
years, may have been displaced on Epilobium by Aphis nr. epilobii.

Indigenous aphids may be threatened by attack from alien parasitoids and
predators including vespid wasps. At least one introduced aphid predator, the
ladybird Coccinella unidecimpunctata, is reported to have displaced its indigenous
counterpart, C. leonina, in many areas of New Zealand (Watts 1986) and
probably includes indigenous aphids among its prey. A number of introduced
parasitoids have been found to attack and kill several indigenous aphid species
in the laboratory (Stufkens & Farrell 1994; Teulon & Stufkens unpubl.) and an
introduced parasitoid, Aphidius ervi, appears to attack Aphis cottieri in the field
(Carver 2000).

Climate change represents a significant threat to global biodiversity and
ecosystem integrity, including New Zealand indigenous aphid species and their
host plants. For example, a species of Paradoxaphis that lives on Plagianthus may
be susceptible to rising environmental temperature. A constant level of 25° C in
the laboratory will kill it (J. Kean pers. comm..).

Life-histories

Phylloxerids and adelgids produce only eggs whereas aphids usually produce
live young, with eggs produced only at certain times of the year. Aphids are
peculiar in that they reproduce without mating during most of the growing
season of their plant hosts. Complex life histories involving both winged and
wingless generations are characteristic of many species of aphids (Blackman
& Eastop 1994). In New Zealand, introduced aphid species tend to follow
the life-histories found in their area of origin but with some tendency for
the overwintering-egg diapause stage to be lost and replaced by continuous
parthenogenesis throughout the year (e.g. Rhopalosiphum padi). Although very
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little is known about the biology of the indigenous aphids, sexual females,
males, and/or eggs, indicating sexual reproduction, have been found in many
of the Aphidini. Neophyllaphis totarae produces sexuales (sexual forms) and
eggs in spring and early summer like some Australian species (Carver et al.
1991).

Ecological associations

All aphids, adelgids, and phylloxerids are phloem feeders and many are host
specific. Most aphids are autoecious, living on one or a few closely related
species of plants. Only about 10% are heteroecious, spending autumn, winter,
and spring on a primary host plant and summer on a secondary host plant
(sometimes more than one species) that is rarely closely related to the primary
host plant (Dixon 1987). In general, introduced aphidoid species in New Zealand
have similar associations with introduced plants as in their area of origin
(Cottier 1953). Some introduced aphid species are also found on closely related
indigenous hosts (e.g. Cavariella aegopodii on Aciphylla) and some polyphagous
(having multiple host plants) aphid species are found on a number of indigenous
plants (e.g. Aulacorthum solani on various species) (Cottier 1953). Indigenous
aphids appear to be autoecious and mostly restricted to a single indigenous
shrub or tree genus. Little is known about aphid—ant and aphid—microorganism
associations in New Zealand.

Non-endemic and probably endemic species are prey to a number of
generalist predators including ground beetles (Carabidae), ladybird beetles
(Coccinellidae), lacewings, midges, nabid bugs, syrphid flies, and harvestmen and
spiders (e.g.Valentine 1967a; Leathwick & Winterbourne 1984; Thomas 1989b). A
large number of these predators, including the probable first purposeful attempt
at classical biological control in New Zealand (Coccinella undecimpunctata), were
introduced for control of aphids (Thomas 1989b). Braconid and aphelinid wasp
parasitoids are known to attack a number of non-endemic species, which in
turn are attacked by several hymenopteran hyperparasitoids (Valentine & Walker
1991). Some of these parasitoids were introduced as control agents for pest aphid
species (Cameron & Walker 1989; Farrell & Stufkens 1990; Stufkens & Farrell
1994). A number of fungal pathogens from the Zygomycetes (Entomophthorales)
have been recorded on aphids in New Zealand but no pathogenic viruses,
bacteria, rickettsiae, protozoans, or nematodes (Glare et al. 1993).

It appears that most of the indigenous aphid species are hosts to hymen-
opteran parasitoids and hyperparasitoids but the taxonomic status of these has
not yet been determined (D. A. J. Teulon unpubl.). A parasitoid very similar to
the introduced biological control agent Aphidius ervi has been found to attack an
indigenous aphid species (Carver 2000).

Gaps in knowledge

The total number of aphidoid species in New Zealand is about 130 (three
adelgids, three phylloxerids, 124 aphids). There are at least 14 endemic aphid
species of which at least six are undescribed. Only two endemic species have
been described in the last 10 years (Carver 2000; Eastop 2001) but work is under
way to describe up to three more in the near future. There is some uncertainty
as to the exact identity of a number of introduced species (see below). Currently
there are no New Zealand taxonomists working on this taxon.

Cottier’s (1953) Aphids of New Zealand provides the most comprehensive
information on New Zealand aphids but is now out of date. Teulon (1999) and
Teulon et al. (1999) have developed illustrated multiple-entry keys for winged
and wingless adult aphids in New Zealand for use by non-specialists. These
focus on pest species and give no information about the phylogeny, biology, and
ecology of New Zealand species.

- ) ) ) ) Wingless specimens of an undescribed native
One of the main areas of concern regarding this group in New Zealand is the species of Aphis on Hebe.

state of collections. The major one in the New Zealand Arthropod Collection has Robert Lamberts, Plant and Food Research
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Alien passionvine hopper
Scolypopa australis (Ricaniidae).

Des Helmore (upper) and Grant 1999 (lower)

been neglected in recent years. Specimen names have not been updated and new
material has not been incorporated. This, along with the absence of an aphidoid
taxonomist in New Zealand, makes it difficult for non-specialist workers in this
field, who have to resort to international experts for accurate identifications
and other advice. This is unfortunate considering the importance of aphids,
phylloxerids, and adelgids as pests in New Zealand. A database specifying the
location of specimens in the numerous collections in New Zealand and overseas
is near completion (http://www.landcareresearch.co.nz/research/biosystematics/
invertebrates/nzac/tfbis/index.asp) and will be very useful for aphid workers.

For indigenous aphids, the most important areas for future work include
naming of the remaining species, locating and identifying new species, and
determining their evolutionary relationships with faunas elsewhere. Very little is
known about the biology of any indigenous species (Kean 2002), including explan-
ations for their rarity. For the introduced aphids, the main issues relate to the exact
identity of several species (e.g. Akkaia ?taiwana, Aphis nr epilobii, Micromyzus nr
katoi) and the makeup of several potential species complexes (e.g. Aphis gossypii
group, Rhopalosiphum insertum group, Therioaphis sp.).

Studies on introduced pest aphidoids would aid in managing their popu-
lations in New Zealand and elsewhere. Notwithstanding, it is indigenous aphids
that are of most interest. Understanding their evolution would have importance
for reconstructing the phylogenetic relationships of the major Aphidoidea
lineages worldwide. New Zealand’s native species are a key to resolving the
debate over why aphids are common in the Northern Hemisphere compared
with the tropics and the Southern Hemisphere (Dixon et al. 1987; Heie 1994;
von Dohlen & Teulon 2002). Indigenous aphids also provide excellent models
for research on rarity and the impact of introduced faunas on indigenous
faunas. A New Zealand Marsden-funded project — The Population Dynamics of
Rarity: Why are rare animals rare? — using indigenous aphid species as model
organisms, was completed early in the new millennium (see Kean 2002; Kean &
Barlow 2004; Kean & Stufkens 2005). Some other research funded by the New
Zealand Foundation for Research, Science & Technology is being carried out
on the impact of introduced aphid parasitoids on indigenous aphids but this
could be expanded to look at displacement of indigenous aphids by introduced
aphids and the impacts of other introduced natural enemies such as predators
and pathogens.

Suborder Auchenorrhyncha: Cicadas, spittlebugs,
leafhoppers, and planthoppers

This overview of New Zealand Auchenorrhyncha has been extracted from
Lariviere (2005) and Lariviere et al. (2006-10), with slight modifications.

The Auchenorrhynchais a highly diverse suborder of Hemiptera that includes
the cicadas, spittlebugs, leathoppers, treehoppers (infraorder Cicadomorpha),
and planthoppers (infraorder Fulgoromorpha). As a group they account for a
major component of the plant-feeding insect fauna in most terrestrial ecosystems
in New Zealand and around the world. They have adopted a variety of life habits
on nearly all continents and islands (except Antarctica). Auchenorhhyncha have
piercing-sucking mouthparts and most species feed on plant sap (phloem or
xylem) or the content of plant cells (cell ruptures or parenchyma) although a
number of species feed on mosses and fungi. This is an economically important
group of insects that includes several plant pests and vectors of plant diseases
(e.g. pathogens, including phytoplasmas, bacteria, and viruses). The world fauna
is estimated to include around 42,000 described species distributed in 30 to 40
families.

The first modern checklist of New Zealand Auchenorrhyncha was provided
by Wise (1977) and it included 64 genera, 160 species, and 11 families. Auchenor-
rhyncha have been collected extensively since the 1970s and became well repre-
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Families, genera, and species of NZ Auchenorrhyncha

Australian and world figures are from Carver et al. (1991), Fletcher (1999), and other
sources as indicated. Numbers of endemic taxa are bracketed.
(Prepared by M.-C. Lariviere and M. J. Fletcher.)

Family New Zealand Australian World
genera species genera species species
Achilidae 2(1) 2(1) 15 21 350
Aphrophoridae* 4(1) 15 (12) 21" 34" 2,400
Cicadellidae 29 (6) 78 (54) 1912 603? 20,000
Cicadidae 5@3) 34 (34) 38 202 2,000
Cixiidae 11 (9) 26 (26) 17 49 >1,000
Delphacidae 10 (5) 18 (14) 40 71 300
Derbidae 1(0) 1(1) 18 48 800
Dictyopharidae 1(0) 1) 4 12 540
Flatidae 2 (0) 2 (0) 22 84 1,000
Membracidae 1 (0) 1(0) 292 742 2,400
Myerslopiidae 2(2) 16 (16) 0 0 >20
Ricaniidae 1(0) 1(0) 11 29 360
Totals 69 (27) 195 (159) 406 1227 >31,170

Sources: 1. Evans (1966); 2. Day & Fletcher (1994); 3. Moulds (1990)
* Includes Machaerotidae, absent from New Zealand

sented in New Zealand’s entomological collections, leading to the publication
of several taxonomic treatments since 1975. Lariviere (2005) and Lariviere et al.
(2010, in press) provide the most up-to-date catalogue of this fauna, which now
totals 68 genera and 196 species in 12 families. Once fully described, it is estimated
that the fauna may comprise as many as 300-350 species.

Fabricius (1775) described the first native Auchenorrhyncha from New
Zealand, the cicadas (Cicadidae) Amphipsalta cingulata and Rhodopsalta cruen-
tata. Subsequently, until about the 1930s, several taxa were added to the fauna
by European researchers such as Walker (1850-58) and White (1879a,b), and
by two New Zealand workers, Hudson (1891) and Myers (1921-26). Little tax-
onomic discovery occurred during the 1940s and 1950s, although Evans (1941,
1942, 1947) and Hudson (1950) described a few leathoppers (Cicadellidae) and
cicadas (Cicadidae) respectively. The years from 1965 to 1984 were more pro-
lific, resulting in several new taxa and important taxonomic revisions, mainly
due to the efforts of Fennah (1965; Delphacidae), Evans (1966; Cicadellidae),
Knight (1973-76; Cicadellidae), Fleming (1969, 1973, 1984; Cicadidae), Dug-
dale (1972; Cicadidae genera), and Dugdale and Fleming (1969, 1978; Cicadi-
dae). The most recent period of active taxonomic research has occurred since
1992, as demonstrated by the following works: Hamilton and Morales (1992;
Aphrophoridae), Lariviere (1997a, 1999; Cixiidae), Lariviere and Hoch (1998;
Cixiidae), Hamilton (1999; Myerslopiidae genera), Emeljanov (2000; Cixiidae
genera), Lariviere and Fletcher (2004; identification of leafhopper genera and
species), Szwedo (2004a; Myerslopiidae), Lariviere et al. (2006-10), Lariviére
and Fletcher (2008; Zeoliarus, Cixiidae), and Fletcher and Lariviere (2009;
Anzygina, Cicadellidae).

Some groups or part of groups previously worked on are in need of further
taxonomic research. A key to Aphrophoridae genera is urgently needed. The
cicadellid genera Arahura, Arawa, Horouta, Limotettix, Matatua, Novothymbris,
Paradorydium, Scaphetus, and Zelopsis need additional revisionary work. Knight’s
revisions of leathoppers and Fennah’s review of the Delphacidae need re-

Male chorus cicada Amphipsalta
evaluation in view of large amount of new unidentified material accumulated in zelandica (Cicadidae).

collections since the end of the 1970s. Four of five Cicadidae genera have never From Grant 1999
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High-alpine cicada Maoricicada
nigra nigra (Cicadidae).

Des Helmore

been revised taxonomically. The available literature on Myerslopiidae and Ulopinae
(Cicadellidae) is insufficient to provide a good understanding of these groups.

Compared to larger continental faunas, the New Zealand fauna may appear
depauperate but New Zealand can still be regarded as a biodiversity ‘hot spot’
for Auchenorrhyncha with >80% of species and >40% of genera recognised as
endemic.

Auchenorrhyncha are characterised by piercing-sucking mouthparts in
the form of a beak extending from the back of the head — hence the name of
this hemipteran suborder, which literally means ‘neck-beaks’, rather short and
bristle-like antennae, and forewings of uniform texture, resting rooflike over the
body.

These insects are generally active during the day and live from lowland to
subalpine environments in a wide range of open or forested habitats. Native
species usually live within the confines of natural habitats but some species also
live in modified ecosystems. Depending on families and genera, species can
be planticolous (occurring on low plants), arboreal (occurring on shrubs and
trees), or sometimes epigean (living at the surface of the ground). Host plants
are known for less than one-fifth of the fauna. The biology and morphology of
immature stages are unknown for most species. There is anecdodal evidence of
parasitic wasps, birds, predatory beetles, spiders, and mites being major natural
enemies of New Zealand Auchenorrhyncha.

The described New Zealand fauna is about 13% the size of the known
Australian fauna (about 1500 species), with 15 families present in Australia
not represented in New Zealand. Twenty-four species (or 12% of the fauna)
are currently recognised as introduced (adventive) in New Zealand. No
family is endemic to this country but all ground-dwelling leafthoppers (family
Myerslopiidae), or 70% of the world fauna, are endemic. The three most diverse
families of Auchenorrhyncha in New Zealand are the leathoppers (Cicadellidae),
cicadas (Cicadidae), and cixiid planthoppers (Cixiidae). These families are also
well represented in Australia.

The majority of species shared with Australia and elsewhere are cosmopolitan
and probably introduced in New Zealand. Greatest faunal affinities are with
eastern continental Australia and in the taxonomically diverse worldwide
families Cicadellidae (leafhoppers) and Delphacidae (delphacid planthoppers).
Faunal affinity is less between New Zealand and Tasmania or Norfolk Island, and
even less so between New Zealand and Lord Howe Island or New Caledonia.
These faunal relationships may be indicative of an old Gondwanan origin. Forty
percent of native Auchenorrhyncha genera and 5% of native species are shared
with Australia.

In terms of species distribution, a greater number of species (133) occur
in the South Island, with 64 native species restricted to this island. A slightly
lower number of species (119) occur in the North Island, with 44 native species
restricted to this island. As many as 65 species are shared between North and
South Islands. Offshore-island groups harbour a limited number of species:
Chatham Islands (12) Kermadec Islands (10), and Three Kings Islands (21).
Auchenorrhyncha are not known to occur on New Zealand’s subantarctic
islands.

On New Zealand’s main islands, the North Island regions of Northland,
Auckland, and Wellington and the South Island regions of Northwest Nelson
and Mid Canterbury, show the highest overall species diversity but these
regions contain many introduced species. The regions known to harbour
the greatest number of local endemics — species only found in a single area
and nowhere else in the world — are more interesting to the biologist. These
regions are Northland and Wellington (North Island), northwest Nelson, Mid-
Canterbury, Fiordland, and Southland (South Island). Fiordland is a largely
unexplored and unspoilt area that may prove to be an even greater reservoir of
endemic taxa than currently estimated.
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The main trading ports or agricultural areas of New Zealand (Auckland,
Hawke’s Bay, Nelson, Christchurch) account for the greatest number of adventive
(introduced) species, many of which have fully developed wings, a tendency to
be attracted to lights, and an ability to adapt to life in partly or highly modified
environments, hence they generally have good dispersal abilities.

Infraorder Cicadomorpha

Spittlebugs (family Aphrophoridae) are not abundant in New Zealand. They are
xylem-feeders. In many cases nymphs are visible as frothy masses or ‘cuckoo-
spit’on the stems of small trees or shrubs. This froth is used by nymphs either to
reduce the risk of dehydration or to deter enemies such as parasites. Carystoterpa
is a native genus with species occurring mostly in the North Island. Carystoterpa
species are usually found on native trees and shrubs such as species of Coprosma
(Rubiaceae). Pseudaphronella jactator is a North Island species and the largest
New Zealand spittlebug. It usually occurs on trees and shrubs in montane and
subalpine environments. Both genera are characterised by wide-ranging species Spittlebug Carystoterpa sp. (Aphrophoridae).
with fUHy Winged adults. From Grant 1999

Cicadas (family Cicadidae) are probably among the most familiar New Zealand
insects owing to their loud song at the height of summer. The fauna comprises 34
endemic species distributed among five genera. New Zealand cicadas occur in a
wide range of habitats from lowland coastal areas to subalpine and alpine zones
(e.g. coastal sand dunes, riverbeds, grasslands, scrublands, shrublands and native
forests, exotic tree plantations, and garden and orchard hedges). Most forest
species live in the North Island while the South Island is mostly characterised by
cicadas of rocky open spaces. Clapping cicadas (Amphipsalta species) can often
be heard singing in urban environments on garden trees, buildings, fences, and
even lamp posts. The clay-bank cicada Notopsalta sericea can also be an urban
dweller in the North Island, often signing from any sun-warmed flat concrete
surface. The genus Kikihia is native to New Zealand and comprises 13 endemic
species traditionally placed in three groups mainly based on habitat preferences
— the shade singers, the green-foliage cicadas, and the grass and scrub cicadas.
‘Kikihi’, the stem-base of the name Kikihia, is the word generally used by Maori,
who have a considerable body of nature lore concerning insects, to refer to
cicadas in general. The black cicadas (Maoricicada species), with 14 endemic
species, favour open habitats from montane to subalpine environments where
they occupy a wide range of ecological niches.

The closest relatives of New Zealand cicadas are Australian and New
Caledonian. The evolution of the New Zealand fauna appears to have originated
from multiple dispersal events (at least two) across the Tasman Sea from Aust-
ralia and possibly New Caledonia within the last 12 million years. More recently,
approximately within the last five million years, speciation events led to the
highly diverse genera Kikihia and Maoricicada, most likely through adaptive
radiation in new habitats created by the rise of the Southern Alps and the last
glaciations.

Cicadas mostly spend their life in the nymphal stage, underground, feeding
on the roots of plants. Limited knowledge is available about life span but some
species are known to spend three to five years as nymphs, and two to four
months as adults. Parasitic wasps, predatory beetles, fungal diseases, kiwis and
various other birds, as well as spiders are among the main natural enemies of
cicadas and other Auchenorrhyncha.

The economic importance of cicadas is low, but when they occur in large
numbers damage may be caused by the female creating open cuts in plant
tissue where eggs are laid, thus providing suitable entry points for pathogens
and boring insects. Mass emergences of cicadas can become an annoyance to
workers in horticulture and forestry owing to work disruption by loud song and
repeated contact with flying individuals.
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Alien treehopper Acanthucus trispinifer
(Membracidae).
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Leafhoppers (family Cicadellidae) are the most diverse group of Auchenorrhyncha
in New Zealand. They occur in almost every type of vegetation. For example,
the genera Arahura, Arawa, Horouta, and Limotettix live predominantly on
low plants, the genera Scaphetus and Novothymbris occur on trees and shrubs,
and the genus Paradorydium is found on or very close to the ground surface.
In general, leathoppers living close to the ground surface are more frequently
short-winged. Most New Zealand leathopper genera feed on phloem sap, but
introduced and probably also native members of the subfamily Typhlocybinae
feed on plant tissue.

A handful of leathoppers have an economic impact on crops in New Zealand
— Edwardsiana froggatti (adventive) on pipfruits, Ribautiana tenerrima (adventive)
on commercial berries, Batracomorphus angustatus (possibly adventive) on potato
and tomato, Anzygina dumbletoni (possibly adventive) on strawberries and cane
fruit, Anzygina zealandica (native) on grass in orchards, and Eupteryx melissae
(adventive) on commercial aromatic herbs. Nesoclutha phryne (native) and
Orosius argentatus (adventive) are recognised plant-disease vectors in Australia
but not in New Zealand.

Ground-dwelling leafhoppers (family Myerslopiidae) are an ancient group of
small southern-hemisphere leathoppers living as adults and nymphs in leaf
litter and other ground debris of forests with high organic content. Species are
characterised by large heads, spined hindlegs, compact almost barrel-shaped
bodies with extensions on head and thorax, and prominences and punctures
on their hardened forewings and other parts of the body (usually encrusted
with soil and litter particles offering nearly perfect camouflage with their
surroundings). All species lack functional hindwings and active dispersal by
flight is excluded for this family. Myerslopiidae are thought to feed on fungi
from the decomposing leaf and soil debris in which they live. Two endemic
genera are known from New Zealand, viz Myerslopia (eight species-group
taxa) and Pemmation (12 species-group taxa), together accounting for 70% of
the world fauna.

Horned treehoppers (family Membracidae) are represented in New Zealand by a
single species, Acanthuchus trispinifer, an Australian introduction. Membracids
are usually sedentary but they are capable of jumping strongly if disturbed.
Adults and nymphs are often gregarious (occurring in groups) and nymphs may
be attended by ants.

Infraorder Fulgoromorpha

Achilid planthopper (family Achilidae) nymphs may generally be found in logs,
under loose bark, or in leaf litter. They are believed to feed on fungi. Adults feed
on phloem. Females generally lay their eggs by attaching them to woody particles
in the leaf litter or to soil debris. Little is known about the biology of Agandecca
annectens, New Zealand’s only native and endemic species. Adults have fully
developed wings, which may assist in their dispersal.

Cixiid planthopper (family Cixiidae) nymphs are thought to live primarily
underground and feed on plant roots. Adults are phloem-feeders. Females
usually lay their eggs in the soil and surround them with a waxy secretion. The
majority of New Zealand species appear to favour woody plants, a lesser number
are associated with ferns, and very few species feed on gymnosperms. New
Zealand cixiids inhabit forested or bush environments such as scrublands and
shrublands, and range from coastal lowlands to the subalpine zone although
most genera are found in lowland to lower mountain mixed podocarp-broadleaf
habitats. The genus Aka possibly represents an older lineage with an evolutionary
history closely associated with Nothofagus forests. Semo is strictly a subalpine
genus with highly similar species displaying entirely separate distribution
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ranges, which may indicate relatively recent speciation. Confuga persephone is
the only cave-dwelling species known from New Zealand. In this country, cixiid
planthoppers are mostly characterised by fully winged forms, with a tendency
towards brachyptery (short-winged forms) more strongly demonstrated in the
genera Aka and Chathamaka. The main economic importance of Cixiidae is as
vectors of plant diseases (e.g. Zeoliarus atkinsoni, on flax).

Delphacid planthoppers (family Delphacidae) may be the most economically
important planthopper family in the world. Delphacid species feed on or
transmit virus diseases to cereals, an important food source for humans. Adult
delphacids feed on the phloem of grassy plants. Nymphs roam freely as do
adults. Toya dryope is the only species currently recorded as adventive in New
Zealand. The native biostatus of Opiconsiva dilpa is uncertain. However, neither
of these species is recognised as a plant pest or plant-disease vector in New
Zealand. Nilaparvata lugens is a vector of virus disease of rice in South-East Asia
but there is no evidence of this from its New Zealand relative Nilaparvata myersi.
Other species of Delphacidae are all endemic to New Zealand. Multiple wing
forms can be displayed by single species, but most New Zealand endemics are
brachypterous (short winged) or, in a few cases (e.g. Sulix), species may have
well-developed forewings and vestigial hindwings. Consequently, dispersal
power by flight is thought to be low for New Zealand delphacids.

Planthopper Sulix tasmani (Delphacidae).

Des Helmore

Derbid planthopper (family Derbidae) nymphs sometimes feed on fungi but most
adults take their food from vascular-plant phloem. Eocenchrea maorica is the only
native and endemic derbid so far known from New Zealand. Very little is known
about the biology of this North Island lowland-montane forest species. Adults
including newly emerged individuals (tenerals) have been found on Astelia
banksii (Asteliaceae), which may serve as a food plant. Adults of Eocenchrea
maorica have fully developed wings, which may assist dispersal.

Dictyopharid planthoppers (family Dictyopharidae) are poorly represented in
the Australasian region and, in New Zealand, by a single endemic species

i . R . | K . . Treefern hopper Eocenchrea maorica
Thanatodictya tillyardi. Species of this genus, also occurring in Australia, have (Derbidae).

the head extending considerably in front of the eyes into a long process. All life Des Helmore
stages feed on grass.

Flatid planthoppers (family Flatidae) occurring in New Zealand are Australian
introductions. Nymphs produce abundant wax filaments and cement themselves
onto hostplants. Adults have long wings, feed on the phloem of a great variety of
vascular plant families, and are wide-ranging in New Zealand. Anzora unicolor is
a vector of fireblight on apple and pear.

Ricaniid planthoppers (family Ricaniidae) are represented by a single species
in New Zealand, Scolypopa australis (the passionvine hopper), an Australian
introduction that occurs on a wide range of hostplants. It is a pest of vine crops
(e.g. kiwifruit). In addition, S. australis sometimes feeds on poisonous plants
(e.g. tutu, Coriaria arborea) ands secrete honeydew that, in times of low nectar
supply, may be gathered by honey bees and incorporated into honey that then
becomes poisonous to humans. Scolypopa australis is a fully winged species
and disperses easily. It occurs in large numbers during the summer months
and it is not unusual to find individual plants (native or exotic) covered by
hundreds of individuals.

The Auchenorrhyncha catalogue of Lariviere et al. (2006-10) provides
extensive additional information on nomenclature (including colour photos of
types), geographic distribution, natural history, wing condition (including dispersal
power), and a bibliography of over 500 references.
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The moss bug Oiophysa distincta (Peloridiidae).
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Suborder Coleorrhyncha: Moss bugs

All living Coleorrhyncha belong to the family Peloridiidae or moss bugs, with 17
genera and 32 species known from New Caledonia, New Zealand, southeastern
Australia, and southern South America (Burckhardt 2009; Lariviere et al. 2010).
They are generally viewed as a relict Gondwanan group that was probably
represented by a much richer world fauna in the Upper Permian and Upper
Cretaceous. The phylogenetic position of moss bugs within the Hemiptera has
been controversial for a long time although, since the 1990s, a sister-group
relationship with Heteroptera has been supported by a number of studies based
on morphological and molecular evidence.

Peloridiids are minute cryptically coloured bugs of 2-5 mm body length and
have been said to be probably the rarest and most remarkable of all Hemiptera
(Helmsing & China 1937). They are characterised by a flattened body, areolate
dorsal surface (head, thorax and forewings), and a transverse opisthognathous
head (with receding‘jaws’ or suctorial mouthparts positioned posteroventrally).
Apart from one South American species displaying wing dimorphism (winged
and wingless forms) all known peloridiids are wingless and consequently
incapable of flight. This makes them ideal test-organisms to study Gondwanan
dispersal and vicariance hypotheses.

Moss bugs are found in permanently moist habitats among water-saturated
mosses, on which they feed, and liverworts, often in association with southern beech
(Nothofagus). Practically nothing is known about specific relationships between
peloridiid bugs and mosses, and possibly also liverworts. Other known biological
and behavioural attributes of peloridiids include five larval instars (Estévez and
de Remes Lenicov 1990), spring mating and overwintering eggs (Cassis & Gross
1995), and, as in other sap-sucking Hemiptera, endosymbiotic micro-organisms
present in special mycetomes (Miiller 1951; Pendergrast 1962; Schlee 1969) as well
as, in Hacheriella veitchi (Australia), vibrational communication (Hoch et al. 2006)
and jumping ability (Burrows et al. 2007).

The New Zealand fauna is 100% endemic, with three genera and nine
species described, representing about 28% of the known world species. Very little
is known of the distribution and biology of individual New Zealand species and
there are a few additional taxa remaining to be described.

Evans (1981) published a general world review of this very special group of
bugs, based on a limited number of specimens (approximately 600). Burckhardt
(2009) has revised the taxonomy and phylogeny of the world fauna based on
substantially more material collected by Evans or accumulated in museums
(mostly outside New Zealand) since the 1980s. Burckhardt (2009) described two
new species for New Zealand (Oiophysa paradoxa and Xenophysella greensladeae)
and synonymised three others (Oiophysa fusca = O. ablusa; Xenophysella dugdalei
and X. pegasusensis = X. stewartensis). He also provided keys, descriptions, and
figures to all genera and species as well as basic information on geographic
distribution and habitat.

The distribution of the New Zealand taxa is known only in very general
terms. Three species (33% of the fauna) occur in both North and South Islands
(Oiophysa cumberi, O. pendergrasti, Xenophyes cascus). Of these, Xenophyes cascus,
also found on Stewart Island, is by far the commonest and most wide-ranging
New Zealand species. Oiophysa cumberi and O. pendergrasti are so far known
from fewer than 10 populations in the North Island (only one population in
the case of O. pendergrasti). These two species — the only ones shared between
both islands — have also been recorded from a few populations (only one in O.
cumberi) around Takaka Hill near Nelson in the South Island. No species is so far
known to be endemic to the North Island.

Published records suggest that three species (33% of the fauna), Oiophysa
ablusa, Xenophyes kinlochensis, and Xenophysella greensladeae, are endemic to
the South Island. Xenophyes kinlochensis and Xenophysella greensladeae have so



far been collected in a handful of locations around the greater Milford Sound
area (Hollyford Valley, Key Summit, Routeburn Valley, Tutoko River Valley) and
Secretary Island in Fiordland National Park (Burckhardt 2009; Lariviere et al.
2010). Oiophysa distincta is shared between the southwestern areas of the South
Island and Stewart Island. Two species (Oiophysa paradoxa and Xenophysella
stewartensis) are endemic to Stewart Island. Peloridiidae have not been recorded
from the Chatham Islands or from any of New Zealand’s subantarctic islands.

The scope of Burckhardt’s (2009) world revision did not allow him the
opportunity to analyse critically the rather large amount of predominantly
unidentified material deposited in New Zealand entomological collections and
museums. This material is described in the most recent volume in the Fauna
of New Zealand series (Lariviere et al. 2010) and provides a comprehensive
taxonomic treatment of the New Zealand fauna, including detailed information
on distribution and biology.

Suborder Heteroptera: Bugs

The following overview of New Zealand Heteroptera and the end-chapter
species list have been extracted from Lariviere and Larochelle (2004) and
Lariviere (2005), with slight modifications.

Australasian and global diversity of Heteroptera

Australian and world figures are from Cassis and Gross (1995, 2002). Numbers of endemic taxa are
bracketed (modified from Lariviere & Larochelle (2004).

Family New Zealand Australia World
Species  Genera Species Genera Species Genera
Acanthosomatidae 2(1) 4 (4) 17 (12) 45 (43) 47 180
Aenictopecheidae 3(2) 4(4) 2 (1) 2(2) 10 20
Anthocoridae 6 (1) 8 (4) 16 (5) 29 (19) 81 523
Aradidae 19 (12) 39 (38) 39 (18) 143 (127) 230 1,909
Artheneidae 11 11 1) 2(2) 8 20
Berytidae 1(0) 1(1) 6 (0) 7 (6) 36 172
Ceratocombidae 1(0) 2(2) 1(0) 1(1) 7 35
Cimicidae 1 (0) 1 (0) 1(0) 1 (0) 23 108
Coreidae 1 (0) 1 (0) 43 (26) 83 (59) 252 1,802
Corixidae 2 (0) 6 (6) 5 (0) 31 (25) 36 556
Cydnidae 4 (1) 4 (1) 21 (9) 83 (76) 120 751
Cymidae 1 (0) 1 (0) 4(0) 10 (6) 9 54
Enicocephalidae 3(2) 4 (4) 3 (1) 5(5) 50 180
Gerridae 1 (0) 1 (0) 10 (3) 29 (17) 69 586
Heterogastridae 1 (0) 1 (0) 3 (1) 5 (4) 23 97
Hydrometridae 1 (0) 1(0) 1(0) 6 (4) 7 119
Lygaeidae 4Q)  33(32) 22 (7) 81 (70) 101 972
Mesoveliidae 2(1) 2(1) 2 (0) 5(3) 11 41
Miridae 39 (28) 115 (98) 91 (40) 186 (148) 1,300 9,800
Nabidae 2 (0) 4Q) 7 (0) 22 (16) 31 380
Notonectidae 1 (0) 2(2) 6(2) 39 (25) 11 350
Pentatomidae 8 (1) 8 (1) 134 (94) 363 (333) 642 4,110
Reduviidae 3 (0) 7 (4) 100 (62) 226 (198) 961 6,601
Rhyparochromidae 22 (10) 42 (34) 75 (32) 185 (142) 368 1,824
Saldidae 1 (0) 7 (7) 3 (0) 10 (9) 28 274
Schizopteridae 1(0) 1(1) 13 (9) 61 (16) 42 221
Tingidae sensu lato 4(1) 1(1) 56 (25) 147 (133) 250 2,025
(incl. Cantacaderidae)
Veliidae 1 (0) 1(1) 4(0) 17(14) 46 673
Totals 136 (55) 305 (249) 794 (390) 2,093 (1,734) 5,470 39,308
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Antipodean assassin bug Ploiaria
antipodum (Reduviidae).
From Grant 1999

Common water boatman Sigara arguta
(Corixidae).
From Grant 1999
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Lacebug Tanybyrsa cumberi (Tingidae).

Des Helmore

Seed bug Arocatus rusticus (Lygaeidae).
From Grant 1999

Around 37,000 species of true bugs are described worldwide, with possibly
another 25,000 species remaining to be described (Schaefer & Panizzi 2000).
The world fauna is divided into approximately 75 families. Better-known
continental faunas such as those of North America, Europe, or Australia include
thousands of species. By comparison, the New Zealand fauna — currently
comprising 29 families, 138 genera, and 309 species — may appear relatively
small, but what it lacks in size it makes up for in its uniqueness, with >80%
of known species and 40% of known genera currently recognised as endemic.
From this point of view New Zealand can be regarded as a biodiversity ‘hot
spot’ for true bugs. Once fully described, the New Zealand fauna is likely to
comprise 400 to 500 species.

The largest heteropteran families in New Zealand are the plant bugs
(Miridae; 120 species or 39% of the fauna), rhyparochromid seed bugs (Rhyparo-
chromidae; 42 species or 14%), flat bugs (Aradidae; 39 species or 13%), and
lygaeid seed bugs (Lygaeidae; 33 species or 11%). In Australia, the four largest
families are the stink bugs (Pentatomidae; 360 species or 18%), assassin bugs
(Reduviidae; 226 species or 11%), flat bugs (Aradidae; 207 species or 10%), and
plant bugs (Miridae; 186 species or 9%) (ABRS, 2009), but these numbers will
change because large portions of the Australian fauna are still unrevised. The
rhyparochromid seed bugs (Rhyparochromidae; 170 species) and lace bugs
(Tingidae including ‘Cantacaderidae’; 147 species) are also well represented in
Australia. The largest heteropteran genus in New Zealand is Chinamiris (Miridae,
31 species). More than 30 unrevised heteropteran genera are currently represented
in New Zealand by a single species.

Faunal affinities are greatest with southeastern continental Australia. A
number of native taxa are also shared with Tasmania, Norfolk Island, Lord Howe
Island, or southern Chile, suggesting a Gondwanan origin. The New Zealand
fauna does not appear closely related to that of New Caledonia, with only a few
generic and subgeneric level affinities supporting this relationship.

The New Zealand fauna is about 15% the size of the Australian fauna. More
than 35 families present in Australia are not represented in New Zealand. New
Zealand shares about 10% of its native true bug genera with Australia and only
5% of its native species. No family of Heteroptera is endemic to New Zealand.

Nearly all species of Heteroptera possess the following three diagnostic
features — piercing-sucking mouthparts in the form of a segmented beak
extending from the front of the head and running backward along its underside;
slightly overlapping forewings lying almost flat over the abdomen; and each
forewing base being much thicker than the tip (hence the name Heteroptera,
derived from the Greek words heteros (different or other) and pteron (wing),
referring to the non-uniform texture of the forewings).

The Heteroptera are the largest and most diverse group of insects with
incomplete metamorphosis (hemimetabolous insects). Their life cycle involves
an egg stage, a series of nymphs (usually 5), or growing stages that progressively
look similar to the adult, and finally an adult stage.

The true bugs comprise a highly adaptable group that has managed to
occupy most terrestrial as well as many aquatic and semi-aquatic habitats and to
evolve remarkably diverse life habits on nearly all continents and most islands,
suggesting a long evolutionary history for the group.

True bugs have been well collected in New Zealand and are well represented
in entomological collections and museums. The first heteropteran species
described from this country was the acanthosomatid stink bug Oncacontias
vittatus (Fabricius, 1781). Subsequently, until the 1930s, most taxa were described
by European workers, in particular White (1876-1879) and Bergroth (1927).

Renewed taxonomic activity from 1950 to 1970 yielded several new taxa
and important revisions, mainly due to the efforts of Woodward (especially
1950, 1953, 1954, 1956, 1961) and Usinger and Matsuda (1959). These workers
described more than 20 genera and 45 species in several families and provided
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other researchers described individual taxa from a range of families, which meant
that by the end of the 1960s there were twice as many taxa known from New
Zealand as there were 30—40 years earlier.

Much of the taxonomic effort between 1970 and 1977 was devoted to the
family Lygaeidae sensu lato (Artheneidae, Cymidae, Heterogastridae, Lygaeidae,

Rhyparochromidae, in this book). The solid contributions of Malipatil (especially /
1976-79), particularly on the tribe Targaremini, are noteworthy. f;

The most active period of taxonomic description and revision, however,
was still to come. Over the last 30 years or so the highly prolific work of one
New Zealander, A. C. Eyles, especially on the families Lygaeidae and Miridae
(e.g. Eyles 1990-2008) yielded more than 100 new species and several new
genera. Other key publications are by Kirman (1985-1989) and Heiss (1990,

1998) who revised parts of the family Aradidae, Lariviere (1995) who revised

the Acanthosomatidae, Cydnidae, and Pentatomidae, Lariviere and Larochelle Sea skater Halobates sericeus.
(2004, 2006) who described the New Zealand Ceratocombidae and reviewed the Lanna Cheng, Scripps Istitution of Oceanography
genera of Aradidae, and Buckley and Young (2008) who updated the taxonomy
of Corixidae.

As far as comprehensive taxonomic revisions are concerned, they currently
cover approximately 175 species, or about 55% of the described New Zealand
fauna. Consequently, apart from the Miridae, Lygaeidae, Pentatomoidea, and part
of the Rhyparochromidae, all other families (>24) are in great need of modern
revisionary treatment. Furthermore, so much new material has been collected
and deposited in New Zealand collections in the last 30 years that numerous new
taxa remain to be described, even in groups that have already been worked on.

Taxonomic works published until now generally deal with the adult stage. Less
than 15% of described New Zealand Heteroptera have immature stages described.
Only the last instar nymphs of Acanthosomatidae, Cydnidae, and Pentatomidae
have been better documented, together with a few species of the superfamily
Enicocephaloidea and the families Lygaeidae, Miridae, Rhyparochromidae, and
Veliidae.

Identification keys are scarce. The most up-to-date keys to identify New
Zealand Heteroptera at the family level are provided by The Insects of Australia,
Hemiptera (Carver et al. 1991) and A key to the bugs of Australia (Elliott & Cassis
2001; LUCID key — http://www.faunanet.gov.au/).

Below the family level, identification is problematic and for most groups one
has to rely on often inadequate original descriptions. With the exception of some
recent works that include keys to taxa of Lygaeidae, Miridae, Pentatomoidea
(Acanthosomatidae, Cydnidae, Pentatomidae), and Rhyparochromidae, the
diagnostics literature is scattered. Eyles (2000b), however, provided a very useful
overview of introduced Mirinae (Miridae).

Keys to Heteroptera so far recorded from New Zealand are being prepared by
Marie-Claude Lariviere (Landcare Research, Auckland) and electronic versions
will be made available on the internet (The New Zealand Hemiptera website —
http://hemiptera.landcareresearch.co.nz).

The majority of Heteroptera families occurring in New Zealand are terrestrial.
Less than 7% of the fauna is semi-aquatic (living on or near water) or aquatic
(living in water). The only species of Gerridae occurring in New Zealand is the sea
skater Halobates sericeus, a true bug living on the surface of the ocean. Terrestrial
species can be either epigean (living on the ground), planticolous (living on low-
growing plants), or arboreal (living on trees and shrubs).

The two native terrestrial habitats harbouring the greatest number of species
are forests and shrublands (in the lowlands and on mountains). Tussock grasslands
and open subalpine environments also harbour their own suites of unique species.
In general, native species tend to live within the confines of native habitats, but
many species also survive in modified environments. Introduced (adventive)  Bark bug Ctenoneurus hochstetteri (Aradidae).
species seem to be able to invade natural habitats, but only to a slight degree. From Grant 1999

identification keys and detailed taxonomic descriptions. In addition, a number of l
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Schellenberg’s soldier bug Oechalia
schellenburgii (Pentatomidae).
From Grant 1999

Green vegetable bug Nezara viridula
(Pentatomidae).
From Grant 1999

Very few native species live exclusivelyin coastal lowlands. On the other hand,
most coastal sand dunes, estuarine habitats, and coastal wetlands are typically
inhabited by adventive species. Some adventive species are synanthropic (living
around human dwellings).

Very little is known about the life history of native true bugs. Host plants
(the plants on which true bugs breed, develop, and feed) have been confirmed
for less than one-fourth of known species, and mainly for seed bugs (Lygaeidae,
Rhyparochromidae) and plant bugs (Miridae). Adults of Heteroptera are probably
diurmal in most families. Although adult true bugs of most species are active for
much of the year, their peak of activity is between November and March, i.e.
the end of spring (September—November), summer (December-February), and
early autumn (March-May). The seasonal activity of immature stages (nymphs)
as well as the time of the year when adults mate and reproduce, are mostly
undocumented. Population biology and means of dispersal remain virtually
unknown.

The majority of Heteroptera found in New Zealand are phytophagous
(plant-feeding), extracting sap directly from the plant vascular system (in most
families) or feeding on seeds, developing fruits or flowers, or sometimes pollen.
The majority of species of the flat bugs (Aradidae) feed on the mycelia or fruiting
bodies of various wood-rotting fungi.

Almost all families of Heteroptera also include species that prey on insects
and other arthropods. There are also entire families that are predominantly
predatory (e.g. Anthocoridae). Only the introduced bed bug Cimex lectularius
(Cimicidae) is haematophagous (feeding on the blood of vertebrates, including
humans); there does not appear to be any evidence of disease transmission.

Little is known about the natural enemies of New Zealand Heteroptera.
Hymenopteran egg-parasites, some birds (e.g. pipits, rooks, starlings), spiders,
damsel bugs, ground beetles, and mites have been observed as enemies of some
true bugs in New Zealand, but published observations are rare. Spiders could
be the most important predators, especially in open habitats such as alpine
environments and tussock grasslands.

In terms of economic importance, direct damage to crops or disease
transmission by a single species may be lower in Heteroptera than in other major
insect groups including the hemipteran suborder Auchenorrhyncha. Never-
theless, some native and adventive species have limited economic impact in New
Zealand, e.g. the green vegetable bug Nezara viridula (adventive Pentatomidae)
on vegetable crops, Engytatus nicotinianae (adventive Miridae) on tobacco,
Closterotomus norwegicus (adventive Miridae) on various seed and vegetable
crops, and Nysius huttoni (native Lygaeidae) on crucifers and wheat. However,
species with pest status in other parts of the world, including neighbouring
island countries and other parts of Australasia, represent potential biosecurity
risks for countries like New Zealand that rely heavily on primary industry for
their economy. For example, chinch bugs (Nysius species) and other species in
the seed bug family Lygaeidae have historically been among the most destructive
plant-feeding pests in several countries of the world. Consequently there is
a constant need to update the inventory of New Zealand’s and neighbouring
faunas, through sustained fieldwork and taxonomic reassessments.

As a group, Heteroptera can also serve humans and the environment in
positive ways, especially those predatory species that can be useful biological
control agents (e.g. in integrated pest-management programmes). As a general
rule, predatory and zoophytophagous species native to New Zealand have not
been investigated for use as biocontrol agents although true bugs belonging to
the same families have been used overseas to control thrips, mites, moth eggs
and caterpillars, leathoppers, mosquitoes, and planthoppers.

Finally, seemingly economically unimportant groups of true bugs may be
important to humans or to nature conservation. Aquatic and some semi-aquatic
Heteroptera, for example, may prove important as foodstuffs for fish and as
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indicators of water quality. From an insect-conservation point of view, at least 130
endemic Heteroptera (42% of the total fauna) are known from 10 populations or
fewer — many from the type locality only — and many of these species also live in
habitats that are at risk or being lost or highly modified.

As for geographic distribution, about 73% of species occur in the South Island,
although only around 25% of all native species are restricted to this island. A
slightly lower number of species, about 68%, occur in the North Island, with about
20% of all native species restricted to this island. At least 45% of native species
are shared between North and South Islands. Northland, Auckland, Wellington,
northwest Nelson, and Mid-Canterbury are the regions currently showing the
highest overall species diversity, taking into account several adventive species.

The areas of the country so far known to have the greatest number of local
endemics are Northland, Wellington, northwest Nelson, and Fiordland. The
warmer areas of New Zealand and its main trading ports and agricultural regions
(Northland, Auckland, Gisborne, Bay of Plenty, Northwest Nelson, Mid Canter-
bury) include the largest number of adventive species. No true bugs have been
recorded from the Antipodes Islands, Bounty Islands, Campbell Island, or Snares
Islands.

Overall, about 25% of the fauna is flightless, but in flat bugs (Aradidae) and  Tussock damsel bug Nabis maoricus (Nabidae).
rhyparochromid seed bugs (Rhyparochromidae) flightlessness reaches 65-70%. From Grant 1999
Thus a large proportion of New Zealand species is limited in its dispersal abilities.

The Heteroptera catalogue of Lariviere and Larochelle (2004) provides
extensive additional information on nomenclature (including colour photos of
types), geographic distribution, natural history, wing condition (including dispersal
power), and a bibliography exceeding 1000 references.

Order Thysanoptera: Thrips

Thrips are small slender insects with a tubular abdomen and mouthparts that
punch and suck. Worldwide, there are almost 5000 species. They range in length
from half a millimetre to 15 millimetres, but most are in the range of 1.5-2.5
millimetres. The short antenna has 6-9 segments and a pointed tip. The two
pairs of narrow wings, when present, are quite distinctive. They are fringed with
long hairs (Thysanoptera means‘fringed wing’) and have only 1-3 longitudinal
veins and a pointed tip. In only one family (Aeolothripidae) are there species
with cross-veined wings. Wing size (full, small, wingless) quite often varies
within a species, some of which have wingless males or females. Development is
peculiar in that there are nymph-like early instars (stages between moults) but a
pre-adult pupa stage. A large number of species feed on sap in flowers, but some
are predacious and feed on smaller insects and mites.

There are two suborders, most easily distinguished by differences in the
wings. In the Terebrantia, the wings have three parallel veins, the fringe hairs are
socketed, and the wings lie parallel when at rest. In the Tubulifera, the wings lack
veins, the hairs are not socketed, and the wings overlap when at rest.

The New Zealand fauna consists of 121 species, of which about 65 are
endemic. The systematic work of Mound and Masumoto (2005) and Rugman-
Jones et al. (2006) builds on the earlier revisions of Mound and Walker (1982,
1986). Most species in New Zealand are small, but the adventive Idolothrips
spectrum reaches 10.5 millimetres long. Among the 65 native species, 17.2% are
wingless in both sexes.

Endemism is relatively high in both suborders — 32% in Terebrantia and
69% in Tubilifera. These percentages may decrease, however, when the thrips of
Australia (CSIRO 1991) and New Caledonia are more adequately investigated.
Desmidothrips is an example of a genus shared between New Zealand and New

R K | X R ) Australian bottlebrush thrips
Caledonia. The genus Physemothrips, with two species, is endemic to Stewart Teuchothrips disjunctus.

Island and the subantarctic islands. Adelphithrips dolus is endemic to the Snares From Grant 1999
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Onion thrips Thrips tabaci.

Lincoln University

Islands. None of the 11 species recorded from the Chatham Islands or the eight
species known from the Three Kings Islands is endemic. No thrips have been
identified from the Kermadec or Poor Knights Islands, where other orders have
endemic species.

Some 47 species of herbivorous Thripidae and only three species of Phlaeo-
thripidae feed on plants (see end-chapter checklist). They feed mainly on leaves
but some species are abundant among flowers. Foliage and flower damage can
become apparent as paler spots with dark speckles. Many of the species of
Phlaeothripidae and the two species of Merothripidae dwell among leaf-litter
or are found on dead twigs and branches. Analysis of gut contents shows that
some genera feed on fungi. The three species of Aeolothripidae are apparently
omnivorous, living on other immature thrips in flowers as well as feeding on the
plants. Haplothrips kurdjumovi preys on moth eggs and mites in orchards. One
of the alien species, the foliage thrips Sericothrips staphylinus, was deliberately
introduced for release against gorse in 1990 and has become established (Hill et
al. 2001; Hayes 2007).

Some native species, such as Adelphithrips nothofagi, Thrips coprosmae, and
Thrips phormiicola are host-specific. Conversely, the New Zealand flower thrips,
Thrips obscuratus, is found on at least 225 plant species (Teulon & Penman 1990)
and is the main native pest species. Martin and Mound (2005) and Mound and
Masumoto (2005) provided new well-defined host records for seven of the
endemic species. The only introduced species found frequently among native
vegetation is Thrips tabaci. Among four of the main pest species of the suborder
Terebrantia, white backgrounds are preferred by T. obscuratus and yellow by T.
tabaci and Ceratothrips frici, while foliage-feeding Limothrips cerealium shows no
preference for different coloured traps (Teulon & Penman 1992).

Several endemic species have been shown to have quite extensive
distributions, but other species are recorded from only the type locality or a
few places (Mound & Walker 1982, 1986). Beech forest has a greater diversity
of Phlaeothripidae than broadleaf-podocarp forest (Mound & Walker 1986) and
Evans et al. (2003) reported that species in this family favour soil under litter
more than that under rotting logs in red beech (Nothofagus fusca) forests. The
species of thrips and their diversity in some habitats remain unstudied. These
include thrips of the grey shrubland (key taxa Discaria toumatou and Olearia spp.)
of the South Island

Native Thrips obscuratus is a major pest of introduced plants, especially
horticultural crops (Teulon & Penman 1990). Much damage is done to the
surface of stonefruit, where white stippling and loss of colour can lead to
rejection of fruit. There is zero tolerance for this pest in export fruit (McLaren &
Fraser 2000). Populations gradually build up to an autumn peak on unsprayed
trees (Teulon & Penman 1996; McLaren & Fraser 2001), but adults cause most
damage during flowering while not affecting fruit set (McLaren & Fraser 2000).
Reflective mulch has helped reduce populations in stonefruit orchards and
carbaryl is the most effective spray (MacLaren & Fraser 2001). Thrips can also
carry spores of the brownrot fungus (Ellis et al. 1988). This thrips is the main
species among kiwifruit flowers, too, but on fruit and foliage the greenhouse
thrips is the main pest (Tomkins et al. 1992). Post-harvest disinfestation may be
needed to avoid rejection of cut flowers (Carpenter 1987) and other exported
horticultural produce. Thrips obscuratus is apparently one of the main thrips
species in lucerne (alfalfa) flowers (Macfarlane 1970, Teulon & Penman 1990),
along with Apterothrips secticornis (Somerfield & Burnett 1976), but its role in
disrupting pollination by consuming pollen remains unstudied.

Conversely, T. obscuratus is among the thrips species of broom flowers
(Teulon & Penman 1990), where feeding on pollen may reduce pollen viability
to some extent. Flowers of seed crops of red clover and white clover can be
adversely affected by Haplothrips niger (Yates 1952), while the main thrips species
in lotus seed crops remain unstudied. Timothy thrips (Chirothrips manicatus) may



be found on timothy and other grass seedheads, where it can cause considerable
(but inadequately documented) damage to developing seeds (Doull 1956; Scott
1984). Limothrips cerealium is the main thrips of wheat, barley, oats, and ryegrass,
but it is apparently less common in brome grass and ryecorn crops (Bejakovich
et al. 1998). Grass thrips Aptinothrips rufus and the American grass thrips
Anaphothrips obscurus can be common among grass or cereal crops (Cumber
1959a, Mound & Walker 1982), where they feed mainly on the foliage. Flower
thrips Frankliniella occidentalis and the onion thrips Thrips tabaci can transfer
tomato spotted wild virus (Scott 1984; Cameron et al. 1992). Both introduced
species have a wide host range, but the onion thrips is of main importance as
a vegetable pest (Scott 1984); it is of secondary importance among nectarines
and peaches in the spring (McLaren 1992; Teulon & Penman 1994). Reducing
litter and weeds in the crop helps control populations of several pest thrips
of asparagus (Townsend & Watson 1984). The greenhouse thrips Heliothrips
haemorrhoidalis is of most importance as a pest in citrus fruit (Scott 1984).
Other ornamental plants adversely affected by thrips include bottlebrushes by
Teuchothrips species and gladiolus by Thrips simplex (Mound & Walker 1982;
Scott 1984). Thrips populations can particularly build up in greenhouses because
of warm conditions and few natural pests, producing up to 12 generations in a
season. Among greenhouse capsicums, flower thrips Frankliniella occidentalis has
developed resistance to tau-flavinate spray (Martin & Workman 1994), so it is
important to develop biological controls where possible. Frankliniella intonsa has
been found in the Auckland area since 2002 on strawberries, dahlias, capsicum,
and sunflowers (Teulon & Nielson 2005; O’Donnell pers. comm.). Of the two
species, F. occidentalis has a much wider distribution, as evidence by monitoring
of capsicum flowers (Teulon & Nielson 2005). The main impact of the gorse
thrips, Sericothrips staphylinus, in the field is on seedlings and young plants (Hill
et al. 2001).

The natural enemies of thrips in New Zealand include four native species
of Spilonema wasps (Sphecidae) (Harris 1994a), which nest in holes in twigs.
Hymenopterans are important in control — thrips nymphs may be parasitised
by the introduced eulophid Ceranisus (Valentine & Walker 1991), thrip eggs by
Megaphragma (Trichogrammatidae) (Mound & Walker 1982), and Thripobius
semiluteus (Eulophidae) has been imported for control of greenhouse thrips
(Froud et al. 1996). So far, two pathogens are known to affect the New Zealand
flower thrips — the fungus Entomophthora and the nematode Thripinema sp.
(Allantonematodidae) (Teulon et al. 1997).

Order Psocoptera: Psocids, booklice, barklice

There are about 5500 species of Psocoptera, which probably represents at most
50% of existing species. Only 69 species are so far recorded from what must be a
much greater New Zealand fauna. On present inadequate data, the fauna appears
to be a reduced Australian fauna with a New Caledonian connection in some
groups. Psocoptera are now known to be important components of ecosystems,
especially through their role in freeing resources locked in the microflora. Detailed
information on biology and ecology of most species other than some European
and North American forms is meagre.

Surprisingly few entomologists, whether professional or not, have more
than a nodding acquaintance with the Psocoptera. This is probably because most
general textbooks include somewhere in their introductory paragraphs some such
statement as’a little-known order of insects’ and an‘order of small insects, from
1-10 millimetres in length’ or some such equally discouraging statement. They
are then usually referred to as booklice or barklice and the member illustrated
is often a member of the very atypical genus Liposcelis, relegated to the status of
‘a pest in houses and granaries’ or some similar emotively inferred undesirable
status. Even the author of the words that you are reading has been unwittingly
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guilty of this type of denigration when preparing general texts. The truth of the
matter is that, like most ‘minor’ orders of insects, there are many more species
than most entomologists realise. Few species have pest status, they are often
common in the field in a wide variety of habitats, not difficult to recognise or
collect, and their biology poses many fascinating questions. Populations are at
times extremely large, and many species are ecologically very important. Many
are aesthetically very pleasing, a not-unimportant factor when many of the
working hours of one’s life are spent looking at them.

The 5500 described species of Psocoptera worldwide are currently grouped
into more than 340 genera in 41 families (Lienhard & Smithers 2002). Estimates
of the number of undescribed species cannot realistically be made on any logical
basis at present, but intuitively there must be very many. There are already
considerable numbers of undescribed species in some major museums and it
is obvious that many smaller collections have undescribed species, too, which
collectively could add many more species to the tally. Nearly 250 species are
known from the Euro-Mediterranean region (Lienhard 1998), yet even in
this otherwise well-worked part of the world many undescribed species have
been found in recent years. There are several European countries for which the
species list is very short. Considering that some parts of the world, such as South
America, Asia, and much of Africa have very rich faunas in other insect orders,
the relatively few species of Psocoptera that have been recorded indicates that
there remains an enormous number of undescribed species to be collected and
described. Until this is done, many of the most interesting problems associated
with the order will remain unsolved.

There are 69 species listed here for New Zealand and its adjacent islands
(including seven species probably not yet named). For comparison, in one study
area of only just over 200 hectares in temperate eastern Australia, 78 species
have been recorded. There is little doubt that there are additional species to
come from the New Zealand region. This indicates the measure of neglect that
has been accorded the Psocoptera in New Zealand and the ease with which
interesting additions to the fauna would be found in a country that has as wide a
range of altitudes, climatic regimes, and distinct ecological communities as New
Zealand. We are fortunate to have an excellent general introductory account
of the order that covers all the topics needed as background for their study,
including collecting and study methods (Lienhard 1998). Perusal of this work
will also soon reveal where the major gaps in knowledge lie.

Classification

The families of Psocoptera are currently grouped into three suborders, the
Trogiomorpha, the Troctomorpha, and the Psocomorpha. This classification
has been arrived at by modification of an outline sketch of a classification
provided by Pearman (1936) that was far superior to any earlier scheme. In
his outline, Pearman established a number of families without giving detailed
definitions but with mention of a typical genus for each family. He did not erect
formal superfamilies, but united families into a series of informal groups that
he considered to indicate likely relationships. One of these, Homilopsocidea,
contained families that he could not definitely place in his other groups. Roesler
(1944) provided a very useful key to the genera, at the same time rearranging
some genera in Pearman’s suprafamilial groups and dispersing the elements
of the Homilopsocidea. Unfortunately, the rearrangement obscured some
relationships, but the work was a strong stimulus to studies of what had become
a difficult group to approach. Badonnel (1951) used a classification that was
a combination of those of Pearman and Roesler, with modifications suggested
by other authors. Smithers (1972) proposed a more phylogenetically orientated
reclassification but suggested at the time that, because so many psocopteran
genera were still poorly known, it would be preferable to retain the earlier
arrangement for practical descriptive purposes while the new arrangement could



be tested against additional information as it became available. Smithers (1972)
also tabulated these classifications in relation to one another. Mockford and
Garcia Aldrete (1976) made the first attempt at formal definition of superfamilies
by erecting two of them (Asiopsocoidea and Caecilioidea) to replace one of
Pearman’s informal groups, the Caecilietae, thus setting a welcome trend
towards formalising the classification of the Psocoptera in line with terminology
of other insect orders. Continuation of progress in this process will depend on
more information becoming available on the insects themselves.

History of studies on the New Zealand psocopteran fauna

Kolbe (1883) described the first psocopteran from New Zealand, the large
Myopsocus novaezealandiae, which had already been described from Australia
as Psocus australis by Brauer (1865). Hudson (1892) described Myopsocus
zelandicus, which McLachlan (1894) considered to be the same as M.
novaezealandiae. Hutton (1899) redescribed this species and Enderlein (1903)
repeated Kolbe’s description. Not much progress was made until Tillyard
(1923a) added 15 new species from New Zealand and gave a general account
(Tillyard 1926) of the fauna. Cumber (1958, 1959b, 1962) recorded species
found in pastures and cereal crops in the North Island, and Cumber and Eyles
(1961a) recorded psocids from fodder crops from the same area. Thornton
(1962) discussed the generic position of two of Tillyard’s species. Three species
were recorded from Campbell Island by Smithers (1964). Smithers (1969)
described 15 new species, added further new records for New Zealand, and
provided keys to all the species from the New Zealand subregion, bringing the
number of species to 43. Gressitt and Wise (1971) included Psocoptera in their
discussion of the insects of Auckland Island, Smithers (1973) added a species
from the Kermadecs, and Smithers (1974) gave a summary of records from
subantarctic islands, including those relevant to New Zealand. Wise (1977)
provided an up-to-date list of species from the subregion. Smithers (1999)
described a remarkable new genus and species from the Bounty Islands and
recorded the Trichopsocidae for the first time in New Zealand (Smithers 2002).
Progress in species recognition in the fauna can be followed in the literature
cited in the references. The list deliberately includes papers not specifically
mentioned in the text so that it effectively forms a bibliography of the New
Zealand Psocoptera which should facilitate entry into the literature by anyone
wishing to study the group.

With such a small proportion of species known, it is obvious that almost any
conclusions regarding the fauna as a whole must be considered very preliminary
because the proportion of species still to be recorded is so high that new
discoveries will inevitably have considerable influence on conclusions.

Distribution of New Zealand psocopteran species

New Zealand species can be placed in four groups based on their distribution. These
are not rigid categories, because of overlap, but are convenient for discussing the
fauna. New Zealand’s offshore territorial islands — Chathams, Snares, Auckland,
Campbell, Bounty, and Kermadecs are included in the discussion.

Species associated with humans (six species)

There are many species of Psocoptera that have become habitual inhabitants
of man-made environments, such as granaries and domestic and commercial
buildings.They are, of course, found elsewhere in the wild. They tend to be distrib-
uted worldwide and have been at least partly spread through human activities. In
New Zealand these include Cerobasis guestfalica, Lepinotus inquilinus, L. patruelis,
Liposcelis corrodens, and Trogium pulsatorium. There is no doubt that many more
species of Liposcelis, a cosmopolitan and economically significant genus, are
present in domestic situations and in stored products in New Zealand. They
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simply await collection and identification, some of them having undoubtedly
been listed in the past as ‘L. divinatorius’, a species that cannot be recognised
from its description and of which the types cannot be found. A few species in this
first group (e.g. Psyllipsocus ramburii) appear to have spread naturally to human
habitations from habitats such as caves. This species is widespread in caves and
has probably been transported by bats.

Naturally occurring widespread species (six species)

Some naturally occurring widespread habitats, such as dead leaves or leaf litter,
are rapidly and regularly colonised by some species of Psocoptera without
human assistance. In New Zealand, Echmepteryx madagascariensis (pantropical,
especially associated with dead banana leaves), Ectopsocus briggsi, E. californicus,
Propsocus pulchripennis (widespread in tropical and temperate countries), and
Pteroxanium kelloggi (sometimes domestic), probably fall into this group. Some
species of Ectopsocus have, however, been found in packaging materials, which
suggests that they could also be spread with human assistance. In the case of E.
briggsi, E. californicus, and P. pulchripennis, they occur so widely in nature that it
seems unlikely that human intervention has necessarily been a major factor in
their spread. Peripsocus milleri appears to be widely self-spread, living on the bark
of twigs and stems of woody plants. Cerobasis guestfalica can also be included in
this category on the basis of its very frequent occurrence in natural habitats.

Species common to New Zealand and Australia (17 species)

Species of limited distribution that appear to be native to the Australasian
Region, and common to New Zealand and Australia (including Tasmania) and/or
Norfolk Island, include Aaroniella rawlingsi, Austropsocus hyalinus, Blaste tillyardi,
Ectopsocus petersi, Haplophallus maculatus, Chorocaecilius brunellus, Philotarsopsis
guttatus, Lepinotus tasmaniensis, Maoripsocus semifuscatus, Paedomorpha gayi,
Paracaecilius zelandicus, Pentacladus eucalypti, Peripsocus maoricus, and P. morulops.
One of these (E. petersi) has also been found on Lord Howe Island. Of the
remaining three species in this group, Myopsocus australis has a somewhat more
extensive range that includes Norfolk Island, the Kermadecs, and the Solomon
Islands. Trogium evansorum occurs in New Zealand and Norfolk Island but has
not yet been found in Australia. These species appear to have evolved in the
Australasian Region and to have undergone some limited dispersal within it,
somewhat extended in the case of M. australis. It is not possible to decide which
of these have dispersed naturally and which, if any, may have been spread by
importation on commercial material such as timber or horticultural produce. This
group can be considered as essentially Australasian in origin. The distribution of
Ectopsocus axillaris cannot be easily categorized. It is known from New Zealand
(on introduced pines), Tasmania, and Ireland, which strongly suggests human
influence, but in which direction this might have taken place is impossible
to determine. On present records, it appears to be fairly localised in all three
countries (Smithers 1978).

New Zealand endemic species (31 species)

Apparent New Zealand region endemics are listed in the end-chapter checklist.
They belong to the following 14 genera: Austropsocus, Bryopsocus, Echmepteryx,
Ectopsocus, Latrobiella, Maoripsocus, Mepleres, Pteroxanium, Rhyopsocus, Sabu-
lopsocus, Sandrapsocus, Spilopsocus, Valenzuela, and Zelandopsocus.

Affinities of the New Zealand psocopteran fauna

The first two species groupings (above) can be expected to throw little reliable
light on the likely affinities of the New Zealand fauna. The first group comprises
widespread species, easily dispersed by human action and closely associated
with domestic, suburban, and industrial habitats. The second comprises species



that habitually inhabit widely distributed ecosystems, which they can enter after
natural long- or short-distance dispersal. They have probably not evolved in
New Zealand or adjacent areas.

The third group comprises species that are not found beyond New Zealand
or adjacent areas and have probably evolved within the Australasian region.
The fourth group comprises probable endemics. The last two groupings can be
expected to be the best indicators of faunal affinities. In reality, the fact that
the New Zealand fauna is very poorly known makes any consideration of
faunal affinities tentative at present. The faunas of Lord Howe Island and New
Caledonia have also not yet been well documented for all families. The different
psocopteran families are not equally represented in different parts of Australasia,
making comparisons very unreliable because of the lack of equivalence of
knowledge from group to group.

The two endemic species of Lepidopsocidae belong to a very large,
mainly tropical, widespread genus, Echmepteryx. Pteroxanium marrisi from the
Chatham Islands is the only species of the genus endemic to New Zealand
— three others are endemic to Norfolk Island, another to Chile, and two to
Mexico, in addition to the one worldwide, sometimes domestic, species. The
only psoquillid in New Zealand (Rhyopsocus conformis) is an endemic member
of an otherwise mainly North American family. It may well be a species that,
while not yet recorded from its original country, was introduced to New
Zealand and first recorded here, which is the case for a number of species in
Europe and Kerguelen Island.

There is only one family endemic to New Zealand, the Bryopsocidae,
which includes two species. It is clearly an offshoot of the Pseudocaeciliidae—
Zealandopsocinae, discussed below. The Caeciliusidae (previously Caeciliidae)
is a very large worldwide family. The relationships of the New Zealand species
to those of other Australasian and Pacific areas are for the present unknown.

The Ectopsocidae is a family comprising species that mainly inhabit dried
leaves. There are many species, with every zoogeographical region having its
own complement of endemics. The New Caledonian fauna of this family has,
unfortunately, not yet been fully studied. The New Zealand species of Elipsocidae
are interesting — a large part of the family (subfamily Elipsocinae) is non-
Australasian except for Sabulopsocus, a monotypic New Zealand endemic, and
Drymopsocus, with three species in Chile and one in Australia. In the Propsocinae,
two genera (Kilauella and Palistreptus) have undergone considerable speciation
in the Hawaiian Islands. Kilauella may be closely related to Drymopsocus but
the Hawaiian species of the group need closer study. Pentacladus is restricted
to Australasia, with one species endemic to Lord Howe Island. Sandrapsocus
is monotypic and apparently endemic to the Bounty Islands, the only known
population being restricted to the few hectares of rocky, windswept Proclamation
Island. Spilopsocus has species in New Zealand, Lord Howe Island, and Australia
but, so far as is known, all are endemic to their own areas.

There are no New Zealand endemics of Peripsocidae, a very widespread
family. Neither this nor the equally widespread large family Philotarsidae,
with one endemic in New Zealand, throw much light on faunal affinities. It
should be noted that the Philotarsidae as presently constituted differs from
that discussed by Thornton (1985) — the important genera Austropsocus and
Zelandopsocus are now included in the Pseudocaeciliidae and his discussion
of the Philotarsidae should be read with this in mind. The Pseudocaeciliidae—
Zelandopsocinae includes three species of Zelandopsocus endemic to New
Zealand, 27 endemic to New Caledonia, and one known only from Queensland.
Austropsocus, the other genus in the subfamily, has eight species endemic to
New Zealand, seven to New Caledonia, and 13 to Australia, with one found
in both Australia and New Zealand. The Pseudocaeciliidae is otherwise a
very large family with very strong Asian and Pacific Island representation. It
does, however, indicate links between New Caledonia and New Zealand. The
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single New Zealand species of the extremely large worldwide family Psocidae
also occurs also in Australia. The family can, for practical purposes, almost
be considered absent from New Zealand, as is the case of the Myopsocidae,
which also has a single New Zealand species. There is one unidentified
species of Trichopsocidae known from New Zealand. The family is a small one,
essentially western Palaearctic, with one other species in Chile and another in
Australia and New Zealand.

Need for future work on Psocoptera

Considering the distributions given above, it would be unwise at present to
make sweeping statements regarding the faunal relationships of the New
Zealand Psocoptera. Thornton (1985) suggested that it is a ‘reduced Australian
fauna’. To this, perhaps, should be added: ‘with the possibility of a New
Caledonian connection’. There is clearly a need for a concerted effort to carry
out the remaining descriptive taxonomy of the Psocoptera as a reliable basis
for all other studies. In simple terms, it is necessary to find out how many and
which psocopterans live in New Zealand and where they are found. The recent
enormous interest in ecosystems and their sustainable management has resulted
in an unprecedented number of faunal surveys. These are producing previously
unheard-of quantities of material for taxonomic study. There is no reason to
suppose that New Zealand is any less well endowed than any other part of the
world so far as the Psocoptera are concerned.

It is known that many Psocoptera occur in very large populations. As a result,
they are extremely important ecologically as grazers of microflora. The sheer bulk
of this resource is not often appreciated, mainly because of the small size of its
components. Psocoptera are prime intermediaries in the release of microbially
derived nutrients into food webs. Psocopteran biology in general is very poorly
known, so their ecological roles cannot be effectively quantified in any whole-
ecosystem studies. Almost everything known (which is relatively little) about
psocopteran biology and behaviour is based on work carried out in Europe
and North America. There is remarkably little known about even elementary
aspects of the biology of most of the species, so that what is known from the few
case studies is applied uncritically to other parts of the world. In fact, there are
many peculiar forms outside the Palaearctic Region, such as the morphologically
unusual Sandrapsocus clarki from New Zealand’s Bounty Islands and the wood-
boring Psilopsocus mimulus from Australia.

There is a need for individual life-history studies to establish habitat and
food preferences and behavioural interactions with other species. Closely
related species of Psocoptera are sometimes found in very narrow habitats.
These should prove fruitful areas for study of interspecific competition. There
is a need for detailed studies in comparative morphology, only one species
(European) having been thoroughly examined from this point of view. There
are also interesting physiological phenomena displayed by psocopterans,
such as the remarkable process of atmospheric moisture uptake involving
their lingual sclerites (Rudolph 1982). Finally, phylogenetic studies and faunal
comparisons are needed to understand the origins of the New Zealand taxa.
Given that New Zealand has been an archipelago for much of its history makes
it a potentially fruitful region to test hypotheses of island colonisation and the
origins, importance, and functions of sexual polymorphism in adults.

All of these studies, however, rest squarely on a basis of sound taxonomy,
which must, therefore, assume highest priority in planning research programmes.

Order Phthiraptera: Lice

Lice are wingless, highly modified, flat-bodied insects that live as obligate
ectoparasites on birds and mammals, i.e. they spend their complete life-cycle
on the host, being totally dependent on the heat, humidity, and secretions



produced by the host. Both adults and nymphs have a similar diet that,
depending on the species, may be blood, feathers, skin debris, mucus, or serum
(Marshall 1981). Their geographical distribution is, with some exceptions, that
of their hosts.

The name Phthiraptera is derived from the Greek phtheir, louse; the suffix
aptera denotes winglessness. This highly specialised order probably evolved
from psocopteroid ancestors. It is divided into four very different suborders — the
Amblycera and Ischnocera (chewing or biting lice, previously grouped together
as the Mallophaga), Rhynchophthirina (restricted to elephants and African hogs
and also previously included in the Mallophaga), and Anoplura (sucking lice).
More than 5000 species are known worldwide and there is a huge diversity of
body form (Durden & Musser 1994; Price et al. 2003). Adults range in size from
half a millimetre to 10 millimetres and males are usually smaller than females
(Calaby & Murray 1991).

Because lice live as obligate parasites, their ecology, behaviour, and
evolution are intimately linked to the attributes of the host; lice have developed
morphological, behavioural, and physiological adaptations to survive on the
host. Similarly, because lice are detrimental to host health and fitness, hosts have
developed adaptations to control their lice (Murray 1990; Clayton 1991). This
reciprocal natural-selection pressure has led to the co-evolution of hosts and
lice (Clayton & Moore 1997). Thus the phylogenetic relationships of lice often
parallel those of their hosts and may help both to elucidate the relationships of
the latter and to distinguish closely related host taxa that are otherwise poorly
defined.

A total of 347 identified species and subspecies of lice, belonging to 100
genera and subgenera in 13 families, have been recorded from birds and mam-
mals in the New Zealand region and the Ross Sea area of Antarctica as defined
in the Ornithological Society of New Zealand (1990) checklist (see Tenquist &
Charleston 1981; Pilgrim & Palma 1982; Palma 1999; Palma & Price 2000, 2004,
2005). [Phthiraptera that may first have been recorded on birds in the Ross Sea
area are included in the New Zealand checklist if their hosts range to the New
Zealand EEZ.] This total represents about 7% of species worldwide. Only 29
species (8.42%) are endemic to the region (including one now extinct, in the
Rallicola subgenus Huiacola, also extinct), while at higher taxonomic levels the
degree of endemism is even lower (3%), with one endemic living genus and
two endemic subgenera. Ninety species and subspecies (25.9%) have been
introduced into the region, together with their hosts, by human agency.

As expected in a land where there are no native terrestrial mammals other
than two bat species — neither of which is parasitised by lice — most of the
New Zealand louse fauna is parasitic on birds. As many as 253 species (72.9%)
live on native birds and 54 species (15.6%) on birds introduced by humans. In
contrast, only four louse species (1.1%) parasitise the few native pinnipeds,
with the remaining 36 species (10.4%) living on introduced mammals including
humans. About 10 more louse species have been collected from native birds
but have not been described yet. A much greater number of species is expected,
however, especially from the considerable number of breeding and vagrant
bird species that have not yet been sufficiently searched for lice.

Both chewing and sucking lice can have significant economic and health
impacts. Heavy infestations on sheep, cattle, horses, goats, red deer, and
poultry can cause anaemia and other conditions, resulting in production
losses. Livestock have to be controlled by dipping or spraying with insecticides.
Humans are not exempt from sucking lice. The head louse (Pediculus humanus
capitis), a subspecies of the body louse, used to be found only in small, localised
parts of New Zealand, but has been spreading in recent decades (Pilgrim
1975). Notwithstanding, archaeological evidence shows that, whatever recent
introductions may have occurred, the presence of this louse in New Zealand
predates European contact. Nits, the eggs of head lice, have been found attached
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Male Naubates thieli from Providence petrel
Pterodroma solandri, a vagrant species in
New Zealand.

Ricardo Palma

Male of Apterygon okarito from
Okarito brown kiwi Apteryx rowi.

Jean-Claude Stahl, Museum of New Zealand Te Papa Tongarewa
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Dobsonfly Archichauliodes diversus.
From Grant 1999

Dorsal and lateral views of the larva (‘toe biter’)
of Archichauliodes diversus.
Left from Grant 1999, right from Winterbourn et al. 2000

296

to preserved Maori heads and bundles of hair, the latter from habitations dated
at between 400 and 800 years ago (Savill 1990). There is a strong possibility
that body and pubic lice were also present in pre-European populations. The
latter species (Phthirus pubis), known as the crab louse from its stout, claw-like
legs, is transferred during sexual intercourse. It is being found with increasing
frequency in New Zealand, as in the rest of the world. Fortunately, it is not a
disease carrier, though the body louse (Pediculus humanus humanus) has been
associated with transmission of epidemic typhus (Calaby & Murray 1991).

Order Megaloptera: Dobsonflies

The Megaloptera (‘great wing’) are regarded as the most primitive of the
holometabolous insects, i.e. those having a complete metamorphosis and three
distinct life stages —larva, pupa, and adult. They used to be classified as a suborder
of lacewings. This small order (ca. 300 species worldwide) is represented in
New Zealand by only one species, Archichauliodes diversus. The flying adults are
up to 40 millimetres long and the larvae, known as toebiters from their large
mandibles, are of good size too, startling the discoverer when encountering
them in streams. Dobsonfly adults are grey, unlike the four dark species of larger
lacewings with broader wings (Osmylidae), and the prothorax is longer than
mid- or hind thoracic segments. The four wings are flat and the veins delimit
many (50 or so) small sectors (cells) but do not branch towards the end as in
lacewings. The hind wings are broader at the base with an enlarged anal area
that folds fanwise.

Larvae are common in stony to gravelly streams, especially in shallower
water, at temperatures that range from around 4.5 to 21.5° C (Hamilton 1940;
Winterbourn et al. 2000). The sides of the larvae have finger-like gills. Adults begin
flight at dusk and are noctural (Hamilton 1940). They are found in both partly
wooded farmland (McGregor et al. 1987) and native hardwood bush, but are
readily attracted to lights. The dobsonfly is widespread in North and South Islands
and is found on those offshore islands that have dependable streams (Little and
Great Barrier, Cuvier) (Riddell 1981; Wise 1983b, 1992a); none has been detected
on the smaller Alderman and Poor Knights Islands (Watt 1982; Early 1995).

Larvae mainly consume Deleatidium mayflies or midges, but also capture
various caseless caddisfly species (Devonport & Winterbourn 1976; Edwards
1986). Elmid beetles, their own larvae, and stoneflies are a very minor part of their
diet. Hamilton (1940) and Edwards (1986) have provided further information on
their biology. In turn, fish consume dobsonfly larvae. They constitute about 3.2
and 1.1% of the diet of Canterbury Galaxias and brown trout, respectively (Collier
& Winterbourn 2000). Other galaxiids and some of the bully species apparently
consume the larvae even less often. Notwithstanding, toebiters are the largest
insects among the running-water species, so their contribution by volume to the
diet of the smaller freshwater fish is more important than data on proportionate
numerical consumption of stream insects would indicate.

Order Neuroptera: Lacewings

Although the Neuroptera (‘nerve wing’) is a relatively large order, with more
than 4000 species worldwide, there are only 14 species in six families in New
Zealand. Lacewings on the main islands have brown, dark brown, or grey wings
of nearly equal size. The main veins define many (50-80) cells and have end
branches.The antennae are thin and medium in size with many segments, while
the chewing mouthparts are small. The larvae have prominent pincer mandibles
(New 1988; Winterbourn et al. 2000) and consume mostly soft-bodied prey such
as aphids.

Only eight of New Zealand’s lacewing species are endemic, and new species
are very unlikely to be discovered. The level of diversity of non-introduced
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Species distributions and sources of information and figures of New Zealand lacewings

Species Family Distribution References Species
illustrations
Cryptoscenea australiensis Coniopteridae N, S 8 3
Drepanacra binocula Hemerobiidae K N,S,C 9 1,8
Euosmylus stellae Osmylidae N, S, uplands 14 2
Heteroconis ornata Coniopteridae N 13 13
Kempynus citrinus Osmylidae N 14 2
Kempynus incisus Osmylidae N, S 14 2
Kempynus latiusculus Osmylidae N, S, uplands 14 2
Micromus bifasciatus Hemerobiidae N, S, St 12 1,16
Micromus tasmaniae Hemerobiidae N, S, St, offshore islands 2,3,5,6,12 1,9 16
Protobiella zelandica Berothidae N, S 19 1,15
Psectra nakaharai Hemerobiidae N, northern S 19 9,10
Sisyra rufistigma Sisyridae N 19 17
Weeleus acutus Myrmeleontidae N, S 19 8,18
Wesmaelius subnebulosus Hemerobiidae N, S, mainly lowland 19 1

C, Chatham Island; K, Kermadec Islands; N, North Island; S, South Island; St, Stewart Island.
Sources: 1, Tillyard 1923b; 2, Kimmins 1940; 3, Cumber 1959a; 4, Cumber & Eyles 1961b; 5, Kimmins & Wise 1962; 6, Hilson 1964;
7, Macfarlane 1970; 8, 9, New 1983, 1988; 10-17, Wise 1973b, 1983a, b, 1988, 1992a, b, 1993, 1998a; 18, Grant 1999; 19, Macfarlane unpubl.

species is only a fifth of the equivalent diversity per square kilometre of Great
Britain (Kloet & Hinks 1964) and is also low compared with Australia (CSIRO
1991). Although Wise (1992a) assessed other species in common with Australia
as indigenous, he later inferred they were adventive (Wise 1995). This conclusion
is supported by the co-occurrence in New Zealand of Anacharis zealandica, a
parasitoid of the brown lacewings Micromus tasmaniae and Drepanacra binocula
in both countries (New 1982; Valentine & Walker 1991). This parasitoid is the only
member of its family (Figitidae) in New Zealand and was probably introduced,
with its host, on plant material.

Wise (1992a) mapped the general distribution of the species in New
Zealand and there are further location records and illustrations for the relatively
uncommon Protobiella zelandica (Wise 1992b), the two Micromus species (Wise
1993), and Sisyra rufistigma (Wise 1998a). Four indigenous or adventive species
inhabit the more remote offshore islands (Kermadecs: four species; Chathams:
two species; subantarctic islands: two species).

Since its introduction prior to 1869, Micromus tasmaniae has become
widespread within New Zealand and is certainly the commonest species of
offshore islands, even those as small as the Alderman Islands (Early 1995). In
the south, M. tasmaniae extends to the seldom-visited Antipodes Islands as well
as the more regularly visited Auckland Islands. The possible lack of indigenous
lacewings on the Three Kings and Poor Knights Islands could mean North Island
offshore-island distribution resembles dispersal achieved by European bumble
bees (Macfarlane & Gurr 1995). Both of these island groups were isolated from
the main islands by moderate distances only in the last glacial period about
12,000 years ago, but this isolation is enough for there to be modest levels of
endemic flies (Macfarlane & Andrew 2001) and beetles (Watt 1982). Introduced
insect species are the main prey, but M. tasmaniae is associated with native
aphids on Olearia shrubland (Derraik et al. 2001; Teulon unpubl.). Typical prey
species include the main aphids of grassland and cereals (Valentine 1967b;
Farrell & Stufkens 1990) and aphids in lucerne (alfalfa) before (Macfarlane
1970) and after the accidental establishment of three new species (Thomas
1977; Henderson 1980; Bates & Miln 1982; Leathwick & Winterbourn 1984;
Rohitha et al. 1985).

Adult and ant-lion larva of lacewing Weeleus
acutus.
From Grant 1999

Tasmanian lacewing Micromus tasmaniae.
Clovers are also associated with their distribution (Scott 1984; Cameron et From Grant 1999
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Kempynus incisus.
From Grant 1999

Aquatic larva of Kempynus sp.

From Winterbourn et al.2000

al. 1989). Micromus tasmaniae also occurs on fodder beet along with Aulacorthum
solani and Myzus persicae (Pearson & Goldson 1980). In general, M. tasmaniae
has been assessed as the most important enemy of these aphids, but the species
also preys on mealy bugs, woolly apple aphid in orchards and vineyards, and
aphids and the pine adelgid on conifers. The only recorded endemic prey other
than aphids is the pittosporum psyllid on lemonwood (Pittosporum eugenioides).
Drepanacra binocula is associated with endemic aphids on Podocarpus totara, the
pittosporum psyllid on lemonwood, and accidentally introduced species (woolly
apple aphid, spruce aphid, and pine adelgid) on apple trees and conifers. It
can be associated with Olearia shrubland (Derraik et al. 2001), but is much less
common in pastures and lucerne.

Three more Australian species have reached New Zealand in the last 30
years. Sisyra rufistigma was first found near Auckland in 1997 (Wise 1998a). The
larva feeds on freshwater sponges (Spongillidae). Psectra nakahari was detected
in Auckland in 1971 (recorded initially as Sympherobius (Wise 1988)) and is
associated with wattles (Wise 1995). It reached the Manawatu (Canterbury
Museum collection) and Wellington regions (Wise 1988) by 1986-87 and by
1996 it had spread at least as far south as Conway Flats (Canterbury Museum
collection). Heteroconis ornata was collected from Auckland in 1988 (Wise 1988)
and is assumed to have established (Wise 1992a). Cryptoscenea australiensis was
first collected from Hastings in 1921 and has spread through the North Island
and to Nelson (Wise 1963) and Christchurch (Canterbury Museum collection).
It preys on mealy bugs on orchard trees and rushes and among undergrowth
(Kimmins & Wise 1962).

These accidental introductions contrast with considerable efforts to establish
green lacewings (Chrysopidae) in New Zealand, primarily against aphids
(Cameron et al. 1989; Wise 1995). Between 1891 and 1928, importations of
probably four Chrysopa species were made from the USA/Canada (five times)
and Europe (once), as well as Plesiochrysopa ramburi from Australia (once) (Wise
1995). Six later importations of lacewings should have benefited from more rapid
air transport that would have allowed them to arrive in better condition. Chrysopa
plorabunda and C. oculata were imported from North America, and two releases
were achieved against the oak aphid and aphids generally. Then C. plorabunda
and C. nigricornis were imported again over three seasons between 1968 and
1976 for pasture and crop aphids (Cameron et al. 1989). Over 9000 Holarctic
Chrysoperla carnea (= downesi) (Garland 1985) were sent from central British
Columbia in 1927 for release against the pine adelgid or pine woolly aphid. In
Europe, C. carnea inhabits decidous woodlands (Fraser 1959). Known prey that
now exist in New Zealand include orchard pests (codling and oriental moth eggs,
European red mite, and psyllid nymphs), cutworm eggs, and small caterpillars.
It develops up to 20% faster on beetle eggs than on the aphid Rhopalosiphum
maidis and greasy cutworm caterpillers (Obrycki et al. 1989), feeds on the early
instars of grape mealy bug under bark (Grimes & Cone 1985), and is affected by
its diet (Boszik 1992; Hodek 1993; Osman & Salmon 1996). Adults are nectar
feeders, so release into evergreen, largely nectarless, pine forests may have been
a major cause of this failure.

The type of vegetation and habitat is important for lacewings (Hodek 1993;
Boszik 1994; Clark & Messina 1998). A lengthy shipment period and the strongly
continental origin of C. carnea probably did not help either. Chrysoperla carnea
of European origin was imported into New Zealand (Cameron et al. 1989;
Wise 1995) for general aphid control, but C. carnea inhabits decidous woodland
(Fraser 1959) so it is uncertain how well targeted the release sites were. Recent
literature on electronic databases refers to C. oculata as predatory on aphids
in sugarbeet and on apple trees. On the basis of suitable host availability, it is
difficult to understand why green lacewing releases failed. Reviews of their role
in biological control (Clausen 1978) and information on their biology (Carnard et
al. 1984; Boszik 2000) may provide some alternative explanations. The extensive
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information on C. carnea also provides guidance on how to conduct ecological
studies of this species, which may be useful if applied in the New Zealand
context. A 1904 European importation of lacewings was possibly the source
of the brown lacewing Wesmaelius subnebulosus. This species was not captured
until 1920 (Wise 1995), but only when Tillyard (1923b) provided the means for
species identification was it possible to distinguish the species. In Australia,
Plesiochrysopa ramburi is among the commonest and widespread chysopodids,
but there are few records of it from the colder uplands and Victoria (New 1980). Protobiella zelandica.

Since these introductions, extensive research and commercial rearing of C. JLyddiard, Auckland Museur
carnea has been achieved (McEwan et al. 1999; Tauber et al. 2000; Vinkatensen
et al. 2000). With this technical background, is M. tasmaniae sufficiently flexible
in prey consumption of glasshouse and garden pests like rose aphids to merit
research on its rearing? Also, is augmentative release of lacewings early in the
season an option for control of certain crop pests, and can lessons from trials
with C. carnea (Daane & Vokota 1997; Ehler et al. 1997) be applied or will the
parasitoid Anacharis zealandica limit this possibility unduly?

Two species of Mallada, which are also green lacewings, inhabit the Kermadec
Islands (Wise 1972a) and Mallada basalis has been recorded from Whale Island in
the Bay of Plenty (Wise 1983b) while not yet being recorded from the mainland
(Wise 1993). Also, a species of Chrysopa has been intercepted alive in Auckland
(Wise 1988a).

Among endemic species, larvae of the four species of Osmylidae inhabit
margins of streams, including the spray zone of waterfalls, where they shelter
under stones (Winterbourn et al. 2000). In Britain, other osmylid species feed
mainly on chironomids and other fly larvae (Fraser 1959). Larvae of the large
antlion Weeleus acutus make pitfall shelters (Miller & Walker 1984) in sandy
banks exposed to the sun (Hamilton 1921). Larvae feed on ants, flies, woodlice,
spiders, and wetas. The adult is distinct from other Neuroptera because of the
clubbed antenna, and the wingspan is up to 700 millimetres. Protobiella zelandica
is associated with dead cabbage tree (Cordyline australis) and tree-fern foliage,
but its prey is unknown (Wise 1992a). Micromus bifasciatus is associated with
podocarp forest and mealy bugs (Wise 1993).

Lacewings are themselves prey of vertebrates. Most insectivorous bushbirds,
for example the fantail Rhipidura fuliginosa (Moeed & Fitzgerald 1982), consume
some. In more open country, known consumers of Micromus tasmaniae include
rock wrens (Xenicus gilviventris) (Higgins et al. 2001).

Identification of adults of the larger lacewing species between 25 and 35
millimetres long can be quite readily achieved by consulting Kimmins (1940)
and Grant (1999). However, identification of the smaller brown species, which
are 3-8 millimetres long, is not easy for several reasons — details of wing
venation patterns are scattered in the literature and the Australian family key
(CSIRO 1991) is unduly complicated and not very user-friendly for beginners.
New (1988) provided keys and illustrations of the Hemerobiidae of Australia
and hence a means of distinguishing three of the genera in this family that also
occur in New Zealand.

Order Coleoptera: Beetles

Beetles make up roughly one-fifth to one-quarter of the total insect fauna of the
world and comprise one of the oft-cited cases of adaptive radiation of organisms.
World estimates of the number of beetles vary, though there is general agreement
that Coleoptera represent the highest number of described organisms. For
example, Nielsen and Mound (1999) estimated 300,000 to 450,000 species
worldwide. Calculating the total number of species is like counting stars, and

Canterbury knobbled weevil
Hadramphus tuberculatus (Curculionidae),

indeed Grove and Stork (2000) emphasised that the question about the number near extinction owing to habitat loss
of species overshadows more important questions about the taxonomy and and predation by rodents.
biology of the species. From Young et al. 2008
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Black beetle Heteronychus arator (Scarabaeidae).

300

Eleven-spotted ladybird Coccinella
undecimpunctata (Coccinellidae).

Lincoln University

Des Helmore

The order is well defined by having several diagnostic characters, of which
the most distinctive is the hardened forewings, called elytra. It is from these that
beetles get their formal name (koleos, sheath; pteron, wing). The elytra protect the
more delicate hind wings and abdomen. During flight the forewings are opened
enough to allow the hind wings to unfold and function. Other characters of
beetles (see Lawrence & Britton 1994) include: holometabolous development
(complete metamorphosis); adult antennae with 11 segments (sometimes fewer,
or more in some Rhipiceridae and Cerambycidae); chewing mandibles that move
in a horizontal plane; palp-bearing maxillae; well-developed prothorax that with
the head forms a distinct tagma; body more or less dorsoventrally compressed
so that leg bases (coxae) and the pleural region where they join the body lie
ventrally; meta-sternum (hardened ventral part of hind thoracic segment) well
developed with invaginated endosternite (cryptosterny); abdominal sternites
typically more sclerotised (hardened) than the dorsal tergites and basal one or
two sternites invaginated; and terminalia (genital and pregenital structures)
usually enclosed within the apical segments of the abdomen. In larvae, the head
capsule is complete and sclerotised with antennae and mandibulate mouthparts
and the maxillae have well-developed palps; also the lip-like labium below the
mouth lacks a silk gland and abdominal prolegs are usually absent. In the pupa,
functional mouthparts are lacking (a condition known as adecticous) and the
legs and wings are generally free from the body (exarate).

The oldest beetle fossil dates from 296 million years ago in the Mazon Creek
(Illinois) deposit (Bethoux 2009) of upper Carboniferous (Pennsylvanian) age and
since then the group has diversified globally into many different forms ranging
in size from tiny featherwing beetles (Ptiliidae) as small as 0.3 millimetres long to
giant Goliath and Hercules beetles (Scarabaeidae) well over 15 centimetres. The
order is considered monophyletic (but see Whiting 2002a), although there are
different opinions regarding the relationships of the Strepsiptera as a sister taxon
to Coleoptera (cf. Kukalova-Peck & Lawrence 1993; Whiting et al. 1997). There
are four suborders — Archostemata, Myxophaga, Adephaga, and Polyphaga. The
latter two suborders comprise 99% of all beetles and the Archostemata are the
most primitive group. No Archostemata or Myxophaga occur in New Zealand.
Evolutionary relationships among the suborders are contentious (Beutel & Haas
2000; Caterino et al. 2002) and a full analysis using all available characters is
warranted. There are at least 167 extant families and over 450 subfamilies
contained in Coleoptera worldwide (Lawrence & Newton 1995), but new higher
taxa are recognised annually, including at the family level.

The New Zealand beetle fauna

Most of the New Zealand beetle taxa were described between 1880 and 1923 by
Thomas Broun, who named a total of 4323 species. His descriptions were based
to a large extent on single specimens collected in the North Island lowlands,
while the considerably more varied South Island fauna, in particular the rich but
then still largely unknown subalpine and alpine component, had only scanty
treatment. Hundreds of native and foreign species have since been added,
though many groups require detailed taxonomic study, especially since there are
many undescribed species and some that are incorrectly assigned to northern-
hemisphere Holarctic genera.

In the absence of a full compilation of beetle species (such as that given in
the end-chapter checklist), attempts were made in recent decades to estimate the
total number of described and undescribed species in New Zealand. Watt (1983)
estimated 4300 species, while Klimaszewski and Watt (1997) estimated over
5223 species and Emberson (1998) 6740 species. Based on the number of beetle
species and potential host plants recorded in the Lynfield Survey in suburban
Auckland, Kuschel (1990) estimated that 10,000 to 10,500 species are likely to
occur in the fauna. Leschen et al. (2003) published a checklist of the known
coleopteran genera of New Zealand, arriving at a total of 1091 in 82 families
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and 180 subfamilies. The species tally currently stands at 5479. The most diverse
families in New Zealand are Staphylinidae (1232 species), Curculionidae (1225
species), Carabidae (557 species), and Zopheridae (191 species). These groups
are also well represented in other parts of the world. The least diverse families,
with one endemic species each, are Eucinetidae, Heteroceridae, Phycosecidae,
Cucujidae, Prostomidae, Chelonariidae, Bostrichidae, and Monotomidae. The
latter three families contain monotypic genera that may be primitive members
of their group.

The fauna of New Zealand is disharmonic, consisting of ancient lineages that
have been present long before the break-up of Gondwana and more-derived
lineages and species that have arrived more recently from elsewhere (mainly
Australia, the Pacific, Asia, and Indonesia). Very old amphitropical or bipolar
groups are found in New Zealand and include broscine Carabidae, Derodontidae,
and Byrrhidae, to name a few (Crowson 1980). Only one endemic family is present
in New Zealand (Cyclaxyridae), but there are other groups representing more
widespread Gondwanan elements. For example, the family Chaetosomatidae
occurs only in New Zealand and Madagascar, and there are many examples of other A terrestrial ‘water’ beetle Rygmodus tibialis
family-group taxa found in New Zealand, southern South America, Australia, New (Hydrophilidae).
Caledonia, and South Africa (e.g. migadopine Carabidae, camiarine Leiodidae, Des Helmore
Cavognathidae, priasilphine Phloeostichidae, and Chalcodryidae).

Areas of endemism have not yet been established for New Zealand Coleoptera,
but it is quite evident that certain groups are regionalised (Campbell Plateau,
northwest Nelson area of the South Island, northern North Island, offshore islands,
etc.) or restricted to certain communities (sooty moulds, Nothofagus forests, caves,
and tussock grasslands).

With so many beetle species in New Zealand, it is clear that they will have
significant ecological roles, economic impacts, and interesting stories to tell, and
such is the case. Take, for instance, ladybirds (Coccinellidae), among the most
commonly encountered and appreciated beetles. Several species are used in
biological control, as they feed on aphids, mites, or scale insects. Probably the
most successful is the cardinal ladybird Rodolia cardinalis, which reduced cottony
cushion scale, a serious pest of citrus, to very low levels.

The tough forewings, the elytra, are probably one of the major contributing
factors in the successful diversification and radiation of beetles into habitats that
other insects with fragile, exposed wings cannot occupy. Beetles are also less
vulnerable than other insects to predators and to weather in exposed situations.
The elytra are also important in reducing water loss in dry conditions. New
Zealand beetles are found in a wide range of situations, from beach sands to
alpine heights, and, while the fauna of lakes, ponds, and streams is relatively
small, a variety of species can be found in wet leaf axils of plants, saturated moss,
and moist soil. Almost all native beetles are endemic, having evolved in isolation
in New Zealand or are the sole survivors of groups that have died out overseas. i Fd
Native species have suffered from habitat loss and very few have adapted
themselves to modified landscapes, pastures, crops, and gardens. Most beetles
in these situations have been introduced, usually accidentally, from overseas.

The longest New Zealand beetle is the slender giraffe weevil (Lasiorhynchus
barbicornis), up to 80 millimetres long, but the heaviest is probably the huhu
(Prionoplus reticularis). The smallest, around half a millimetre in length, are
feather-winged beetles. The largest group of predatory beetles is the ground &
beetles (Carabidae). Many are large, powerful, and flightless, with small or
vestigial hind wings and sometimes fused elytra (e.g. Ctenognathus, Holcaspis,
Mecodema, Megadromus). Walking is their only means of dispersal so their
geographic distribution tends to be limited. The presence of some flightless beetles
on both the mainland and offshore islands is helpful in formulating hypotheses
on the history and isolation of the islands. Some species of Megadromus and Male giraffe weevil Lasiorhynchus barbicornis
also Plocamostethus planiusculus appear to be unique among ground beetles in (Brentidae).
showing some degree of parental care (Watt 1974). From Grant 1999
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House borer Anobium punctatum (Anobiidae).

Whirlygig beetle Gyrinus convexiusculus
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From Grant 1999

(Dytiscidae).

Des Helmore

Rove beetles (Staphylinidae) are another important family of predatory
beetles, as are tiger beetles (Cicindellidae), the larvae of which (known as penny
doctors) inhabit tunnels in clay banks or sand waiting for unsuspecting prey,
typically other small arthropods. Wireworms, the larvae of Elateridae (click
beetles) are frequently predatory but can also feed on roots. Some beetles are
parasites, like the larvae of Bothrideres (Colydiidae), which are external parasites
on lavae of wood-boring beetles.

Mention wood-borers, and the tiny, brown introduced borer beetle Anobium
punctatum comes to mind. Its galleries in timber and furniture cause great
damage and the holes from which the adult emerges are unsightly. Yet, in its
native habitat it serves an important role in breaking down dead wood too dry to
support wood-rotting fungi. Other introduced borers include pine-bark beetles
(Ernobius mollis, Hylastes ater), the powder-post beetle Lyctus brunneus, keyhole
ambrosia beetle Xyleborus saxeseni, and pinestump longhorn beetle Arhopalus
ferus, all from Europe. There is also an introduced Australian group of species,
associated with eucalypts and acacias, including five species of longhorns, two
ambrosia beetles, a bark beetle, and a weevil. There is also a Californian bark
beetle (Phloeosinus cupressi) that infects macrocarpa and other cypresses (Watt
1974). It should not be assumed that all New Zealand’s anobiids and other
borers are exotic, however. Three native species — Anobium magnum, Capnodes
griseipilus, and Dorcatoma oblonga — may occur in buildings, though normally they
break down wood in decaying stumps of native trees. Other native borers include
include two species of Buprestidae (jewel beetles). Larvae of Nascioides enysi mine
galleries in the bark and sapwood of recently dead or felled Nothofagus species,
and those of Neocuris eremita in Nothofagus and Pittosporum (Milligan 1975).

The main beetle families of aquatic habitats in New Zealand are the
Dytiscidae, Hydrophilidae, Elmidae, and Hydraenidae. Dytiscids (diving water
beetles) are aquatic in adult and larval stages. They are carnivorous and closely
related to the Carabidae from which they are derived. The hind legs are flattened
and paddle-like, acting like a pair of oars. Most dytiscids are able to fly and if
they cannot find a suitable water body immediately they can survive without
it. The New Zealand species include large-bodied forms that are related to
Australian species. For example, New Zealand’s largest dytiscid, 26mm-long
Homoeodytes hookeri is closely related to two species in Australia. The common
black water beetle Rhantus pulverosus, 10 millimetres long, is cosmopolitan. There
are also small subterranean species, found in groundwater, that are among the
world’s most primitive water beetles. The name Hydrophiliidae (‘water-lovers’)
notwithstanding, many members of this family are terrestrial. The aquatic species
feed on decaying vegetation, are somewhat sluggish, and do not have modified
legs for swimming. Elmids are small, elongate, crawling beetles of stream and
river bottoms but are also very active fliers. Hydraenids are minute aquatic beetles
living among dead leaves and algae, though one genus, Meropathus, is wholly
terrestrial. The New Zealand fauna has not been well studied (Ordish 1975).

Shelf and bracket fungi are home to a diverse range of beetles. Most of these
feed on the fungus itself, its spores, or other moulds growing on it. Some beetles
are specific to a single species but others occupy a range of fungi of the same
form or consistency. In fact, a succession of beetle species occupies a bracket
fungus at different times as it ages. Almost all bracket fungi are attacked by Cis
and its relatives (Ciidae), comprising beetles that resemble woodborers. Another
group is the Zopheridae, including Brouniphylax. Mushrooms and toadstools
are less vulnerable to beetle grazing owing to their life-history and fragility.
Triphyllus species (Mycetophagidae), however, have a short life and may occur in
large toadstools (Watt 1974).

Avariety of beetles live under loose bark of native trees. Some merely shelter
there, but others feed on moulds or the breakdown of plant tissues, including
various Colyidiidae and larvae of stag beetles (Lucanidae). Many are flattened,
even wafer-thin, including members of the families Cucujidae, Inopeplidae, and



Family-level diversity of New Zealand Coleoptera

PHYLUM ARTHROPODA HEXAPODA

Described species and subspecies  Undescribed
Family Subfamily Endemic Adventive Indigenous TOTAL species
only only E = endemic
A = adventive
Rhysodidae 6 0 0 6
Carabidae Cicindelinae 12 0 0 12
Carabinae 1 0 0 1 1E
Migadopinae 7 0 0 7
Scaritinae 0 4 0 4
Trechinae 106+10 0 1 107+10
Psydrinae 109+5 5? 0 11445 25E
Harpalinae 207+2 257 2 23442 52E
Dytiscidae 11 0 8 19
Gyrinidae 0 0 1 1
Hydrophilidae 40 8 3 51 5E
Histeridae 21 6 0 27 3E
Hydraenidae 34 1 0 35
Ptiliidae 44 11 1 56 5E
Agyrtidae 2 0 0 2
Leiodidae 69 0 0 69 8E
Staphylinidae ~ Aleocharinae 1397 29? 0 168 45E,13A
Euasthetinae 13 1 0 14 4E Coastal ground beetle Ctenognathus
Habrocerinae 0 1 0 1 novaezealandiae (Carabidae).
Microsilphinae 1 0 0 1 15E Des Helmore
Omaliinae 55 4 1 60 2E
Osoriinae 43 0 0 43 1E
Oxytelinae 13 14? 2 29 2A
Paederinae 19? 11 0 30 6E,1A?
Phloeocharinae 1 0 1 2
Piestinae 1 0 0 1
Proteininae 5 0 0 5 3E
Pselaphinae 374 2 1 377 21E,2A
Pseudopsinae 1 0 0 1 1E
Scaphidiinae 21 2 0 23
Scydmaeninae 185 1 0 186 10E
Staphylininae 106 24 2 132 2E,1A
Tachyporinae 23 3? 0 26 3E, 1A
Lucanidae 35 2 0 37
Trogidae 0 1 0 1
Scarabaeidae 135 18 0 153 12E
Scirtidae 124 0 0 124 10E
Eucinetidae 2 0 0 2
Clambidae 12+3 1 0 13+3 1E
Buprestidae 2 0 0 2
Byrrhidae 49 0 0 49 2E
Dryopidae 4 0 0 4
Elmidae 6 0 0 6 16E
Limnichidae 8 0 0 8
Heteroceridae 1 0 0 1
Ptilodactylidae 1 0 0 1 5-8E
Chelonariidae 1 0 0 1
Eucnemidae 19 2 0 21
Elateridae 117 4 0 121
Lycidae 0 1 0 1
Cantharidae 43+1 1 0 44+1
Derodontidae 2 0 0 2
Jacobsoniidae 1 0 0 1 4E
Nosodendridae 2 0 0 2
Dermestidae 11 16 0 27
Bostrichidae 1 5 0 6 2A
Anobiidae 34+1 6 0 40+1 1E
Ptinidae 6 9 0 15
Trogossitidae 29 2 0 31 7E
Chaetosomatidae 3 0 0 3 1E Common tiger beetle Neocicindela
Cleridae 30 4 0 34 tuberculata (Carabidae).
Metaxinidae 1 0 0 1

Des Helmore
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Described species and subspecies  Undescribed
Family Subfamily Endemic Adventive Indigenous TOTAL species
only only E = endemic
A = adventive

Phycosecidae 1 0 0 1
Melyridae 32 0 0 32 2E
Nitidulidae 17 17 0 34
Monotomidae 1 5 0 6
Agapythidae 1 0 0 1
Priasilphidae 7 0 0 7
Silvanidae 9 7 0 16 1E
Cucujidae 1 0 0 1
Laemophloeidae 1 4 0 5 1E,1A
Phalacridae 0 1 0 1 1A
Cyclaxyridae 2 0 0 2
Cavognathidae 4 0 0 4
Cryptophagidae 19 4 0 23 1E
Erotylidae 16 1 0 17
Bothrideridae 6 1 0 7
Cerylonidae 5 0 0 5
Endomychidae 2 1 0 3 4E
Coccinellidae 25 19 0 44 5E
Corylophidae 14 6 0 20 7E2A
Latridiidae 39 15 0 54 8E, 1A
Antlered beetle Rhipistena lugubris Mycetophagidae 16 3 0 19 3E
(Ripiphoridae). Archeocrypticidae 0 1 0 1
Des Helmore Ciidae 24 3 0 27 7E
Melandryidae 35 0 0 35 3E
Mordellidae 3 2 1 6
Ripiphoridae 5 0 0 5
Zopheridae 190 0 0 190 1A
Ulodidae 21 0 0 21 2E
Chalcodryidae 5 0 0 5
Tenebrionidae 136 12 0 148 1A
Prostomidae 1 0 0 1
Oedemeridae 18 3 0 21
Pyochroidae 6 0 0 6 3E
Salpingidae 26 0 0 26 2E
Anthicidae 17 10? 0 27 2A
Aderidae 9 0 0 9 4E
Scraptiidae 4 0 0 4 2E,1A
Tenebrionoideaincertaesedis 2 0 0 2
Cerambycidae 171 9 0 180 3E
Chrysomelidae 141+4 22 0 163+4 1E
Nemonychidae 4 0 0 4
Anthribidae 58 3 0 61 2A
Belidae 5 0 0 5
Oxycorinidae 1 0 0 1
Brentidae 1 0 0 1
Apionidae 5 1 0 6
Dryophthoridae 0 4 0 4 1A
Erirhinidae 42 0 0 42
Raymondionymidae 1 0 0 1
Curculionidae Baridinae 0 1 0 1
Ceutorhynchinae 0 3 0 3
Cossoninae 143 5 0 148 4E
Cryptorhynchinae 259 1 0 260 19E
Curculioninae 235 6 0 241 6E,1A
Cyclominae 80+3 7 0 87+3 4E
Entiminae 231 12 0 243 6E+1E, 1A
Lixinae 0 2 0 2
Molytinae 164 0 0 164 1E
Platypodinae 4 0 0 4
Scolytinae 7 13 0 20 10E
Lemon tree borer Oemona hirta (Cerambycidae). Totals 4620429 418 24 5062429 382—385+1E,
Des Helmore 35A
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Prostomidae. Rotten wood is inhabited by larvae and adults of darkling beetles
(Tenebrionidae), larvae of pintail beetles (Mordellidae), and others (Watt 1974).

Forest leaf litter is generally a favourable habitat for beetles, including larvae
of scarabs (Scarabaeidae), which also inhabit grassland soils. One example is
an economic pest, grass-grub (larvae of Costelytra zealandica), one of the few
native beetles that have successfully adapted to improved pastures and can
occur in staggering numbers if not checked. Other scarabs can be found at
high altitudes in subalpine soils and litter. Some of the large scarabs of Otago
and Southland (Prodontria, Scythrodes) are wingless, including rare P. lewisi,
modified for life in sand under native grasses near Cromwell. Several beetles,
in fact, are specialised to live in sand, having hard body parts, stouter limbs, and
thick bristles. Tenebrionids Choerodes and Actizeta, the scarabs Pericoptus, and
the sand weevil Cecyropa (Curculionidae) are examples (Watt 1974). Maori were
familiar with grass-grub beetles, their larvae, and relatives, having several names
for them. They used to eat one species — kekerewai, the manuka beetle — which
was collected in large numbers, crushed, and baked with the pollen of bullrush
(Typha) to make a kind of scone (Miller 1971).

Grass grub beetle Costelytra zealandica
(Scarabaeidae).

Des Helmore

Future work

Refining the end-chapter Coleoptera checklist will be an ongoing task; few
genera and species have been revised since the major work done by Thomas
Broun. Nevertheless, even some undescribed species have conservation status
(McGuiness 2001), which illustrates the need for continuing taxonomic work.
There is an ever-present time lag between the discovery of a new species and
the availability of a published name, sometimes spanning decades. For example,
a species of Platisus from the Three Kings that is the only known member of the
genus in New Zealand was first collected by E. S. Gourlay in the 1960s and was not
described until almost 40 years later by Watt et al. (2001). This process underpins
the problems that systematists are faced with regarding modern taxonomy in
general, which involves deep investigation in understanding character variation,
evolutionary relationships, and classification, but all too often with a paucity
of study material. Most systematists would certainly argue for more workers
and students to describe New Zealand’s Coleoptera fauna, but modern times
are much different from those in the 19th and 20th centuries when taxonomic
names were mass produced, and, in some ways, the taxonomic impediment
(Heywood 1995) did not exist. Increased funding for training and research would
go along way towards remedying the paucity of coleopterist expertise in New
Zealand. Apart from obvious applications to conservation, biological control, and
biosecurity and border control, future research should include surveys in New
Zealand’s inaccessible mountaintops, valleys, and offshore islands; descriptions
of species and revising groups based on sound classification; and producing
catalogues and databases to contain the vast amount of taxonomic information.

Order Mecoptera: Scorpionflies

Scorpionflies are an archaic group of insects dating from the Early Permian, some
260 million years ago. Today, there are only about 590 species worldwide, known
variously as scorpionflies (from their upturned abdomen tip), hanging-flies, and
snowfleas. (Mecoptera means long-winged.) There is a single representative in
New Zealand, Nannochorista philpotti, widely distributed around small, stable
streams in the South Island.

The Nannochoristidae to which N. philpotti belongs is a small family of just
eight species, having a circum-Antarctic distribution — three species occur in
Argentina and Chile, four in Australia, and one in New Zealand. It originated
in the Late Permian, and, according to Willmann (1987), represents the earliest Nannochorista philpotti.
evolutionary branch among living scorpionfly families. No fossils are reported Birgit Rhode, Landcare Research
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Larva of Nannochorista philpotti.
From Winterbourn et al. 2000

from New Zealand, but nannochoristid wings have been found in the Late
Permian of New South Wales. The family is distinct enough to have been
separated as a separate order, Nonnomecoptera [sic], by Hinton (1981, vol. 2, p.
722, but as Nannomecoptera in Hinton 1981, vol. 1, p. 10). In Willmann’s (1987)
classification of the Mecoptera this group is regarded as a suborder. Whiting
(2002b) concluded from gene-sequence data that the Mecoptera is paraphyletic
with two major lineages — one comprising Nannochoristidae, the mecopteran
family Boreidae, and the flea order Siphonaptera, and the other all other
Mecoptera. On the other hand, detailed studies of head structures in adults and
larvae give evidence that the Nannomecoptera may be segregated as an order
in a clade that also includes Siphonaptera and Diptera (Beutel & Baum 2008;
Beutel et al. 2009). The question remains open.

Tillyard (1917) erected the genus Choristella for the New Zealand species,
separating it from his Australian genus Nannochorista, but the name Choristella
was preoccupied by a gastropod mollusc so Byers (1974) proposed Microchorista
as a replacement. Kristensen (1989) was of the opinion that differences in the
New Zealand form were not significant above the species level and located
philpotti in Nannochorista, but Ferrington (2008) has accepted Microchorista for
the New Zealand species and an undescribed form from Tasmania.

Ecology

Known immature stages of other families of Mecoptera involve a relatively short-
lived terrestrial larva, living in soil and feeding on plant roots and other vegetation,
or emerging from burrows to eat dead insects and other animal matter. Pupation
occurs in the burrows, and immature adults prey on other insects.

Immature stages of Nannochoristidae, however, are aquatic, a finding that was
first documented by University of Canterbury’s Bob Pilgrim (1972) in Nannochorista
philpotti. He found pupae in the Hawdon River valley, near Cass, mid-Canterbury,
alongside a small stream in Nothofagus forest. When first discovered they could
not be placed in a known insect order, but were reared to adults, thus revealing
their identity. Many larvae were subsequently reared through several instars to
pupae and thence to adults. The larval habitat is fresh, slow-moving but well-
aerated water of streams that are not subject to flooding and scouring. The fine
silt accumulating in pockets and meanders contains an abundance of other insect
larvae, particularly of small chironomid flies, especially species of Paucispinigera
and Polypedilum (Chironominae) and Macropelopia (Tanypodinae). These appear
to be a major food source for N. philpotti larvae — a large number of dissected
larvae revealed predominantly chironomid larvae in the gut and smaller numbers
of caddisflies, mayflies, and other insects, mites, and aquatic Oligochaeta.

First-instar larvae have been captured in November and the last prepupal
forms of the previous generation may be present as late as December. The duration
of larval life is thus very much longer than that reported for the terrestrial larvae
of other families. Pupation occurs in wet moss and other vegetation on rocks and
fallen tree trunks, just above the water line. The flying phase is shorter than in other
families. Adults have been captured mostly from November to January but some
have been collected in October and up to March in various localities; nevertheless,
the species appears to have just one generation per year. Adults frequent streamside
vegetation from which they may be collected by sweep-netting.

No observations on the food and feeding habits of the adult are available. It
may be expected that, in common with most Mecoptera, they feed on other insects
captured in flight. Eggs have not been found, but Australian species oviposit in wet
litter near the water’s edge (Lambkin 1996).

Larval morphology and behaviour

Larvae are very active and wriggle vigorously through the silt in streams. There
are well-developed thoracic legs but no abdominal prolegs; the last segment
bears a pair of hook-like structures only. The mandibles have several sharply



pointed teeth and are well suited to impaling live prey. An unusual feature is
the presence of a movable ‘lacinia mobilis’-type of lobe on the inner face of the
mandible. This lobe, itself well-toothed, presumably acts as a supplementary
device for securing active prey. It is present from the first instar through to the
early phase of the fourth, but is shed during that instar as the larva enters the
prepupal phase. The mandible shows a scar where the lobe is lost and at this
time the colour and general appearance of the larva undergo marked changes
(Pilgrim 1972). Such conspicuous differentiation of phases within the fourth
larval stadium are not reported elsewhere in the Mecoptera. Another feature
unique to the larva is the presence of two papillae arising from the end of the
hindgut; each contains the terminal portion of one of the six excretory Malpighian
tubules. Pilgrim (1972) suggested that the papillae might function in relation to
Malpighian tubule physiology by acting as a region for ion/metabolite exchange,
but no experiments have been published on this possibility; they contain
only minute tracheal branches, making it unlikely that they have a significant
respiratory function.

Following the discovery of the aquatic stages of the New Zealand species,
the same was made for Australian forms (see Riek in Lambkin 1996). Professor
Pilgrim collected larvae of several species from many streams in Tasmania and
Australian Capital Territory and also examined larvae (unidentified as to species)
from streams in Chile. All of these forms are extremely similar, but no detailed
comparison has been published. It is clear, however, that the overall morphology
and habit of the larvae are characteristic of the family.

Distribution of Nannochoristidae

The familymaybe considered an outstanding example of Gondwanan distribution.
Within New Zealand, adults and/or larvae have been collected from Stewart
Island and Big South Cape Island, numerous localities in Southland (including
Longwoods, the type locality), Otago, Westland, Nelson, and Marlborough. In
Canterbury, it is present at lower altitudes along the main alpine range and in
the foothill ranges; there is a gap over much of the Canterbury Plains, but the
insect is widespread on Banks Peninsula.

It is typically found associated with the smaller streams in native forest
or second-growth bush, but collections have been made in open country, e.g.
in a peat-bog creek in the Umbrella Range region (Otago) and in the Glentui
River (Canterbury). These occurrences are perhaps the result of downstream
drift from small tributaries. Its altitudinal range is from near sea level (Stewart
Island, Macandrew Bay (Dunedin), and Abel Tasman National Park) to about
1000 metres above sea level.

The only known specimens from the North Island are two pinned adults in
the ‘C. E. Clarke Collection”in the Auckland Museum, comprising a male and
a male abdomen labelled ‘Mamaku 28.12.[19]20". No further specimens were
found in recent visits to the Mamuku area, but the Mamaku forests have been
severely reduced and the area now appears unlikely to harbour the insect. It is
significant that no specimens were collected or reported in the Wellington area
by G.V. Hudson, who certainly knew the insect (together with his daughter Stella
he collected it in the Queenstown area and the specimens are in the Museum of
New Zealand), yet there are habitats that appear suitable even in Karori, where
Hudson lived for many years. Present evidence is that the insect is confined
south of Cook Strait, but further collecting in the southeast of the North Island,
including Kapiti Island, should be carried out. Although the insect is a weak flier,
it could have been wind-assisted across Cook Strait (if indeed it had not been
present in the area before the strait itself was established).

Future work
Investigations are needed to find sites where eggs are laid. More information
is desirable on the physical parameters of the larval and pupal environment, as
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well as on detailed associations of the larval instars with their ambient fauna.
The function of the anal papillae of the larva is worthy of experimentation. There
is no published information on feeding, mating, or oviposition in the adult
stage. Kristensen (1989, p. 113) has emphasised the phylogenetic interest of this
archaic family of Mecoptera and called for’... penetrating comparisons of adults
and immatures alike to reach a trustworthy phylogeny’. Additional molecular-
phylogenetic work, currently being undertaken in laboratories in Germany and
the USA, should clarify the status of the Nannomecoptera.

Order Siphonaptera: Fleas

Fleas are obligate blood-sucking parasites of warm-blooded vertebrates. About
95% of flea species worldwide parasitise mammals; the rest are found on birds.
All are wingless (Siphonaptera means ‘sucking-wingless’) and their life-history
includes complete metamorphosis, having larval and pupal stages. The larvae
are with very rare exceptions non-parasitic‘'maggot-like” grubs living in the nest
debris of their adult hosts. Their food is organic detritus, including excess blood
excreted by their adults and, in part, probably other tiny creatures inhabiting the
nest. Fleas are famous for their prodigious ability to spring 150 times their body
length — a feat achieved by a combination of muscle power and energy stored in
a compressed springy pad of protein called resilin.

The fossil history of the order is poorly known. The very rare specimens
recovered from Baltic amber (Eocene) and from Dominican amber (Miocene)
belong to existing genera. No fossil fleas are reported from New Zealand. There
are more than 2000 species worldwide. The largest is North American Hystri-
copsylla schefferi, a giant at 12 millimetres long.

New Zealand’s flea fauna

The most recent account of fleas in New Zealand and its offshore islands is that

of Smit (1979), who listed 34 species and subspecies, reviewed earlier literature,

and described several new taxa. Later, Smit (1984) described a subspecies from
the remote Bounty Islands. This is the latest described flea from the region.

Collecting has been sporadic but widespread throughout New Zealand and the

offshore islands, especially over the past several decades and it appears unlikely

that many new taxa will be forthcoming, although many bird hosts have yet

to be thoroughly investigated. It is probable, therefore, that we now have a

complete taxonomic account of the adult flea fauna of the New Zealand region.

This is unusual for most countries, but understandable in view of the size of New

Zealand and its fauna, and of the efforts on the part of numerous collectors.

Eleven of the 35 species/subspecies are accidental introductions (10 on
mammals, one on birds), six are naturally indigenous (all on birds), 17 are
endemic (one on a bat, 16 on birds), and there is one deliberate introduction (on
rabbit). New Zealand'’s flea fauna has many peculiarities:

1. There is a complete absence of members of the large family Ctenophthalmidae
and the Hystrichopsyllidae, which together comprise ca. 30% of the world
Siphonaptera.

2. The families Leptopsyllidae and Pulicidae are represented in New Zealand by
introduced species only, but several have become well established.

3. The very large family Ceratophyllidae, c. 20% of the world fauna, typically
Holarctic in character, is represented by three introduced taxa and one
aberrant monospecific genus confined to Antarctica.

4. Of the world flea species, the vast majority normally parasitise mammals. In
New Zealand, in contrast, the native/endemic flea taxa include only one on
mammals and 22 on birds. These strange proportions are clearly related to
the peculiarities of the New Zealand mammal and bird faunas — an extreme
paucity of suitable land mammals but a large number (disproportionately so in



global terms) of seabirds, particularly of procellariiforms, penguins, and shags.
5. The affinities of the major families of endemic/native fleas are largely within
the Southern Hemisphere.

Individual flea families
Ischnopsyllidae occur worldwide wherever bats are found. Porribius pacificus is
host-specific to Chalinolobus tuberculatus; the record from Mystacina tuberculata
(Smit 1979) has not been repeated and is probably an error owing to accidental
laboratory contamination. Two other species of Porribius are found in Australia
and one in New Guinea.

Pygiopsyllidae are well represented in Australia—Papua New Guinea, with
some genera also in South America and southern Asia and a few reaching Japan,
the Philippines, and India (see Mardon 1981). All six taxa of the genus Notiopsylla
are found in the New Zealand region, four of them endemic. Notiopsylla corynetes
is the only species from the mainland, where it is host-specific on Puffinus
huttoni, nesting at high altitudes in the South Island; the remaining endemic and
native taxa are associated with seabirds nesting near the shores of offshore and
subantarctic islands. Hoogstraalia imberbis was described from a single female of
unknown host association in the Auckland Islands. Extra-limital species of the
genus are hosted by land birds in Tasmania, New Guinea, and the Philippines.
Closely related Pagipsylla galliralli was described from a weka but has since been
found more commonly on other ground-nesting birds and some introduced hosts.
The two species of Pygiopsylla are associated with rats, especially Rattus exulans,
presumably its primary host from which it has invaded the more recently introduced
R. norvegicus and R. rattus; both species of the flea are native to Australia, where
other species also occur, and there is one species in Papua New Guinea.

Rhopalopsyllidae are chiefly Neotropical in distribution where the hosts are
mostly mammals, but the many species of Parapsyllus are bird fleas, distributed
around coastal Australasia, South America, South Africa, and islands in the
circumpolar seas south of about 60° S (see Smit 1987). Most species are found
on seabirds nesting at or near the shore, but P. lynnae alynnae, like Notiopsylla
corynetes (above), is host-specific on Puffinus huttoni in coastal mountains of
the South Island. Parapsyllus nestoris nestoris, too, is unusual in specifically
parasitising a parrot, Nestor notabilis, that also nests in alpine South Island,
while P. n. antichthones is associated with parakeets in subantarctic islands.
The remaining endemic species/subspecies are confined to the subantarctic
islands.

Some introduced fleas

Pulicidae

Pulex irritans was formerly widespread on humans and pigs; it has become less
abundant with improvements in human hygiene. Ctenocephalides felis felis, very
common on domestic cats, is the flea most likely responsible for human infestation
by the tapeworm Dipylidium caninum; it also occurs on dogs. Ctenocephalides canis,
found on dogs, is less common than the previous species. Xenopsylla cheopis is the
famous plague flea. It is probably not established in New Zealand but was recorded
in the early 1900s at the time of an outbreak of bubonic plague in Auckland, which
caused nine deaths (MacLean 1955). Specimens are still occasionally intercepted
in shipping from overseas. As the rodent vectors (rats) are present in abundance
here, the accidental introduction of plague-infected fleas could potentially lead to
repeated outbreaks of the disease. Xenopsylla vexabilis is widespread in many parts
of the Pacific and was presumably introduced to New Zealand along with the kiore
Rattus exulans, its normal host. It is now known only in association with this rat,
and confined to offshore islands.

Leptopsyllidae
Leptopsylla segnis is abundant on mice, worldwide.
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Cat flea Ctenocephalides felis felis.

Des Helmore
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Ceratophyllidae

Ceratophyllus gallinae is abundant on introduced passerines (starling, house
sparrow, blackbird). Although associated with domestic fowl in Europe, it is
not widespread on this or other galliform hosts in Nw Zealand; it was perhaps
introduced with chickens released on one of Captain Cook’s voyages. It has
been recorded from fernbird (Bowdleria punctata caudata) on the Snares Islands
and has also been taken from Petroica traversi and Gerygone albofrontata nests in
the Chatham Islands. Interestingly, Parapsyllus struthophilus, the typical flea of
Petroica traversi and other endemic birds, has become a parasite of introduced
birds (blackbird and hedge sparrow) in the Chatham Islands. Nosopsyllus fasciatus
is abundant on brown and Norway rats. Nosopsyllus londiniensis londiniensis is
taken mostly from mice within about 100 km of ports, suggesting that it is a
relatively recent, but perhaps repeated, introduction, escaping from shipping.

Some noteworthy absences

Although the hedgehog Erinaceus europaeus is well established throughout
much of mainland New Zealand, the flea Archaeopsylla erinacei erinacei has
not been found here yet it is abundant on that host in the United Kingdom.
Hedgehog mites, for example Caparinia tripilis, are, however, very abundant in
New Zealand.

The opossum Trichosurus vulpecula lacks the several species of fleas normally
found on it in Australia, but it does carry mites, e.g. Trichosurolaelaps crassipes.

In most of the New Zealand region, rabbits (Oryctolagus cuniculus) and
hares (Lepus europaeus) are without the flea Spilopsyllus cuniculi, which is
normally associated with them in Europe, even though they carry their normal
complement of sucking lice (Anoplura) and mites (Acari). This flea has, however,
been introduced to Macquarie Island to act as a vector in controlling rabbit
populations there; it is the only deliberate introduction to the wider region.

Among introduced birds, the rock pigeon Columba livia does not carry
Ceratophyllus columbae, but several species of feather lice are abundant (Pilgrim
1976) as are mites. The house sparrow Passer domesticus and hedge sparrow
Prunella modularis lack their normal Dasypsyllus and Ceratophyllus spp. Domestic
chickens are fortunately without Echidnophaga gallinacea, the ‘stick-tight flea’,
which otherwise would be a great nuisance in the commercial poultry industry.

It might be speculated that the absence of the typical fleas from hosts that
have been deliberately introduced is related to the disposal of cage litter during
long voyages from the northern hemisphere to this country. This would have
broken the life-cycles of the fleas since the non-parasitic larval phase occurs in
nest debris; however, birds were presumably collected for introduction to New
Zealand outside the breeding season, when they would be unlikely to carry
fleas. Bird fleas are most abundant in nests, from which they make feeding
forays onto the host, but the larvae are dependent on nest debris for their
survival. Mammal fleas, on the other hand, are commonly found in the pelage
of their hosts at all seasons; nevertheless, their larvae are also dependent on
nest debris. If this were discarded en route to New Zealand, the life-cycle would
likewise be broken.

The arrival of mites and lice on these same hosts, however, is not surprising
as they are permanent obligate ectoparasites in all phases of their life-history.
Information on the occurrence of the Mallophaga (chewing/ feather lice) and
Acari (mites and ticks) of birds is given by Bishop and Heath (1998) and lists of
bird Mallophaga are given by Pilgrim and Palma (1982, updated by Palma 1999).
Mallophaga (chewing lice), Anoplura (sucking lice), and Acari of mammals are
included in lists compiled by Tenquist and Charleston (1981).

Future work
Examination of a wider range of birds, especially indigenous and endemic
species, is needed to seek possible additional taxa. Investigations are highly
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desirable on the larval phase, especially in bird fleas. The families Pygiopsyllidae
and Rhopalopsyllidae are found almost entirely in the Southern Hemisphere
and their larvae possess many morphological features quite unknown among
the families of the Northern Hemisphere, where most of the published work on
larvae has been done. Some of these features are presented by Pilgrim (1998) for
the six taxa of the genus Notiopsylla (Pygiopsyllidae).

Order Diptera: Flies

Many flying insects are referred to as flies, but only Diptera are true flies. The
ordinal name name means two-winged, alluding to the two functional flight
wings. The second pair of wings is reduced to a pair of tiny knob-ended halteres
that probably function as stabilisers or air-speed detectors. These are easily seen
in crane flies (so-called flying daddy-longlegs) but a flap (calypter) behind the
wing base in the nine families of calyptrate flies obscures the haltere from above
for the casual observer. Beginners may confuse members of the Hymenoptera
(ants, bees, and kin) with Diptera, but winged hymenopterans always have
two pairs of wings. The pattern of veins in Diptera also differs from that in
Hymenoptera. Diptera have only sucking mouthparts, sometimes modified for
piercing, but Hymenoptera also have mandibles for chewing. Flies of the division
Cyclorrhapha and some of the Orthorrhapha have an arista (a plain or plumose
bristle) on the last antennal segment an often a pad-ended sucking tongue and
palps. This special tongue helps distinguish the more than 900 species of these
flies in New Zealand from other insects. True flies are also generally characterised
by large compound eyes. Their antennae may be long (Nematocera) or short
(Brachycera).

Dipterans include house flies, blow flies, mosquitoes, midges, sand flies,
crane flies and a host of other forms. About 120,000 species have been described
globally out of an estimated 153,000 species (Pape et al. 2009). They typically
have sucking mouthparts but these may be modified as piercing structures.

Flies are among the largest and most important insect groups as pests of
livestock, fruit, crops, and pasture and also include nuisance blood feeders. But
many species are valued biological control agents of pests and weeds. A few
introduced species help in the biological control of pest insects and some help
to reduce weed vigour. Tachinid flies are especially important as natural enemies
of caterpillars. Predatory and parasitic flies help keep populations of grass grub,
stag and longhorn beetles, and sedge bugs in check. Flies can be common
pollinators of some native plants. Flies can accelerate decomposition of carrion,
dung, and leaf litter and they are important food sources for other invertebrates
and for native birds, reptiles, and fish.

Certainly there is much more to flies in New Zealand than pest species that
get up close and personal with humans and livestock. Fortunately, flies are much
less of a health and veterinary menace in New Zealand than they are in some
tropical countries. Nevertheless, New Zealanders and visitors need to assist
quarantine services by not bringing into the country fruit and other produce that
can establish further serious fly pests. At present, pest species account for only
0.5% of the 3225 known species of New Zealand Diptera.

Native flies live in a very wide range of habitats, from the tidal zone and
salt pools to forests, grasslands, fresh waters (thermal to glacial), subalpine
vegetation, and soil. Most species feed on various decaying materials, fungi, or
algae in water. Herbivores include gall-midges, fruit flies, leaf miners and others
that contribute part of the distinctive insect fauna dependent on native plants
in New Zealand. For most species, much still needs to be recorded on habitat
preferences, food use, season of activity, and egg-laying.

The comprehensive account that follows reviews what is known about
the ecological and economic importance of Diptera and their diversity in New
Zealand.

Male Australian leafroller parasite Trigonospila
brevifacies (Tachinidae).
After Grant 1999
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Garden soldier fly Exaireta spinigera
(Stratiomyidae).
After Grant 1999

Zygomyia sp. (Mycetophilidae).

Rod Macfarlane

Beneficial roles of flies

Pollinators

Adult flies visit flowers to enhance their own survival and boost reproduction, and
so flies contribute part of the pollinating service for plants. Flies visit pollen-rich
kiwifruit quite readily (Macfarlane & Ferguson 1984) as well as spring-flowering
fruit trees with nectar, where they make a minor contribution to pollination.
Carrot and onion flowers are rather unattractive to honey bees and bumble bees
(Macfarlane 1995a, unpubl.), so flies are likely to be relatively important in their
pollination; introduced social bees (family Apidae) usually pollinate other crops
and flowers in gardens adequately. Flies are more prominent on smaller and more
open-flowered native species in: shrubland and bush, e.g. matagouri (Discaria
toumatou), kanuka/manuka (Kunzea, Leptospermum), cabbage trees (Cordyline
spp.), Olearia spp., tauhinu (Cassinia spp.) and ratas (Meterosideros spp.); in
tussock and cushion-fields, e.g. spear grasses (Aciphylla spp.), Pimelea, Raoulia,
Dracophyllum, Phyllachne; and in springs and bogs, e.g. Eupatorium (Heine 1937;
Spencer 1977; Primack 1978; Heath 1982; Harrison 1990; Macfarlane unpubl.).
At least on Raoulia they remain active in cooler and windier conditions than
those that favour native bee flight.

During the day, the main flies that pollinate native and garden flowers are
the hairier Syrphidae, Tabanidae, Bibionidae, and Stratiomyidae (Odontomyia)
and the bristly blow flies, tachinid, and muscid flies. The former hairier flies carry
much more pollen than the bristly flies (Macfarlane & Ferguson 1984). Survival
of the pollinating flies, in contrast to bees, is independent of flowers, because the
larvae do not require nectar. In gardens or wayside areas, energy-saving platform-
like flower clusters (e.g. carrots, yarrow, thistles) attract fly visitors in summer and
autumn when there is a narrower range of nectar and pollen sources for flies. Fly
pollinators are attracted to a limited range of flower species, e.g. arum lilies (Zant-
edeschia), ivy (Hedera helix), Fatsia japonica) that have an aroma that attracts them.
The role of midges such as Forcipomyia and Chironomidae during the evening or
at night in New Zealand remains to be investigated, but overseas studies show
they may visit flowers freely (McAlpine et al. 1981, 1987, Macfarlane 1995a).

Flies are likely to be considerably less efficient than bees as general
pollinators for several reasons (Macfarlane 1995b). The major factor that limits
the effectiveness of flies as pollinators is the inability of even the hairier flies to
retain 10% of the pollen carried by bees, which have densely plumose-haired
bodies. In addition, flies do not move so readily from plant to plant and so effect
cross-pollination. Smaller fly species may often not contact the stigma during
flower visits. In an extensive survey of flower visits to more than 50 native and
300 introduced plant species by bumble bees and native bees, flies were noted to
visit more flowers per minute than beetles.

Small flies are specialist pollinators of certain ground orchids. Species of
Mycetophilidae visit Pterostylis and Corybas in Australia (Bernhardt 1995) and
both of these genera occur in New Zealand. The mycetophilid Zygomyia sp.
has been observed bearing pollinia in Pferostylis flowers in New Zealand (C.
Lehnebach, pers. comm.). Epiphytic orchids such as Earina spp. are pollinated by
a wider range of insects.

Biocontrol agents of noxious weeds

Some flies, including species of Tephritidae, Anthomyiidae, and Agromyzidae, have
been specifically introduced for controlling noxious weeds. Scott (1984) and Cam-
eron et al. 1989) provided summaries for fly species (Tephritidae, two species; An-
thomyziidae, Botanophila seneciella; Cecidomyiidae, Zeuxidiplosis giardi) that affect
ragwort (Senecio jacobaea), mexican devil weed (Ageratina adenophora), Californian
thistle (Cirsium arvense), and St John's wort (Hypericum perforatum). The website
landcare research.co.nz/research/biocons/weeds/book has data for several species
of biocontrol Diptera, viz Tephritidae (five species), Agromyzidae (two species),
Cecidomyidae (two species), and Syrphidae (two European species of Cheilosia).



For each species a colour photo is provided, often with the overall wing pattern, re-
lease date and status, type of damage, and provisional effectiveness against thistle,
Hieraceum and other Asteraceae, and old man’s beard (Clematis vitalba).

Natural enemies of pests and other invertebrates

Some Diptera are important natural enemies of moths and soil pests. Most of the
entomophagous (insect-eating) flies are members of the family Tachinidae, with 188
known species in New Zealand and records of hosts for 29 species on caterpillars,
grassgrub, and longhorn larvae (Dugdale 1962; Valentine 1967b; Cantrell 1986;
Cameron et al. 1989; Munro 1998, Schnitzler et al. 2004). Merton (1982) made the
only critical investigation of the link between the biology of the host and a tachinid
parasite for the main grassgrub pest, Costelytra zealandica. Other New Zealand
examples include Australian-derived Cryptochetum iceryae (Cryptochetidae), which
parasitises cottony-cushion scale (Icerya purchasi) on citrus (Valentine 1967b; Scott
1984), and South American Leucopis tapiae (Chamaemyiidae), which usually keeps
pine-twig chermes (Pineus laevis) populations in check (Cameron et al. 1989).

In soil and sand, two important families with nearly 100 species between
them (Therevidae and Asilidae) have larvae that are known or believed to
be usually predatory. The mainly fine-haired grey stilletto flies (Therevidae)
inhabit the driest sand (Sutherland 1966; Lyneborg 1992) and soil. Up to 20
species of stiletto flies are likely to prey on scarabs, weevils, and other insects
in dune sands. In gravel, Anabarhynchus larvae prey on larvae of the solitary
wasps Podagritus (Harris 1990). Adult collection data suggest that robber flies
(Asilidae) prefer uncultivated grassland, but they are not found in wetland,
where some crane-fly larvae may be predatory. Robber flies perch on elevated
sites in vegetation among grassland or towards the edge of tree twigs. Females
may prey on their own males in New Zealand, and prey selection is just one of
several interesting aspects of behaviour and ecology that can be investigated and
compared with overseas studies (Lavigne et al. 1978). Adults of Empididae can
be active predators. lan McLellan has seen Thinempis takaka adults attack and
feed on beach amphipods and W. J. Crawford (pers. comm.) noticed adults of
an undescribed species of Hilara preying on the mayfly Coloburiscus humeralis.
An undescribed Spilogona species (Muscidae) has been observed to catch mayfly
subadults as they emerged from a stream onto stones (Harris 1990). Most
endemic muscids are probably predatory, at least as adults. John Early saw
adults of apparent Hemerodromiinae with Stylaclista (Diapriidae) prey between
the front legs at Waipoua forest. Adults of many Dolichopodidae may well be
predatory on small soft-bodied insects such as aphids.

Larvae in the families Empididae, Dolichopodidae, and Muscidae are not
often reported in freshwater surveys (Winterbourn et al. 2000) but there are
some records of adults concentrated near running and boggy water. As well,
there are a few records of concentrations of undetermined larvae associated
with even more abundant midge larvae in lagoons (Knox & Bolton 1978). This
evidence indicates a possible predatory role for larvae of such species on midge
larvae and the smaller larvae of other characteristic flies active in the biological
zone, e.g. shore flies Scatella and Ephydrella. The invertebrate fauna of the wet
soil zone below and at the sides of fresh and semi-saline water bodies remains
almost unstudied and difficult to assess (Collier & Winterbourn 2000).

Among hover flies of the subfamily Syrphinae (24 described species), large
Melangyna novaezealandiae and smaller Melanostoma fasciatum have adapted best
to modified grassland and cropping environments. Hover-fly larvae can be the
major predators of white-butterfly caterpillars on cabbages (Ashby 1974; Ashby
& Pottinger 1974). Adult hover flies are conspicuous in pastoral habitats from
late spring when aphid populations increase (Cumber & Harrison 1959b; McLean
et al. unpublished). There are at least three predatory genera of gall midges in New
Zealand orchards. Arthrocnodax preys on pest mite species (Cottier 1934; Collyer
1964), Diadiplosis koebelei consumes long-tailed mealy bug (Charles 1981), and an
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After Grant 1999

Bladder fly Ogcodes brunneus (Acroceridae).
After Grant 1999
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unknown gall midge preys on the margarodid scale insect Coelostomidia wairoensis
(Morales 1991). The latter is also found among Lucerne (alfalfa) infested with
blue-green aphids (Thomas 1977). The hosts are unknown for the predatory gall
midge genera Trisopsis and Lestodiplosis that occur in New Zealand.

More than 260 fly species are parasitic on other invertebrates.Valentine (1967b)
reviewed the literature on flies as insect parasitoids up till 1966. In North America,
Phasiinae species may be parasites of Heteroptera (McAlpine et al. 1987), but apart
from the common and widespread Huttonobesseria verecunda there are only six
rare phasiine species in New Zealand. Larvae of H. verecunda larvae live within
the heteropteran sedge bugs Rhopalimorpha. Members of a few other fly families
are also parasitic on invertebrates. Two species of cluster flies (Pollenia rudis, P.
pseudorudis) became established in New Zealand by the early 1980s (Dear 1985;
Macfarlane & Andrew 2001), and they parasitise Aporrectodea (= Eisenia) rosea
(Rognes 1987), which forms a small component of the introduced earthworm
species of cultivated grasslands (Fraser et al. 1995). The spider Matachia ramulicola
(Psechridae) is a host for Ogcodes brunneus (Dumbleton 1941). Harris (unpub.)
has reared a species resembling Ogcodes nitens from various spiders of the family
Clubionidae. The hosts for 24 other species of Acroceridae, Pipunculidae, and
Bombyliidae remain unknown in New Zealand. Among 26 species of Sciomyzidae,
Eulimnia species feed on freshwater fingernail clams (Sphaeriidae) (Barnes 1980a),
whereas Neolimnia species feed on gastropod snails, with aquatic snail hosts
for the subgenus Pseudolimnia and terrestrial hosts for the subgenus Neolimnia
(Homewood 1981).

Vegetation recycling

Flies are probably most beneficial as decomposers of litter and carrion. In forests
and gorse shrubland, fungus gnats (Mycetophilidae, Keroplatidae, Ditomyiidae),
together with some Phoridae and Cecidomyiidae, feed on fungi in leaf litter and
in logs. Members of these five families, plus crane flies (Tipulidae) and other flies
feeding in logs, must consume a high proportion of the fungi eaten by invertebrates
(Skerman 1953; Somerfield 1974; Anderson 1982). This conclusion is based on
their biomass compared to other fungus-consuming insects taken by malaise traps
(Ward et al. 1999; Harris et al. 2004) or impact traps (Didham 1992).

Removers of carrion and dung

Blow flies and certain other flies (some Muscidae, Sphaeroceridae) consume
much livestock, bird, rodent, and fish carrion biomass before it reaches the
greatly reduced dry stage. Larger vertebrate carcasses (sheep, pigs) become
heated during decomposition, when flies are most active (Dymock & Forgie
1993). Temperatures and features of the site affect the rate of decomposition
and the availability of certain blow flies within medium-sized (hare, opposum)
carcasses (Boswell 1967; Appleton 1993). Medium-sized mammal (opossum) or
larger bird (magpie) carrion provide a higher percentage (2-2.5 times) of flystrike
species than a blackbird (Heath & Appleton 2000). Mice carrion has been
studied in New Zealand pastoral farmland, but published information states that
no flystrike species were involved and that shade favours blow-fly colonisation
(Heath & Appleton 2000). In North and South America, where Lucilia sericata
and the secondary sheep strike Calliphora vicina are also present, these were the
main species reared from rodent, fish and bird-gut carrion (Tomberlin & Butler
1998; Figueroa-Roa & Linhares 2002). The composition of blow-fly species is
affected by the availability of kanuka (Kunzea ericoides) scrub and native bush
(Robinsons Bay, Banks Peninsula) compared to areas with mainly nectarless
conifer shelter belts (Lincoln University, Cheviot) or, on Chatham island, with
sheep (based on a collection of 38,890 blow flies with baited western Australian
traps in 1991-1992 (Macfarlane unpubl.)). Lucilia sericata averaged 91% of the
blow flies caught at Lincoln and Cheviot, 74% at Robinsons Bay, but only 4%
on Chatham Island. Calliphora stygia (primary blow-fly species) made up 22% at



PHYLUM ARTHROPODA HEXAPODA

Robinsons Bay, 13% on the Chathams, and 5% and 3% at Lincoln and Cheviot,
respectively. Similarly, Calliphora quadrimaculata made up 2.3% at Robinsons Bay,
but only 0.1% elsewhere in Canterbury. Calliphora vicina averaged 5% (range 2-8%)
at the Canterbury sites. Xenocalliphora hortona averaged 0.4% (range 0.2-0.6%) in
Canterbury, but 81.7% of the catch on Chatham Island. Xenocalliphora hortona and
Lucilia sericata are among the commoner species at beaches, where fish, mollusc,
crab and seabird carrion is available. Thus rodent and small-bird carrion could
well also suit these blow-fly species in lowland pastures in New Zealand. Some
Sphaeroceridae, Phoridae, and Chloropidae feed on larger invertebrate carrion.

Flesh flies, for example Oxysarcodexia varia (Sarcophagidae), and also Lasio-
nemopoda hirsuta (Sepsidae) and some Sphaeroceridae, complement earthworms
in the consumption of livestock dung in summer.

Aid in forensic science, water evaluation, and reserve quality

As a corollary to their role in decomposition of carrion, the stages of fly
development and species can be helpful in forensic science (Heath 1982), i.e. in
determining how long a corpse has been around.

In the aquatic environment, fly species composition varies considerably with
changes in water bodies (Quinn & Hickey 1990a,b; Stark 1993) so that some
species can be useful as indicators of water quality. This role will become more
apparent when Empididae, Muscidae, Chironomidae, and Ceratopogonidae have
been adequately studied and mapped at the species level.

Surveys of urban reserves have shown that fly species can include regionally
uncommon or characteristic habitat species (Macfarlane et al. 1998, 1999, 2005,
2007), and this can help to define the biological value of public reserves. Tenure
surveys of South Island high-country farms are beginning to demonstrate the
importance of some fly species as indicators of naturalness of relatively intact
insect communities and for conservation.

Food for other animals

An additional major role of flies is as food for other creatures, mainly birds, spiders,
and other invertebrates. The larger and less mobile forest flies provide valuable
protein and at times fat-rich sources for bush birds. Fantails forage on flying insects
and other birds capture inactive insects among twigs and on branches. Other flies
provide prey for various fly, beetle, and spider species along beaches. These include
kelp flies, which breed in stranded kelp on rocky shores and nearby beaches.
About 80 species of flies, including many Paralimnophora species (Muscidae), make
up the distinctive fly faunas of sandy beaches and rocky shores (Macfarlane &
Andrew 2001; Harrison & Macfarlane unpubl.). On estuary foreshores, midges
are abundant primary scavengers, while dolichopodid larvae and predatory saldid
bugs are part of the estuary insect community (Knox et al. 1978; Knox & Bolton
1978). Most species of aquatic flies live in fresh water (Macfarlane & Andrew
2001) where they can be locally significant insects for biomass (Quinn & Hickey
1990a,b), especially in cool mountain waters or more degraded lowland waters.
Immature flies, especially midges, are an important part of the invertebrate food of
fish (McDowall 1990; Collier & Winterbourn 2000).

Introduced pest and other species

In 1950 only 45 introduced species of flies were listed among the 1731 species
then known in New Zealand (Miller 1950). Now, with a sounder taxonomic
base, almost four times more introduced species are known, which represents
7% of the described fly species in New Zealand. Most of the introduced species
were accidentally derived from Europe (71-72%) or Australia (21%) (Evenhuis
1989). Many European and American species probably arrived well before 1945
(Macfarlane & Andrew 2001). Larva of midge Chironomus sp. (Chironomidae).

Flies are a familiar group of insects to the general public, although their Stephen Moore, Landcare Research
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negative impact as pests to livestock and as disease carriers to humans is more
widely understood and researched than their positive values. Only 0.5-1% of
the species in New Zealand are pests and all the main fly pest species were
., accidentally introduced. Useful older works on pest species include those of
Cottier (1956), who illustrated damage by many fly species, Helson (1974),
who illustrated life-cycles of seven pest species including the threatening
Mediterranean fruit fly, and Scott (1984), who provided an extensive outline
of pest recognition, life history, economic significance, and control. The range
of plant and animal species affected adversely by flies is moderate compared
with the other main herbivorous and wood-feeding insect orders (Coleoptera,
Lepidoptera, Hemiptera). In New Zealand, these three orders probably have
more primary plant-consuming species than Diptera.

Flies in human and animal health

Some of the best-known flies affect the health of animals and humans, notably
blow flies, bot flies, and blood-sucking flies such as mosquitoes and sand flies.
On pastoral farms, pest blow-fly species can kill sheep or lower their wool quality
(mainly the two Lucilia species and Calliphora stygia, which cause the initial blow-
fly strike). Other blow-fly species such as Calliphora vicina, C. quadrimaculata,
and Xenocalliphora hortona may then add to blow-fly strike as secondary species.
Control measures and losses to farmers rank these blow flies among the major
insect pests in New Zealand (Heath 1980; Dear 1985). With the arrival of Lucilia
cuprina, strike activity has been extended from December until late autumn
(Heath et al. 1983; Dymock et al. 1990) and it reached Cheviot by January 1992
(Macfarlane unpubl.). Nasal bot flies (Oestrus ovis) are common in sheep nostrils
(Kettle 1973; Miller & Walker 1984) and they cause severe irritation and loss of
condition in sheep (Scott 1984). The larvae of two bot-fly (Gasterophilus) species

Two livestock pests — sheep nasal bot fly Oestrus
ovis (upper) and Gasterophilus intestinalis of

horses (lower) (Oestridae). live in horse intestines, affecting horse health (Miller & Walker 1984). Both the
After Grant 1999 adults and the larvae distress horses (Scott 1984).
Other pests, such as mosquitoes, are discussed below in the accounts of fly
families.

Pests of pastures, crops, and gardens

There are no recent comprehensive reviews of plant hosts for flies. The latest is
based on literature up to 1960 in Dale and Maddison (1982), who listed insect
species and references concerning host-plant species. Only a minority of the
plant-feeding flies can be considered pests, while some are actually beneficial.

In pastures and maize crops, the root-feeding Australian soldier fly Inopus
rubriceps is a major pest in northern North Island (Helson 1974; Robertson &
Blank 1982; Scott 1984; Macfarlane & Andrew 2001). In addition, several soil-
dwelling Leptotarsus species may feed on both roots and dead organic matter,
mostly in uncultivated pastures (Macfarlane & Andrew 2001). A number of
root-gnat species (Sciaridae) can cause extensive damage to a wide range of
greenhouse ornamental plants (Scott 1984). There are also sporadic reports of
European-derived Bradysia ?brunnipes (‘Sciara annulata’) damaging cucumber
and other cucurbit seedlings in New Zealand (Stacey 1969; Dennis 1978). Control
of Bradysia difformis (= pauparea) has been investigated (Martin & Workman 1999)
because this species can be a threat to root development in pots. Naturalised
populations of daffodils or hyacinths may become depleted when narcissus bulb
fly Merodon equestris and the lesser bulb- or onion flies (Eumerus species; Cottier
1956) feed in their bulbs. Commercial crops are vulnerable too (Scott 1984).

On cropping farms, other small flies can damage cereal and brassica crops.
The hessian fly Mayetiola destructor feeds in stems of wheat, maize, other cereals,
and prairie grass and can be common (Withers et al. 1995; Bejakovich et al.
1998). Resistant cereal varieties and burning of stubble mainly keep this pest
in check (Cameron et al. 1989). Cerodontha australis (Agromyzidae), Hydrellia
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tritici (Ephydridae), and Lonchoptera furcata (Lonchopteridae) are all widespread
and very common in grasslands (Macfarlane & Andrew 2001), but these
small flies have been assessed to cause little or no economic damage (Barker
et al. 1984; Cameron et al. 1989). Cerodontha australis is often found in cereal
crops, but damage is slight (Bejakovich et al. 1998). A drosophilid leaf-miner,
Scaptomyza flava, disfigures brassica and pea crops but causes economic damage
only in exceptional circumstances (Seraj & Fenemore 1993). The beet leaf-miner
Liriomyza chenopodii can cause extensive leaf damage to beet crops (Scott 1984).
It is common in central Canterbury crops (Pearson & Goldson 1980). No control
measures have been devised for it.

Several groups of flies, particularly the gall midges and leaf miners, damage
aerial parts of flowers. In orchards and gardens, apple foliage can become badly
distorted by the gall midge Dasineura mali, and D. pyri can cause similar damage
to pears. At times, the leaf and flower galls of Rhopalomyia chrysanthemi may
affect chrysanthemums in gardens (Wise 1957). This gall midge is a threat to
the cut-flower industry. Leaves of cineraria (Pericallis x hybrida, often as Senecio
cruentus) in gardens and chrysanthemum leaves in glasshouses can be attacked
by the leaf-mining Chromatomyia syngenesiae (Cottier 1956; Scott 1984). Further
breeding sites for it are common composite weeds like sowthistle (Sonchus
asper), fireweed (Senecio bipinnatisectus), and other Senecio species (Spencer 1976;
Macfarlane et al. 1999).

Flies affect native garden shrubs adversely. The rosette-making gall of Oligo-
trophus oleariae can disfigure at least three Olearia species, including O. paniculata
(golden akeake), a useful hedge shrub. Kakabeak (Clianthus spp.) can be
threatened by insect, mite, and mollusc pests, including the host-specific leaf
miner Liriomyza clianthi (Watt 1923). Other gall midges affect seed crops of
meadow foxtail (Alopecurus pratensis) and cocksfoot (Dactylis glomerata) (Jacks &
Cottier 1948; Barnes 1940; Macfarlane & Andrew 2001).

Mushroom spoilers

Flies can be a threat to mushroom producers and often cause premature decay
of mushrooms gathered in the field. The sciarid Lycoriella castanescens is the main
pest species in New Zealand, but the sphaerocerid Pullimosina heteroneura can
transmit the nematodes that attack commercial mushrooms (McAlpine et al.
1987) and Phthitia emarginata affects rotting mushrooms (Marshall et al. 2009).
The phorid Megaselia halterata is often found in mushrooms in Europe and North
America, so it will feed among mushrooms in New Zealand too. Most species
of Mycetophilidae feed on fungi, but are probably of no economic significance.
There is no summary of fly use of fungal species in New Zealand. Simon Hodge
(unpubl.) recently investigated a range of habitats with mushrooms as bait in
Canterbury and Wilding et al. (1989) summarised overseas findings.

Fruit flies

Fruit flies of the family Tephritidae are major potential pests, discussed below in
the accounts of fly families. Frampton (1990) explained the extensive measures
undertaken to monitor for any accidental establishment of fruit flies. White and
Elson-Harris (1992) provided a modern summary of the pest species of fruit flies
as well as species affecting weeds.

Natural enemies of flies

Insect numbers are to a large extent controlled by predators, pathogens, parasites,
and parasitoids (parasitic insects that normally kill the host before it has matured).
Birds, spiders, and many predatory insect species play a major role in controlling the
populations of many fly species, as do insect parasitoids that develop on or inside
a fly host. Nematode and protozoan parasites, fungi, and bacterial pathogens also
profoundly affect fly populations. Larval mites (Arrenuridae and Microtrombidiidae)
parasitise adult mosquitoes and crane flies (Snell & Heath 2006).
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Striped dung fly Oxysarcodexia varia
(Sarcophagidae).
After Grant 1999

Predators

The role of birds and spiders is obvious. Small flies such as psychodids and sciarids
are often caught in large numbers in the webs of the common orbweb spider
(Laing 1988; Macfarlane et al. 1999). Apart from the ecological investigations of
predation on pest species (Boswell 1967; Valentine 1967b; Allsopp & Robertson
1988; Appleton 1993), little has been recorded about predation of other inverte-
brates on fly larvae and pupae. Ground beetles, rove beetles, and click beetles
can cause important mortalities in outbreaks of Australian soldier fly (Allsopp &
Robertson 1988). Flies are also recorded as prey of predatory bugs (Hemiptera)
(Valentine 1967b) and species of the sphecid wasp genera Podagritus and
Rhopalum (Harris 1994a). In water, chironomid larvae prey on Austrothaumalea
(Thaumaleidae) larvae (McLellan 1983).

Parasitoids

The most prominent parasitoids of Diptera and other arthropods belong to the
order Hymenoptera. Thirty-eight species of parasitic Hymenoptera from 10 families
have been reared from at least 39 New Zealand fly species in 14 families (Valentine
1967b; Valentine & Walker 1991). Gall midges, kelp flies, and the glow-worm (a
fungus gnat), are known to host 10 diapriid species, three braconid species, two
Fusiterga species (Pteromalidae), one species of Encyrtidae, and one of Torymidae.

The parasitoids of introduced and pest species have been more extensively
investigated, with records from 14 introduced fly species.The remaining 130143
species of introduced flies may have few parasitoids affecting them apart from
the more adaptable native species that have extended their host range to include
these species.

Parasitoids of 26 species have been introduced deliberately or arrived with
hessian flies, blow flies, pest muscid flies, and agromyzid leaf miners. Some have
extended their host range to dung-inhabiting Oxysarcodexia varia and to kelp flies
(Cameron et al. 1989; Valentine & Walker 1991). At least four species of beneficial
hover flies are parasitised by the accidentally introduced Diplazon laetatorius
(Ichneumonidae). The incidence of parasitism per host fly species varies with
habititat, the origin of the species, and which of the three immature stages of
the fly are parasitised. Also, species-rich fly genera are unlikely to support a
high average of parasitoid species, especially if these genera are affected by the
generally less host-specific external parasitoid species.

Hymenopterans very seldom parasitise immature stages of flies that live in
water (Smith 1989; Stehr 1991; Goulet & Huber 1993; Ashe et al. 1998). Also,
soil-inhabiting Therevidae and Asilidae larvae have no records of parasitic
insects reared from them elsewhere in the world (Knutson 1972; Lavigne et al.
1978; Dennis & Knutson 1988). It seems that immature flies in soil and wetlands
are more difficult for winged parasites to reach and detect, so parasitism per
species is expected to be low.

Different parasitoid species may affect eggs, larvae, and pupae, and internal
parasitoids tend to be more host-specific and allow the host to develop (Gauld
& Bolton 1988; Quicke 1997). The undescribed species of Hymenoptera include
a relatively diverse fauna of egg parasites (Noyes & Valentine 1989a,b; Berry, this
chapter).Variation in the incidence of egg parasitism between fly taxa is unknown
in New Zealand. The more-exposed eggs of Syrphidae on plants and of some
Acroceridae on twigs (Miller & Walker 1984) may well host parasitoids more
consistently than eggs protected within particular substrata (e.g. the Tipulidae,
Sepsidae, and some Asilidae of soil or rotting logs, and the Anthomyiidae,
Agromyzidae and some Cecidomyiidae of plants) (Watt 1923; Hinton 1981).

Most parasitic species of Hymenoptera in New Zealand remain undes-
cribed, including about 200 species of Diapriidae, dipteran parasitoids. Many
more may await discovery. Clearly, much more research on the immature stages
of flies and their parasitoids is needed before a reasonably confident prediction
can be made about their importance as hosts of New Zealand Hymenoptera.
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Diversity and endemicity of New Zealand Diptera and offshore-island distributions

Fly New Zealand genera New Zealand speciest Described species  Families found on
family No. genera % endemic  No. known % undet. % endemic % offshore offshore islands
NEMATOCERA 260 30 1,638-1,654 19-20 95 4.1

Bibionidae 1 0 8 0 100 0 Ch
Blephariceridae 3 100 13 38 100 0 No, Ch, Ca
Cecidomyiidae 31 19 229 59 85 4 All, Sub
Ceratopogonidae 10 0 39 13 100 9 All, Sub
Chironomidae 67 39 146 23 94 17 No, Ch, Sn, Sub
Culicidae 6 33 15 0 69 6 No, Ch, Sn, Su
Ditomyiidae 2 0 25 7 100 0 No
Dixidae 3 33 9 0 100 0 Ch, Sub
Keroplatidae 12 0 50 2 98 0 All, Sub
Mycetophilidae 33 45 266 27 99 2 All, Sn, Sub
Psychodidae 9 11 62-78 21-38 87 13 Ch, Sub
Rangomaramidae 4 75 12 0 92 8

Scatopsidae* 5 0 10 50 50 0 Sub
Sciaridae 13 8 71 3 87 3 All, Ch, Ca
Simuliidae* 1 0 15 0 100 15 Sub
Thaumaleidae 2 0 11 0 100 0

Tipulidae 48 33 619 8 100 2.5 All
Trichoceridae 4 25 19 5 94 0 Sub

Five other families 6 33 19 16 94 0 Sub
ORTHORRHAPHA 106 40 630 28 99 2.9

Acroceridae 4 50 14 29 100 0

Asilidae 6 33 30 43 100 6 No,Ch
Dolichopodidae 31 45 147 10 98 6 All
Empididae 41 42 283 37 100 1* All, Ak, Ca
Stratiomyidae 13 46 59 46 88 3 No, Ch, Sn
Tabanidae* 3 0 20 15 100 0

Therevidae 3 33 71 4 100 0 TK, PK
Four other families 5 40 6 57 100 0

AscHIZA 38 21 151 41 58 2.3

Phoridae 18 44 44 14 74 0 All
Pipunculidae 3 0 14 64 100 0

Syrphidae 13 8 90 51 86 4.5% All, Ch, Sn, Ca
Three other families 4 0 3 33 33 0 Ch, Sn
ScHIZOPHORA Acalyptratae 115 22 386 12 81 7.3

Agromyzidae 7 0 41 2 76 25 All, Sn, An
Canacidae 4 25 12 0 100 27 Sn, Sub
Chloropidae 12 8 45 2 86 5 ?No, Ch, Sn
Drosophilidae* 3 0 19 21 27 0 All, Ch, Sn
Ephydridae 19 5 66 61 79 8 All, No, Ch
Heleomyzidae 8 63 32 3 90 6.5 Bo, Sn
Helosciomyzidae 6 83 11 0 100 27 No, Ch
Huttoninidae 2 100 9 0 100 0 Ch, Sn, Ak
Lauxaniidae 4 25 17 0 100 0

Pallopteridae 1 100 10 10 100 0

Sciomyzidae 2 100 18 0 100 0

Sphaeroceridae 18 11 43 19 40 6 No, Sub
Tephritidae 5 0 20 5 80 0 Ch
Sixteen other families 24 17 43 17 80 19 All, Ch, Sub, Sn, LB?
SchizorHORA Calyptratae 102 63 420 35 86 7.6

Calliphoridae 8 25 58 5 82 15 All, Sn, Sub
Fanniidae 2 0 8 50 0 0 No, Ch, Sn
Muscidae 17 41 145 59 88 21 All, Ch, Sn, Sub
Tachinidae 61 90 190 30 98 0 No, Ch
Four other families 14 0 19 16 0 0 Ch, Sub
Total DIPTERA 621 33 3,225-3,241 23 91 4.6

1 not including subspecies

* All genera shared with Australia.

Ak, Auckland Is; All, all islands except subantarctic; An, Antipodes Is; Bo, Bounty Is; Cp, Campbell I; Ch, Chatham I; LB, Little Barrier; No, all northern islands; PK, Poor Knights Is; St, Stewart L;

Sub, subantarctic islands; TK, Three Kings Is. Island groups: northern = Northland-Bay of Plenty; subantarctic = Snares, Antipodes, Bounty, Auckland, Campbell.
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Bat fly Mystacinobia zelandica (Calliphoridae).
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Des Helmore

Pathogens

Seven of the 10 specified records of fungi (eight species), nematodes (three
species), and protozoans (three species) that affect Diptera in New Zealand
pertain to aquatic species (Glare et al. 1993). International interest in the control
of mosquitoes and black flies has centred on the possible use of bacteria (Lacey
1997). Sixteen papers from New Zealand on fly pathogens (Glare et al. 1993)
provided records of the protozoan Herpetomonas muscorum from the native blow
fly Calliphora quadrimaculata and the fungi Tolypocladium extinguens from the glow-
worm and Beauveria bassiana from the hover fly Melangyna novaezealandiae. In the
field, Metarhizium anisopliae is the main fungus known to affect larvae and pupae of
the Australian soldier fly under a range of soil moistures. In Australia, efforts have
been made to develop effective strains for control of this fly (Allsopp & Robertson
1988). More recently, strains of the bacterium Serratia have been investigated
for their possible impact on one of the pest blow-fly species (O’Callaghan et
al. 1996). There is not enough information on how many pathogens affect a
particular fly host to gain any appreciation of how many protozoans, nematodes,
and fungal species the flies of New Zealand may host, but many of the better-
known soil-fungal pathogens affect a wide range of insect species (Steinhaus
1963; Tanada & Kaya 1993).

New Zealand fly diversity and scientific importance

Diversity and endemism

The Diptera is the second-largest order for family- and species-level diversity in
New Zealand. This position will almost certainly still apply when the diversity
of all New Zealand insects is eventually determined, even although Emberson
(1998) predicted that species numbers of Hymenoptera may be similar to
Diptera. Evenhuis (1989) catalogued New Zealand species among Australasian
and Oceanian flies and his checklist has been updated to the present in the
present review. The known biology of each family has been summarised in
Evenhuis (1989) and in the Australian (CSIRO 1991), North American (McAlpine
et al. 1981, 1987), and British reviews (Smith 1989). Macfarlane and Andrew
(2001) summarised habitat use mainly at the family level for the New Zealand
Diptera. They summarised what has been recorded on species mapping and the
distribution of most dipteran pests within New Zealand. Prominent or readily
identified species from the more restricted habitats of carrion, dung, caves,
seashores, parasites, and aquatic habitats were also summarised, and known
details for species are listed in the end-chapter Diptera checklist. The compilation
of habitat use and feeding sources by species in the checklist demonstrates that
much remains to be learnt about the basic ecology of flies in New Zealand. The
checklist also compiles records for 739-758 undescribed species in 25 families,
but the practical experience of the authors is insufficient to provide estimates
for several major families (e.g. Cecidomyiidae, Chironomidae, Ceratopogonidae,
Lauxaniidae and much of the Dolichopodidae). The checklist has records for
subantarctic and Snares islands species; these are not listed in Evenhuis’s (1989)
catalogue of Diptera from Australasia and Oceania.

The tabulation below and the end-chapter checklist of Diptera cover 78
known families. The only certain endemic fly family in New Zealand is the
Huttoninidae, collected from forest and subalpine sites (Harrison 1959, CMNZ,
LUNZ), but the family status of Starkomyia inexpecta remains unresolved among
Mycetophiloformia. The sole endemic subfamily Mystacinobiinae (Calliphoridae)
has a single species, Mystacinobia zelandica. This fly survives on the guano and
debris (Holloway 1976) of the New Zealand short tailed bat Mystacina tuberculata,
which roosts in trees or caves.

The checklist includes 622 genera (17 undescribed), including six (Ceonosia,
Empis, Limnia, Platura, Sciara, Tachina) that are almost certainly not valid for New
Zealand and six others (Anatopynia, Cerdistus, Dipsomyia, Neoitamus, Spilogona,
Tanypus) that are either endemic or need critical generic re-evaluation. Accidental



introductions of flies, supplemented by biological-control introductions, have
added 75 genera to the New Zealand fauna. In all, 211 of the genera in New
Zealand are present in the British Isles (Chandler 1998) and 236 are shared
with North America (McAlpine et al. 1981, 1987). New Zealand and Australia
share 247 genera. About 33% of the genera existing in New Zealand prior to
European settlement are endemic, a figure that is 4.7 times the level recorded
for New Caledonia and Tasmania, which are our nearest relatively old or large
neighbouring islands.

The apparent level of endemism is somewhat elevated owing to the existence
of many monotypic genera, most notably in the Chironomidae. Overall, the
percentage of all New Zealand Diptera that belong to endemic genera is quite
high at about 22% (23% in pre-European times). The family that surpasses all
others in numbers of endemic genera and species is the Tachinidae, with 90%
of its 61 genera endemic and 83% of its 190 species in the endemic genera. For
the rest of the calyptrate flies, the level of endemism is about average at 24%,
but is low (2.9%) for Orthorrhapha. Five other smaller families, with at least
eight species each, have high levels of endemism (60-100%). Conversely, three
fully freshwater fly families (Simuliidae, Pelecorhynchidae, Tabanidae) and the
mainly aquatic Ceratopogonidae each have around 12 genera, none of which is
endemic. This may mean that these families became established in New Zealand
later than Chironomidae, Blephariceridae and Tanyderidae, which have about
average or higher levels of endemic genera for Nematocera flies. The level of
generic endemism is quite variable among Acalyptrate flies.

There are no endemic genera of herbivorous Agromyzidae and Drosophilidae
(fruit flies) and only one endemic genus in each of the families Ephydridae,
Chloropidae, and Sphaeroceridae. The important herbivorous fly family Cecido-
myiidae (gall midges) has some endemic genera, though six of the 30 genera
were accidentally introduced and two were deliberately introduced for biocontrol
of weeds. Further endemic genera are likely to be described from undescribed
gall-making species associated with shrubs, forest trees, tree ferns, creepers,
perennials, and grasses (Martin unpubl.).

The New Zealand dipteran fauna comprises 2483 described species, 736
known undescribed species, and a further 49 indeterminate species that might
represent accidental introductions. Three methods were used by Macfarlane and
Andrew (2001) to estimate a likely range of 999-2510 undescribed species for the
Diptera. Despite a 160-year history of mainly accidental introductions, which have
allowed for 171-190 species to become established, the species list still has a high
level of endemicity (95%). Most of the estimated 2000 or so undescribed species
of Diptera in New Zealand are probably mainly in forests and the mountains
(Macfarlane & Andrew 2001).

The 15 groups of offshore islands have 121 known fly species confined to
them (Evenhuis 1989; Bickel 1991; Lyneborg 1992; Marshall & Rohécek 2000;
Macfarlane & Andrew 2001; checklist). The subantarcticislands more consistently
appear to have their own endemic species. However, when the Diptera of the
Three Kings, Poor Knights, and Chatham Islands have been thoroughly studied
then perhaps the offshore islands could have 150-200 endemic species. Either
way, these figures are indicative of the high conservation value of offshore-island
habitats for fly species. The figures also suggest that ecological maintenance of
offshore reserves is likely to be important to avoid placing further fly species
under threat. Macfarlane and Andrew (2001) assessed the status of published
information on fly diversity of offshore islands relative to the isolation, age,
and botanical diversity of the islands. Speciation in several family-rank taxa
that inhabit seashores is highest in Australasia and/or on subantarctic islands
is highest on subantarctic islands, e.g. Canacidae (Zaleinae), Helcomyzidae,
and Coelopidae (Macfarlane & Andrew 2001, McAlpine 2007). The Snares
islands are the southern limit of distribution for Stratiomyzidae, Drosophilidae,
Heleomyzidae, and Chloropidae (Harrison 1976; Macfarlane & Andrew 2001).
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Mischoderus sp. (Tanyderidae).
From Grant 1999

Miller (1950) listed the locations of the types of the 1731 species of New
Zealand Diptera known to 1950. Since then most of the types have been lodged
in the New Zealand Arthropod Collection with a minority kept in overseas
collections (Macfarlane & Andrew 2001). Macfarlane & Andrew (2001) tabulated
the main literature sources for the identification of each fly family and compiled
isolated records of species additional to those listed in Evenhuis (1989) and other
revisions. The larger fly faunas of Australia (CSIRO 1991) and North America
(McAlpine et al. 1981, 1987) share all of the genera in New Zealand for 24 and
20 fly families, respectively, including eight large families. Consequently, for the
mainly smaller families, overseas generic keys provide a guide for identification
where there is no key to New Zealand genera.

Ecology, biology, and status of families

There are two suborders of Diptera — Nematocera and Brachycera. The latter
is divided into two divisions, the Brachycera Orthorrhapha (referred to as
Brachycera or Orthorrhapha) and the Cyclorrhapha (or Muscomorpha). The
Cyclorrhapha include two sections — Aschiza (including hover flies and scuttle
flies) and Schizophora. The latter are the ‘acalyptrate” and ‘calyptrate” flies,
discussed under separate headings below and in the species list.

There has been no review of the immature stages of Diptera in New Zealand
apart from those in fresh water (Winterbourn et al. 2000) and no recent review
of the biology of New Zealand species, hence some new information is given
here, particularly from the Manawatu (I. Andrew, pers. obs.) and Canterbury
(R. Macfarlane, pers. obs.). Miller (1956) listed references to publications on
immature stages and life-histories of New Zealand flies. An adapted family-level
key to the larvae is needed to remove the difficulty of larval identification in New
Zealand. It is not easy to investigate fly biology and glean information on habitat
preferences if immature specimens cannot be distinguished on the basis of their
morphology.

Suborder Nematocera

The 23 families of Nematocera form a major component of the litter-dwelling
and fungus-feeding flies and of freshwater species.

Tipulidae

Crane flies have more species diversity than either the 29 acalyptrate families
or the nine calyptrate families. Endemism of species is high at 99.6%. The
range of habitat use in generally wetter environments is quite considerable,
with major use of forest soil, litter, and rotting logs, as well as freshwater and
even semi-saline water, and even reasonably drought-prone soils (Macfarlane
& Andrew 2001). Habitats also range from the coastal foreshore to alpine
fellfields (Edwards 1923a; Macfarlane & Andrew 2001. This family is treated in
more detail below.

Trichoceridae, Tanyderidae. Winter crane flies (Trichoceridae) and the aquatic
Tanyderidae resemble true crane flies quite closely (Edwards 1923a; McAlpine
et al. 1981; Grant 1999) with their long legs and wings with several closed cells
and quite complex venation. Most of the species are found in the Southern
Hemisphere (McAlpine et al. 1981). Two overseas dipterists are investigating the
taxonomy of both of these families. Trichoceridae are 3—9 millimetres long, the
bodies range from brown to white and they have a strongly bent inner hind anal
vein. Krzeminska (2001, 2003, 2005) has revised the 15 paracladurine species
and allocated them to two new genera. These species are associated with native
forest and are generally represented by limited specimens in the collections.
Tanyderidae are 10—17 millimetres long and include species with circular spots
in the wings (Edwards 1923a).
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Ditomyiidae, Keroplatidae, Mycetophilidae. Among these, mycetophilidae is the
main family of fungus gnats. The three families (including Keroplatidae and
Ditomyiidae) are most readily distinguished from other Nematocera by their
coxae being of a similar length to the femora and by their wings, with a moderate
amount of venation and cells largely not closed. Tonnoir and Edwards (1927)
illustrated the variation in wing-vein patterns and male genitalia in these three
families. Zaitzev (2001, 2002a, b) has revised the genera Brevicornu, Zygomyia,
and Aneura, describing a further 14 new species, but his Zygomyia submarginata
is a preoccupied name. Jaschhof and Jaschhof (2009) and Jaschhof and Kallweit
(2009) described three new genera and seven new species. Toft and Chandler
(2005) provided the means to recognise three species that originated from
Europe and Chile. Most species are expected to be fungus-feeders, but fungal
associations have not been investigated to any extent. Some common species
will be generalist feeders, but the high degree of sympatric speciation in some
species (e.g. Tetragoneura, Zygomyia) suggests that some specialist associations
will occur (R. J. Toft pers. comm..).

The species are concentrated in forests (Didham 1992; Ward et al. 1999; Toft
et al. 2001). Habitats with large quantities of dead wood, such as exotic gorse
(Ulex europaeus) and kanuka (Kunzea ericoides), support 102 fungus-gnat species
(Harris et al. 2004). Very few species (2—4) have been collected in extensive
surveys of pasture grassland (Cumber & Harrison 1959b; Martin 1983), two from
lucerne (Macfarlane 1970), and none in grass seed or cereal crops (Bejakovich et
al. 1998). Anomalomyia guttata is apparently the most tolerant species, extending
its habitat from forests to wet grasslands (Macfarlane 1970; Martin 1983;
Macfarlane et al. 1998). There is still a great amount of taxonomic and faunistic
work required before the species can be reliably identified and their distribution
mapped in New Zealand.

Despite recent revisions, there are still more than 55 species of undescribed
Mycetophilidae in New Zealand and even on a generic level our knowledge is
far from complete. Phylogenetic and biogeographic relationships to fungus gnats
in other parts of the world are poorly studied and understood, but relationships
with other faunas of Gondwanan origin (Neotropics, Australia, New Caledonia)
are obvious, as also with Indo-Malayan and Holarctic faunas (Freeman 1951;
Matile 1990, 1993) Extensive malaise trapping of Mycetophilidae in and around
regenerating forest at Hinewai Reserve on Banks Peninsula (Ward et al. 1999)
produced late spring—early summer and autumn peaks in catches with some
flight activity into winter. These flies form a considerable part of the biomass of
forest insects and a few species account for large numbers of specimens in native
forest (Didham 1996) or regenerating kanuka forest (Harris et al. 2004). These
flies are available for insectivorous birds such as fantails (Rhipidura fuliginosa) to
feed on.

The Keroplatidae include a number of predator species, including the
famous New Zealand glow-worm Arachnocampa luminosa, which is the most
thoroughly studied. The glow-worm is one of the few species of flies in the world
whose larvae use light to attract insect prey (Richards 1960; Pugsley 1984). New
Zealand glow-worms are a feature of 23 commercial caves, but the 103 New
Zealand cave systems include none in the drier eastern areas of both islands
(Worthy 1989). New Zealand glow-worms exist under overhanging banks in
forests outside of caves and they are apparently absent from at least part of
the drier non-forested east coast regions (Macfarlane & Andrew 2001). Among
Keroplatidae, Isoneuromyia species can be common among gorse (Harris et
al. 2004) and low numbers are also found among flax (Phormium tenax). The
New Zealand Ditomyiidae are primarily associated with dead wood (R. J. Toft
pers. comm.), and are therefore most commonly encountered in mature forests
(Macfarlane et al. 1998, 1999; Ward et al. 1999) where Nervijuncta species may
often be collected on mossy tree trunks.

Adult of New Zealand glow-worm Arachnocampa
luminosa (Keroplatidae)
From Grant 1999
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‘Fishing lines’ of the New Zealand glow-worm.

Alastair Robertson and Maria Minor,
Massey University
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A species of Sciaridae.
After Grant 1999

Rangomarama edwardsi dorsal and lateral
views (Rangomaramidae).

Uwe Kallweit, Senckenberg Naturhistorische Sammlungen,

Dresden
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Sciaridae. The number of New Zealand species of Sciaridae has more than
doubled (Mohrig & Jaschhof 1999) since the last list was compiled (Evenhuis
1989). More species, including a flightless Epidapus species, await description.
Species of Bradysia and Lycoriella still need verification from a competent
authority so that endemic and introduced species can be reliably distinguished
(see Checklist). Sciaridae are among the most abundant small flies in beech
forest (Harrison & White 1969), broadleaf forest (Davies 1988; Didham 1992;
Macfarlane et al. 1998), pine forest (Somerfield 1974; Macfarlane et al. 1999),
and wet pasture (Cumber & Harrison 1959a,b; Macfarlane et al. 1998), but
they extend to native grassland including braided riverbeds. The accidentally
introduced species of root gnats (i.e. Sciaridae) in the genera Bradysia and
Lycoriella are sporadic pests of horticultural crops, especially in glasshouses
where these common flies can colonise potted plants before their natural ene-
mies can slow population growth.’Sciara annulata’ (probably Bradysia brunnipes)
and Scythropochroa nitida have been reared from rotting willow logs (Wisely
1959) and the lack of native species recorded in pasture surveys indicates that
most of the native species may favour forests and wetland habitats.

Rangomaramidae and Mycetophiloformia

The study of New Zealand Scairoidea fauna in the last decade led to the
recognition of the new family Rangomaramidae, with three of four subfamilies
from the Southern Hemisphere (Amorim & Rindal 2007). Placing these and
other related genera has stimulated efforts to reinterpret the phylogeny of
these flies (Hippa & Vilkamaa 2006) and inclusion of six infraorders within
Nematocera (Amorim & Yates 2006). Rangomarama (Rangomaraminae) inhabits
native forest, especially beech forest, from Auckland to Fiordland (Jaschhof &
Didham 2002) and the other genera also inhabit podocarp or beech forest, but
the larval habitat is unknown (Jaschhof 2004a,b, 2004, Jaschhof & Hippa 2003).
Starkomyia inexpecta, which might be a new family or subfamily, is known only
from a central North island forest.

Cecidomyiidae
Gall-midges are an abundant part of the New Zealand fauna, but very poorly
known. A conservative estimate of the number of unnamed species lies between
200 and 300 and some will belong to Australian genera or unnamed endemic
genera (Jaschhof, pers. comm.). Martin (unpubl.) has recorded a further 130 or
so undescribed gall-making species. These small flies (0.7-3.0 millimetres long)
have simple wing venation and no tibial spurs, which helps distinguish them
from most Sciaridae. Most of the major collections have few if any quality slides
or pinned Cecidomyiidae. There is a need to collect, rear, mount, and examine the
species in New Zealand as well as a chronic need for an illustrated introduction
to the family. Larvae of Lestremiinae and Porricondylinae are considered to feed
on fungi or decaying vegetation while Cecidomyiinae are mainly herbivores.
The fauna of free-living gall midges of the subfamilies Lestremiinae and
Porricondylinae are relatively diverse compared to the herbivores or gall makers,
and Porricondylinae could be more speciose than Lestremiinae (M. Jaschhof
pers. comm.).

A monograph of the subfamily Lestremiinae (J&]J 2003a,b, 2004) revealed
63 species in 11 genera, with Peromyia as the main genus. These flies dwell
mainly in native forests and shrubland but a few species extend their range into
tussock grassland, other open habitats, and exotic forests. Among indigenous
forests, beech forests appear to support a more diverse lestremiine community
than any kind of podocarp forest. Four predatory genera of Cecidomyiinae have
been recorded — Arthrocnodax (Cottier 1934), Trisopsis (Crosby 1986), Diadiplosis
(Evenhuis 1989), and Lestodiplosis (Macfarlane & Andrew 2001), but Arthrocnodax
needs verification (Barnes 1936). Adults of the three subfamilies are quite readily
distinguishable to subfamily.



However, only 22 of the 30 genera recorded from New Zealand are included
in a North American key (McAlpine et al. 1981). A key to the Australian Cecido-
myini (Kolesik et al. 2002) includes a considerable number of new genera, so
at best only provisional generic identifications can be obtained using these
summaries as guides. The generic affiliation of most New Zealand gall-midges,
including Porricondylinae and Cecidomyinae, is in urgent need of revision, which
will probably add further new genera (Jaschhof pers. comm.). Species recognition
is impossible for about half the named New Zealand species (25) because
the types named by P. Marshall have been lost (Miller 1950), the hosts are
unknown, and Marshall’s (1896) descriptions are inadequate for identification.
Six further endemic species have been described, and their identification is
facilitated by better descriptions, usually illustrated, and by association with
plant galls. These are Dryomyia shawiae from Olearia leaves (Anderson 1935),
Kieffieria coprosmae from coprosma stems (Barnes & Lamb 1954), the beech-
leaf gall Stephodiplosis nothofagi (Barnes 1936), the beech-root gall Protodiplosis
radicis (Wyatt 1963), Dasineura hebefolia from leaf galls on Hebe salicifolia
(Lamb 1951; Miller & Walker 1984), and Oligotrophus oleariae from rosette twig
galls on Olearia paniculata (Maskell 1889; Miller & Walker 1984). Lamb (1960)
listed several undescribed gall-midges and others have been recorded since.
These include stem galls on native broom (Carmichaelia spp.), bush lawyer
(Rubus spp.), Hebe (Smith 1961; Lintott 1981; Miller & Walker 1984), and ngaio
(Myoporum laetum) (Lintott 1974), bud, leaf and flower galls on Coprosma
(Martin unpubl.), bud galls on Raoulia, Helichrysum (Smith 1961; Lintott 1974,
1981), and Clematis foetida (Macfarlane unpubl.), a leaf, stem, and fruit gall
on putaputaweta (Carpodetus serratus) (Smith 1961; Hunt 1992), galls affecting
Parahebe decora (Smith 1961), buds on a mountain heath (Dracophyllum) (Martin
2003), and an apparent gall midge on Hebe elliptica (Valentine & Walker 1991).
The snow tussock midge Eucalyptodiplosis chionochloae feeds on the growing
seed of Chionochloa species and does not make a gall (Kolesik et al. 2007), and
danthonia seed is affected too (Cone 1995), but perhaps not by this species.
Additional hosts or types of gall to those previously mentioned include trees of
podocarps, broadleaf and beech forests, kowhais (Sophora spp.), cabbages trees
(Cordyline spp.), and Muehlenbeckia creepers.

Chironomidae

Midges are well known to New Zealanders, especially to Aucklanders who used
to suffer plagues of them from the former sewage oxidation ponds in Manukau
Harbour. The bright-red larvae of many species are known as blood-worms (not
to be confused with tubificids and other annelid worms) and are an important
food for aquarium animals in many parts of the world. Classification of midges
in New Zealand has followed the European trend of splitting genera into fairly
small units and an appreciable proportion (42%) of the genera are apparently
endemic, with many monotypic. Freeman (1959) provided sparsely illustrated
keys for 22 of the 62 known genera and 41 of 106 described species. Brundin
(1966) dealt with four podonomine genera and 17 other species. Identification
in field surveys remains a problem. Dubious generic names, probably derived
from American keys, such as Clunio (Tortell 1981) and Psectrotanypus (Knox &
Bolton 1978) have been applied to species among the tidal zone. Further species
and genera have been described in the last decade (Martin 1998; Macfarlane &
Andrew 2001) including some of the immature stages, so their generic placement
is now soundly based (Boothroyd 1999, 2002, 2004; Boothroyd & Cranston 1999;
Cranston 2007, 2009).

Midges occupy a wide range of freshwater habitats from the lower reaches
of the west coast glaciers (Boothroyd & Cranston 1999) to geothermal waters
and the seashore (Quinn & Hickey 1990a; Stark 1993; Winterbourn et al. 2000)
and a few survive in ephemeral waterways. There are a few terrestrial species,
including Smittia verna (Martin 1983), the adventive Camptocladius stercorarius,
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and one or more undescribed endemic species. Midge larvae may be collector-
gatherers, collector-filterers, scrapers, shredders, engulfers, or piercers. These
differences, along with different uses of food and shelter, permit several species
to coexist in the same area (Armitage et al. 1995). At least one species shelters
in wood (Anderson 1982) and in North America small carrion in water may suit
some species (Tomberlein & Adler 1998). Another New Zealand species is a
predator (McLellan 1983). An undescribed Eukiefferiella species is a commensal
on Deleatidium mayfly nymphs (Winterbourn 2004); Tonnoircladius commensalis
is commmensal or phoretic on immature netwinged flies Neocurupira (Cranston
2007), and another shelters in wood (Anderson 1982). A full range of feeding
strategies is likely to exist in New Zealand because the midge fauna is so diverse.
Elsewhere in the world the larvae of most species are collector-gatherers for at
least some larval instars and there is often flexibility in the use of food sources
(algae, detritus and associated microorganisms, macrophytes, woody debris,
invertebrates). Analysis of gut contents and behavioural investigations in the
field have helped sort out differences in food use (Armitage et al. 1995).

Psychodidae

Six of the 47 species of moth flies (Psychodidae) described from New Zealand
are confined to the subantarctic islands (Quate 1964; Duckhouse 1971). Satchell
(1950) described 27 species and included illustrations of wings, antennae, and
genitalia for 16 species. He considered there were 40 or so undescribed species,
prior to describing eight more (Satchell 1954) and keying 40 species from the
main islands. Duckhouse (1980) described a further Trichomyia species and
discussed limitations of zoogeographic interpretations owing to inadequate
collections from a range of habitats. Duckhouse (1990) reassigned the 10
Pericoma species to Didicrum, Satchellomyia, and Ancyroaspis, and redescribed the
species from New Zealand. Adults are found mainly beside freshwater streams
or pools (Duckhouse 1990, 1995), among forests (Evenhuis 1989), and gardens
around compost, and a few extend into cropland (Cumber & Eyles 1961a) but
usually not grassland, especially during the day (Cumber & Harrison 1959b;
Macfarlane 1970; Martin 1983; Bejakovich et al. 1998). Larvae are common in
damp soil, rotting vegetation, sewage filter beds (Goldson 1977; Martin 1983;
Miller & Walker 1984), dung (Duckhouse 1966; Goldson 1977; Martin 1983), and
semiaquatic sites (Goldson 1977; Duckhouse 1980). There is likely to be a large,
distributed, wet (alcohol) collection in New Zealand, resulting from malaise- and
light-trapping and general collecting, that will need taxonomic analysis before
any gaps in habitat, region, or method of collecting different species become
apparent.

Ceratopogonidae

These are also poorly known in New Zealand. The last revision by Macfie (1932)
listed 28 species from a total of 29 then known, based on about 170 specimens.
Numerous specimens are now in collections, and sometimes more than 100
can be collected in a day without difficulty. Nevertheless, specimens on pins or
slides are relatively uncommon and a systematic collection effort is desirable so
the full diversity can become known. There is limited knowledge of phenology,
distribution (Igram & Macfie 1931; Macfie 1932; Dumbleton 1971), and habitat
use (Dumbleton 1971; Winterbourn et al. 2000; Andrew & Winterbourn unpubl.)
of New Zealand species. However, knowledge of ceratopogonid ecology and
biology in England (Smith 1989), Australia (Lee 1948; Debenham 1979; Elson-
Harris & Kettle 1985), and North America (Saunders 1956, 1964; McAlpine et al.
1981) provides consistent indicators for genera and subgenera shared with New
Zealand. On the basis of this literature, all Atrichopogon and most Forcipomyia
species (Forcipomyiinae) are expected to live in wet terrestrial forest and wetland
habitats, except for the aquatic Forcipomyia subgenus Trichohelea. On the other
hand, Dasyhelea species (Dasyheleinae) live in small and temporary still waters,
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which might even be up in trees. In the Manawatu, Forcipomyia individuals have
been reared from native forest litter, and an undetermined, possibly introduced,
species of Dasyhelea from water in a garden bucket. Most species of the subfamily
Ceratopogoninae are expected to live in still water and seepages. The main
larvae found in running fresh water in New Zealand are of Ceratopogoninae,
as illustrated in Winterbourn et al. (2000), but Forcipomyia-type larvae are also
present (Winterbourn unpubl.). At least one species of blood-feeding midge,
Leptoconops myersi, is present in tidal water and coastal seepages from Northland
to Nelson (Dumbleton 1971). Although several species are often encountered in
forests, only one species was collected in surveys of North Island pastures and
fodder crops (Cumber & Harrison 1959a).

Simuliidae, Culicidae

There are only two prominent families of Nematocera flies with blood-feeding
adults in New Zealand. Most New Zealanders will be bitten more often by the
small, stout black Austrosimulium species than by the slender brown to black
mosquitoes. Among the black flies/sand flies (Simuliidae), A. australense and
A. ungulatum are the most likely to feed on humans (Winterbourn et al. 2000).
Other species seldom bite humans, but they feed at least on birds. Cursed by
trampers, black flies are most abundant in national parks and higher-rainfall
areas, which contain the premier hiking trails and wildlife reserves in New
Zealand. In lowland areas, recreation spots in the vicinity of running water with
shade trees are favoured by A. ungulatum (Crosby 1989; Glover & Sagar 1994,
Winterbourn et al. 2000), while A. australense occurs throughout New Zealand.

There are 16 species of mosquitoes (Culicidae) (Miller & Phillips 1952;
Snell 2005a), which breed in a range of standing and slow-flowing fresh to
salt water and hot geothermal water in the case of Culex rotoruae (Belkin
1968; Holder et al. 1999; Winterbourn et al. 2000). Only the Australian striped
mosquito Aedes notoscriptus and the native Culex asteliae are known to use
epiphyte-axil water sources (Derriak 2005a,b), so this is a relatively vacant
niche for colonisation by further accidentally transported exotic mosquitoes.
Extensive use of discarded tyres on silage has contributed to the spread of A.
notoscriptus southwards from Auckland (Laird 1995). Introduced Aedes australis
is now the second mosquito species known on the Snares islands (Macfarlane
& Andrew 2001, Snell 2005b).

All four introduced and five native species may bite humans, but A. subalbiros-
tris, A. antipodeus, and A. australis are not known to bite livestock (Holder et al.
1999).The main period of biting or feeding activity is known for all but two species,
with five species being nocturnal and four crespuscular to nocturnal (Derraik et al.
2005). Aedes notoscriptus and Opifex fuscus bite during the day, the others during the
evening and night. Of these, the native vigilant mosquito Culex pervigilans is the
commonest and most widespread species (Belkin 1968; Laird 1995). The winter
mosquito (Aedes antipodeus) remains active into cooler weather compared to the
other species (Miller & Walker 1984). Currently, none of the mosquito species
transmits human disease, but the introduced species have potential to transmit
viral and bacterial diseases including dengue fever.

New Zealand is also vulnerable to future disease transmission consequent
upon the accidental establishment of further species and the potential for the
temperate Australian Anopheles annulipes to establish here (Boyd & Weinstein
1996). Anopheles species are notorious for their ability to transmit malaria, and
global warming would make more of New Zealand vulnerable to mosquito species
that have already become temporarily established (e.g. Aedes camptorhynchus, the
southern saltmarsh mosquito). Japanese Aedes albopictus is among four species
intercepted arriving in New Zealand (Laird et al. 1994). Culex quinquefasciatus
might transmit avian malaria; other species known to bite birds include Opifex
fuscus, Culiseta tonnoiri, Culex pervigilans, and perhaps A. notoscriptus and these
species can or might transmit viruses or avian flu (Holder et al. 1999). In native

West coast blackfly Austrosimulium ungulatum
(Simuliidae).

From Grant 1999
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forest some species such as C. asteliae and Maorigoeldia argyropa are not attracted
to carbon dioxide, unlike C. pervigilans and A. notoscriptus. Maorigoeldia argyropa
does not bite humans at least (Snell et al. 2005) and the adult feeding habits
and hosts also remain unkown for Culex rotoruae, Culiseta tenuipalpis, and Aedes
chathamensis.

Blephariceridae
Net-winged midges are slender, long-legged and often black. Their wings (5-11
millimetres long) have numerous delicate cracks and folds that form a network,
hence the common name. Adults are usually found close to turbulent bouldery
streams where they can be seen either flying just above the rough water of rapids
or resting or ovipositing in the splash zone of boulders. Females often have well-
developed mouthparts and many species feed on smaller insects, which they
catch with their specialised hind tarsi. Male adults generally do not feed but
some groups (e.g. Apistomyiini) consume flower secretions. Larvae and pupae
live in strong currents on smooth hard surfaces in streams (Dumbleton 1963;
Craig 1969; Zwick & McLellan 1999). Larvae have broad bodies with little depth
and appear to have only 6 or 7 segments, each separated by deep constrictions
Adult female, larva, and pupa of the striped and bearing a mid-ventral sucker. Winterbourn et al. (2000) provided a key to
mosquito Aedes notoscriptus (Culicidae). larvae. Final-instar (4th) larvae are about 4—14 millimetres long. Pupae are oval,
From Grant 1999 with gill lamellae projecting upwards from the anterior; the flat, soft, ventral
face is cemented to the substratum. Larvae are scrapers, grazing on microscopic
growths.

Within New Zealand, Peritheates harrisi is the only widespread species in the
North Island where it has been recorded from Wellington to Te Aroha. Peritheates
turrifer, a South Island species, has also been recorded in the Wellington region.
No blepharicerids have been recorded north of Te Aroha despite the concentrated
efforts of Towns (1978) and various collecting expeditions (Entomology Division
DSIR, AMNZ). Three species with very restricted distribution are: Neocurupira
chiltoni only on Banks Peninsula, Nothohoraia micrognatha in Fuchsia Creek and
nearby streams in the Lower Buller Gorge, and Neocurupira rotalapisculus near
Dunedin. There are 4—6 undescribed species known from the South Island. The
other species are more widespread in the South Island from sea level to 1500
metres and Neocurupira tonnoiri extends to Stewart Island.

Thaumaleidae

These are among the less commonly collected aquatic fly species, because the
stocky shiny yellow to brown adults are tiny (body 1.75-2.25 millimetres long).
Immature stages live in a rather specialised way — larvae resemble midge larvae
and they move in a typical sideways fashion with the body forming a U shape as
one extremity moves while the other anchors (McLellan 1988). They are found in
shaded areas on vertical rocks, clay, and other surfaces where there is a cool film
of water thin enough not to completely submerge them. Reared species graze
the surface of leaves and other substrata, ingesting diatoms or associated fungal
spores and hyphae associated with decaying plant material. Pupae are secured
by abdominal hooks to the substratum and take 10-20 days to emerge. It is likely
that more undescribed species exist in New Zealand.

Dixidae

Dixids resemble mosquitoes, but no wing veins are distinctly hairy and there is
a sharply bent radial vein near the wing tip (Belkin 1968). The wings, which may
be smaller than the bodies, are 2.5-4.3 millimetres long in the New Zealand
species. Adults are black to yellowish-brown. The larvae of Nothodixa inhabit very
small, steep streams and quiet pools with moderate to strong currents (Belkin
1968; Winterbourn et al. 2000). Larvae of the four Paradixa species inhabit pools,
seepages, lakes, swamps, and streams and two species prefer either shade or
slower-flowing water.
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Scatopsidae

Scatopsids can be readily distinguished from other fly families by their wings
(prominent darkened front veins contrast with weak hind veins) and their short
stout antennae. The two introduced species of Scatopsidae — Scatopse notata
and to a lesser extent Coboldia fuscipennis — are commoner in collections than
the two native species of Anapausis (Freeman 1989). The previously described
Scatopse carbonaria is synonymised here with Coboldia fuscipennis. In the genera
Colobostemus and Rhegmoclemina there are at least five undescribed species in
collections, some of which are found in drier salt meadows and braided riverbeds.
It remains to be seen how adequately alcohol collections represent New Zealand
forest habitats.

Bibionidae

These flies vary from 2 to 16 millimetres long. Harrison (1990) has described
all eight native species, providing distribution maps and listing the flower
species visited by the flies. Stigmata on the wings and their stout antennae,
shorter than the head, distinguish these flies from other nematocerans. They
show pronounced sexual dimorphism — males are shiny black with very large
eyes while females are usually brown with small eyes placed forwards on an
elongate head. The rather spiky larvae of Dilophus nigrostigma and D. segnis are
readily found among fallen leaves (Harris 1983) or under rotting logs before they
emerge in spring (Harrison 1990). Flight swarms of adults are often encountered
during summer months.

Anisopodidae, Canthyloscelididae

The larger wood gnats or outhouse flies (Sylvicola spp.) have patterned wings and
mostly live among rotting vegetation or in water in fallen plant material. Sylvicola
neozelandicus commonly breeds in wet manure. It is the outhouse fly associated
with long-drop toilets in forests and has also been recorded from Australia (Fuller
1935). There are illustrations of the wing pattern for three of the four described
species in New Zealand (Edwards 1923a, 1923b). The less common Canthyloscelis
(Canthyloscelididae) are apparently associated with forest areas, but nothing is
known of their biology.

Corethrellidae

Corethrella novaezealandiae, which Belkin (1968) illustrated fully, frequents lake
and pond margins along the South Island west coast. Corethrellids typically
feed on frogs, and share with other biting Nematocera serrated mandibles and
untoothed maxillae, unlike mammal- and bird-feeding mosquitoes. The few
known corethrellids are vectors of trypanosome infections in frogs and the call
of the frogs attracts female flies. The native species is assumed also to feed on
frogs. Corethrella larvae prey on other aquatic insects (CSIRO 1991).

Suborder Brachycera: Division Orthorrhapha

There are 10 families of Orthorrhapha. They often favour moist habitats or live in
seepages and freshwater, but this suborder includes soil predators of grassland
(Asilidae and Therevidae) and beaches (Therevidae) and a few parasites of spiders
(Acroceridae). There are some illustrations of immature stages of Brachycera and
often sketchy information on the biology of species or genera for nine families.
Lyneborg (1992) described techniques for rearing therevid larvae on tenebrionid
beetle larvae and illustrated the larva of Megathereva atritibia.

Empididae. The great diversity of form in this family led to proposals to
segregate it into four families (Chvéla 1983). Sinclair (1995), among others, dis-
puted this division, preferring to retain only the one family Empididae, which has
seven subfamilies in New Zealand (Evenhuis 1989; Sinclair 1995). The mono-
graph of Collin (1928) covered only 26 of the 41 genera and 87 of the 287 species
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Tetrachaetus bipunctatus (Dolichopodidae).
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now known to occur in New Zealand, which limits its value for identification.
Descriptions of new genera and revised keys to the genera of Clinocerinae
(Sinclair 1995), Ocydromiinae (Plant 1989), and Ceratomerinae (Sinclair 1997b),
the tribes of Empidinae (Bickel 1996) and the presence of Microphorinae
(Shamshev & Grootaert 2002) update the higher classification. Further keys
to species and descriptions or redescriptions apply to eight genera (Malloch
1931, 1932; Rogers 1982; Plant 1991, 1993, 1997, 2007; Shamshev & Grootaert
2002; Sinclair & McLellan 2004). Two more genera and at least 104 undescribed
species are known to occur in New Zealand (see checklist). A consolidated
summary of the family and much more systematic research is needed before
the fauna and its affiliations are well known. Both adults and larvae prey on
other insects, mainly dipterans. The elongated front legs (in eight genera of
Hemerodromiinae), middle legs (Platypalpus, Tachydromiinae), or hind legs
(Pseudoscelolabes, Ocydromiinae) with ventral spines are the most clearly adapted
for holding captured prey. Adults may sometimes feed on nectar. Some genera,
especially of the Empidinae, have an elaborate courtship display in which the
prey is used as an essential stimulus initiating copulation. Some species form
dancing swarms over vegetation on land (Empis, ?Clinorhampha) or over water
(Hilara); such swarms are usually connected with mating behaviour. Hilara will
take prey trapped in the surface film of water, and some Hilarempis species are
found on boulders in streams or riparian vegetation. The three Thinempis species
are confined to beaches from Stewart Island to Northland (Bickel 1996, LUNZ
collection), but Chersodromia is so far known only from sandy beaches in Otago
and at New Brighton (Macfarlane 2005) and Chimerothalassius ismayi from the
stony beach at Birdlings flat, Canterbury (Shamshev & Grootaert 2002). The
recent records from open sandy and gravelly habitats point to the need to collect
more flies from these sites. Little has been published on the life history, biology,
or behaviour of Empididae from New Zealand. Dumbleton (1966) described
the aquatic larvae of Chelifera tantula and ?Clinocera gressitti from New Zealand.
Elsewhere, larvae are known to be predaceous and occur in soil, leaf litter, rotting
wood, and dung; others (Clinocerinae, Hemerodromiinae) are aquatic.

Dolichopodidae

The long-legged flies are likely to be among the top five to eight most diverse
fly families in New Zealand. The revision of Parent (1933) is well illustrated
but not readily available. Bickel (1991) published an undated key to the genera
and descriptions of 30 species in the subfamilies Sciapodinae (Parentia) and
Medeterinae and one new Paraclius is known from New Zealand (Bickel 2008).
The metallic green Parentia species can be common in grassland (McLean et al.
unpubl.) and may feed on insects attracted to honeydew secreted on manuka.
Other members of the family are quite common in wetlands (Macfarlane et al.
1998) and forests (Didham 1997; Macfarlane & Andrew unpubl.). An undescribed
Scorporius species exists in estuaries and lagoons in both main islands and several
new species of Abetatia can be found along rocky shorelines. An examination
of more than 1100 specimens of pinned Dolichopodidae has revealed four
obvious undescribed species (Checklist), but the extent of undescribed species
cannot be properly gauged until national specimens elsewhere and in alcohol
have been adequately examined. There is also the possibility that specialist
collecting near waterways and from alpine and northern regions may yield a
considerable number of undescribed species. New Zealand collections may be
partially deficient because of low use of yellow pan traps, which have been useful
in revealing species in Australia (Bickel 1999).

Therevidae

Stiletto fly diversity and classification in New Zealand is relatively well docu-
mented (Lyneborg 1992) even though most species of these flies are not
particularly common in most habitats apart from some beach and riverbed/
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lakeside areas, where at least seven species can be conspicuous. Adults are 5-18
millimetres long. They probably ingest only water or honeydew because they
do not have suitable piercing mouthparts for predation and are uncommon on
flowers. In appearance they range from evenly dark with obvious white hairs
(many Anabarhynchus species) to brownish Ectinorhynchus species and blackish
Megathereva with whitish stripes on the thorax. Adult Ectinorhynchus species
were collected from established broadleaf-podocarp forest margins in coastal
Canterbury (Ward et al. 1999, Macfarlane 2007) and the Manawatu. However,
at least one species of Anabarhynchus has been collected from bush margins in
the Manawatu and Banks Peninsula. Therevid larvae have been found in soil
under litter in red beech (Nothofagus fusca) forests (Evans et al. 2003). The closest
biogeographic link is with Tasmanian Anabarhynchus and the genus also occurs
in Chile. Ectinorhynchus is confined to Australia and New Zealand. The mobile Stiletto fly Megathereva bilineata (Therevidae).
larvae (Lyneborg 1992) are quite thin and streamlined (McAlpine et al. 1981; After Grant 1999

Smith 1989) and prey on other soil invertebrates. Anabarhynchus harrisi larvae will

feed on paralysed spiders in nests of the spider-hunting Priocnemus (Lyneborg

1992; Harris pers. comm.), making such flies apex invertebrate predators.

Asilidae

If you have ever watched a seemingly large wasp as it quickly flies out to catch
another insect in mid-air, you have probably seen a robber fly. Robber flies are
often mistaken for bees or wasps but only robber flies hunt in this manner. In
the lowlands, the robber-fly life-cycle may take more than one year, according
to disparate overseas investigations (Musso 1978), which show that delays in
development can occur in both eggs and the first of the five to seven instars.
Macfarlane (unpubl.) analysed asiline seasonal occurrences based on New
Zealand collection labels and the results showed that adults are mainly active
between October and February, with most adult activity at a particular location
being confined to two to three months. Most species were found below 920
metres elevation except for four species that extend into the subalpine zone,
and most species including Saropogon (Dasypogoninae) were collected from
uncultivated grassland, although Neoitamus bulbus has been reared from
kowhai logs (FRNZ collection). Zosteria novaezealandica is known only from a
single male and is unusual for New Zealand in having been collected from the
upper reaches of beech forest near Nelson (Macfarlane et al. 1997). There are
NZAC collection records of both Neoitamus auctt. and Saropogon adults reared
from grassgrub infestations, apart from the literature records (Valentine 1967b).
Overseas records show a similar prey relationship with grassgrubs for larval
Asilini and Dasypogoninae (Knutson 1972; Musso 1978; Dennis & Knutson
1988). Information about identification and distribution of the New Zealand
species is unfortunately inadequate. The only existing key (Hutton 1901), to
14 species, lacked illustrations and the descriptions were short. Attempts to
classify two problematic smaller asiline genera have resulted in different generic
placements in each catalogue (Miller 1950; Hull 1962; Evenhuis 1989) because
the Australasian genera have been inadequately studied. Three subfamilies
(Apocleinae, Asilinae, and Dasypogoninae) and two tribes of Asilinae (Lehr
1996) are represented in New Zealand compared to five subfamilies and 11
tribes in Australia (Evenhuis 1989; Lehr 1996).

A robber fly, Neoitamus sp. (Asilidae).
After Grant 1999

Stratiomyidae

Soldier flies are rather large and stocky flies that resemble hover flies or wasps.
They are often encountered’standing sentry’ on flowers. Most soldier flies breed
in soil and litter, feeding on decaying vegetation, but Australian Inopus rubriceps is
a pasture pest of much of the North Island (Macfarlane & Andrew 2001). Hutton
(1901) keyed and briefly described 20 species in three subfamilies. His key to the
eight described Odontomyia species (Stratiomyinae) is still the only published
reference for these distinctive green or black flies. Miller (1917) described and

331



NEW ZEALAND INVENTORY OF BIODIVERSITY

332

Australian soldier fly Inopus rubriceps
(Stratiomyidae).

Des Helmore

Scaptia sp.(Tabanidae).
After Grant 1999

illustrated 15 species of Beridinae and included a key, but six Benhamyia species
were reduced to synonyms (Evenhuis 1989; Woodley 1995). All six genera of
Beridinae when they were redefined were found to be endemic (Woodley 1995).
Between 1939 and 1958 two more introduced species became established in the
North Island (Macfarlane & Andrew 2001) and four new native species were
described (Lindner 1958).

Tabanidae

These large, heavy-bodied flies with a strong beak-like proboscis are generally
referred to as horse flies. Mackerras (1957) reviewed the New Zealand fauna,
describing 17 species and illustrating various features of the head. Adults are
often found at flowers such as manuka and cabbage trees, or in riverbeds. Scaptia
species often hover for prolonged periods, patrolling invisible territories in open
sunshine near shrubs or on forest edges. Dasybasis species can occasionally
be a nuisance by biting swimmers in bush swimming pools. Larvae of some
unidentified species are found sporadically among gravel in streams (Winterbourn
et al. 2000), and these larvae are relatively tolerant of poor-quality water (Stark
1993). Successtul rearing of two new Dasybasis species from moss on wet rocks
by waterfalls and river banks from Coromandel and Southland and the record
of a further new Scaptia species among mosses on fallen logs near Lake Brunner
indicate that larvae of New Zealand species may occupy both better-quality
freshwater sites and consistently moist sites away from flowing water. In Europe,
some Tabanidae are even found in drier soils (Chvala et al. 1972). The 20 known
New Zealand species of Tabanidae represent two subfamilies — Pangoniinae
(Ectenopsis, Scaptia,) and Tabaninae (Dasybasis).

Acroceridae

Small-headed flies may sometimes be locally common but they are among
the less common flies in insect collections. They can be swept from shrubs and
grasses or seen on fences (Harris & Macfarlane unpubl.). Three genera occur in
New Zealand, of which Ogcodes is most often encountered. The seven species of
Ogcodes have straight thickset bodies (Schlinger 1960; CSIRO 1991). Schlinger
(1960) commented that early instars of Ogcodes can be obtained by rearing
immature spiders. The other two genera are very distinctive. Helle, with two
species, is small, dark and almost V-shaped. Apsona muscaria, a metallic blue and
turquoise fly, is known from Arthurs Pass National Park, Mt Hutt (CMNZ), and
Motueka (OMNZ). Adult acrocerids were not readily collected in malaise traps
during summer in forest on Banks Peninsula (Ward et al. 1999) and were not
collected in a wetland survey (Macfarlane et al. 1998). The eggs of at least some
Ogcodes species are unusual because they are black (Miller & Walker 1984; Ferrar
1987) and laid in clusters on twigs.

Bombyliidae, Rhagionidae

Bombyliidae (bee flies) and Rhagionidae (snipe flies) are each represented in
New Zealand by one described species, and they are seldom seen. Tonnoir (1927)
described both Tillyardomyia gracilis (Bombyliidae) and Chrysopilus nitidiventris
(Rhagionidae). The slender T. gracilis with a blackened area on the wing is quite
distinct and is apparently confined to the South Island. Chrysopilus nitidiventris
is known from Westland forest (Tonnoir 1927, LUNZ), and one undescribed
species occurs in the Paparoa ranges (LUNZ) and and another in Westland
also (CMNZ). Overseas, the larvae of other Chrysopilus species are predators,
preferring wet sites in litter or rotting logs (Oldroyd 1964; McAlpine et al. 1981).

Pelecorhynchidae

Larvae of the sole Pelecorhynchus species have been found in a stream near Dunedin
(Winterbourn et al. 2000), but the species needs adults to be reared and identified
to confirm the genus identification and determine if it is an endemic species.



Aspilocephalidae

This small family from North America, Tasmania, and New Zealand has just
three genera and Kaurimyia from New Zealand is endemic (Winterton & Irwin
2008). The two known specimens have been collected from Northland kauri
forest and from Dunedin.

Suborder Brachycera: Division Cyclorrhapha: Section Aschiza

The six families of Aschiza are dominated in species diversity and economic
importance by hover flies (Syrphidae) and humpbacked or scuttle flies (Phoridae).
Reviews of larvae (Smith 1989; Stehr 1991), Phoridae (Disney 1994), and of
New Zealand insects generally (Miller & Walker 1984) provide illustrations of
the larvae of Dohrniphora cornuta, Megaselia rufipes, M. scalaris, and Spiniphora
bergenstammi (Phoridae), and of Merodon equestris, Eristalis tenax, Eumerus
strigatus, and E. tuberculus (Syrphidae). For eggs, Ferrar (1987) has general family
features including the range in size.

Syrphidae

Hover flies or flower flies are among the larger and more strikingly patterned
flies in New Zealand. Endemic hover flies do not include mimics of bees and
wasps such as exist in overseas countries but the introduced European drone fly
Eristalis tenax and the narcissus bulb fly Merodon equestris mimic the honeybee
and European species of bumble bees, respectively. Remarkably, the only overall
review is that of Miller (1921), who also provided an illustrated key to the species.
Miller and Walker (1984) and Grant (1999) respectively illustrated four common
species in colour and black and white. Flies in the two syrphid subfamilies
have different food sources and distinct wing venation. The five genera and 24
species of Syrphinae prey as larvae on other slow-moving, soft-bodied insects,
while members of subfamily Eristalinae, with six genera and 18 species in New
Zealand, feed mainly on decomposing material in wet sites and three European
pest species feed on bulbs. Prey items have been recorded for only three common
hover fly species (Valentine 1967b; Miller & Walker 1984). The small hover fly
Melanostoma fasciatum is dominant in lucerne fields with blue-green aphid
(Thomas 1977) and pea aphid (Bates & Miln 1982) among cabbages with aphid
and caterpillar prey (Ashby 1974; White et al. 1994; 1995), and among grapevines
with mealy bugs (Charles 1981). Melanostoma fasciatum may be better adapted
than Melangyna novaezealandiae to relatively unstable pastoral and crop habitats
dominated by introduced aphids. Buckwheat (Fagopyrum esculentum), coriander
(Coriandrum sativum), and lacy phacelia (Phacelia tanacetifolia) can provide
pollen food for hover flies and M. novaezealandiae can be dominant on both the
latter (Lovei et al. 1993) and pine trees with the woolly pine aphid Pineus laevis
(Macfarlane & Denholm unpubl.). Known hosts for Allograpta ropala are small
caterpillars and scale insects among flax and other foliage while unidentified
hover-fly larvae feed on cabbage-tree moth caterpillars (Miller & Walker 1984).
Allograpta ventralis preys on the cabbage-tree mealy bug (Bowie 2001). The
immature stages of predatory hover flies, including endemic A. ropala (Miller &
Watt 1915), have an indistinctly tapering body compared to the ‘rat-tailed’larvae
of Eristalinae that live in fluids. The long breathing siphon (‘rat tail’) of drone
fly (Eristalis tenax) larvae contrasts with the short siphon of the flax-inhabiting
Psilota (= Lepidomyia’) decessa (Miller & Walker 1984). Eggs of the predatory
syrphine species tend to be laid among vegetation or grass seedheads and singly
(Miller & Walker 1984).

Phoridae

These are small flies, often black, and recognised by their distinctive dark and pale
venation and head bristle pattern. The commonly encountered species mostly
belong to the huge genus Megaselia, plus Aphiura and Metopina. They may be
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Lonchoptera furcata (Lonchopteridae).
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recognised as phorids by their jerky movements and humpbacked appearance.
Identification of most genera is based on head bristle patterns, leg bristles, and
wing venation (McAlpine et al. 1987). New Zealand has seven endemic genera
(Disney, 1983; Brown & Oliver 2008), often with distinctive features including
the head (Schmitz 1939). Phorids can be numerically abundant as scavengers
or mushroom-feeders in open country (Macfarlane & Andrew 2001), and some
introduced species may affect humans or they can be found in sand dunes
(Brown & Oliver 2007). Eight species in New Zealand are introduced from
Europe and Australia. Most native species live in forests, but part of the fauna is
quite common in denser snow-tussock grassland. Didham (1992), for instance,
recorded 20 species from one forest site. Different species may be found by
sweep netting, malaise trapping, or by using baited traps or pitfall traps, but the
family has not been investigated thoroughly enough to determine the extent of
undescribed species.

Pipunculidae

Tonnoir (1925) described the blackish bigheaded fly species from sites with
tussock grassland (three species) and bush (Dasydorylas deansi). At least two of the
Dasydorylas species can be locally common (Macfarlane & Andrew 2001; LUNZ),
but Tomosvaryella novaezealandiae is considerably less common (Macfarlane 2002;
Skevington unpubl.). De Meyer (1991) described Cephalops libidinosus from New
Zealand, which is also relatively well represented in collections. Only genitalia of
the species are illustrated (Tonnoir 1925), but the reviews of Australian and North
American species illustrate differences in the wing venation of the cosmopolitan
Dasydorylas (then a subgenus of Pipunculus) and Tomosvaryella.

Lonchopteridae, Sciadoceridae, Platypezidae

The remaining three families each have only one described species. Only the
cosmopolitan small yellowish Lonchoptera furcata (Lonchopteridae) is often
found in general collecting. Colloquially known as the spearwinged fly, it has
a pointed wing tip with veins converging toward the tip (McAlpine et al. 1987;
CSIRO 1991) and distinctive flanged larvae (Smith 1989). Sciadocera rufomaculata
(Sciadoceridae) also occurs in Australia (CSIRO 1991). It is reddish with a dark
patch on the wing tip (Oldroyd 1964; Brown 1992). It is somewhat reminiscent
of Phoridae and feeds on carrion. Smoke flies (Platypezidae) are represented
in New Zealand by Microsania and an undetermined species of Callomyiinae
(Chandler 1994). Platypezids may need specialist collecting among fungi or
smoke, and are expected to dwell in wetland or forests on the basis of overseas
studies (Oldroyd 1964).

Suborder Brachycera: Division Cyclorrhapha: Section
Schizophora

Schizophora can be divided into acalyptrate and calyptrate families. The calyp-
trate families (in which the haltere is typically concealed by a flap or calyptra)
include a fairly compact group, while the acalyptrate groups (lacking the flap,
so the halteres are clearly visible) are more disparate, being divided into several
superfamilies, some of which show close affinities to calyptrate flies. Calyptrate
flies are distinguished by a combination of features including antennal structure,
wing venation, a suture across the top of the thorax, and the presence of upper and
lower calypters (squamae) beneath the wing base (see Harrison 1959), although
some of these features are sometimes lacking, especially in wingless forms. The
most comprehensive guides, with illustrations of pupae, larvae, and eggs, are those
of Ferrar (1987) and Smith (1989).

Acalyptrate flies
This division was last fully revised by Harrison (1959), who provided an excellent
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account of all the known species. Some name changes have occurred since then
and the work of Harrison (1976) and later reviews of particular families have
added many new species. For recognition purposes, the acalyptrate flies can be
artificially divided into the generally smaller flies that are often 2-6 millimetres
long (e.g. Drosophila spp., Cerodontha australis, Hydrellia tritici) and a minority of
larger species 8-16 millimetres long (e.g. some Coelopidae, Sciomyzidae) that are
as large or somewhat larger than the house fly. The most extensive illustrations
of whole flies of nearly all of the 29 acalyptrate families in New Zealand are in
CSIRO (1991) and McAlpine et al. (1987).

Agromyzidae

These are small species (1.25-3.0 millimetres long) and the larvae are generally
leaf miners. Some have a very narrow host-specificity, for example Phytomyza
clematadi was released in 1996 for biocontrol of Clematis vitalba (old man’s
beard) (Fowler et al. 2006), and although it is now common and widespread
its effectiveness seems to be adversely affected by parasites (Anon. 2007). The
species most often encountered is Cerodontha australis, abundant everywhere,
feeding on grasses and wheat. Cerodontha angustipennis can be abundant where
hosts such as Yorkshire fog and tall oat grass are common (Martin 2007). Other
abundant species include Chromatomyia syngenesiae (on Sonchus, cineraria, and
other herbaceous Asteraceae), Liriomyza brassicae (on Brassica crops), L. chenopodii
(on beet and spinach), and several Phytomyza species on Hebe. Two Phytoliriomyza
species have fern hosts. Twenty-one species in various genera mine the leaves of
angiosperm trees and shrubs including Melicytus ramiflorus (mahoe) and Urtica
ferox (tree nettle) and species of Olearia, Coprosma, Carmichaelia, Clianthus, and
Clematis or perennial herbs (species of Ranunculus, Wahlenbergia, Cerastium,
Lepidium, Gentianella, Plantago, and Juncus) (Spencer 1976). Hosts are unknown
for 13 of the 42 species (see revision by Spencer 1976; Macfarlane & Andrew
2001). Watt (1923) illustrated the pupae of nine agromyzid species.

Chloropidae

These are also small flies (1.25-5.0 millimetres long). Most species are endemic
and there is wing reduction in a number of species of Tricimba, including some
that are undescribed (see revision by Spencer 1977; Macfarlane unpubl.). Some
subantarctic species have no wings. The genus Gaurax includes three common
species (G. neozealandicus, G. flavoapicalis, G. mesopleuralis), often found in
gardens. Hippelates insignificans often occurs in great numbers in semi-open
country. Apotropina tonnoiri is one of the characteristic flies of beaches. Little
is known of the larval habits of most New Zealand species. The introduced
European species Dicraeus tibialis feeds on grass seed (Ismay 1991), endemic
Diplotoxa similis feeds on seeds of six species of the snow tussock Chionochloa
(Kelly et al. 1992; Cone 1995), and D. moorei feeds on hard tussock Festuca novae-
zelandiae (Kelly et al. 1992). The grey Conioscinella badia can be common among
grassland and beach areas, readily sucking on perspiration (Martin 1983) or
weeping sores. Some of the other species have been associated with flowers,
wetlands, rotting material, and subalpine areas (Spencer 1977; Macfarlane &
Andrew 2001).

Diplotoxa similis (Chloropidae)

Jon Sullivan, Lincoln University

Ephydridae

Shore flies comprise a well-known family. An extensive revision has begun on
the New Zealand fauna, with five new species described (Mathis et al. 2004;
Edmiston & Mathis 2007). A distinctive character of the subfamily Ephydrinae
is the strongly swollen lower face, while for most other genera in the other
subfamilies the arista (a bristle on the last antennal segment) has long branches
on the dorsal side only. Most of the common species of Scatella have a distinctly
grey wing with a pattern formed by a few small white spots between the outer
veins. Most species are found close to water, with larvae either aquatic (e.g.
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A species of subfamily Limosininae
(Sphaeroceridae).
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Ephydrella) or semi-aquatic (e.g. Scatella). The genus Hydrellia is terrestrial and the
larvae mine native and introduced grasses and rushes (Martin 2007). Australian
Hydprellia tritici, with five proven host plants, is one of the commonest flies in New
Zealand.

Drosophilidae

Pomace flies, vinegar flies, or fruit flies (not to be confused with tephritid fruit
flies, below) are represented in New Zealand by two well-known genera and
one or two that are largely unknown. As with the Sphaeroceridae (below), the
number of drosophilid species in New Zealand is low, with combined totals for
both families about 55 compared with 1130 for the entire Australasian/Oceanian
region (Evenhuis 1989) and 189 for Britain (Chandler 1998). Members of the
genus Drosophila are often known as fruit flies, although the actual association
for many is with yeasts of ripe and rotting fruit. Colour illustrations of the
introduced species in New Zealand can be found in Peterson’s (1943) survey
of species in southwestern USA. Drosophila funebris, D. buskii, and to a lesser
extent D. melanogaster, D. funebris, and D. hydei are strongly associated with
human settlement but in Texas they were much less common on dairy farms.
Species such as D. buskii are associated more with rotting vegetables (including
tomatoes) and grass clippings. Indigenous species are associated more with
forest fungi. Traps with banana bait can be used to detect Drosophila populations.
Scaptomyza includes six species, two of which are leaf miners (one of them,
underscribed, in Pratia angulata (Campanulaceae)), and including adventive S.
flava, which mines leaves of Brassica crops, Tropaeolum, and other plants (Martin
2004). Paramycodrosophila is represented by at least one unidentified species
in New Zealand, sometimes found around exudates from holes of puriri moth
caterpillars (Aenetus virescens). An unidentified species of Mycodrosophila was
mentioned by Holloway (1976).

Heleomyzidae

The New Zealand species are placed in four tribes, one (Heleomyzini) comprising
Palearctic species only, of which Tephrochlamys rufiventris, an elongate greyish
fly with a reddish abdomen, is quite common, breeding in poultry manure.
The South American Prosopantrum flavifrons is the sole representative of
the Cnemospathidini and is found readily in open garden and pasture sites.
The tribes Allophylopsini and Fenwickiini, with many endemic species, are
commonly encountered in forests. Most familiar are the larger Allophylopsis
species and the smaller Fenwickia species (Harrison 1959). Xeneura and Aneuria
species have boldly patterned wings and some of the Fenwickia species have
distinctive shading on the apical veins.

Lauxaniidae (Sapromyzidae)

Superficially resembling heleomyzids, these flies are readily distinguished by the
lack of a vibrissa (a bristle on the lower front corner of the face) and details of
the wing veins (Harrison 1959). There are four genera in New Zealand, including
several common species of Sapromyza, which resemble oversized Drosophila. The
genus Trypetisoma is distinctive for its patterned wings, similar to some of the
Heleomyzidae and the tephritid Trupanea.

Sphaeroceridae

Lesser dung flies are small (1.5-3.5 millimetres long), dull black or brown
species distinguished most readily by the short, robust hind metatarsus.
Richards (1973) reviewed Australian species and provided a key covering many
New Zealand species. The subfamilies Sphaerocerinae (Sphaerocera, Ischiolepta)
and Copromyzinae (Borborillus) comprise only alien species, often encountered
on dung (Macfarlane & Andrew 2001), although Ischiolepta in particular is often
found in rotting vegetable matter such as grass clippings. Limosininae include both



adventive and cosmopolitan species and few of them have any relationship with
dung. They are easily distinguished from all other acalyptrates by their venation,
with the veins from the discal cell not extending to the wing margin. Some species
of Limosininae are extremely abundant, e.g. Coproica hirtula and Spelobia bifrons,
both breeding in grass clippings and other decaying vegetation, and cosmopolitan
Opacifrons maculifrons along freshwater shorelines (Marshall & Langstaff 1998).
Steve Marshall is revising the endemic species, the most abundant of which
belong to the genus Phthitia (Marshall & Smith 1992; Marshall et al. 2009). Some
Phthitia species occur in open country but P. plesioceris is found along waterway
shorelines and P. emarginata in rotting mushrooms. Thoracochaeta species are
characteristic beach flies (Marshall & Rohacek 2000), found on seaweed and
carrion. The two species of the endemic genus Howickia are wingless, and can be
found actively jumping and scuttling about in disturbed forest floor litter.

Sciomyzidae

Marsh flies are relatively large flies (5-9 millimetres long), usually with many
dark spots on the wings. The larvae feed on snails. Neolimnia species feed either
on aquatic or terrestrial forest gastropods (Homewood 1981) while Eulimnia
species feed on bivalves (Barnes 1980a).

Huttoninidae

Huttonina, formerly included in the Sciomyzidae, is now assigned to its own
endemic family (CSIRO 1991) along with Prosochaeta prima. The species of these
genera have a similar elongate shape to sciomyzids but Huttonina individuals
are smaller, with two of eight species having many dark spots and three others
with paler patterns (Harrison 1959). The wing of Prosochaeta prima is distinctive
with a dark outer U band and a single inner band. Adults seem to be associated
with shrubland or forest rather than open uncultivated grassland. The larvae of
huttoninids are unknown.

Tephritidae

These picture-winged flies are small (3-5 millimetres long) but conspicuous
creaturesrepresented in New Zealand by three indigenous genera (Austrotephritis,
Sphenella, Trupanea in subfamily Tephritinae) (Hancock & Drew 2003). Three
Urophora and two Procecidochares have been introduced for biocontrol of thistle
species, mist weed (Ageratina riparia) and Mexican devil weed (Ageratina
adenophora) (Harman et al. 1996; Macfarlane & Andrew 2001; Hayes 2007). All
five species introduced for the biological control of weeds have established (e.g.
Cameron et al. 1989, Hayes 2007), but U. cardui is still uncommon and rather
localized, partly because sheep graze the galls. White (1988) has an identification
key for Urophora species in Great Britain, which includes illustrations of the wing
pattern. Urophora and Procecidochares have two complete to three clear bands across
the wings or the wing is largely clear with just a narrow dark band (U. stylosa).
The native Sphenella fascigera almost has two bands with little or no spotting. By
contrast Austrotephritis and Trupanea wings have at most one irregular band across
the outer wing and many (20 plus) small to larger clear spots.

The name of fruit fly is applied generally to the family, although only a few
genera feed on fruit. Some of these, including several Bactrocera species and
Ceratitis capitata (Med fly), both in the subfamily Dacinae, are very serious pests
in Australia, the Pacific islands and many other areas, causing fruit to disintegrate
prematurely. A number of species are closely monitored in New Zealand and at
least one accidental introduction has been successfully eradicated (Macfarlane
& Andrew 2001). Some of these pest species are larger than native species (5-6
millimetres) and have distinctive wing patterns. All tephritids can be recognised
by the disjointed wing, with the costa broken about a third of the way along the
wing and the subcosta bent up toward this break at a right angle, together with
the acutely pointed lower corner of the anal cell of the wing.
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The New Zealand species can further be distinguished from similar-looking
flies such as Trypetisoma (Lauxaniidae) and some Heleomyzidae (Aneuria,
Xeneura) by their specific wing patterns, illustrated by Harrison (1959). Similar-
sized Huttonina species (Huttoninidae) with spotted wings and Zealandortalis
(Platystomatidae) with banded wings are also distinguished by wing pattern
(Harrison 1959). Sciomyzids also have heavily spotted wings but they are larger
than the endemic tephritids and the wing is unbroken. Endemic tephritids feed
mainly on flowers or seedheads. Molloy (1975) found an average of 2.6-6.4
Trupanea centralis larvae per seed head in Celmisia spectabilis, with 64-96% of
the seed consumed by these flies. He reared Trupanea alboapicata from Raoulia
mamillaris and noted that Tephritidae larvae also affect Senecio bellidioides.
Sphenella fascigera has a quite wide host range that includes native Brachglottis
kirki, six species of introduced Senecio (Harrison 1959) and Euryops pectinatus
(Keall pers. comm.). Austrotephritis cassiniae has been reared from Cassinia
leptophylla (Harrison 1959), but the Asteraceae hosts for other endemic species
remain unknown.

Helosciomyzidae

This family comprises a southern hemisphere group of mostly forest-dwelling
flies, centred in Australia and New Zealand and most recently revised by
Barnes (1981). They are moderately large, resembling sciomyzids, but usually
have unpatterned wings with prominent bristles along the costa. Polytocus is a
subantarctic genus of two large species, of which the larvae of the Snares Islands
species has been described (Barnes 1980c). Barnes (1980b) recorded Helosciomyza
subalpina from ants’nests and described the larvae.

Australimyzidae, Canacidae, Coelopidae, Helcomyzidae

Flies in these small families (28 species total) are confined to seashores or at
least are more commonly found there. Kelp fly (Coelopidae) species breed in
rotting seaweed and the beach stroller can be almost overwhelmed by their
swarms. Whereas some species are widely distributed around the coasts
others are confined to southern beaches. Adult kelp flies are dull brown with
characteristic flattened bodies and bristly legs and a body length ranging from
3.5-13 millimetres (Harrison 1959; Grant 1999). The family Helcomyzidae
(sometimes reduced to a subfamily of Dryomyzidae but here regarded as distinct
following D. K. McAlpine, pers. comm.) includes the large endemic southern
beach fly Maorimyia bipunctata. It is dark reddish-brown, about 10 millimetres
long, and has two darker marks on the wing veins. It favours damp coastal sites
(Harrison 1959). Canacidae are beach flies, which now include Tethininae. Eight
Zalea species (Zaleinae, surge flies) have now been described from North and
South Island rocky coasts and Z. horningi occurs on the South and Snares islands
(McAlpine 2007). Tethinosoma fulvifrons is also a mainland species; it is a small (3.5
millimetres) grey fly with a deep cheek, widespread on sandy beaches where it
is commonly on stranded seaweed with Thoracochaeta species (Sphaeroceridae).
Isocanace crosbyi is so far known only from the Nelson area (Mathis 1999). Mathis
and Munari (1996) ascribed the two subantarctic Macrocanace beach fly species
to Tethinidae as well. Australimyzidae are small flies (1.5-2.5 millimetres long),
dark brown, and suspected to be miners of seashore plants (Harrison 1959).
They have a generally southern Australian distribution.

Pallopteridae, Platystomatidae, Asteiidae, Pseudopomyzidae, Milichiidae,
Periscelididae, Teratomyzidae, Fergusoninidae, Anthomyzidae

These acalyptrate families together contain about 28 species, of which only about
10 have been described, several of them based on exciting recent discoveries.
Seven of the nine species of Pallopteridae (Maorina) have a dark patch at the
wing tip, which distinguishes them from all small acalyptrate flies in New
Zealand except for the ephydrid Scatella nubeculosa (Harrison 1959). Maorina
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species are mostly found in forests, and occasionally in gardens, but their biology
is unknown. Platystomatidae are picture-winged flies that sometimes associate
with dung as adults. Asteiidae are easily recognised by their venation, having
a short radial vein and no posterior crossvein. Asteia species are shiny brown
flies only 23 millimetres long. Malaise trapping can gather modest numbers in
broadleaf forest in coastal areas. Members of the small southern hemisphere
family Teratomyzidae (fern flies) feed on ferns (McAlpine & Keyzer 1994) but
the larvae of the New Zealand species are unknown. They have two short
crossveins close to the wing base (Harrison 1959), which readily distinguishes

them from other acalyptrates. Teratomyza neozelandica is an elongate yellowish- Pohutukawa gall fly Fergusonina metrosiderosi
brown fly about 2.5 millimetres long, common in native forest. All the described (Fergusoninidae).
New Zealand species of Pseudopomyzidae are in the genus Pseudopomyza. They Birgit Rhode, Landcare Research

are tentatively associated with bird dung but are also attracted to rotten fruit
(Harrison 1959). They are shiny dark brown to black and 2.0-2.5 millimetres
long. Milichiidae and Periscelididae have only recently been recognised in New
Zealand, and the species have not yet been described. The family Fergusoninidae
has likewise only recently been found in New Zealand (Taylor et al. 2007).
Fergusonina metrosiderosi forms galls on pohutukawa (Metrosideros excelsa) in
an obligate mutualistic association with the nematode Fergusobia pohutukawa.
Described in the same year was Zealanthus thorpei, a monotypic endemic genus
representing the first species of Anthomyzidae from New Zealand (Rohédcek
2007). These records considerably extend the known distribution of these two
families in Australasia.

Sepsidae, Psilidae, Piophilidae, Chamaemyiidae, Cryptochetidae

Each of these families has only one or two introduced species. Dark, metallic
Australian Lasionemopoda hirsuta (Sepsidae) is one of the larger acalyptrate
species (body about 6 millimetres long) of New Zealand pastures, where it is
attracted to the dung of livestock (Evenhuis 1989). It is found throughout most of
the North Island and has recently reached Canterbury. It is recognised by the ant-
like constriction at the base of the abdomen and the round head with no palps.
Psilidae is quite a large family of herbivores (Evenhuis 1989), but the European
carrot fly Chamaepsila rosae, illustrated in Somerfield (1982) and Scott (1984), is
the only species in New Zealand. Piophilidae have larvae known as cheese or
bacon skippers. Adults are shiny blackish and small (body 3—4 millimetres long)
(Harrison 1959). Three species of Chamaemyiidae have been introduced to New
Zealand for control of scale insects among fruit crops (Leucopis spp., Europe,
South America) and gum trees (Pseudoleucopis benefica, Australia) (Cameron et
al. 1989; Evenhuis 1989). Two of these species have established but were not
mentioned in Harrison (1959). A further South American species, Chamaemyia
pilipes, illustrated by McAlpine et al. (1987), is found at least in Canterbury
(Bejackovich et al. 1998). These small (1-4 millimetres long) stout flies, silvery
grey to brown, resemble a small lauxaniid. Tiny (1.5-1.75 millimetres), stout and
shiny black Cryptochetum iceryae (Cryptochetidae) feeds on woolly aphids. These
Australian flies have the distinctive features of a tiny arista on the enlarged third
antennal segment (Harrison 1959), short abdomen, and large scutellum (Miller
& Walker 1984).

European carrot fly Chamaepsila rosae (Psilidae).

Lincoln University

Calyptrate flies

This category includes house flies, blow flies, and related groups, including some
vertebrate ectoparasites, as well as species whose larvae are endoparasitoids
in insects or other invertebrates. Prior to the arrival of Europeans there were
only five families of calyptrate flies in New Zealand — Muscidae, Fanniidae,
Calliphoridae, Tachinidae, and the ectoparasitic Hippoboscidae. Investigations
into the undescribed diversity of Muscidae (R. A. Harrison, R. P. Macfarlane) and
Tachinidae (J. S. Dugdale), together with a report on Fanniidae (Holloway 1985)
and a review of Calliphoridae (Dear 1985) demonstrate that species diversity of
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these calyptrate families averages 79% of the species diversity of these families
in Britain. Despite clear evidence of limited colonisation of calyptrate flies in
New Zealand compared to such a recently isolated island as Britain, the families
that reached New Zealand have broadly comparable fly species diversity. This
check is important in assessing the significance of area comparisons of species
diversity to predict what diversity might exist in New Zealand (Macfarlane &
Andrew 2001).

Muscidae

These include four common introduced species and perhaps 134 endemic
species. The introduced house fly Musca domestica, stable fly Stomoxys calcitrans,
and false stable fly Muscina stabulans are all greyish, while the similar-sized
Hydrotaea rostrata is shiny black (see Miller 1939; Miller & Walker 1984).
Only Musca domestica has a medial vein that bends forward sharply to almost
close the central cell, as in most blow flies and tachinid flies. However, the
medial vein bends only moderately towards the wing tip in these other three
introduced species (Miller 1939) and in endemic Calliphoroides antennatis, which
resembles a blue blow fly or some Pollenia species. The orange antenna of C.
antennatis, a species that breeds in rotting plant material, distinguishes it from
these other partly metallic blue species. This vein is straight in the other New
Zealand species. Many, if not all, ceonosiine adults are predaceous (Evenhuis
1989), based on observed habits (e.g. Harris 1990) and the presence of teeth
at the outer edge of the tongue (Carvalho 2002). Females of the Millerina
group of ‘Spilogona’ and the Exsul species have 4-12 distinct black bristles
on the ovipositor tip, unlike the rest of the endemic Muscidae. These more
rigid tips may enhance penetration during egg-laying into gravelly sand and
rotting logs. Coenosiine larvae may well prey on other insects such as shore
fly larvae in moist, fine, gravelly to muddy waterway margins and invertebrates
in rotting wood, judging by the concentrations of some species in forests and
others among seashore driftwood. Species occupy various niches in estuaries,
wetlands, and streamsides, extending up to the alpine zone. Many adults
seem to need non-shaded waterway margins. The genus Limnohelina, whose
somewhat elongate, smallish grey species often have patterned wings, are
often associated with open, silty, freshwater shorelines. The diversity of forest-
inhabiting species remains obscure at present. Most other endemic species are
currently undescribed or included in“Spilogona’.

House fly Musca domestica (Muscidae).
From Grant 1999

Tachinidae
Tachinids parasitise other insects and the extent of information on the hosts
of tachinids has already been summarised above in the section on beneficial
insects. The Australian leafroller parasitoid Trigonospila brevifacies has become
a successful natural enemy of pest species in the northern half of New Zealand
but the establishment of introduced biological-control agents against grass-
grubs has yet to succeed (Cameron et al. 1989; Munro 1998). The accidentally
introduced Australian species Chaetophthalmus bicolor adds to the New Zealand
arsenal against noctuid pests. Tachinids generally have bristly abdomens and
similar wing venation to Sarcophagidae and Calliphoridae. Several tachinids,
including species of Pales, Occisor, and Perissina, have a semimetallic blue
Porina parasite Protohystricia alcis (Tachinidae). ~ abdomen like blue blow flies. Tachinids are distinguished from these families
After Grant 1999 by a pouchlike bulge under and behind the scutellum. The bristly abdomen and
the simple unfeathered arista will also often distinguish tachinids from the other
families. There is a high level of endemism amongst the New Zealand genera,
although some, such as Pales, with many New Zealand species, are widespread
in the Australian and Oriental regions. About 180 species are recorded here and
the family is particularly well represented in alpine regions. A review by Malloch
(1938) is fairly extensive and quite well illustrated, but considerable effort is needed
to describe the remaining undescribed genera and species.
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Calliphoridae

Blow flies have been extensively investigated in New Zealand (Ramsay & Crosby
1992) because of their economic significance to pastoral farming. They range from
well-known Calliphora and Lucilia species of farms to poorly known Pollenia species,
which Dear (1985) revised. The three most prominent pest species, including
recently arrived Lucilia cuprina, are all accidental introductions from Australia or
Europe. Blow flies were one of the better-known groups of insects among Maori
(Miller 1939). Among calliphorid blow flies, Pollenia is prominent, with 33 native
New Zealand species (Dear 1985) compared to only eight in Britain (Chandler
1998) and three immigrant species in North America (McAlpine et al. 1987;
Rognes 1987). Native species inhabit lagoonal to subalpine grassland habitats, but
whether native species parasitise ground-inhabiting worms has yet to be resolved. ~ Brown blowfly Calliphora stygia (Calliphoridae).
The family Mystacinobiidae, erected for the New Zealand bat fly, which feeds on After Grant 1999

bat dung, is now included as subfamily Mystacinobiinae of Calliphoridae.

Sarcophagidae

Dung flies are represented by the ubiquitous open-country Oxysarcodexia
varia (previously known as Sarcophaga milleri or Hybopygia varia) from South
America (Macfarlane & Andrew 2001). The distribution of the other four
predominantly coastal species is inadequately known, and at least the larger
Sarcophaga crassipalpis does not seem to have spread to Canterbury. There is also
an unconfirmed report of an endemic species of the subfamily Miltogramminae,
based on one specimen in an overseas collection.

Fanniidae

These include the lesser house fly Fannia canicularis and other less well-known
species. Their distinctive pronged pupae (Miller & Walker 1984) have been invest-
igated and a key produced for the species on the main islands (Holloway 1985).
These flies tend to be associated with birds and bumble bee nests (Miller & Walker
1984; Holloway 1985; Macfarlane unpubl.) where they probably scavenge on
carrion, broken eggs, and other detritus.

Anthomyiidae

Species include Botanophila jacobeae, introduced to control ragwort (Holloway
1983), the cornroot maggot Delia platura, a pest of gardens, and Anthomyia
punctipennis, a common species distinguished by its dark wing-spot pattern
(CSIRO 1991). In addition, one or two adventive species of the genus Fucellia are
associated with decomposing kelp on beaches (Oldroyd 1964). Another species
of Delia has also been recorded. All species are small (about 3—6 millimetres),
and distinguished from other calyptrate flies by an inner hind vein (anal vein)
that reaches the wing margin.

Louse fly Ornithomyia sp. (Hippoboscidae).
Oestridae, Hippoboscidae From Grant 1999
These are the ectoparasitic bot flies and louse flies, respectively. The bibliogra-
phies of Miller (1956) and Ramsay and Crosby (1992) list the popular summaries
on livestock fly pests in New Zealand. Macfarlane and Andrew (2001) reviewed
what is known of the four species of louse flies that affect birds.

The Tipulidae or crane flies

Known as crane flies and daddy-long-legs, tipulids are commonly encountered
by New Zealanders. Only a few species are strikingly colourful, mainly in the
genera Aurotipula and Chlorotipula, but the patterned wings of many are delicate
filigrees of golden-brown that would delight any miniaturist.

Some species can swarm and be a nuisance, but they do not bite like
mosquitoes and have no appreciable effect on humans. The larvae of most species
are very important in the breakdown of vegetable litter in forests, swamps, bogs,
and streams. A few species (especially of Gynoplistia) are predators of worms and
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Male crane fly Chlorotipula albistigma (Tipulidae).
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After Grant 1999

larvae. There is one record of a Leptotarsus species attacking potatoes but it has
certainly not reached the pest status of other tipulines (Tipula spp.), as in Europe
and North America. There is a great need for life-history studies to elucidate energy
requirements relative to emergence, flight, egg production, and the phenomenon
of wing reduction. The New Zealand fauna provides a wealth of exemplars.

Taxonomic history

In the late 1800s, collectors sent some specimens to European workers and some
species were described at that time. In New Zealand, G.V. Hudson and F. W.
Hutton also described a few species at the end of that century (4% of the present
total). Hudson sent specimens to F. W. Edwards (British Museum) who provided
the first major work on the group. His two publications (1923, 1924) account
for 16% of the native species, and his keys and figures and the species are still
useable today. His material is in the Natural History Museum, London.

Charles P. Alexander, of Amherst, Massachusetts, described most (74%) of
the New Zealand species. He received specimens from a number of amateurs,
especially two railway workers, two council water-supply employees, a
dentist, and several professional entomologists. He engaged in considerable
correspondence with them and always asked of their family life and for the
biography, education, and of course collecting details of the flies. He carefully
conserved those notes (about 3000 pages), now deposited in the U. S. National
Museum.These could now give a deep insight into many aspects of New Zealand
life and the professional politics of the 1920s to 1950s. Alexander gave short
descriptions of each species, concentrating on aspects of colour, wing form,
antennae, and male terminalia. These descriptions frustrate today’s researchers
by their inadequacy, yet one can only admire his conceptual ability as he rarely
had to redescribe a species. Most of his types are in the American Museum of
Natural History, Washington. Although there has been no detailed discussion
since Oosterbroek (1989) the list given here does not follow his in its entirety.
The extremely large genus Limonia (> 2200 species) is usually subdivided
into subgenera (~ 63 for global coverage). Many of these are often informally
used as genera, and such is the case here for the distinctive subgenera that
occur in New Zealand — Discobola, Idioglochina, Metalibnotes, Nealexandraria,
and Zelandoglochina. The others remain in Limonia (Dicranomyia), but there
are several species, both named and new;, that could be better placed in other
subgenera or genera and one possibly belongs to a new genus. Likewise treated
as genera are the Leptotarsus subgenera Aurotipula, Brevicera, Chlorotipula, and
Maoritipula, and the Trimicra subgenus Erioptera.

Strictly, all these changes in species combinations would be new, or in some
cases reverting to combinations used in the 1920s. All the subspecies listed
in Oosterbroek (1989) are treated as full species, and eight species names are
relegated to junior synonyms based on recent re-examination of type specimens
(senior synonym first) — Amphineurus campbelli/nox, Atarba connexa/confluenta,
Discobola ampla/milleri, Chlorotipula elongata/angustior, Leptotarsus atridorsum/
harrisi, Limonia monilicornis/gracilis, Zelandoglochina atrovittata/laterospina, and
Z. cubitalis/huttoni. Although synonymised by Hemmingsen and Johns (1975),
the species Zelandoglochina canterburiana and Z. allani were listed separately
by Oosterbroek (1989). The synonymy of the latter is also reconfirmed through
examination of the types (P. Johns pers. obs.). It is unlikely that there will be
many further synonymies (probably fewer than five). Several species have been
the subject of recent reviews (Vane-Wright 1967; de Jong 1987; Johns & Jenner
2005, 2006) and Trimicra may soon be covered (Andrew 2000).

Some 46 new crane fly species from New Zealand are indicated in the
checklist. All are so distinctive (mainly by their short wings) that they cannot
be confused with any known species. The number of new species that have less
noticeable characters cannot even be estimated from the meagre collections that
have been made in recent years. The present state of taxonomy is still in “catch-
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up’ phase and even some described species, especially of the very large genera
Gynoplistia, Leptotarsus, Limonia, and Molophilus are yet to be recognised in these
modern collections.

Biology

Adult mouthparts are very varied. Most are simple, with the labiae or lips used
for dipping into plant juices that are then sucked in. Three species have a greatly
elongated tube-like proboscis that may well be used to get into nectaries of
narrow, deep flowers such as those of Dracophyllum. Zelandoglochina species
also have elongate mouthparts and are able to cut into the bases of flowers to
sup the nectaries (of Dracophyllum, Olearia, and Hoheria). Larval mouthparts are
also very varied. Those of the Tipulinae are strong and well muscled and easily
chew through soils and litter, taking in much inorganic matter to which various
unicellular algae, or fungi and bacteria are attached. Zelandotipula larvae browse
on the last remnants of decayed vegetable matter in the margins of streams and
seepages and are able to digest this material through having a very high alkaline
pH in their gut, in striking contrast to the low-pH acidic stomachs of most other
animals (Trought 1982).

Behaviours are poorly known. One species, Rhamphophila sinistra, flies in
a vertically undulating path for several metres through the forest after being
disturbed (Johns & Jenner 2005). It then folds its wings and suddenly drops to
the forest floor where its brownish colours merge so well with the leafy litter.
Two species of Dicranomyia vibrate quickly up and down on their legs — one
while hanging on spiders’ webs (the stickiness has no effect on the hairy legs),
the other on the walls of seashore overhangs and caves. Wingless Gynoplistia
pedestris sits on swamp grasses and sedges where it is a perfect mimic of
tetragnathid spiders, with two legs forward and four backwards. Many species
are crepuscular or night fliers, the most noticeable being species of Discobola,
Zelandoglochina, and Zelandotipula.

Several species lists have been published for specific sites or presented as
internal reports to forestry and conservation organisations. A classic is that of
Alexander (1929) for Tongariro National Park and the most recent is by Ward et
al. (1999). Up to 50 species may be found in any one forest site and it is strongly
suspected that their larvae are sequentially partitioning the habitat as the adults
merge in sequence over a relatively short period during spring through autumn.
There are even a few winter-emergent species.

Distributions within New Zealand. Very high endemism usually points to
very restricted distributions, speciation having taken place under the influence
of a wide variety of environmental parameters. Such is the case in most New
Zealand insects, but not so for the Tipulidae. All but the reduced-wing and alpine
species have fairly broad distributions. Indeed, it is very difficult to envisage the
parameters that may have stimulated divergence in the many widespread forest
and tussockland species of Gynoplistia, Leptotarsus, Limonia and Molophilus.

There is a wealth of freshwater species. Limonia nigrescens inhabits sodden
wood at or below the water surface (Anderson 1982) and Limonia hudsoni is a moss
eater in montane streams (Suren & Winterburn 1991). The latter is widespread and
often abundant, with the adults seen near fast-flowing well-oxygenated streams,
usually in bright conditions. Such streams range from the former Kaikoura town
water-supply overflow that cascaded over the limestone cliff adjacent to the
Edward Percival Field Station at sea level, to alpine streamlets at 1000 metres or
more in Arthur’s Pass National Park and adjacent mountain ranges. The larvae
live in crevices under or amongst the mosses and filamentous green algae near
and in riffles and waterfalls. Within this habitat, they construct gelatinous tubes,
binding the algal strands and detritus with a mucoid layer. There seems always to
be a’retreat’, a crack in the rock, to which the larva goes when disturbed. Prior to
pupation, larvae leave the water for a dryer, sheltered position and there secrete Aquatic larva of Molophilus sp. (Tipulidae).
a mucoid lump, a mass of jelly; often several (1-6) larvae may occupy this lump. Stephen Moore, Landcare Research
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Aquatic pupa of Aphrophila sp.(Tipulidae).

Stephen Moore, Landcare Research
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Pupation takes place within it and it is possible that other larvae may enter the
lump after it has been formed. One example contained larvae and pupae at very
different stages of development that must have been days or weeks apart. One
pupa was kept for a week before the adult emerged. The adult sits flat on any
nearby sheltered surface, apparently preferring the rough, broken surfaces of
the rock banks or stony cliffs. When undisturbed the legs are almost completely
spread and the body almost touches the ground. When disturbed the legs are
shifted to raise the body and the animal then ‘rocks and bounces’. Mating takes
place ‘tail to tail’ on the same surfaces. Egg-laying has not been witnessed.
Limonia hudsoni and L. sperata often occur together at higher altitudes.

Winterbourn (1996) described the larva and habitat of Aphrophila neozelandica.
At least two other species of Aphrophila have been taken with it in light-traps
and in all likelihood all species of Aphrophila are in flowing fresh waters. Winged
and brachypterous species of Rhabdomastix occur in the sandy flats of many
rivers. Adults of reduced-wing species in the Wanganui River at Harihari are able
to withstand rapid rises of this flood-prone river. They hide under stones and
wood and may remain submerged in up to a metre of water for hours if not days.
As the flood recedes they emerge to run over the new sand banks and mate.
The larvae are presumed to be in the margins of the normal river and nearby
temporary ponds. Paralimnophila skusei is a widespread species, the larvae of
which have regularly been taken amongst roots and bases of stream vegetation.
Their mouthparts suggest that the larvae are predatory. Similarly, larvae thought
to belong to Gynoplistia species have been taken in alpine seepages. One was
seen feeding on an earthworm.

Endemic species

The one crane fly that is virtually worldwide, Trimicra pilipes, has had many forms
described from various places around the world. These have been recognised at
various taxonomic levels — species, subspecies, or varieties — and present usage
favours the last (Alexander 1962). Only in New Zealand are there distinctive
related species with different body form or habitats occupying brackish water/
soil, highly organic sites (e.g. cowshed drains), and wet guano of bird colonies.
The bird colonies of four subantarctic islands have their respective species
(Alexander 1962, and two undescribed species).

The fauna in general is related to that of Australia, New Caledonia, and
Chile. Sigmatomera rufa has a close relative in eastern Australia, and should a
few species of Macromastix be transferred to Leptotarsus (Habromastix) then there
would be a stronger connection with Australia. Several Limonia species are very
similar to those in New Caledonia and Chile. Zelandotipula is rather odd in that
all its close relatives are in the northern parts of South America. However, most
others seem to be sufficiently different from known species at subgenus and
species levels, suggesting that the New Zealand fauna has long been isolated.
Amphineurus, Gynoplistia, Limonia, and Molophilus have seemingly explosively
speciated in New Zealand, occupying unusual habitats, and many are flightless.

Although it is assumed that all species are native, many are tolerant of human
environmental changes. Limonia vicarians has apparently emerged from house-
hold potplants and it is certainly common in household gardens. Leptotarsus
dichroithorax, L. obscuripennis, L. tapleyi, and L. zeylandiae are all present in grass-
land-shrubland or pine plantations (Johns et al. 1980). Chlorotipula albistigma lies
in rotting Pinus radiata, willow, and other exotic trees. Recently, Leptotarsus larvae
have been studied to determine the effects of heavy-metal pollution on soils after
distribution of treated sewage in pine plantations (Denholm pers. comm.).

Adventive species

There are no recorded adventive species in New Zealand, although one, Trimicra
pilipes, is distributed almost worldwide and it favours wet to swampy, much
modified, pastoral habitats.
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Speciose genera and flightless species of New Zealand Tipulidae

Genus Known species New species Flightless species
Amphineurus 44 1 0
Austrolimnophila 20 3 2
Gynoplistia 101 1 13
Leptotarsus 53 1 10
Limonia 62 12 9
Metalimnophila 18 2 2
Molophilus 92 1 1
Rhabdomastix/Limnophila 27 4 4
Subtotal 390 21 37
Other genera (37) 178 23 14
Unrecorded genera (2) 0 2 0
Totals (48) 568 50 55
Special features

Without doubt, the two features of New Zealand crane flies that separate them
from the rest of the world are the inordinate number of flightless species and the
richness of the marine intertidal fauna. Flightlessness is the result of a degeneration
sequence. Firstly there is a reduction in the diameter of the muscle fibres, then
loss of muscles and wing stenoptery (narrow aspect ratio), and brachyptery (short,
flabby wing). Finally there is the almost total loss of wings (aptery) and the halteres
may even be reduced to small non-functional stubs. In the female, eggs may
occupy the thoracic space that holds the wing muscles of flighted species.

Brachyptery occurs in all habitats — marine intertidal, swamps and seepages,
open stony and sandy flats of braided rivers, brush and tussock vegetation, dense
forests, subalpine tussock, and alpine fellfield. With the progression to aptery,
there is a concomitant increase in leg length and the animal has a long-legged,
spider-like (or more like an opilione harvestman) form. It may occur in one sex
(female) or both. Muscle atrophy is seen in a new species of Leptotarsus from the
Snares Islands in which muscle diameter is reduced to approx 70% of similar
members of the genus. The males are just able to fly, but the females are unable
to do so until they have shed most of their eggs. Leptotarsus zeylandiae females
have no muscles and are brachypterous, those of the males being fully formed.
Females emerge from the soil late in an autumn afternoon, and, within a few
hours, mate, lay their eggs, then die, even before they become fully sclerotised.
The males swarm, especially if there is mist or light rain, and live for another
day. The flight period is about four weeks in northern populations but shorter
in southern populations. The condition of stenoptery and moderate brachyptery
in both sexes occurs in about 10 Leptotarsus species, several Gymoplistia,
Austrolimnophila stewartiae, Trimicra campbellensis, and in a magnificent 30
millimetre-long new species of Zelandotipula. Near-total wing loss is seen in
several species of Gynoplistia, at least two Metalimnophila, Molophilus, Zaluscodes,
Tonnoiraptera, two Austrolimnophila, three Trimicra, several Rhabdomastix and
Limnophila, and at least nine species of Limonia (Dicranomyia). An estimated
10% of the New Zealand crane fly fauna is flightless.

The halophiles (found in saline, maritime areas) present interesting dis-
tributions. There are at least 10 species that are well adapted to the marine
environment (Wise 1965, Hemmingsen & Johns 1975). Several (Idioglochina
fumipennis, L. kronei, Limonia nebulifera, Zelandoglochina canterburiana, Rhab-
domastix n. sp., and possibly Geranomyia n. sp.) live within the intertidal zone
and inhabit various types of thick encrusting algae (Corallina sp., Bostrychia
sp.). Limonia kermadecensis (also present on the mainland, near Auckland at

- ; : ¢ Leptotarsus sp., a wingless cranefly.
least) makes a short burrow or occupies a small depression into soft rock in John Dugdale
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the high intertidal zone. It encloses itself by secreting a silky cover to which
stick sand grains. Larvae emerge at night to feed on fine algae by ingesting sand
grains. It can achieve numbers of 100 per square metre and thus could be a mi-
nor degrader of soft mudstone shorelines in the north of New Zealand. A close
relative, Limonia fulviceps, is known from saline marshes at Nelson and the head
of Pelorus Sound near Havelock. Limonia subviridis has been reared from the
intertidal red alga Gelidium pusillum (Wise 1965). Three undescribed flightless
species are known respectively from Fiordland, Bluff, and Stewart Island, from
the Snares, and from the wind- and spray-swept Bounty Islands, and a new
Rhabdomastix occurs at the Antipodes Islands. Limonia nebulifera belongs to a
very distinct group of halophiles. Two species are found on southern and eastern
Australian coasts and another, its closest relative, in Chile. Idioglochina has rep-
resentatives in Australia, several Pacific Islands, and Japan.

Dipteran zoogeography and speciation

The break-up of the southern landmass of Gondwana and the northern
movement of New Zealand are considered to have occurred in the Cretaceous,
around 110 to 85 million years ago during which the Tasman sea was formed
(Stevens 1985). Stevens et al. (1995) summarised the changes in vegetation and
climate that are understood to have occurred when flies began to occupy New
Zealand, but the relevance of these changes to the present-day fauna is moot given
the uncertainty regarding the possible complete submergence of the Zealandia
continental mass at the end of the Oligocene, 23 million years ago (Landis et al.
2008). In a discussion of zoogeography and taxonomic methods, Hennig (1966)
and Brundin (1967) advanced the theory of checking sister-group relationships
between widely separated continental masses using New Zealand Diptera as
an example. Hennig (1966) recorded 23 shared genera confined to Australia—
New Zealand-South America and 15 genera shared between New Zealand and
Australia. In the division Cyclorrhapha, Hennig (1966), Vockeroth (1969), and
McAlpine (1991) reported a complete lack of transantarctic generic/subgeneric
sister groups between New Zealand-South America and Australia—New Zealand-
South America. However, Ephydrella is catalogued with an Australian, New
Zealand, and Brazilian distribution (Mathis & Zatwarnicki 1995) and Amorim and
Silva (2002) commented that there could be other, unrecognised, examples.

Hennig (1966) tabulated 14 genera with species diversity confined to New
Zealand and Chile/South America and 138 endemic New Zealand genera. The
12 families of Nematocera that have been adequately studied show the following
examples of genera confined to New Zealand and South America — Aphrophila,
Campbellomyia, Limnophilella, Zelandoglochina, Zelandotipula (Tipulidae), Nervi-
juncta (Ditomyiidae), Aneura, Parvicellula (Mycetophilidae), Isoneuromyia (Kero-
platidae), Canthyloscelis (Canthyloscelididae), Corethrella (Corethrellidae), and
Oterere (Thaumaleidae). Jaschhof and Didham (2002) described the Rango-
maramidae as a new family for the world. However, studies of South American
species have enlarged this family to include three new subfamilies (Amorim &
Rindal 2007), which allows most of the previously unplaced genera from New
Zealand to be included in this family which has a relatively high southern-
hemisphere diversity.

Among the larger Brachycera families, the only New Zealand-South
American links are for Filatopus (Dolichopodidae) and Oropezella (Empididae).
For the four smaller brachyceran families, there are closer affinities with
Australia for Tabanidae and Bombyliidae (Hennig 1966; Greathead 1988), but for
Acroceridae the more apparent affinities are with American genera (Paramonov
1955; Hennig 1966) or species groups (Schlinger 1960). Paramonov (1955) noted
that New Zealand Acroceridae have their closest links with South America and
not Australia and he discussed absences of fly families in New Zealand that cannot
tolerate colder climates. In addition, information on the Diptera from the offshore
islands has begun to demonstrate further families that are absent or depleted
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Approximate numbers of described and recognised species of
Coleoptera, Diptera, Hymenoptera, and Lepidoptera in New Zealand

Order Number of described species Number of recognised species
Coleoptera 5,235M 6,735M

Diptera 2,540M¢ 3,213-3,230M¢
Hymenoptera 7218 1,535-1,6498
Lepidoptera 1,684 1,698

Sources: Maddison (this chapter), Macfarlane et al. (this chapter), Berry (this chapter), Dugdale (1988, with the addition of 22 adventive
species recognised since, R. Hoare pers. comm.).

in diversity compared to the three main islands of New Zealand (Macfarlane &
Andrew 2001).

Since 1966, revisionary studies have clarified affinities in four larger Brachy-
cera families. For the Empididae, there are some closer links with Chile than
for Australia, apart from links between the southern lands and subantarctic
islands in the subfamilies Clinocerinae and Trichopezinae (Sinclair 1995). The
genus Heterophlebus is one such example (Sinclair 1995), along with the 80
or so world species in the subfamily Ceratomerinae centred in New Zealand
(Sinclair 1997b, unpubl.). Seashore-inhabiting Thinempis (Empidinae, Hilarini)
species have affinities with Australia and an undescribed species from New
Caledonia (Sinclair unpubl.). Species diversity in New Zealand is centred on the
tribe Hilarini rather than Empidini in the Northern Hemisphere (McAlpine et
al. 1981; Bickel 1996; Chandler 1998). New Zealand should also have a relatively
diverse lot of Chelipoda (Plant 2007) even after description of new species from
South America, New Caledonia and possibly Australia is achieved. An extensive
examination of allied genera of robber flies in New Caledonia, Australia (Daniels
1987; Macfarlane unpubl.), and Chile (Artigas 1970) has revealed closer links
with both Australia and New Caledonia for Asilinae genera, but there is very
limited generic diversity compared to Australia. Two New Zealand species
provisionally assigned to Rhabdotoitamus are clearly congeneric with Australian,
New Caledonian, and Norfolk Island species. A second, much more distinct
Australasian genus (undescribed) has only one certain described species, viz
‘Cerdistus’lascus from the North Island, plus a very similar undescribed species from
New Caledonia. Saropogon (subfamily Dasypogoninae) is somewhat unusual for
the Southern Hemisphere because this cosmopolitan genus (Hull 1962) has more
species in New Zealand than the Americas or Australia (Artigas 1970; Evenhuis
1989). Malloch (1928), however, noted that New Zealand Saropogon species differ
from the American ones in hair and bristle patterns on the head.

Of 23 genera with 15 or more species, nine are cosmopolitan, in which the
number of New Zealand species is about the expected diversity given the size of
New Zealand compared to North America, Australia, or Great Britain (Macfarlane
& Andrew 2001). These are: Molophilus 93 species, Limonia 66 species, Leptotarsus
54 species (Tipulidae), Mycetophila 52 species, Tetragoneura 34 species (Mycetophi-
lidae), Hilara 65 species (Empididae), Corynoptera 34 species (Sciaridae), Peromyia
33 species (Cecidomyiidae), and Platycheirus 25 species (Syrphidae). Seven of these
genera are more diverse than in South America or Australia. Exceptional species
diversity exists in most of the remaining 16 genera, which more than triples the
British list (Chandler 1998) or is about equal to that of the much larger areas of
Australia (Evenhuis 1989) or North America (McAlpine et al. 1981, 1987). These
genera are: Gynoplistia 102 species, Amphineurus 45 species (Tipulidae, Limoniinae,
Tipulinae),’Spilogona’ auctt. 81 species (Muscidae, Ceonosiinae), Anabarhynchus 61
species (Therevidae), Ceratomerus 41 species, Chelipoda 37 species, Hilarempis 23 Mycetophila fagi (Mycetophilidae).
species (Empididae, Ceratomerinae, Empidinae, Hemerodrominae), Zygomyia 54 Rod Macfarlane
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Rat-tail hover fly Helophilus trilineatus
(Syrphidae).
After Grant 1999

species (Mycetophilidae, Mycetophilinae), Pollenia 34 endemic species (Calliphori-
dae, Polleniini), Allograpta 32 species, Helophilus 20 species (Syrphidae, Syrphi-
nae, Eristalinae), Parentia 27 species, Sympycnus 21 species, Micropygus 15 species
(Dolichopodidae, Sciapodinae, Sympycninae), Nervijuncta 20 species (Ditomyi-
idae), and Cycloneura 15 species (Mycetophilidae).

Conservation of vulnerable and endangered species

Currently, 27 species of flies have been placed on the indeterminate category of the
endangered species list (Malloy & Davis 1994; McGuiness 2001). These include
three aquatic fly species (Nothohoraia micrognatha, Blephariceridae; Mischoderus,
two spp., Tanyderidae), the subalpine batwing muscid Exsul singularis, the New
Zealand bat fly Mystacinobia zelandica, five robber flies including two undescribed
offshore-island species, an undescribed flightless Austrolimnophila sp., the cave-
dwelling crane fly Gynoplistia troglophila, and 12 species of stiletto flies. Some
surveys have been conducted for only three of these species.

It is possible to specify five groups of flies that may be vulnerable to becoming
endangered and at least five types of areas where species are susceptible to
becoming rare. The first group is of larger predator flies (Therevidae, Asilidae)
with limited mobility for almost all their life because they live as immatures in
the soil during that time. Asilid adults feed on other smaller insects from perches,
which may limit the time they can disperse compared to the non-predatory adults
of Therevidae. A second group comprises any of the parasitic flies (Acroceridae,
Bombyliidae, the calliphorid Pollenia, Pipunculidae, and Tachinidae) with restricted
distributions and host ranges. All these families have reduced diversity on offshore
islands in New Zealand, if they are even present there, which supports the theory
they are potentially among the more vulnerable fly species. A third possible group
is the smaller leaf-mining or gall-midge flies that may rely on rare plant species or
those confined to offshore islands. These small flies, which can be encased in plant
stems or buds, are vulnerable to extensive and repeated burning as well as spraying
of grey shrubland, which is often dominated by matagouri (Discaria toumatou).
Such rapid and often extensive and prolonged host loss probably decimates fly
populations, especially when non-dominant shrub species develop small and
fragmented populations. A fourth possible group comprises the more sensitive
aquatic insect species such as some of the Empididae with restricted distributions
or perhaps insects in thermal waters, e.g. Tanytarsus n. sp. (Winterbourn et al.
2000) if they become polluted. There are at least 84 flightless fly species known
from New Zealand (Macfarlane & Andrew 2001), some of which occur on small
offshore islands or in vulnerable habitats.

Seven types of areas — forests, grassland, offshore islands, wetlands, urban
and alpine areas, dunes — can be susceptible to habitat destruction or degradation.
Weed invasion, grazing pests, or farming and revegetation may change grasslands
or forests. Small isolated offshore islands may be vulnerable, especially if they
are more than 20 kilometres from other islands (beyond the flight range of most
species), as also may subalpine or upland species on mountains and similar
isolated areas, notably Mount Taranaki or Banks Peninsula. Wetlands adjacent to
farmland or urban areas are often subject to draining and plant losses, while the
loss of specialist native dune plants and removal of seaweed for garden fertiliser
and driftwood for fires reduces habitat for coastal insect species that include flies.
Extensive areas, especially of distinctive short tussock, have often been moderately
to severely degraded, initially by rabbit grazing and burrowing then oversowing
with pasture species, and more recently by invasion of four Hieracium species.
Only a very low number of primary, generalist, foliage-, root-, and flower-feeding
species exist in numbers where these weeds are dense (Syrett & Smith 1994;
Macfarlane 2002). Snow-tussock grassland continues to decline in naturalness,
including host-plant diversity, owing to oversowing, invasion by Hieracium, and
firing. Grey shrubland in inland and dry regions, especially in the South Island,
has already experienced a considerable retraction in area and in the availability



of the less common host-plant species, before fly diversity has been adequately
studied in these habitats. On the other hand, most fly species are probably less
vulnerable than large flightless insects such as the wetas, many ground beetles,
some weevils, and other beetles likely to be favoured as rodent food.

Order Strepsiptera: Twisted-wing parasites

There are only about 535 described species of Strepsiptera worldwide, and just
two species in New Zealand. Both are endemic with mainly golden-brown or
blackish bodies. Strepsiptera are parasites and all are small (0.5-4 mm long).
Female Strepsiptera live within the host and only the males have wings. The
hind wings are fan-shaped with few veins and the front wings are club-shaped
halteres (in contradistinction to the hind-wing halteres of Diptera). In the
New Zealand species Elenchus maorianus each antenna has a two-pronged
acute-angled fork (Gourlay 1953) whereas Coriophagus casui has five close-set
projections (Cowley 1984). The compound eyes of the males are distinctive too,
looking somewhat like raspberries.

Overseas, strepsipterans are mainly parasites of leathoppers, planthoppers,
and spittlebugs (suborder Auchenorrhyncha; Hemiptera), and a considerable
range of bees and non parasitic wasps (Hymenoptera), and the host range can
be quite broad (Kathirithamby 1989ab, 1992, Kathirithamby & Taylor 2005).
Silverfish, cockroaches, mantids, and some orthopterans and flies are also hosts.
In New Zealand, the recorded hosts are from the leathoppers Arawa variegata
(Cicadellidae) (Gourlay 1954, 1964; Prestige 1989) and Novothymbris vagans
(Cowley 1984) as well as the plant hopper Notogryps ithoma (Delphacidae)
(Cowley 1984). Male strepsipteran pupae in Arawa project on the upper side of
the abdomen, while the larva-like adult females are on the underside with an
obscure small projecting tip. Most of each strepsipteran pupa is within the host,
whereas parasitic Dryinidae larvae (Hymenoptera) are fully exposed. Females
produce a free living planidium, which seeks out and parasitises the next host.

Finding strepsipterans in New Zealand is achieved by knowing where to find
the host species. Novothymbris vagans has been collected only from the west and
southwest of the South island where it is associated with beech forest and shrubs
of Coprosma and Hebe (Knight 1974b). A 2010 sampling of a salt-marsh meadow
found 3.7% of the adults of the plant hopper Anchodelphax ?olenus (Delphacidae)
to be affected by Strepsiptera; a male Elenchus maorianus was collected at the same
site. Arawa species from adjacent shore ribbonwood (Plagianthus divaricatus) is
known to be affected by an undetermined strepsipteran species. Arawa variegata,
which is found in pasture and tussock grassland (Knight 1975), reportedly hosts
E. maorianus (Gourlay 1964) but this could be based on an association and
not from rearing. At least 12 other Elenchus species usually rely on delphacid
planthopper hosts (Hassan 1939; Kathirithamby 1989). Cowley (1984) described
Coriophagus casui from a male and so the host is unknown. Known hosts of
Coriophagus (Pentatomidae, Coreidae) are based on three of the eight species in
the world (Kathirithamby 1992).

The known level of parasitism in New Zealand (4.2%, Prestige 1989) is
generally low (i.e. below 5%), but parasitism of Arawa was noted to be as high
as 61.5% in February and 20.5% in October/November at one shore ribbonwood
site and below 1.1% at a second site in spring. Several factors may contribute to
males being rare in New Zealand collections, including the apparently overall low
levels of parasitism, short male longevity, inadequate collection methods, and
unsuitability of the habitat sampled.

Parasitised Hemiptera and/or Strepsitera males have been collected from
pasture and subalpine grassland, salt-marsh meadow, mangove shrubland, and
shore ribbonwood. The Auckland collection site for C. casui was close to kanuka
(Kunzea ericoides) and broadleaf/podocarp restored bush (Cowley 1984), and
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Coriophagus casui.
After Cowley 1984

Elenchus maorianus.

From Gourlay 1953
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specimens in the Lincoln University collection may be from within or adjacent
to broadleaf forest. Adult males have been collected in malaise traps, pan traps,
and even light traps. The Lincoln University collection possibly has undescribed
species of Halictophagidae. Identification of delphacids and cicadellids hosting
Strepsiptera pupae could soon improve knowledge of host range and seasonal
activity. Rearing males from hosts, collecting more males in spring and summer,
and descriptions of females will aid species recognition and clarify the hosts in
New Zealand.

Order Hymenoptera: Sawflies, wasps, ants, and bees

The order Hymenoptera (‘membrane-winged’) is one of the most morphologically
and biologically diverse of all the insect orders. This is reflected in the order having
no common name in English, unlike the three other megadiverse insect orders
Diptera (flies), Coleoptera (beetles), and Lepidoptera (moths and butterflies).
Hymenopterans include famous examples of social insects, like bees and ants,
with regimented social systems in which members are divided into castes. They are
also important pollinators of flowering plants, some species of which have flowers
specially adapted to attract and receive the attention of specific hymenopteran
visitors.

Like other holometabolous insects, hymenopterans undergo complete
metamorphosis. Adults have mandibulate (biting) mouthparts, two pairs of
membranous wings (in alates) with the fore and hind wings linked by hooks
called hamuli, a lepismatid form of ovipositor (formed from modified vestiges of
appendages on the eighth and ninth abdominal segments in females), and prom-
inent antennae (usually with nine or more segments, but fusion or reduction
may occur). Gauld and Bolton (1988) have provided an excellent chapter on
adult morphology and Goulet and Huber (1993) published a list of diagnostic
characters for adults and larvae. Keys to families can be found in the latter work
and in Naumann (1991).

There are two hymenopteran suborders — the Symphyta (generally accepted
as a paraphyletic assemblage, i.e. including ancestors of a number of evolutionary
lineages) and the Apocrita (probably monophyletic). The symphytans (sawflies
and woodwasps) are the most primitive members of the order. Most symphytan
larvae are caterpillar-like and feed externally on the leaves of plants, but a few, such
as siricids, are borers in wood and some species of the Orussidae are carnivorous.
Where they impact economically on humans, they tend to be pest species, for
example Sirex woodwasps, which can be important pests of pine trees.

The suborder Apocrita is traditionally divided into the Parasitica and
the Aculeata, approximating to the parasitic Hymenoptera and the stinging
Hymenoptera. While the Aculeata is demonstrably a monophyletic grouping,
the Parasitica is paraphyletic (Gauld & Bolton 1988). These authors and Quicke
(1997) have discussed the problems with higher-level classification in the order.
The Parasitica represents the most species-rich group of Hymenoptera. Many of
its members are physically tiny wasps — possibly the smallest insect known is
a mymarid, Dicopomorpha echmepterygis, at about 0.13 of a millimetre in length
- (Mockford 1997). For these reasons (rich species diversity and often small physical
size), as well as the high level of morphological variation and the presence of
cryptic species (Austin 1999), the taxonomy and biology of the Parasitica is still
extremely poorly known in almost all parts of the world. LaSalle and Gauld
(1993) estimated that at least 75% of parasitic hymenopteran species (Parasitica
and parasitic aculeates) are yet to be described. Some taxa within the Parasitica
are secondarily plant feeders or predatory but the majority are insect-eating
parasitoids. Possibly no other group of insects is as beneficial to humans as the

Cherryslug sawfly Caliroa cerasi (Tenthredinidae).
From Grant 1999

A leafhopper bearing a parasitic larva of a parasitic wasps, through their role as regulators of other insect populations in
species of Dryinidae (Chrysidoidea). natural and managed systems. Most species of natural enemies used in biological
Rod Macfarlane control programmes against pest insects are members of the Parasitica.

350



PHYLUM ARTHROPODA HEXAPODA

The Aculeata includes the spider-hunting wasps, vespid wasps, ants, and
bees. The ovipositor (egg-laying tube) and associated structures have been
modified into a sting, and some species are health hazards for humans. Others
are important pollinators. The development of social organisation has reached a
peak for invertebrates in the aculeates. Ants, in particular, impact on ecosystems
in a way unequaled by any other organism (LaSalle & Gauld 1993), and rank
alongside soils and climate as probably one of the most important factors
controlling vegetation. In Science magazine, Harvard biologist E. O. Wilson
(1985) cited studies estimating that about a third of the entire animal biomass of
the Amazonian rainforest could be composed of ants and termites.

Striated ant Huberia striata (Formicidae).

Des Helmore

Current known diversity

There are more than 115,000 described species of Hymenoptera worldwide
(LaSalle & Gauld 1993), establishing it as one of the four great insect orders —
Coleoptera, Diptera, Hymenoptera and Lepidoptera — each with over 100,000
described species (Goulet & Huber 1993). Despite the well-known quip about
God’s ‘inordinate fondness for beetles’, there has been debate in the literature
as to which of these orders is the most species-rich (LaSalle & Gauld 1993;
Grissell 1999). Stork (1991) found the Hymenoptera to be the most speciose
order in tree canopies in Borneo and a number of surveys in tropical forests
have supported this finding. Masner (1990) estimated that the Hymenoptera
is the largest order in North America, and Gauld and Bolton (1988) likewise
showed it to be the most speciose order in the much better known British fauna.
Estimates of the true diversity of the Hymenoptera vary widely in the literature,
from 250,000 to 2.5 million species (Grissell 1999). Gauld and Bolton (1988)
estimated a minimum worldwide species tally of 250,000 in 83 families and
Goulet and Huber (1993) more than 300,000 species in 99 families. LaSalle and
Gauld (1993) also recognised about 80 families. These authors and Gauld and
Bolton (1988) divided the superfamily Apoidea into just two families (Apidae
and Sphecidae) whereas Goulet and Huber (1993) recognised 20 apoid families.
These numbers are certain to change with increased knowledge and further
research into phylogenetic relationships. For convenience, the treatment here
generally follows that of LaSalle and Gauld (1993) with some recent changes
and some exceptions that allow the classification in the end-chapter checklist to
be consistent with New Zealand revisions.

New Zealand hymenopteran diversity

The New Zealand hymenopteran fauna is particularly poorly known. Valentine
(1970) provided a historical survey of the order in New Zealand, from the first
named hymenopterans (three ichneumonid wasps and a pompilid, described by
Fabricius in 1775) until 1970, when 180 species were described. At this time, more
than half the named species were described by just four authors — Ashmead,
Cameron, Cockerell, and Smith. Valentine and Walker (1991) produced the
first comprehensive catalogue, listing 549 species of Hymenoptera recorded
in the literature as occurring in New Zealand up to 1988. The present review
records about 200 more, for a total nearing 750 described species. Additionally,
775 to 892 undescribed or undetermined species are recorded here, providing a
minimum species tally of around 1500 hymenopterans from New Zealand. More
than 500 genera are recorded here, compared with 291 in Valentine and Walker
(1991). A total of 47 families are recorded, nine of which are represented only
by introduced species (Tenthredinidae, Pergidae, Siricidae, Agaonidae, Scoliidae,
Scolebythidae, Mutillidae, Vespidae, and Megachilidae). The table given here
compares family-level taxon diversity in New Zealand and globally.

Repositories
The major repository of New Zealand hymenopteran specimens is the New Bumble bee Bombus terrestris (Apidae).
Zealand Arthropod Collection (NZAC), which holds more than 150,000 From Grant 1999
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Common wasp Vespula vulgaris (Vespidae).
From Grant 1999
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mounted specimens, a small slide collection, and a large collection of specimens
in ethanol. The NZAC also houses the largest collection of New Zealand
hymenopteran types in the world (Berry 1991) and also an important collection
of voucher specimens of arthropods (mostly hymenopterans) introduced into
New Zealand for the biological control of weeds and pests. Examples of the
value of retaining vouchers of biocontrol introductions have been demonstrated
(Berry 1998, 2003). Significant collections of New Zealand Hymenoptera are also
held by Lincoln University, Canterbury Museum, Canterbury University, Otago
Museum, Forest Research Institute and Auckland Museum.

Endemism

A taxon is endemic if it has only ever been recorded from New Zealand and/or
its offshore islands. However, since knowledge of the hymenopteran fauna from
most parts of the world is at best incomplete, any statements regarding endem-
ism must remain open to question. For example, the encyrtids Alamella mira and
Psyllaephagus acaciae and the pteromalid Nambouria xanthops (all superfamily
Chalcidoidea) are presently known only from New Zealand but, based on
phylogenetic and/or host relationships, all three are almost certainly Australian
(Berry & Withers 2002).

These examples illustrate the point that poor knowledge of both the New
Zealand fauna and that of surrounding regions makes discussion of endem-—
ism at the species level in a quantitative fashion very difficult. Nonetheless,
estimates of endemism for those groups where revisions have been undertaken
recently, and where faunas of other areas are well known, are likely to have
some significance. The table below compares percentage endemism at the
species and genus levels for some such groups. It is evident that endemism
at the species level is often reportedly high, whereas at the genus level it is

Family-level diversity of Hymenoptera

Showing the number of families worldwide vs New Zealand. Classification and numbers are
based on Goulet and Huber (1993), except Xiphydridae, Proctotrupoidea, and Spheciformes.

Taxon No. of known families No. of known families
worldwide in New Zealand
Tenthredinoidea 6 2
Siricoidea 2 1
Xiphydrioidea 1 1
Orussoidea 1 1
Xyeloidea 1 0
Evanioidea 3 1
Ceraphronoidea 2 2
Proctotrupoidea 8 1
Diaprioidea sensu Sharkey (2007) 3 2
Platygastroidea 1 1
Cynipoidea 5 3
Chalcidoidea 19 14
Parasitica 48 30
Mymarommatoidea 1 1
Ichneumonoidea 2 2
Chrysidoidea 4
Vespoidea 11 5
Apoidea 10 6
Total families 82 47
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Endemism at genus and species levels for selected groups of
New Zealand Hymenoptera

Taxon Percentage endemism  Percentage endemism
genus level species level

Symphyta® 25 33
Parasitica
Chalcidoidea Encyrtidae™° 17-20 51
Chalcidoidea Moranilini®® 0 65
Chalcidoidea MymaridaeMN+V 48 t
Proctotrupoidea AmbositrinaeN 70 100
Aculeata
Vespoidea Pompilidae!™” 0 91
Vespoidea Sphecidaet* 0 82
Apoidea Colletidae 0 77

Sources: Berry (unpublished), Berry (1995), Donovan (pers. comm.), Harris (1987), Harris (1994a), Naumann (1988), Noyes (1988),
and Noyes & Valentine (1989b)
1 high number of undetermined species prevents calculation of this figure

extremely variable. At the family level, the chalcidoid family Rotoitidae was
thought to be endemic until a second undescribed genus was recognised from
Chile (Noyes & Valentine 1989b) and described by Gibson and Huber (2000).
The recently described proctotrupoid family Maamingidae is known only from
New Zealand (Early et al. 2001).

The groups Symphyta and Aculeata are small and relatively well known in
New Zealand. At the species level, endemism is low amongst the Symphyta and
high amongst the three aculeate groups that have been revised recently. Within
the Parasitica, the Chalcidoidea is the only superfamily well known at the genus
level, mainly owing to the works of Boucek (1988), Noyes (1988), and Noyes
and Valentine (1989a, b). Boucek (1988) considered the New Zealand chalcidoid
fauna to be much poorer than in other parts of Australasia, and he cited only
14 New Zealand chalcidoid genera as being endemic. Conversely, Noyes and
Valentine (1989b) considered that the New Zealand chalcidoid fauna shows a
high level of endemism, listing 43 genera endemic to New Zealand, which they
estimated to be 25% of the total chalcidoid fauna. They estimated endemism at
the species level to be up to 50%. Part of the reason for this discrepancy is that
Boucek (1988) did not cover the families Encyrtidae and Mymaridae, which both
show high generic levels of endemism.

Among other groups of Hymenoptera, Naumann (1988) found that five out
of seven (71%) of the genera and all of the species of subfamily Ambositrinae
(Proctotrupoidea) occurring in New Zealand are endemic. The superfamily
Proctotrupoidea is an older group than the chalcidoids, which may explain the
very high levels of endemism found in New Zealand at the genus level. There
are several ancestral elements in the New Zealand hymenopteran fauna, for
example species of Rotoitidae and the pteromalid genera Errolia, Fusiterga, and
Zeala, but the remaining 10 endemic chalcidoid genera listed by Boucek (1988)
are closely related to Australian forms. Boucek (1988) considered the latter
genera to be probably descendants of forms that arrived at various times from
Australia, carried by the wind.

Special features of the New Zealand hymenopteran fauna

Faunal composition
The most striking features of the New Zealand hymenopteran fauna are the Cryptoxilos thorpei (Braconidae).
paucity of stinging (aculeate) and sawfly/woodwasp (symphytan) species and Des Helmore
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the radiation of certain parasitic groups. The Symphyta is represented by five
of a total of 12 families, suggestive of a more substantial fauna than actually
exists in New Zealand. In fact only nine species are known (of a total of around
4300 worldwide), six of which are accidentally introduced pest species and a
mere three endemic. The Australian symphytan fauna is also depauperate, with
the family Pergidae predominating (the one pergid known from New Zealand
is Australian). Likewise, the Aculeata is poorly represented as a group in New
Zealand — only about 130 species are known of a total of 49,000 worldwide. As
with the symphytans, a large majority of the species of several aculeate families
are introduced, for example the ants and the vespid wasps. New Zealand’s ant
Female sirex wood wasp Sirex noctilio (Siricidae).  fauna is strikingly depauperate, in sharp contrast to that of Australia, which is

From Grant 1999 rich in both genera and species — 1275 described native species and probably
around the same number undescribed (Shattuck 1999). For New Zealand, the
ant fauna is around 40 species, including only 11 endemic species (Don 2007).
The family Vespidae is represented solely by five introduced species, but two
of these have had significant effects on some native ecosystems (see Alien
Species). Three aculeate families are known only from one introduced species
each (Mutillidae, Scolebythidae, and Scoliidae) (Berry et al. 2001). Within this
sparse aculeate fauna the bees, or Apoidea, are better represented, with more
than 40 species (from a world total of more than 20,000). The family Colletidae
is dominant, with more than 20 endemic species (Donovan 2007). The colletids,
probably basal in the apoid lineage, are abundant in Australia. Donovan (1983)
proposed a dispersal model to account for the New Zealand apoid fauna,
with species here derived mainly from very few Australian founder species. As
evidence for this theory, he cited the similarity and relationships of groups of
bees to the Australian bees, and the lack of distinctive characters (apomorphies)
peculiar to the New Zealand fauna.

The Parasitica is much more strongly represented in New Zealand, but
while there have been several radiations, there are also curious absences.
Unlike any other zoogeographic region, the New Zealand hymenopteran
fauna is apparently dominated in abundance of individuals by‘proctotrupoids’
(in the broad sense), particularly diapriids, and the Chalcidoidea is represented
disproportionately by the family Mymaridae (Austin 1988). Noyes and
Valentine (1989a) estimated more than 160 New Zealand species of Mymaridae
in 42 genera, twice the number known from Britain and around 10% of the
Hairy native bee Leioproctus fulvescens described world species. Further, they consider that the study of additional

(Colletidae). material will certainly yield many more species belonging to the new genera

From Grant 1999 they described. The chalcidoid families Agaonidae, Chalcididae, Eurytomidae,
and Signiphoridae are poorly represented and probably have few endemic
species (Noyes & Valentine 1989b). Other special features of the chalcidoid
fauna noted by these authors are the large number of species of Pteroptrix
(Aphelinidae) and elachertine eulophids and the moderately speciose endemic
encyrtid genus Adelencyrtoides. The superfamily Cynipoidea (gall wasps and
kin) is very poorly represented — from a total of over 3000 worldwide, fewer
than a dozen species are known from New Zealand.

The superfamily Ichneumonoidea is poorly known (see Gaps in Knowledge),
but the apparent absence of the cosmopolitan braconid genus Chelonus (Austin
1988) is unlikely to be an artefact. Ascogaster is the only genus known from the
subfamily Cheloninae in New Zealand, and in no other area of the world does
Ascogaster occur without Chelonus (Walker & Huddleston 1987). Among the
Ichneumonidae, the campoplegine genus Diadegma is represented by around
50 endemic species, and the endemic ichneumonine genera Aucklandella and
Degithina by a total of around 75 species. Aucklandella and Degithina are likely to be
radiations of the large cosmopolitan genus Cratichneumon (D. B. Wahl, 1. D. Gauld
pers. comm.). A single specimen of the ichneumonine genus Poecilocryptus has
been identified from Fiordland by I. D. Gauld. Poecilocryptus, the only known plant-
feeding ichneumonid, was previously thought to be restricted to Australia where
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several species have been reared from galls in Eucalyptus and Acacia. The New == P
Zealand species is endemic (I. D. Gauld pers. comm.) but its biology is unknown.

Wing reduction and flightlessness

The New Zealand hymenopteran fauna appears to contain a high proportion
of flightless species. Noyes and Valentine (1989a) noted that amongst New
Zealand Mymaridae, 40% of the genera include species with abbreviated wings.
Naumann (1988) noted wing reduction in 89% of species of New Zealand
ambositrine diapriids, as compared with 66% of Australian species. In moraniline
pteromalids, 36% of endemic New Zealand species exhibit wing reduction,
as opposed to 7% of endemic Australian species (Berry 1995). In a number of
species, females exhibit brachyptery (short wings) or aptery (no wings), while
males are fully winged (Berry 1999). Wing reduction is often associated with wet
forests, seasonally damp habitats, or alpine environments. Noyes and Valentine
(1989a) speculated that in dense habitats, such as leaf litter and alpine tussock
grasses, flight is not advantageous and wings may be an encumbrance when
searching for hosts. Recolonisation of the lowlands by taxa isolated in mountain
refugia and subject to such selective pressures may explain the high percentage
of aptery and brachyptery in the New Zealand fauna.

Xanthocryptus novozealandicus
(Ichneumonidae).
From Grant 1999

Variation within species

A number of authors have commented on the high levels of intraspecific
variation exhibited by insects in New Zealand, including ichneumonids and
proctotrupoids (broad sense). Noyes (1988) reported generally high levels of
variation amongst New Zealand Encyrtidae and further noted that the degree
of variation shown by Tetracnemoidea bicolor in New Zealand is possibly greater
than that recognised in any other species of encyrtid in the world. LaSalle and
Boler (1994) discussed the extreme variation found in a new endemic species
of eulophid, and Naumann (1988) reported pronounced sexual dimorphism
(a form of intraspecific variation) in New Zealand Ambositrinae, particularly
amongst wing-reduced forms.

Alien species

Exotic hymenopterans are a significant component of the New Zealand fauna,
in terms of numbers of species and the dominance of certain species in natural
and managed ecosystems. Although some have been introduced deliberately
as pollinators or biological-control agents, many of the exotic hymenopterans
in New Zealand have arrived accidentally. Some have very clearly become
pests, and some are beneficial, but the impact of many species is less easily
definable.

Accidental introductions

Wasps and ants (eusocial aculeates) have perhaps the most readily observable
impact on New Zealand’s existing biodiversity, affecting natural and human
environments dramatically. Two European species of vespid wasp are now
considered major pests in both habitats. The German wasp Vespula germanica
has been present in New Zealand since 1945 and the common wasp V. vulgaris
probably first established in the late 1970s (Donovan 1984). New Zealand’s mild
climate, abundance of food, and absence of natural enemies have contributed
to the establishment of large populations of both species. In South Island
beech (Nothofagus) forests, there is documented evidence that Vespula species
compete for nectar and honeydew, which are important food sources for native
bird species (Beggs 2001). Social wasps also prey on native and introduced
arthropods (including pest species), and at high densities they may restructure
insect communities in native forests, causing flow-on effects throughout the

Orange ichneumon Netelia producta
food web, including insectivorous birds (Beggs 2001). (Ichneumonidae).

The Asian paper wasp Polistes chinensis is a significant urban nuisance. Apart From Grant 1999
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Asian paper wasp Polistes chinensis (Vespidae).

356

From Grant 1999

Ancistrocerus gazella (Vespidae).

Jocelyn Berry

from its defensive sting, it has an unpopular habit of preying on monarch butterfly
caterpillars, though it also includes garden pests in its prey.

Among the ants, several tramp species that have established in New
Zealand are known to be highly invasive and to have caused severe ecological
disturbances in other places, e.g. Pheidole megacephala (big-headed ant) and
Linepithema humile (Argentine ant). The big-headed ant is believed to be native
to Africa, but now rates as one of the most widespread and economically
important of all pest ants in the world. It invades houses, stores, and factories,
is known to tend homopteran bugs injurious to garden and horticultural crops,
and is generally held by naturalists to be one of the most destructive agents of
the lowland native Hawaiian invertebrate fauna (Holldobler & Wilson 1990). In
New Zealand the big-headed ant has been collected only from the Auckland
region and the Kermadec Islands. Since it is pantropical in distribution, Berry et
al. (1997) considered that climatic factors will probably restrict its spread, so that
it is unlikely to become an important threat to the endemic invertebrate fauna
throughout New Zealand. The Argentine ant has been recorded from as far
south as Christchurch (R. Harris pers. comm.), and recently on Tiritiri Matangi,
a bird reserve in the Hauraki Gulf. Like another tramp species, Technomyrmex
albipes (white-footed house ant), the Argentine ant is a significant domestic
and commercial nuisance, but it has also had negative impacts on native fauna
elsewhere (Human & Gordon 1997; Cole et al. 1992).

Other exotic hymenopteran pests include accidentally introduced phyto-
phagous species. The gall-forming eulophid Ophelimus eucalypti is a serious
pest of commercially-grown Eucalyptus species (Withers et al. 2000), as was the
pergid Phylacteophaga froggatti prior to the introduction of a successful biocontrol
agent (Faulds 1991).

There is little doubt that the impact of these exotic species — in economic
terms, in nuisance value, and/or on New Zealand’s existing biodiversity — is
overwhelmingly negative. The effects of other accidentally (and deliberately)
introduced species are more open to debate, for various reasons. The recently
introduced willow sawfly (Nematus oligospilus) is host-specific to willows (Salix
spp.) and can cause severe defoliation (Berry 1997b). The pest status of this
sawfly is debatable since on the one hand willows are an integral component of
soil-conservation and erosion-control programmes, but on the other, feral crack
willows (Salix fragilis) threaten conservation wetlands. Another example, the
European eumenid wasp Ancistrocerus gazella, is a solitary predaceous species,
first recorded in 1988 (Berry 1989), that provisions its nest with caterpillars.
Recorded hosts include pest species, both introduced and endemic (Harris
1994b), as well as endemic non-pest species (Berry 1997a). Ancistrocerus gazella
is now common throughout the Auckland area, and has also been recorded from
Whangarei, the Waikato, Hawke’s Bay, Wellington, and Central Otago (Green et
al. 1994), as well as Canterbury (M. Bowie pers. comm.).

The impact of accidental introductions of parasitic species is more complex.
Some records suggest that accidentally introduced natural enemies play an
important role in managing pest species in modified habitats, forming natural
enemy guilds. Charles (1998) listed 82 hymenopteran natural enemies of fruit
pests from the New Zealand literature. Of these, around 90% are exotic and
10% endemic. The majority of exotic species (around 80%) have apparently
established in New Zealand accidentally, with only about 20% being deliberate
introductions as part of classical biological-control programmes. This research
also suggested that, based on records from fruit crops and more specifically
for mealybug hosts, exotic parasitoids are largely restricted to exotic hosts and
native parasitoids to native hosts. This may also be true in other systems, but
very few data are available. One exotic parasitoid known to attack endemic
species is the highly polyphagous braconid Meteorus pulchricornis, which was
first recorded from New Zealand in 1996 (Berry 1997a). It has an extremely wide
host range, including hosts from 11 lepidopteran families worldwide, some of
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which are economically important pests (Berry & Walker 2004). Most of the hosts
recorded from New Zealand are exotic pest species, but native hosts have also
been reported, albeit from modified habitats (suburban and orchard). Collection
details from native vegetation suggest that M. pulchricornis may be moving onto
native hosts in native habitats.

Anecdotal evidence suggests that exotic parasitoid species may often enter
New Zealand along with their hosts. New records of a number of recently
introduced pest species have been followed closely by or even recorded at the
same time as their respective parasitoids. Some examples are:
¢ the ash whitefly Siphoninus phillyreae and its parasitoid, the encyrtid Encarsia

inaron; in fact, when E. inaron was first recorded from the field in New Zealand,

the species had already been deliberately imported and was being reared in Meteorus pulchricornis (Braconidae).
quarantine for possible release as a biocontrol agent of the ash whitefly; Des Helmore

¢ the psyllid Glycaspis granulata and its parasitoid Psyllaephagus quadricyclus
(Berry 2007b);

e the brown lace lerp Cardiaspina fiscella (Psyllidae) and the encyrtid Psyllae-
phagus gemitus (Berry 2006);

¢ and the psyllid Anoeconeossa communis, first recorded in Mangere in 2002, and
its parasitoid Psyllaephagus richardhenryi, which was reared and described
from the first New Zealand collections of the psyllid (Berry 2007b).

These examples suggest that founder members of many pest species may enter

the country complete with their own parasitoid complement.

Deliberate introductions

These are made for the biological control of weeds and other arthropod pests and
for the pollination of various crops. Four species of bumble bee were introduced
into New Zealand from England between 1876 and 1906 for the pollination of
clover. All four species established successfully and are now a familiar part of
the landscape. There is no doubt that these bees are of direct economic benefit
to New Zealand agriculture as pollinators of red clover and of lucerne (Donovan
1974). The ubiquitous honey bee (Apis mellifera) is also an extremely important
introduced pollinator.

Classical biological control, using exotic predators, parasitoids, and pathogens
against pests, has a long and in some cases undistinguished history in New
Zealand. Increased consumer demand and higher chemical costs, along with
ecological concerns and resistance to various pesticides, gave impetus to such
projects in the last half of the 20th century. Cameron et al. (1989) comprehensively
reviewed the period 1874 to 1987, with evaluations of the impact of the imported
organisms. Estimates of the percentage of established agents that have had
some impact on the specified target species in New Zealand are around 24%
(Cameron et al. 1993) to 30% (Barratt 1996). Some programmes have resulted in
very successful control of the target pest (for example, control of Sirex noctilio
and Phylacteophaga froggatti by Megarhyssa nortoni and Bracon phylacteophaga,
respectively). Others have provided significant control of major pest species,
for example the control of Mythimna separata (cosmopolitan armyworm) by
Cotesia ruficrus. Estimates of the monetary savings by this biological control
programme alone range from NZ$4.5-10 million per year (Hill in Cameron et
al. 1989).

These programmes provide undeniable economic benefits, but it is inevitable
that the importation of control agents will change the environment in some way,
although this change may be small measured against the impact of accidental
introductions and the effects of habitat destruction. The environmental
implications of biocontrol programmes are imperfectly understood, and their
safety in terms of non-target effects, especially on the native fauna, has been
questioned by a number of authors (see Barratt et al. 1997; Barratt et al. 2000).
Although few biocontrol agents have been shown to have significant non-target Honey bee Apis mellifera (Apidae).
effects, in New Zealand or elsewhere, this is more probably because of a lack of From Grant 1999
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research than the absence of such effects. Currently the only well-documented
New Zealand case is that of Microctonus aethiopoides, a braconid wasp released
against sitona weevil from 1982-1985. Microctonus aethiopoides has since been
shown to attack 10 native and three other non-target species of weevils, including
the weed biocontrol agent Rhinocyllus conicus (Barratt et al. 1997). Other examples
of biocontrol agents that are suggested to have had significant impacts on non-
target species in New Zealand are Xanthopimpla rhopaloceros (Ichneumonidae)
and Trigonospila brevifacies (Tachinidae), both introduced against pest leaf-roller
species, and Pteromalus puparum (Pteromalidae), introduced against cabbage
white butterfly (Barratt 1996). Xanthopimpla rhopaloceros and T. brevifacies were
reported to dominate the parasitoid complex attacking the native moth Hiero-
doris atchychioides (Berry 1990b).

It must be said that most criticism of biocontrol agents affecting non-target
organisms relates to releases made 20 years or more ago. Increasingly extensive
criteria for approval to release agents have evolved over this time. Since July
1998, the regulatory body ERMA (Environmental Risk Management Authority)
has had the authority to make decisions on the importations of new organisms.
ERMA is required to weigh up the risks, costs, and benefits in each case. There
is no question that progressive legislative development has provided increased
consideration of environmental effects (Moeed 2000), but the disadvantages,
particularly the increased cost both in time and funding, has led to speculation
that biological-control projects may be unsustainable for applicants. One certain
impediment to the development of sustainable pest-management programmes
is the lack of taxonomic knowledge, emphasising the need for work to be carried
out on the New Zealand insect fauna.

Gaps in knowledge

Despite the economic and environmental importance of the group, the
taxonomic diversity and ecological roles of New Zealand Hymenoptera are
very poorly known indeed. The number of described species of Hymenoptera
is a fraction of that of Coleoptera, Diptera, and Lepidoptera. This is unlikely to
be a reflection of the real size of the fauna, but instead of a lack of taxonomic
resources.

More than 1500 species of Hymenoptera are recognised from New
Zealand in the following list. This includes about 700 described and about
900 undescribed or undetermined species. But the actual number of species
will be considerably higher. Many species will not yet have been discovered
or recognised. Some may already be in collections as unexamined material
or they may not have been collected. Estimating the diversity of this portion
of the New Zealand hymenopteran fauna is highly problematic because for a
number of taxa, in particular the families Braconidae and Platygastridae (see
below), our knowledge is too limited to make any meaningful estimate of their
diversity. As Packer and Taylor (1997) commented, this is literally‘an exercise in
estimating the magnitude of our ignorance’.

Of the three major hymenopteran groups, the symphytans and aculeates are
relatively well known because their numbers are few and they are generally large
and conspicuous insects. Conversely, owing to their generally small size and
high diversity, the Parasitica is the least well-known group. This is an important
gap for a number of reasons. The parasitic Hymenoptera, in their role as density-
dependent regulators of host populations, play an important part in maintaining
the diversity of natural communities (Quicke 1997). They are of direct economic
importance in the biological and integrated control of horticultural, agricultural
and forestry pests. While other orders of arthropods are used as control agents,
parasitic hymenopterans are the most commonly imported agents, particularly
ichneumonids and braconids.

Gall wasp Phanacis hypochoeridis (Cynipidae). The Chalcidoidea is the only superfamily in the Parasitica that is more or
From Grant 1999 less well known at the generic level, largely thanks to the works of Zdenek
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Boucek (1988), John Noyes, and Errol Valentine (Noyes 1988; Noyes & Valen-
tine 1989a,b). The remaining groups — Ceraphronoidea, Cynipoidea, Evanioidea,
Ichneumonoidea, and the proctotrupomorphs — are all poorly documented.
Taxa within these groups have generally been described sporadically, as parts of
offshore-island faunas for example, or as they have been associated with pest
species. The superfamilies Ceraphronoidea, Cynipoidea, and Evanoidea are
unlikely to be highly speciose in New Zealand. In contrast, the Ichneumonoidea
and proctotrupomorphs contain families or lower-rank taxa that have radiated
spectacularly in New Zealand, but no generic framework is available for any of
these groups. The most important gaps in our knowledge, and thus priority groups
for taxonomic revision, are discussed below.

Superfamily Ichneumonoidea (Ichneumonidae + Braconidae)

There are an estimated 60,000 species in the family Ichneumonidae worldwide
(Gauld & Bolton 1988). About 2000 species are known from Britain and around
1200 recognised from the much less well-known Australian fauna (Gauld
1984). Valentine and Walker (1991) recorded just 77 described species from
New Zealand in 35 genera. More recent estimates, based on the work of I. D.
Gauld, suggest more than 300 species in about 70 genera. Of these, 12 are new
endemic genera and 14 are described non-endemic genera newly recorded from
New Zealand. The only subfamily-level revisions are for the small subfamily
Metopiinae, koinobiont endoparasitoids (those that allow the host to continue
its development) of lepidopteran larvae (Berry 1990a), and a planned revision
of the Tersilochinae, parasitoids of wood-boring Coleoptera, with an estimated
fauna of more than 40 species in five genera.

The sister-group of the Ichneumonidae, the Braconidae, is likewise a large
family, with an estimated 40,000 species worldwide (Goulet & Huber 1993).
Braconid wasps are important parasitoids of many economically significant pest
species, yet New Zealand’s fauna is exceedingly poorly understood. Around 100
described species are recorded in this list, but there are only 20 or so further
undescribed or undetermined species recognised from New Zealand. This is
almost certainly a fraction of the true number of braconid species. Subfamily-
level revisions have never been carried out on the New Zealand fauna, with the
exception of the Alysiinae or ‘jaw wasps’, important in the biological control of
dipteran pests (Berry 2007a). Valentine and Walker (1991) recorded five species
of alysiines in four genera in New Zealand; the subfamily revision recorded 21
species in nine genera.

Platygastroidea (Platygastridae and Scelionidae)

Although New Zealand has a small landmass, its platygastrid diversity is
apparently high, and it is likely that the centre of platgastrine diversity is in the
Southern Hemisphere (Goulet & Huber 1993). However, the extant generic
framework was developed in the Northern Hemisphere, making it extremely
difficult to apply generic concepts to austral faunas without unrealistically
altering the limits of the northern genera. It is almost impossible to work on
the New Zealand platygastrid fauna without extensive input from northern-
hemisphere collections and taxonomists and no systematic revisions have been
carried out.

From 1775, when the first hymenopterans were described from New
Zealand, until 1988, when the fauna was first completely catalogued (Valentine
& Walker 1991), the average rate of description was around 2.5 species per year.
From 1988 to 1999 about 7.5 species were described on average per year. Even
at the latter rate, it is clear that centuries will be required even to approach a
completely described New Zealand hymenopteran fauna.

PHYLUM ARTHROPODA HEXAPODA

Ophelosia mcglashani (Pteromalidae).

Des Helmore

Inostemma boscii (Platygastridae).

Birgit Rhode, Landcare Research
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Helicopsyche zealandica adult (upper)

Simon Pollard, Canterbury Museum

Helicopsyche sp.larva (lower)
Craig Dolphin, from Winterbourn et al. 2006

Larval marine caddis Philanisus plebeius
(Chathamiidae).
Craig Dolphin, from Winterbourn et al. 2006

Order Trichoptera: Caddis or caddisflies

The Trichoptera (‘hairy wings’) comprises more than 12,500 named species
inhabiting all continents except Antarctica. Caddis look rather like moths (Lepid-
optera), and are generally accepted as their evolutionary sister group, although
caddis wings are covered with hairs and not flattened scales. Adults have two
pairs of subequal wings, which in New Zealand species range in length from
less than two millimetres to about 35 millimetres. The wings are generally dull
brown, grey, or black without much colour pattern, although many species can
be recognised immediately by wing colour alone. Most caddis, when at rest,
hold their wings flat against the sides of the abdomen (some species hold them

_ over the abdomen) with the antennae extended forwards. Caddis adults are

unable to chew solid food, but need liquid food to survive and have been seen
visiting flowers. Mostly they hide up and rest during daytime, become active at
night, and come freely to light. Their aquatic larvae have four feeding regimes —
predation, feeding on decomposing vegetable matter or filamentous algae, scraping
of microflora of stone surfaces (periphyton), and filtering of food from water currents.
Winterbourn (2000) has thoroughly reviewed his own and others” work on larval
ecology, diet and lifestyles.

Caddis adults and larvae are a significant component of freshwater biodiversity
and of the food chain. They are preyed on by fish (introduced and native), birds (such as
New Zealand’s endemic blue duck, an endangered species), and many invertebrates.
By feeding on coarse organic matter (leaves, twigs) they contribute to the breakdown
of this material and release it in a more finely divided form that smaller organisms
can utilise. Caddis larvae (in conjunction with other aquatic macroinvertebrates) are
useful indicators of water purity in streams because of their sensitivity to pollution. A
numerical analysis incorporating them can be performed rapidly (Boothroyd & Stark
2000).The results can reflect periodic sources of pollution not revealed by conventional
testing of the water, say for oxygen content and organic matter.

All stream sizes contain caddis larvae, as do trickles and seepages. Medium-sized
streams in untouched forest are usually the most speciose, because most human
enterprises reduce biodiversity. However, even modified streams in farmland or
built-up areas can be quite species-rich. A few caddis species are found in lakes, but
New Zealand lacks the distinctive fauna that is specialised to this habitat, such as is
found in the northern hemisphere, perhaps because there are no ancient lakes here.

There is a distinct alpine caddis fauna known to extend up to at least 1900
metres, first explored by A. G. McFarlane in the 1930s around Cass and Arthur’s
Pass, by John Child in the Central Otago uplands in the 1970s, and more recently
by Brian Patrick of the Otago Museum. About 17 caddis species live predominantly
or solely above 600 metres. Their larvae and pupae pass the winter under snow in
mountain streams. Adults emerge early in spring and can be found in snow caves
(Patrick 1992), under stones, or on stream banks. They are usually day-active. At
higher altitudes, adults tend to be short-winged and are often unable to fly. Alpine
species can be found at lower altitudes at the limits of their ranges. For example,
Tiphobiosis childi, a typical alpine species, also occurs on Banks Peninsula where it
is found almost to sea level. This may be the result of its isolation on this gradually
eroding‘island’.

The New Zealand caddis fauna

The New Zealand fauna of about 244 known species is highly endemic, and the
49 New Zealand caddis genera are 73% endemic. Only one species is shared
with Australia, the marine caddis Philanisus plebeius (but New Zealand Triplectides
cephalotes is very close to Australian Triplectides australis, with which species it was
formerly confused). It is surprising that more species are not shared, but caddis
are apparently not long-distance dispersers (they are often good short-distance
dispersers). There are also interesting examples of local endemism, such as on Banks
Peninsula (five endemic species).
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Caddis larvae are nearly all aquatic (a few species live in damp terrestrial
situations but this has not yet been demonstrated in the New Zealand fauna).
They produce silk from modified salivary glands and this is the foundation of
their various lifestyles as larvae — building shelters (moveable or otherwise),
spinning capture-nets, and constructing cocoons before pupation. The popular
concept of caddis larvae living inside portable tubular cases is true for less than
half of the New Zealand species, many of whose larvae rove freely on stream
beds, or construct fixed nets or shelters. Classification into three suborders based
on adult and larval morphological and molecular data (Morse 1997) also reflects
these lifestyles, as follows. (The Spicipalpia may not be a natural group, however
(see Kjer et al. 2002.)

Suborder Annulipalpia (‘net spinners and fixed retreat-makers’)

Family Ecnomidae — the sole New Zealand species, Ecnomina zealandica (forewing
length 4 millimetres), is one of the most rarely captured New Zealand caddis.
Only one male specimen has ever been caught and the larva is unknown. The
family occurs worldwide.

Family Hydropsychidae (12 New Zealand species in three genera, forewing
length 7-17 millimetres) — adults of Diplectrona do not appear at light traps
whereas other species come freely. Larvae build tunnel-like retreats in streams
on submerged wood and rocks. Coarse-meshed nets, close to the anterior open-
ing of the retreat, filter food materials from the current. Hydropsychid larvae
pupate in a cocoon of loose silk inside an enclosure of small stones. The family
is distributed worldwide.

Family Philopotamidae (10 New Zealand species in 4 genera, forewing
length 5-10 millimetres) — all adults come to light and at least one species flies
commonly during the day. Larvae are filter-feeders and build stocking-shaped
fine-meshed capture-nets. Larvae pupate inside cocoons in closed stony shelters.
Family distribution is worldwide.

Families Polycentropodidae (6 New Zealand species in two genera, forewing
length 5-14 millimetes) and Psychomyiidae (1 species, Zelandoptila moselyi,

. . X . . Larva of Hydrobiosella stenocerca
forewing length 3.5-5 millimetres) — adults in both families come to light (Philopotamidae).

freely. Larvae spin silk nets on the surface of rocks in streams. Polycentropodids Craig Dolphin, from Winterbourn et al, 2006
are found worldwide. Psychomyiidae occur in all faunal regions, but in the
Neotropical Region are present only in Mexico.

Suborder Spicipalpia (‘cocoon-makers’)

Family Hydrobiosidae (105 New Zealand species in 11 genera, forewing length
3.5-25 millimetres) — this largely southern-hemisphere family comprises 43%
of the known New Zealand caddis fauna, considerably more than the 7-8%
found in the other Gondwanan regions (Ward 1998). The carnivorous larvae
are prognathous, with foreleg tibiae, tarsi, and tarsal claws modified into
pincer-like structures. Most larvae live in streams, although a few are restricted
to seepages (some Tiphobiosis and Edpercivalia species). The larva of one stream
species, Hydrobiosis parumbripennis, has been given the common name ‘green
free-living caddis’. At high altitudes, tarns can also be colonised. To pupate,
the larva builds a closed semi-ellipsoidal shelter of small stones attached to
the underside of a larger stone, and inside this spins a cigar-shaped cocoon
of fine dark-brown silk. All species come freely to light. Mature females swim
underwater and lay flat egg masses, enclosed in a film of jelly, on the underside
of stones.

Family Hydroptilidae (‘micro-caddis’, ‘purse-case caddis’) (21 New Zealand
species in three genera, forewing length 2—5 millimetres) — these are tiny caddis
less than five millimetres long, with pointed wings fringed with long hairs.
Adults come freely to light and on mass-emergence nights can almost cover
lighted windows near streams and lakes, running madly around on the glass.
Early instar larvae are free-living with long hairs and legs. In the final instar they
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construct flattened cases of silk and their bodies become swollen (this change is
called hypermetamorphosis). They feed on algae by piercing individual cells and
pupate inside their cases, which are attached to stones, often in large groups. The
family is found worldwide.

Suborder Integripalpia (‘portable case-makers’): Infraorder Plenitentoria
Family Oeconesidae (23 New Zealand species in five genera, forewing length 9-30
millimetres) — New Zealand is the centre of distribution of this family with one
species in Tasmania and none elsewhere. They are medium- to large-sized caddis
with broad wings, the larvae of which build straight, slightly tapering cases made
Larva of Oeconesus maori (Oeconesidae). of gravel and/or plant fragments, and are primarily vegetarian. All species come
Craig Dolphin, from Winterbourn et al. 2006 to light but many more males than females are usually captured in this way. The
larvae inhabit bogs, seepages, and small-to-medium-sized streams. Pseudoeconesus
seems to be confined to boggy sites. Zelandopsyche ingens is New Zealand’s largest
caddis species. In beech-forest streams it feeds on, and constructs its case of,
beech-leaf (Nothofagus) fragments. If food is scarce, the larva will feed on its case
(Winterbourn 1976).

Family Kokiriidae (one New Zealand species, Kokiria miharo, forewing length
7-8 millimetres) — this family is also Gondwanan, with three genera and five
species in Australia, a few species in New Caledonia, and one known species in
South America. Adults have elongated mouthparts, which may be longer than the
rest of the head in some species. Kokiria larvae inhabit slow streams with a sandy
bottom. The distinctive larval case is dorsoventrally flattened with an overhang in
front and lateral flanges. Both fore- and midlegs of the larvae have fused tibiae and
tarsi, forming raptorial limbs.
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Suborder Integripalpia (‘portable case-makers): Infraorder Brevitentoria

Family Philorheithridae (seven New Zealand species, all in Philorheithrus, forewing
length 11-16 millimetres) — this is another Gondwanan family, most speciose
in Australia but also occurring in South America and Madagascar. Adults have
broad, squarish forewings with a sclerotised projection basally on the rear mar-
gin. Larvae are carnivorous, with the midleg tibia and tarsus fused. Their tapered
and slightly curved cases are constructed of large sand particles held together
with dark silk.

Family Leptoceridae (‘longhorned caddis’) (13 New Zealand species in four
genera, forewing length 6-19 millimetres) — the common name is a literal trans-
lation of the family name (Greek leptos, long; ceros, horn), alluding to the anten-
nae that are usually much longer than the wings. The larvae construct a variety
of cases of various materials depending on the species. In Triplectides, small twigs
and pieces of leaf are used and the popular name is ‘stick caddis’. Frequently a
single twig is used, with a hole bored through it. Oecetis and Hudsonema amabile
make a sandgrain case; Hudsonema alienum uses short lengths of vegetable mat-
ter arranged longitudinally in a distinctive spiral pattern. Distribution is world-
wide.

Family Chathamiidae (‘marine caddis’) (five species in two genera, forewing
length 5-11 millimetres, except for Chathamia brevipennis which has reduced
wings) — larvae live in the intertidal zone and sublittoral fringe to at least one
metre depth (Riek 1976). Their cases are composed of sand and seaweed. Female
adults have a strong ovipositor; those of Philanisus plebeius have shown the
bizarre behaviour of ovipositing inside the body cavity of a starfish (Anderson
& Lawson-Kerr 1977, Winterbourn & Anderson 1980). The family is confined
to New Zealand, the Chatham Islands, and the Kermadec Islands except for P,
plebeius, which also occurs in Eastern Australia.

Families Calocidae (one New Zealand species, in Pycnocentrella, forewing

Larva of Kokiria miharo (Kokiriidae).

Craig Dolphin, from Winterbourn et al. 2006

Larva of Alloecentrella magnicornis length 8-11 millimetres, with an Australian and New Zealand distribution),
(Helicophidae). Conoesucidae (24 New Zealand species in six genera, forewing length 5-12
Craig Dolphin, from Winterbourn et al. 2006 millimetres, Australia and New Zealand only), and Helicophidae (two New
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Zealand species in Zelolessica, forewing length 2.5-6.5 millimetres, and four
in Alloecentrella, the family restricted to Australia, New Zealand, and southern
South America) — larvae of these three families make curved, tubular, tapered
cases of plant material or small stones depending on the species — mosses
and liverworts (Alloecentrella) or small sand grains (Pycnocentrella, Zelolessica).
The following species of Conoesucidae have acquired popular names — Olinga
feredayi, the ‘horny-case caddis’, with a red-brown case of silk only; Pycnocentria
evecta, the ‘sandy-case caddis’, with a case of uniformly sized sand grains
arranged circumferentially; and Pycnocentrodes species, ‘stony-case caddis’, with
a case of sand with much larger grains placed laterally.

Family Helicopsychidae (‘snail-shell case caddis’) (eight New Zealand species
in two genera, forewing length 4-7 millimetres) — larvae have very distinct
spiralled sandgrain cases resembling a small snail. Larvae graze on the peri-
phyton and pupate communally. The family occurs worldwide.

Neboiss’ (1986) Atlas of Trichoptera of the SW Pacific—Australian Region is a
good source of illustrations of wings and genitalia for identification of caddis
adults, brought up to date for the New Zealand species by Ward (2002). Recent
papers describing new species include those by Ward and Henderson (2004),
Ward et al. (2004), Ward (2005), Henderson and Ward (2006, 2007), Henderson
(2008), and Smith (2008). Larvae of only about one-third of the New Zealand
species have been described, however (Cowley 1976, 1978; Harding 1991; Smith
1998, 2000, 2001, 2002; Winterbourn et al. 2000; Stark 2000 and references
therein). There is a key to the larvae by genus by McFarlane (1990), and a more
recent one including coloured images is on the NIWA website at http://niwa.
co.nz/ncabb/tools. A complete world checklist of Trichoptera taxa is maintained
by J. C. Morse on the Clemson University website at http://entweb.clemson.edu/
database/trichopt.

Regarding the deposition of New Zealand material — early workers favoured
the British Museum (Natural History) (now the Natural History Museum),
London, and the primary types of 35 species are held there. Thirty-six are in the
New Zealand Arthropod Collection, 14 in Auckland Museum, five in Te Papa,
and two in Oxford Museum, UK. The largest collection, comprising the primary
types of more than 100 species, is in Canterbury Museum, Christchurch, New
Zealand, and this museum also has the largest holding of the New Zealand
Trichoptera, at about 50,000 identified specimens. The second largest holding
of about 25,000 identified specimens is in the personal collection of Dr Ian
Henderson, Massey University, Palmerston North.

Order Lepidoptera: Moths and butterflies

Butterflies and moths have traditionally been among the best loved and most
studied of all insects. Their most characteristic feature, and the one that gives
the order Lepidoptera its name, is the presence of scales, which are modified
setae, on the wings and body. The scales are often highly coloured or refractive,
creating the beautiful patterns that have made the order so popular with
entomologists and the public alike. Most Lepidoptera also have distinctive
mouthparts, with a long, usually coilable proboscis formed from the modified
maxillae; the proboscis is absent in only two primitive families (Micropterigidae
and Agathiphagidae) and in some more derived lineages with short-lived, non-
feeding adults (e.g. Psychidae, Cossidae). Larvae of almost all butterflies and
moths feed on flowering plants, most species being host-specific, and therefore
lepidopteran diversity throughout the world tends to reflect floristic diversity,
with the greatest number of species occurring in the tropics. However, a number
of groups, especially amongst the more primitive families of moths, are associated
as larvae with lower plants (mosses, liverworts, algae), with fungi and lichens,
or with detritus (dead wood and leaf-litter); these groups (Micropterigidae,
Psychidae, Tineidae, Oecophoridae) are well represented in New Zealand. The
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Larvae of Olinga feredayi (left) and Pycnocentria

evecta (right) (Conoesucidae).
Craig Dolphin, from Winterbourn et al.2006

Hierodoris tygris (Oecophoridae).

Des Helmore
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total diversity of the Lepidoptera worldwide is unknown, but there are estimated
to be more than 165,000 named species (Robinson et al. 1994).

Overall, the New Zealand lepidopteran fauna (1,703 named species and
subspecies in the end-chapter checklist) is not diverse by world standards, but
shows a number of features that make it of great interest and importance — for
example the high level of endemism, the number of species and groups showing
wing reduction and flightlessness, and the representation of primitive groups,
including one endemic superfamily, that enhance scientific understanding of
lepidopteran evolution. As with so many other animal groups in New Zealand
and on other oceanic islands, the fauna is disharmonious, i.e. there are no native
species of some otherwise ubiquitous families (e.g. Lymantriidae, Notodontidae,
Hesperiidae, Pieridae, Papilionidae), whilst other groups have undergone
considerable endemic radiations (e.g. Crambidae: Scopariinae, Oecophoridae:
Oecophorinae).

Ecological and economic importance of Lepidoptera in New Zealand

The ecology of adult Lepidoptera has received little systematic study in New
Zealand. Even straightforward data on abundance and flight times have rarely
been gathered in a quantitative fashion, with the notable exception of the long-
term light-trapping studies carried out in the South Island by White (1991,
2002). Adult butterflies and moths undoubtedly have an important role in native
ecosystems as pollinators of flowering plants; however, it is generally accepted
that most New Zealand flowers are ‘generalists’ that do not rely on pollination
by particular species or even particular orders of insects (Lloyd 1985). There is
no known New Zealand equivalent to the long-spurred Madagascan orchid
Angraecum that relies for pollination on a particular subspecies of hawkmoth
(Xanthopan morgani praedicta) with an equally long tongue (Pinhey 1975), hence
the overall importance of butterflies and moths in comparison to other insect

New Zealand’s largest lepidopteran, the puriri  pollinators is very hard to assess in New Zealand.
moth Aenetus virescens (Hepialidae). Likewise, adult Lepidoptera hold significant but largely unquantified
After Grant 1999 importance in the food chain, particularly as food for native (and introduced)

insectivorous birds. The New Zealand lepidopterist will be familiar with the
experience of disturbing a moth from the forest undergrowth, only to see it
caught and consumed by a hungry fantail (Rhipidura fuliginosa). The morepork
(Ninox novaeseelandiae) is a well-known predator of New Zealand’s largest
lepidopteran, the puriri moth (Aenetus virescens) in North Island forests. The
two native species of bats must also rely heavily on Lepidoptera for sustenance.
The most significant invertebrate predators of adult moths are probably
spiders (Arachnida) — New Zealand has an especially diverse fauna, including
one genus of orbweb spiders (Celaenia) whose species mimic the female
pheromones of moths and thus attract the males into their grasp (Forster &
Forster 1970).

Knowledge of the ecology of immature Lepidoptera is much better though
still incomplete. Larvae in particular form an abundant and important part of
the plant-feeding and litter-feeding guilds of invertebrates, as well as providing
food for birds and for the larvae of insect parasitoids, especially Hymenoptera
and Diptera (Tachinidae). A number of endemic species with polyphagous larvae
are considered pests — this is especially true of some leaf-rollers (Tortricidae)
in the genera Ctenopseustis and Planotortrix, which commonly feed on orchard
trees (e.g. Dugdale 1990). Late-instar larvae of some endemic Wiseana species
(Hepialidae) compete with stock for spring pasture growth and have in the
past been considered serious pests, although modern pasture management has
alleviated the problem (Dugdale 1994). Of greater concern are the exotic pest
species that have occasionally established themselves in New Zealand. The most
notable examples are the white-spotted tussock moth Orgyia thyellina and the
painted apple moth Teia anartoides (both Lymantriidae), which were accidentally
introduced to Auckland in 1996 and 1999 respectively (Hoare 2001a). Such
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species are believed to represent a serious threat to New Zealand’s economy
as potential defoliators of orchard and commercial forestry trees. Being highly
polyphagous, they may also threaten native forests should they be allowed
to establish. The white-spotted tussock moth was successfully eradicated in
1997 by aerial spraying with Bacillus thuringiensis var. kurstaki (a pathogen of
lepidopteran larvae); eradication of the painted apple moth involved a more
prolonged spray campaign, but in 2006 was also achieved.

Australia is the main source of foreign Lepidoptera that become established
in New Zealand (Hoare 2001a). Much of the influx is natural; moths migrate to
New Zealand or are transported by the prevailing westerly winds, especially when
a large anticyclone lies over the Tasman Sea (Fox 1978). However, establishment
is much more a matter of chance, and has certainly been aided since European
settlement of New Zealand by the planting of large numbers of favoured
Australian host-plants such as Eucalyptus and Acacia species. The warmer, drier
microclimates created by the destruction of New Zealand’s original forest cover
also more closely mimic Australian conditions. Thus we should not be surprised
that the rate of establishment seems to have increased (Hoare 2001a). Recent
arrivals from Australia include the banksia leaf-miner Stegommata sulfuratella
(Lyonetiidae), the eucalyptus leaf-miner Acrocercops laciniella (Gracillariidae),
and the gum-leaf skeletonizer Uraba lugens (Nolidae).

As noted above, New Zealand is especially rich in Lepidoptera with detriti-
vorous larvae, i.e. those that feed on dead wood, fungi, or leaf-litter (Dugdale
1998). In the Oecophorinae, for example, more than 250 New Zealand species
are currently recognized — this compares with a figure of approximately 85 for the
whole of the former USSR (Lvovsky 2003), aland area more than 80 times as great
(Hoare 2005). Undoubtedly the diversity and abundance of these detritivores
render them important contributors to the breakdown of organic material and
the recycling of nutrients, especially in New Zealand’s forest ecosystems. There
may be other less benign interactions — for example, in seasons of abundance,
high availability of oecophorid larvae as prey may boost numbers of introduced
social wasps (Vespula spp.) and/or of rodents in certain habitats. The remains of
leaf-litter-feeding larvae have been recovered from the stomachs of mice (Mus
musculus) in beech forest in the Orongorongo Valley, near Wellington (Dugdale
1996). Such interactions are much in need of investigation. Likewise, the impact
on New Zealand native detritivores of the increasing number of Australian
species that have become established (see Hoare 2001a) is unknown; possibly
the introduced species favour different microhabitats than the natives, but
there may still be examples of competition. At least one suspected detritivore
(‘Schiffermuelleria’ orthophanes — Oecophoridae) appears to have become much
scarcer in recent years (cf. Hudson 1928).

One endemic species of Tineidae (Archyala opulenta) has been reared only
from larvae feeding on the guano of the short-tailed bat Mystacina tuberculata
(Patrick & Dugdale 2000). The moth is rarely caught as an adult, but its presence
in a locality could indicate the presence of the bat, itself regarded as a threatened
species. This is the only known example amongst the endemic New Zealand
Lepidoptera of a close association with a specific vertebrate ‘host’. Amongst
herbivorous taxa, and especially leaf-miners, there are many examples of host
specificity; arecently discovered example is Houdinia flexilissima, the only member
of a newly described genus (Hoare et al. 2006). The exceedingly thin larva mines
and pupates inside the living stems of the large endemic restiad Sporadanthus
ferrugineus. The habitat of the rush is threatened, which means that this unique
lepidopteran is automatically considered a species of high conservation status.

Several species of Lepidoptera have been introduced to New Zealand as
biocontrol agents for weeds. Their impact is seldom spectacular, but they are
undoubtedly beneficial in keeping these plants in check. Gorse (Ulex europaeus)
is attacked by the European Cydia succedana (Tortricidae), Pempelia genistella
(Pyralidae), and Agonopterix umbellana (Depressariidae), all deliberately intro-
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Houdinia flexilissima and its exceedingly slender
larva (Batrachedridae).

Birgit Rhode, Landcare Research
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Adult and larval/pupal case of the bag moth
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Liothula omnivora (Tortricidae).
After Grant 1999

Larva, pupa, and adult of Megacraspedus
calamogonus (Gelechiidae).

Jon Sullivan, Lincoln University

duced. The twigs of Scotch broom (Cytisus scoparius) are mined by the tiny larvae
of Leucoptera spartifoliella (Lyonetiidae), another northern-hemisphere species
that has become well established in New Zealand, apparently without being
deliberately released. The European cinnabar moth (Tyria jacobaeae — Arctiidae)
is now found throughout New Zealand following an initial release in the late
1920s. At first it became firmly established only in the Wairarapa, but further
releases from this stock in the late 1980s have seen it take hold from Auckland to
Southland (C. Winks pers. comm.). Its larvae feed on ragwort (Senecio jacobaea),
a pasture weed that is poisonous to stock. The moth appears to be a less effective
control agent than the introduced flea beetle Longitarsus jacobaeae.

The current New Zealand species list

Dugdale (1988) provided an annotated catalogue of New Zealand Lepidoptera
and discussed the composition of the fauna in some detail. The current listing is
based very firmly on this foundation, and departs from it only in some details of
nomenclature and in adopting some subsequent changes in family classification
(Nielsen et al. 1996; Kristensen 1999). Changes in the generic assignment of
Pterophoridae follow Gielis (2003). Additions to the list are the adventives
treated by Hoare (2001a), together with the native Nepticulidae described by
Donner and Wilkinson (1989), the Psychidae described by Hattenschwiler (1989),
the Tortricidae, Hepialidae, and Plutellidae described by Dugdale (1990, 1994,
1996 respectively), the Geometridae described by Stephens and Gibbs (2003),
Wientraub and Scoble (2004), and Stephens et al. (2007), the Oecophoridae
described by Hoare (2005), and monotypic genera described by Matthews and
Patrick (1998), Dugdale (1995), Hoare and Dugdale (2003), and Hoare et al.
(2006). The nomenclatural changes of White (2002) have also been adopted.
No new synonymies are introduced here, but Izatha griseata is omitted from the
list as it will shortly be synonymised with an adventive Australian taxon listed
elsewhere. Known undescribed species are not treated, except where they are
given separate listing by Dugdale (1988) or Hoare (2001a). The exclusion here
of known undescribed species accounts for the differences in numbers between
the present list and Table 1 of Dugdale (1988). Mnesarchaea loxoscia has been
removed from synonymy with M. fusilella on the advice of G. W. Gibbs (pers.
comm.).

Some incorrect subsequent spellings in Dugdale (1988) have been emend-
ed to their original form in accordance with Article 32.5 of the ICZN; these are
(with incorrect spelling in parentheses): Batrachedra tristicta (tristictica), Asa-
phodes periphaea (peripheraea), Orthoclydon praefectata (praefactata), Tatosoma
topea (topia), Xanthorhoe orophyla (orophylla), Acrocercops panacivermiforma
(panacivermiformis), Aletia (s.l.) sollennis (sollenis), Euxoa ceropachoides (cera-
pachoides), Phalaenoides glycinae (Phalaenodes), Tinearupa sorenseni aucklandica
(aucklandiae), Rhathamictis perspersa (perspera), Tephrosara cimmeria (Tephrosa-
ria). Three species named from the Snares (in the genera Elachista, Stigmella
and Apoctena) had the species name changed from laquaeorum to laqueorum by
Dugdale (1988); since the error was from incorrect latinization, these correc-
tions are deemed unjustified emendations by the ICZN (2000), and the origi-
nal spelling is restored.

The following adventive taxa not recorded by Hoare (2001a) are added to the
New Zealand list based on material held in NZAC; further details of these finds
will be published elsewhere: Musotima ochropteralis, Uresiphita polygonalis maori-
alis, Ephestiopsis oenobarella, Pantydia sparsa, Proteuxoa sanguinipuncta, Oinophila
v-flava, Isotenes miserana. All these species are Australian, with the exception of
O. v-flava, a cosmopolitan species not recorded from Australia. The three adven-
tive Psychidae listed as unnamed species by Dugdale (1988, p. 69) have been
determined as Lepidoscia heliochares, L. protorna, and L. cf. lainodes; all are Aust-
ralian in origin. Finally, one native phycitine (Pyralidae), shared with Australia,
has been determined as Ptyomaxia trigonogramma by M. Horak.
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The family classification follows Kristensen (1999), with the exception of the
Gelechioidea, where the more conservative classification of Nielsen et al. (1996)
is retained. Families are listed alphabetically rather than in systematic order, and
genera and species are listed alphabetically within their respective subfamilies.
No subfamily divisions have been adopted for Tineidae because of confusion
over subfamily definitions (cf. Dugdale 1988; Robinson & Nielsen 1993) and
because the New Zealand species cannot be assigned to subfamily without
detailed revision. Likewise, the subfamily classification of world Noctuidae
has been substantially modified in recent years (e.g. Kitching & Rawlins 1999;
Lafontaine & Fibiger 2006) and is still in a state of flux; a subfamily division of
the New Zealand fauna has not been attempted here.

Gilled aquatic larva of Hygraula nitens
(Crambidae).
Endemism Stephen Moore, Landcare Research

Of the 1703 species and subspecies listed here, 1490 can be regarded as native and
174 as adventive or vagrant (including species that have subsequently become
extinct in New Zealand) (see Dugdale 1988; Hoare 2001a). A further 25 species
are known in the New Zealand region only from the Kermadecs, and 13 species
represent biological control agents, deliberately or accidentally introduced
(including species that are not known to have established). The status of two
species (Cateristis eustyla and Hydriomena (s.1.) iolanthe) is considered uncertain.
Approximately 33 species are naturally shared with Australia, leaving an endemic
fauna of 1457 species, or 85.5%. This is a very high level of endemism, but not
unexpected for a country so long isolated from other landmasses. Since most
additions to the New Zealand list will be from undescribed endemic species, this
percentage is certainly an underestimate. It is difficult to judge endemism at the
generic level because many New Zealand Lepidoptera are currently placed in
inappropriate (usually Australian or Palaearctic) genera to which they probably
or certainly do not belong. At the family level, one taxon, the Mnesarchaeidae
(with 14 species, most undescribed), is currently recognised as endemic, and
indeed these tiny moths are so distinctive that they also merit their own
superfamily, the Mnesarchaeoidea. They represent the sister-group to the diverse
and worldwide Hepialoidea (swift or ghost moths), and as such constitute one of
the most significant and remarkable elements of the New Zealand fauna. Adult
mnesarchaeids are often common in damp bush where their larvae feed in webs
amongst mats of liverworts and mosses, but tend to be overlooked by all but Mnesarchaea fusilella (Mnesarchaeidae).
the most careful observer. A revision of the family by G. W. Gibbs and N. P. Des Helmore
Kristensen is in progress.

There are other enigmatic species in New Zealand, for which new taxa of
suprageneric level may eventually need to be described. Titanomis sisyrota is a
large, very rarely collected moth that has some characters in common with the
Cossidae or goat moths, a group otherwise absent from New Zealand except as
importations. However, further detailed study is required before its true affinities
can be ascertained (Dugdale 1988; Hoare 2001b).

Undescribed species

It is difficult to estimate the number of undescribed lepidopteran species
currently in New Zealand collections. Certainly, the majority of the fauna has
been described, but only a few groups have been recently revised, and in these a
surprisingly large number of new species have been added. Thus, of 27 hepialid
species treated by Dugdale (1994), 10 (37%) were described as new, and of 28
species of Nepticulidae in Donner and Wilkinson’s (1989) revision, 14 (50%)
were new. Even more surprisingly, at least 12 new species of Nepticulidae have
been recognised or collected since Donner and Wilkinson’s work. Some genera
of New Zealand Lepidoptera seem to be in an active state of radiation, creating
a bewildering array of colour forms or biological races of uncertain taxonomic
status. This is the case, for example, with the copper butterflies (Lycaenidae),
leading some workers to propose the existence of a number of undescribed
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species. Much more work on these problems, preferably involving ‘reciprocal
illumination” by parallel molecular and morphological studies, is much to be
desired. Only then can we hope to know the true diversity of New Zealand’s
Lepidoptera.

Fossil insects

Fossil fragments representing 121 species of insects have been found from the
Triassic up to and including the Pleistocene. One of them is a contender for a
role in the next Jurassic Park movie. It is based on a wing impression found in
Upper Jurassic rock near Port Waikato (Grant-Mackie et al. 1996). The animal to
which it belonged may have been ancestral to the living weta families.

The only fossil fly recorded from New Zealand is based on an impression
of a larval bibionid (Dilophus campbelli) in Early to Middle Eocene coal near
Livingston, Central Otago (Harris 1983).

Fragmentary lepidopteran fossils have been found in New Zealand. Evans
(1931) described a wing scale from Late Eocene coal measures in the Waikato
District. Recently, a fragment found in sediment at Rakaia Gorge, South Island,
has been interpreted as a possible sclerite from the genitalia of a geometrid
(Harris & Raine 2002). This is only the second Cretaceous insect fossil known
from New Zealand.

The oldest beetle fossils in New Zealand are Triassic and Late Cretaceous
fragments of elytra. Predictably, beetle exoskeletal remains are fairly well
represented in the Quaternary (Pleistocene and Holocene), including a nearly
complete ulodid, representing a new genus, from a cave in the Waitomo
region (Leschen & Rhode 2002). The distribution and diversity of Coleoptera
in the Holocene allows direct comparison with modern faunas from the same
geographical areas and from other parts of New Zealand. Kuschel and Worthy
(1996) noted the drastic reduction in the present-day range of large weevils,
and one extinction, compared to the Holocene, attributing the cause to
extensive clearing of native vegetation for pastures and to the introduction of
rats and mice into the country. Beetle remains have proven particularly useful in
paleoclimate interpretation, allowing reconstruction of vegetational history and
paleotemperatures in interglacial periods at locations in both North and South
Islands (Marra 2003; Marra & Leschen 2004; Marra et al. 2004, 2006).

Gaps in knowledge and potential for further research on
Hexapoda

Major gaps in our knowledge of the New Zealand hexapod fauna can be
divided into five topic areas. They include taxonomic knowledge of the size and
distribution of the fauna, the conservation status and security of rare species,
the effects of introduced organisms, life-histories and feeding biology, and the
capacity for restoration of depleted habitats.

The most pressing need is to obtain a clearer understanding of the size, status,
and distribution of the fauna. More specialist monographs, translated into user-
friendly interactive electronic keys, would enable new workers to enter the field
and encourage non-taxonomists to attempt initial identifications, thus releasing
experienced taxonomists to engage in work requiring more specialised experience.

Based on existing collections and what is known of the fauna and what might
be expected, it is clear that only a small proportion of the collembolan fauna has
been described. Insect groups known to include at least 20 new undescribed
species include Orthoptera, Hemiptera, Coleoptera, Diptera, Hymenoptera,
and Trichoptera. But most orders will have some undiscovered species. At the
present rate of new species description it will take centuries to complete the task
of describing the fauna.

Among the endemic whiteflies (Hemiptera), there appears to be a complex
of fern-feeding species, currently known as Trialeurodes asplenii (Maskell),



and another complex of undescribed species on beech (Nothofagus spp.). It is
likely that there is more than the one named species of Ortheziidae in New
Zealand. The list of Diaspididae in the end-chapter checklist is based on out-of-
date taxonomic knowledge and the earlier-named species are likely to harbour
some undetected synonymies. A thorough revision of the armoured scales is
needed, both for taxonomy of the indigenous fauna and to provide keys to both
indigenous and exotic species. This is particularly important for biosecurity, as
the potential for the introduction of invasive species is high in this family. The
tribe Leucaspidini may need molecular studies to sort out the indigenous species
within it. Associated hymenopteran parasitoids are poorly understood and
require concerted efforts in collection and rearing-out from scale-insect hosts.
Nothing is known about the potential of adventive parasitoid species to cross
over into the endemic fauna.

The Coleoptera and Diptera are important groups that are still significantly
understudied, with many gaps in knowledge and numerous undescribed species.
In the Diptera, families known to include at least 20 undescribed species include
Cecidomyiidae, Chironomidae, Dolichopodidae, Empididae, Ephydridae, Mus-
cidae, Mycetophilidae, Stratiomyiidae, Syrphidae, Tachinidae, Tipulidae, and
probably also Ceratopogonidae, Lauxaniidae, Phoridae, and Psychodidae. As
taxonomic gaps are filled there will still be plenty of interesting behavioural,
sex-attractant, and other biochemical studies to flesh out our knowledge of flies,
whose species currently outnumber the scientists and hobbyists investigating
them by a ratio exceeding 200 species per person. For those with a penchant for
natural history, flies offer a rich resource for serious discovery.

The identification of flies would benefit greatly from the publication of a
consolidated series similar to the North American summary of flies (McAlpine et
al. 1981, 1987) and of English immature flies (Smith 1989). There are few quality
line drawings of fly species in New Zealand, but there are extensive illustrations
of fly wings, heads, and legs that help to identify genera and species. However,
these illustrations are scattered in a considerable number of publications that
are often over 40 years old. For the families Phoridae and Dolichopodidae,
illustrations and descriptions are neither in English nor in journals that are
readily available in New Zealand.

Much more taxonomic work is needed to determine what species are
vulnerable or endangered so that a realisticlist of insects in the largest insect orders
can be developed for the various Department of Conservation conservancies
in New Zealand. For Diptera alone, at least two full-time taxonomists dealing
with flies should be employed in New Zealand. In fact, 4-5 would be better,
in order to described formally the likely 2000 or so remaining species. One
impediment to the development of workable keys is lack of information on
variation within species. Many species are known from only a single specimen,
reflecting patchy collection effort if not actual species and population losses.
Although distributional information is patchy on the two main islands, it tends
to be poorer for Stewart Island and some of the larger islands with permanent
flowing water in the case of aquatic insects.

The number of described species of Hymenoptera that have been recorded
from the New Zealand biogeographic region is a fraction of that in the three
other mega-diverse insect orders (Coleoptera, Diptera, and Lepidoptera). One
of the major impediments to futher ecological research involving the native
hymenopteran fauna is scant knowledge of the group’s alpha taxonomy. Within
the order, the symphytans and aculeates are relatively well known because their
numbers are few and they are generally large, conspicuous insects. Conversely,
owing to the generally small size and high diversity of its members, the Parasitica
is the least known group. Of the seven superfamilies of Parasitica represented
in New Zealand, six are poorly documented. Three of these are unlikely to be
highly speciose here, but the remaining three contain families or lower-rank taxa
that have radiated spectacularly in New Zealand. The most important gaps in
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knowledge of the order are within these three superfamilies — Ichneumonoidea,
Proctotrupoidea, and Platygastroidea. The priority groups for taxonomic revision
include the families Braconidae and Platygastridae.

Coupled with limited knowledge of morphological variation is the lack of
knowledge of life-history stages for most hexapod species. Further, studies of
life-cycles of the same species in a range of temperature regimes, particularly in
aquatic environments, could prove to be useful in determining the role of abiotic
versus biotic influences on life-history patterns. Such studies rely on available
expertise to accurately identify species and funding to develop and sustain this
expertise continues to decline precipitously in New Zealand.
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