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Editorial: A request for copy

John Leader
66 Lakings Road, Blenheim 7201
Email: jhnlead8@hotmail.com

At the annual conference of the Society it is always impressive to view the
range and quality of the poster presentations, mainly by students. They are
a testimony to the interest and enthusiasm of new graduates. It is a sad
fact that many of these young experts will be unable to find employment in
entomologically related careers. The enthusiasm of government for a
return on capital investment in tertiary education, and the pressure to
investigate profitable avenues of research means that ‘disinterested’
studies are discouraged. The depressing consequence is that much of this
important work will disappear into theses, and from there gather dust in
libraries. A great deal of useful and potentially valuable data is probably
lost in this way, waiting to be rediscovered at some later date.

It is a sad fact that much of this work is not ready to face the critical test of
peer review. Time constraints mean often that the work is incomplete,
extra experiments are required, or the techniques used become superseded
by better methods, too late for inclusion. Streams dry up, experimental
animals become unavailable, chemicals arrive too late, and in general
research becomes a victim of ‘the thousand natural shocks that flesh is heir
to”.

One of the important roles of THE WETA is to bridge that gap. This
journal can play an important role in a number of ways. It provides an
avenue for budding entomologists to advertise their interests and research
proposals, to come to the attention of other like-minded scientists, and gain
contacts for the future. It can diffuse through the New Zealand
entomological community knowledge of what is significant and important.
For example, there is currently great interest in the health of our
waterways. The dairy boom, which has led to enormous increase in the
stocking density of dairy cows, has resulted in a consequent increase in
eutrophication of streams and rivers. The government is attempting to
address this in a long-term strategy, but the measures adopted fail to
include the effects on aquatic invertebrates. It would be a valuable
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contribution to this strategy if there was more information on the fauna of
our waterways, and the ways in which it is changing with time. Such
information is probably not interesting to a major international journal, but
is vitally important in the New Zealand context.

Another issue in which entomologists can play a valuable part is in
establishing the conservation status of endemic New Zealand insects.
Given the small number of active entomologists and the vast numbers of
insects, it is not surprising that not only are many species, perhaps as many
as half the total, still undescribed, but the natural history of many of the
named species is hardly known. Here is a rich field for the enthusiastic
amateur or the keen student. THE WETA does not handle taxonomic
papers which describe new species, as this is a serious business which
requires input from specialists in the area. It is interested however in
publishing new observations and other material about insects, and other
terrestrial arthropods, and it is also an avenue for observations and
experiments which failed for one reason or another. So, don’t be shy, tell
the readers of THE WETA about your interests, research plans and
discoveries.
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Flower-inhabiting  native gall flies (Diptera:
Cecidomyiidae) in New Zealand

Nicholas Martin*

15 Rutland Road, Mt. Wellington, Auckland 1051
Email: MartinN@Ilandcareresearch.co.nz
*Research Associate, Landcare Research

Introduction

While Cecidomyiidae are commonly called gall flies, their larvae may
have a variety of feeding habits, as predators, detritivores, fungal feeders
and herbivores (MacFarlane et al. 2010, page 324). Most of those that live
on higher plants are associated with galls that they induce. In  New
Zealand there are 14 named species that feed on plants, of which seven are
indigenous. However, there are probably over 150 unnamed gall inducing
species. In addition to these, some species have larvae that live in flower
buds and flowers and do not appear to induce galls. Larvae of some
species that live in flowers also feed on developing seeds.

Galls are plant tissues that grow in response to the activities of other
organisms (Redfern 2011). Obvious examples of galls are the stem galls
(thickened stems) induced in Coprosma crassifolia Colenso (Rubiaceae)
by larvae of Kiefferia coprosmae Barnes & Lamb, 1954; leaf blister galls
(circular areas of thickened leaf tissue) in Olearia paniculata (J.R.Forst. &
G.Forst.) Druce (Compositae) induced by larvae of Dryomyia shaweae
Anderson, 1935; clusters of buds also in O. paniculata induced by larvae
of 'Oligotrophus' olearia Maskell, 1888. Some galls can look like a single
flower bud or a cluster of buds. The most spectacular example of this kind
of gall is found on Helichrysum lanceolatum (Buchanan) Kirk
(Compositae) (Fig 1).

This article is primarily about Cecidomyiidae whose larvae live in flower
buds and flowers and some of which induce galls.
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Flower-inhabiting native gall flies

One species, Eucalyptodiplosis chionochloae Kolesik, 2007 has orange
larvae that feed in flowers of Chionochloa species (Gramineae) and may
also feed on the developing seeds.

Figure 1. A fluffy bud gall induced on Helichrysum lanceolatum by larvae
of Cecidomyiidae (Diptera).

Larvae of one or more species of gall fly live in the flowers of Hebe,
Veronica species (Plantaginaceae). The flowers fail to open and the petals
are discoloured. The fly pupates in the damaged flower bud (Fig 2).

Figure 2. Healthy green fruit of Veronica macrocarpa and flowers
damaged by Cecidomyiidae (Diptera) larval feeding.
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Gall fly larvae have been found in flower buds of V. ligustrifolia R.Cunn
ex A.Cunn, V. macrocarpa Vahl and V. stricta Banks & Sol. ex Benth.
Other species of shrubby Veronica probably also host gall flies in their
flowers.

Four undescribed species live in the flowers of Astelia banksii A. Cunn.
(Asteliaceae), Brachyglottis repanda J.R.Forst. & G.Forst., B. stewartiae
(J.B.Armstr.) B.Nord. (Compositae) and Olearia albida (Hook.f.) Hook.f.
(Compositae). The affected flowers of O. albida and A. banksii fail to
open (Figs. 3).

Figure 3. Astelia banksii male flowers damaged by Cecidomyiidae
(Diptera) larval feeding.

The next group of gall flies have a greater impact on their host flowers,
inducing thickening of the petals and hence the formation of a gall. The
flower galls on Muehlenbeckia australis (G.Forst) Meisn. and M.
complexa (A.Cunn.) Meissn. (Polygonaceae) are easy to detect on male
flowering plants (Fig 4), but on plants with female flowers the white
enlarged petals can be confused with the developingfruit.
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Figure 4. Muehlenbeckia australis male flower bud gall induced by alarva
of Cecidomyiidae (Diptera).

The flower bud galls on Cordyline australis (G.Forst.) Endl. and C.
pumilio Hook.f. (Asparagaceae) are easier to detect as they show up
amongst the green fruit (Fig 5). Similar flower bud galls may await
discovery on other Cordyline species.

Figure 5. Cordyline australis flower bud galls induced by larvaof
Cecidomyiidae (Diptera).
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Other species of Cecidomyiidae have larvae that live between the scales of
enlarged, green, unopened flower buds. There are usually several larvae in
each gall. This kind of gall has been found on Gaultheria antipoda
G.Forst. (Ericaceae) and Fuscospora solandri (Hook.f.) Heenan &
Smissen (Nothofagaceae). Gall fly larvae also occur between the scales of
vegetative buds of F. solandri and F. truncata (Colenso) Heenan &
Smissen and possibly also flower buds of the latter species.

Discussion

At present it is not known if the presence of groups of fly larvae between
the scales of buds is restricted to flower buds of some plant species or how
often it occurs in both flower and vegetative buds of a plant species. In the
latter case, is there one or two species of fly involved? This problem will
only be resolved with more rearing of adult flies and taxonomic research.

The known species of non-galling flower-inhabiting Cecidomyiidae are all
on plants with inflorescences with many small flowers. This may be
because the presence of unopened or damaged flowers amongst healthy
young fruit makes the discovery of cecidomyiid larvae in flowers easier or
it may reflect a biological evolutionary preference by these flies for groups
of small flowers. In favour of a biological preference is the occurrence of
species inducing simple flower bud galls on plants with inflorescences
composed of many small flowers.

Clearly there good reasons for taking a closer look at New Zealand’s
native flowers rather than flying past.

References
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Winter-emerging moths of New Zealand

Brian Patrick
Wildland Consultants, Christchurch
Email: brian.patrick@wildlands.co.nz

Introduction

It is characteristic of temperate regions that a small number of moth
species emerge as adults exclusively over the coldest months. Often these
moth species have short-winged and flightless females.

There are several advantages for species that emerge as adults in winter in
temperate regions;

» Winter is often the calmest time of year, with frosty mornings
which have particularly still air, ideal for fragile and weakly
flying adults

» Parasitoid adults are at their lowest numbers so eggs laid and
young larvae are exposed to less mortality

» Predators of adult moths are in comparatively low numbers

But there are a few disadvantages too;

» A lack of nectar sources on which to feed
» A danger of freezing to death if severe weather events occur

New Zealand emergence patterns

The New Zealand moth fauna is highly seasonal, particularly in southern
and upland areas, with many species, particularly those with one
generation per year or less, emerging as adults at a particular time of year.
The genus Meterana (Noctuidae) with at least 24 New Zealand species is
species-rich enough to display several emergence patterns that are also
present in other New Zealand moth genera.

» A suite of species emerge from early spring (mid-August
onwards) including M. exquisita, M. inchoata, M. coeleno, M.
levis, M. alcyone followed by M. pansicolor, M. decorata, M.
merope, M. stipata, M. diatmeta and M. ochthistis
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» Summer emerging species include M. praesignis, M. asterope, M.
pascoi, M. pauca, M. pictula and three undescribed species. M.
dotata appears by late summer

» Still later there is a suite of autumn-emerging species; M.
tartarea, M. meyricci, and M. vitiosa with M. grandiosa emerging
from mid-April to June. Interestingly M. vitiosa has a trans-
winter emergence pattern with some individuals emerging in early
spring as well

Interestingly there is a suite of late autumn-emerging species across many
families of moth that is particularly well-developed in the South Island
high country. Many of these species are still emerging when the first snow
arrives in May and June, but take advantage of the many sunny days till
mid-June before winter tightens its grip. Typically these species begin
emerging in late March and are finished by mid-June, and include species
such as the ghost moths Cladoxycanus minos and Heloxycanus patricki,
both inhabitants of mossbogs from sea-level to low alpine fens.
Interestingly on the West Coast of the South Island C. minos emerges in
June and July — a true winter species.

Definition of winter-emerging

Officially the New Zealand winter begins 1 June and is finished by 31
August, but naturally the coldest sustained period varies considerably from
year to year.

Here | include moth species that regularly have a winter-emerging
generation, with some confined as adults to thisseason.

Winter-emerging groups in New Zealand

1. Family Geometridae: Ennominae

The geometrid Zermizinga indocilisaria sometimes referred to as “the
winter moth” is widespread from coastal to inland areas (Clark, 1935).
There are three generations, one of which emerges in winter from June to
August.

The grey speckled species has an extremely short-winged and flightless
female, but fully winged male. It is interesting that neither sex feeds as an
adult so is suited to a winter emergence when few nectar sources are
available in its natural habitat (Clark, 1935). Despite its flightless female
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the species appears to be quite mobile, perhaps males transport the female
during copulation?

Indigenous larval hostplants include matagouri, Ozothamnus, deciduous
small-leaved Olearia species such as O. adenocarpa, and Carmichaelia
species. Introduced hosts include lupin, clovers, briar rose and radiata
pine. A serious outbreak on the Balmoral radiata pine plantation in North
Canterbury is reported by Clark (1935).

2. Family Geometridae: Oenochrominae

Although rarely seen, the enigmatic and fragile geometrid Theoxena
scissaria is mostly found over the cooler months of May-July (Hudson,
1939; Patrick, 1994a). Its life history is not known for sure but two closely
related species in the genus Samana have larvae feeding on Carmichaelia
(Fabaceae). A second generation emerges over the summer months but
more research is required to understand this moth’s apparent rarity.

3. Family Noctuidae
Coastal sand dunes nationwide are home to a suite of noctuid moths in the
genus Agrotis. This group of apparently closely related species are
endemic, in contrast to other species belonging to this genus found in New
Zealand There are two named species and possibly up to two other
undescribed species as follows:
» Agrotis innominata; coastal North Island and west coast of South
Island. Females are fully flighted
» Agrotis ceropachoides; Type Locality is coastal Mid Canterbury
near Southbridge north of Rakaia River and the species is found
north to the Marlborough coastline. Female is short-winged and
flightless (Patrick, 2013).
» Agrotis new species; Known on coast of Dunedin and south to
Brighton. Female is short-winged and flightless (Patrick & Green,
1991)
» Agrotis new species; Known from coastal dunes of southern
Southland. Female is short-winged and flightless (Patrick, 1994b)

The peak flight period of the adults of all of these species is from June to
August, with much lesser numbers found till October. This suite of
species are true winter moths and during that time in favoured habitats
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such as Kaitorete Spit are by far the most numerous moths found at light
traps. Despite being medium-sized noctuid moths, they fly when air
temperatures are as low as 8°C.

As noted above two species in the genus Meterana can be regarded as
winter-emerging; both M. grandiosa and M. vitiosa emerge just prior to
winter but regularly continue to emerge into June.

A forth-coming revision of this moth family by Dr Robert Hoare of
Landcare Research, Auckland will elucidate the systematics of the
endemic Agrotis species.

4. Family Psychidae

Species in several genera of this family signal the beginning of spring with
their emergence as adults. This includes many species in the genera
Grypotheca, Reductoderces, Mallobathra and Liothula. But  several
species emerge as adults strictly over the winter months.

Many species in the genus Reductoderces emerge as adults in winter and
early spring, each occupying a different part of the country. All have
wingless females that cling to the outside of the larval case on emergence,
and signal their presence to passing males by emitting a distinctive
pheromone. Larvae in this genus construct cases composed of algae and
silk and move about on algae-covered rock faces and tree trunks. Many of
the winter-emerging species remain undescribed and one in particular is
found in Central Otago, the most inland region of New Zealand’s South
Island at altitudes of 140-300m, and having the most severe winter climate
of lowland New Zealand (Patrick, 1994a). The males fly on the calmest
frosty days from mid-June to mid-July when the ground is often frozen for
weeks, but when there are clear sunny skies and little wind. These are tiny
fragile male moths searching out their wingless females clinging to the
bottom of their larval case hidden on nearby lichen and algae encrusted
rock faces.

Other places also have undescribed winter-emerging species; inland
eastern Otago has a species that emerges between mid-May to mid-July;
the smallest species of the genus, with smoother cases that are usually in
aggregations on rock faces, emerges between 10 July and mid-October;
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coastal Otago-Southland has a larger species that emerges from 10 August;
Southland’s forests have a purplish male emerging from mid-July
onwards; and the forests of eastern Otago have a species that flies
throughout July and August. While most species are undescribed,
Riccarton Bush, Christchurch has R. microphanes that emerges on the
frostiest winter mornings. There is room for much more discovery of other
species all over New Zealand and some are possibly already in collections
awaiting description.

Probably all parts of the country have local species in the genus
Grypotheca with their characteristic curved larval cases found on
branches, tree truck surfaces and leaf litter. In Riccarton Bush,
Christchurch on the frostiest mornings between July and September flies
the locally endemic species Grypotheca pertinax seeking out their
wingless females which are clinging to the bottom outside of the larval
cases often on a bryophyte-covered tree trunk or branch. Further south, all
over Otago flies G. araneosa behaving in much the same way over the
same months (earliest record of adults 21 June). These are tiny fragile
speckled grey moths that only the enthusiast will encounter, especially if
they, like the moths are early risers.

5. Family Oecophoridae

Within the genus Atomotricha, several species emerge in winter or from
winter into early spring. Surprisingly it is in Central Otago, with perhaps
the severest winter climate experienced by New Zealand towns, that
Atomotricha lewisi adults emerge between May and July (Patrick, 1994a).
Like most of the species in this genus the females are short-winged and
flightless. The life-history of this genus is essentially unknown but
believed to involve soil-inhabiting larvae.

6. Family Tortricidae

At least eight species, with just three of them described, form a compact
group of small diurnal moths characteristic of upland to low alpine
seepages and wetland edges in the South Island high country between 500-
1500 m (Patrick, 1982; Barratt & Patrick, 1987). Although the described
species  (“Cnephasia” ochnosema; “C”. paterna;  “Eurythecta”
leucothrinca) have been placed in various genera, as a whole they
constitute a distinct taxonomic group that require a new genus name.  All
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emerge as adults from late March well into June and have short-winged
flightless females that crawl on the ground.

Another undescribed genus and species emerges in May and June in
southern South Island alpine areas such the mountains of Central Otago
and Southland. It too is day-flying and has a flightless female. The grey-
speckled adults are most often found from 800-1000 m in low alpine
shrubland.

7. Crambidae

One species Scoparia apheles is typically late autumn-winter-emerging in
damp upland grasslands of the central South Island mountains between
600-950 m. The adults emerge from late April till mid-June and can be
locally abundant. The female is unknown so may be short-winged and
flightless. The species is often found in the same wetlands as the new
genus of tortricids noted above.

8. Hepialidae

While several large and impressive species in the genus Aoraia can
sometimes be found in early June, this suite of species which includes
Aoraia dinodes and A. rufivena is essentially late autumn-emerging with a
peak flight period in April and May. Typically they have large-bodied
winged but flightless females. In Otago-Southland wetlands from sea-
level to alpine areas two species Cladoxycanus minos and Heloxycanus
patricki emerge between mid-April to early June. The latter species is
interesting in that it only emerges in odd-numbered years, having a two-
year life cycle.

Only western South Island populations of the widespread wetland hepialid
Cladoxycanus minos are truly winter moths with adults found in both July
and August. In contrast populations in the southern North Island and the
rest of the South Island emerge in the period April to early June.

Summary

At least 29 indigenous New Zealand moth species are here noted as
emerging over the New Zealand winter months. There will be more winter-
emerging species particularly in the Psychidae, the casemoths. Most of
this New Zealand moth fauna only emerges at this time of year
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with only one species (Zermizinga indocilisaria) having a winter-emerging
generation amongst its three annual generations.

The result of this relatively species-rich assemblage of winter-emerging
moths is that there is no rest for the lepidopterist, particularly in the South
Island. Every month of the year brings an exciting suite of new moths to
discover and research.
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Conservation status of five data deficient moth taxa:
Epichorista lindsayi, “Cnephasia” paterna, Stathmopoda
endotherma, Gymnobathra ambigua and Scythris
“stripe”

Brian Patrick

Wildland Consultants Ltd.
Christchurch

Email: brian.patrick@wildlands.co.nz

Introduction

The Department of Conservation commissioned Wildland Consultants to
investigate and report on the threat classifications of five indigenous moth
species currently classified as ‘Data Deficient’ (Stringer et al. 2012):

Epichorista lindsayi Philpott, 1928 (Tortricidae).
“Cnephasia” paterna Philpott, 1926 (Tortricidae).
Stathmopoda endotherma Meyrick, 1931 (Stathmopodidae).
Gymnobathra ambigua (Philpott, 1926) (Oecophoridae).
Scythris “stripe” (Scythrididae).

The Department maintains listings of all indigenous species considered to
be threatened with extinction in some way. Threat rankings are based on
consistent criteria, and are updated regularly based on new information the
Department receives, generally from specialist groups set up to provide
advice. The listings are published regularly (e.g. Lepidoptera: Stringer et
al. 2012), making them available to conservation staff for input to ongoing
management, and to the wider public.

‘Data Deficient’ species are considered - by relevant specialist groups - to
be threatened, but for which there is insufficient information to make an
informed decision on which category they should be assigned to.

This report provides the results of an investigation of the five moth species
listed above, in order to ascertain an appropriate conservation status for
each.
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Epichorista lindsayi

Taxonomy

In New Zealand, a number of species has been placed into the genus
Epichorista (Dugdale 1988), however many of these do not fit the
description of Epichorista, including Epichorista lindsayi. Dugdale (1988)
noted for this grouping of species that the males lack a costal fold on the
forewing. There is no doubt that Epichorista lindsayi is a valid species, but
its present generic placement is not correct.

In the New Zealand Arthropod Collection (NZAC) held by Landcare
Research at Tamaki, Auckland, there are various moths closely resembling
E. lindsayi that have been found in the Hunua Ranges south of Auckland,
and from Taikawakawa, north of Gisborne (Dr Robert Hoare, pers. comm.,
April 2014). Further work is required to confirm the correct identification
of these moths.

Discovery

The small yellow tortricid moth, Epichorista lindsayi, was discovered by
Stuart Lindsay at Little River on 29 January 1928 and was described later
that same year by Alfred Philpott (Plate 1). In one day, Lindsay collected
five individuals, indicating that it was locally common where he found itin
the Little River area. Over succeeding years, Lindsay went on to find it at
other Banks Peninsula sites, including Kaituna (eight individuals 19-
20 January 1929) and Prices Valley (three individuals on 14 January 1933
and five on 26 January 1935). In total he collected 21 individuals over five
years from three sites over a small compact part of Banks Peninsula.

Hudson (1939) described and illustrated the species but noted no
additional records. All of the Lindsay specimens, including the Holotype,
are stored in the Canterbury Museum with no other specimens confirmed
for the species, there or elsewhere in New Zealand museums.



17 Brian Patrick

Plate 1: Adult male Epichorista lindsayi collected from forest
above Little River on 23 January 2014.

Rediscovery

On 23 January 2014, Epichorista lindsayi was rediscovered while
undertaking an entomological survey, for Christchurch City Council, of a
patch of privately-owned mature podocarp forest - Wairewa Forest® -
above Little River, between Breitmeyers and Wairewa Roads,. The moth
was locally common, flying in the sunshine within grassy forest glades,
and was unmistakable. Several adults were kept alive to be photographed,
and these adults lived until 5 February 2014.

Ten surveys were carried out by Wildland Consultants for the Christchurch
City Council over the 2013-2014 summer as part of their programme to
identify significant natural areas on Banks Peninsula.
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Moths were collected and curated, some of which have been deposited in
the New Zealand Arthropod Collection.

Ecology

Adults of Epichorista lindsayi were observed flying in the sunshine in
canopy gaps at Wairewa Forest. All of these canopy openings were
dominated by the tall grass Microlaena polynoda and the moth appeared to
be strongly attracted to it. Initially casual examination of the Microlaena
did not produce evidence of larval damage but in 13 October 2014 at
Prices Valley, Banks Peninsula | found larval damage that | believe to be
from the larvae of this moth. It was in the form of a “pinched” leaf blade
about halfway up the blade and is quite difficult to see given the thinness
of the un-pinched leaves. Under a microscope this pinching is instead a
rolling of the leaf with silk and with the larvae living inside this rolled leaf
and scouring the green material from within causing a localised browning
of the pinched or rolled area.

I had previously visited Prices Valley in March 2014 to see if habitat
similar to Wairewa Forest is present there, although March is too late in
the season to observe the moth. This is also where the moth was found by
Lindsay in 1933 and 1935. The forest is a mix of old-growth podocarps,
dense ungrazed understorey, sprayed secondary growth forest, and
scattered trees in exotic pasture. The best potential habitat for the moth
was found within a Queen Elizabeth 1l covenant, where Microlaena
polynoda was present, mostly on roadside areas and some small glades
similar to those at Wairewa Forest.

It should be noted that the similar-looking Hunua moths were also
collected from a Microlaena species.

Conservation

This new information on Epichorista lindsayi was taken to a recent
meeting of the Department of Conservation’s Lepidoptera Panel on 28-29
April 2014 in Auckland. Based on its rediscovery at a single site,
occurrence at only one site despite past searching of potentially suitable
habitats nearby, and observations on its ecology, the species was moved to
the Threatened-Nationally Endangered category.
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Further Work
The following actions are suggested for Epichorista lindsayi:

o That Wairewa Forest is protected with a covenant, with support
from the Banks Peninsula Conservation Trust and Department of
Conservation, to ensure that the only currently-known population
is protected.

o The genus that this species (and its related species) has been
assigned to needs to be clarified, including close examination of
the possible con-specific status of the Hunua Ranges and north of
Gisborne populations based on the New Zealand Arthropod
Collection specimens (John Dugdale is a suitable person to
undertake this work as he is a specialist in this group).

o Further survey should be carried out at Prices Valley, Kaituna, and
other likely Banks Peninsula sites, in January 2015, to attempt to
locate additional populations. This would include undertaking
surveys of other sites where Microlaena polynoda is known to
occur.

o Investigate the life history, starting with Microlaena polynoda.
Examine this possible host in early spring when larvae should be
present in stems, litter, or on the foliage.

o Reassess the Nationally Endangered threat status of Epichorista
lindsayi, based on any new evidence found.

“Cnephasia” paterna

Taxonomy

“Cnephasia” paterna (Plate 2) is part of a group of late autumn-early
winter emerging species that inhabit damp swards, often on the margins of
upland wetlands where taller grasses occur with a rich understorey of
herbs. Upland wetlands dominated by Schoenus pauciflorus are a favoured
habitat.
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At present this group of moths does not have a valid generic name but they
have been placed in Cnephasia and Eurythecta by various authors.
“Cnephasia” paterna was included in a list of species for which their
correct genus is undescribed, and had been placed incorrectly in Cnephasia
by various authors (Dugdale 1988). There are seven known species of this
new genus in New Zealand including two other named species:
“Cnephasia” ochnosema Meyrick, 1936 and “FEurythecta” leucothrinca
Meyrick, 1931.

This species assemblage appears to be confined to the South Island and
contains at least seven species. All the species appear to have short-winged
and flightless females, thereby severely limiting their dispersal ability.
Additionally, all the known species can be abundant in the right place at
the right time of year on a suitable warm sunny day, even if there is a
partial cover of fresh snow. The adult males fly by day, searching for the
female which crawls on the ground.
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Plate 2: Holotype male of “Cnephasia” paterna stored in the Canterbury
Museum. Image courtesy of Landcare Research Ltd. Note the scale in
millimetres along the top of the image.
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Discovery

The tortricid moth “Cnephasia” paterna, was discovered by Stuart
Lindsay on 31 March 1923 and was described by Alfred Philpott in 1926.
The unique male was recorded as being from Little River, but there is
evidence that this location is misleading and may not be correct, and
probably contributed to the species being “lost” for so long. Hudson
(1928) noted the species and gave an accurate illustration of the male
found by Lindsay.

There were no more records of the species until | rediscovered it on Saddle
Hill, Banks Peninsula on 28 May 2012 while carrying out a botanical
survey for Christchurch City Council®>. The moth was locally common in
chest-high snow tussock (Chionochloa rigida), flying quite fast over the
snow tussock on a warm but overcast day at an altitude of 750-800m.
Eleven males were collected, two of which were deposited in the New
Zealand Arthropod Collection. The forewing pattern of the male has
variable colour and pattern, but does not significantly differ from the
Holotype (Plate 2).

Survey

Other upland snow tussock areas on Banks Peninsula were searched for
additional populations of “Cnephasia” paterna, but without success. The
snow tussock community on Saddle Hill is considered to be the best and
most natural remaining on Banks Peninsula, but there are other fragments
of this community high above Akaroa and Little River, mainly on
roadsides. Over the late autumn of 2013 and 2014, the following locations
were searched, with no success:

e  Cloud Farm and Ellangowan, above Akaroa;

e  Mount Herbert 750-850 m.
Saddle Hill was also revisited on 14 April 2013, and the moth was
found flying there, as before.

2 Botanical surveys were carried out by Wildland Consultants for Christchurch
City Councils significant natural areas programme on Banks Peninsula during
the summer of 2011 - 2012.
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Biology

Little is known of the biology of this group of moths and they have never
been reared. It is likely that the larvae feed in silken tunnels in damp herb-
rich swards in these wetland communities, and have an annual life-cycle.

Conservation

The diurnal tortricid “Cnephasia” paterna is only known from one site on
Banks Peninsula despite searching at other apparently suitable sites.
Saddle Hill has been recognised recently as a significant site for
conservation for a range of ecosystems and species, and has been
purchased by the Nature Conservation Fund of the Department of
Conservation with financial assistance from the Rod Donald Trust, and
will be protected for nature conservation in perpetuity. Unfortunately the
snow tussock area belongs to a different landowner so was not part of this
purchase. Currently I am pursuing options with other funders to purchase
and protect the snow tussock site.

This new information on “Cnephasia” paterna was taken to a recent
meeting of the Department of Conservation’s Lepidoptera Panel on 28-
29 April 2014 in Auckland. Based on its rediscovery at a single site despite
much searching at a range of suitable sites nearby, and observations on its
ecology, the species was moved to Threatened-Nationally Endangered.

Further Work
The following actions are suggested for “Cnephasia” paterna
management:

e The generic placement of this species and its related species are
clarified (John Dugdale is a suitable person to undertake this work as
he is a specialist in this group).

e  Further survey should be carried out in the late autumn period on the
higher peaks of Banks Peninsula, particularly those that hold
populations of Chionochloa rigida, to attempt to locate further
populations of this species.



23 Brian Patrick

e The life history of “Cnephasia” paterna should be investigated by
searching for larvae over the summer months amongst the leaf litter -
herb layer underneath the snow tussock canopy on Saddle Hill.

e Reassess the Nationally Endangered threat status of “Crephasia”
paterna based on any new evidence found.

Stathmopoda endotherma

Discovery and taxonomy

One specimen of Stathmopoda endotherma (Stathmopodidae) was
discovered by Stuart Lindsay on 28 January 1928 at Little River, Banks
Peninsula. Subsequently it was described by Edward Meyrick in 1931
based on this unique female, with the Holotype being lodged in the
Canterbury Museum (Plate 3). Other specimens stored in the Canterbury
Museum show that Lindsay found five more specimens, including the first
male, at Akaroa, between 11-16 November, over the years 1938-1941.

Hudson (1939) lists and illustrates this distinct species but has no further
records. No recent revision of this family has been carried out so some
caution is needed when identifying specimens without dissection. Our
current concept of this species is conservative, being based on external
characters and the type locality.

Recent Records

The following definite records of this species have been found in the
collections of the Otago Museum, Lincoln University, Canterbury
Museum and Brian Patrick’s personal collection:

e Riccarton Bush, Christchurch - 11 January 1977 B H Patrick (Otago
Museum).

e Dunsdale Scenic Reserve, Southland - 13 December 1980 B H Patrick
(Otago Museum).

o Klondyke Corner, Arthurs Pass National Park - 7 December 1982 C
Muir (Lincoln University).

e Riccarton Bush, Christchurch - 25 January 1983 C Muir (Lincoln
University).
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Riccarton Bush, Christchurch - 25 November 1983 C Muir (Lincoln
University).

Riccarton Bush, Christchurch - 15 January 1988 C Muir (Lincoln
University).

Prices Valley, Banks Peninsula - 27 October 1988 C Muir (Lincoln
University).

Prices Valley, Banks Peninsula - 7 November 1988 (two specimens)
C Muir (Lincoln University).

McQuilkans Creek, Swampy Summit near Dunedin - 28 December
1994 B H Patrick (Otago Museum).

Prices Valley, Banks Peninsula - 9 December 2013 B H Patrick
(Private Collection).

The above records of S. endotherma collected by Carol Muir in Riccarton
Bush were published by Muir et al. (1995).

~

Plate 3: Holotype female stored in the Canterbury Museum. Image
courtesy of Landcare Research Ltd. Scale along the top is in millimetres.
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Distribution and Ecology

Stathmopoda endotherma is a small shiny dark brown moth with a fairly
distinctive wing pattern and appears to have a wide distribution across the
South Island, but is never common. Based on the museum records, it
occurs in indigenous forest between late October and January. It is quite
likely that, in common with some other Stathmopoda spp., the larvae of S.
endotherma feed on scale insects (John Dugdale, pers. comm., April
2014), and this predatory behaviour might explain their apparent rarity.

Conservation

This new information on Stathmopoda endotherma was taken to a recent
meeting of the Department of Conservation’s Lepidoptera Panel on 28-
29 April 2014 in Auckland. Based on the collation of specimen records, its
distinctiveness and a better understanding of its likely biology, the panel
moved Stathmopoda endotherma to At Risk-Naturally Uncommon.

Further Work
None is suggested at this stage.

Gymnobathra ambigua

Taxonomy

Hudson (1928) included and illustrated Gymnobathra ambigua and G.
thetodes separately in his large volume on New Zealand butterflies and
moths. Gymnobathra ambigua was listed as Barea  ambigua.
Gymnobathra thetodes also has the Port Hills listed as a locality. At first
glance, his illustrations of each appear to be markedly different species,
but on close examination and reconciliation of the wing markings, wing
shape, size, and overall appearance, they bear a close resemblance to each
other.

Other experts believe that Gymnobathra ambigua is a synonym of
Gymnobathra thetodes, and that the latter was wrongly synonymised under
Gymnobathra dinocosma by Dugdale (1988) (Dr Robert Hoare, Landcare
Research Ltd., pers. comm.2013).
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This is not the forum to address that synonymy, but this report will
nevertheless treat G. thetodes as the valid name for thistaxon.

Discovery

The small distinctively-marked moth ~ Gymnobathra  thetodes
(Oecophoridae) was discovered by Richard Fereday at Akaroa on 16
January 1872 and described by Edward Meyrick in 1901. Fereday found
one male, which is stored in the British Museum of Natural History
(Plate 5).

Another Fereday specimen, collected a few days later on 19 January 1872,
presumably from the same locality, is in the Canterbury Museum.
Interestingly it has a note on the label stating “Akaroa under hanging trees
and dead branch”. A further Fereday specimen is undated, and simply
states “Oakley window”. Oakley Station, near Southbridge, north of the
Rakaia River close to its mouth, is where Fereday lived with his brother
when he first moved to New Zealand in the early 1860s (Johns 1993).

William Heighway and Stuart Lindsay collected adult Gymnobathra
thetodes (as Gymnobathra ambigua) from various localities in or close to
Christchurch, including Burwood, Dean’s Bush (now Riccarton Bush),
Brooklands, Prices Valley (Banks Peninsula), Puke Atua (Port Hills),
Hoon Hay Bush, Spreydon, and Mount Grey, northwest of the city,
between 1922 and 1924. In 1926, Alfred Philpott described Gymnobathra
ambigua from the collections above, and designated the earliest specimen,
a male, collected by William Heighway at Horseshoe Lake on 9 November
1922 as the Holotype. Subsequently Stuart Lindsay and other unknown
collectors found it at other Canterbury sites, including the Conway River
and Claverley in North Canterbury and at Puhi Puhi, Kaikoura, and
Pleasant Point, South Canterbury, between November and February, over
the years 1931-1938. The Gymnobathra ambigua Holotype and the other
18 specimens are stored in the Canterbury Museum (Plate 4).

Recent Collections

Based on the literature and museum specimens, this moth was once fairly
widespread across Canterbury and north to Kaikoura, but has been
collected much less frequently in recent times. The Otago Museum
collection contains two specimens:
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e Fyffe Scenic Reserve, Kaikoura - 6 February 1991, John Ward.
¢ Riccarton Bush, Christchurch - 21-31 January 1995, in a Malaise trap
run by Pat Quinn.

Dr Robert Hoare has specimens collected over the past decade from
Kaikoura, and Ship Cove, in the Marlborough Sounds, that match
Gymnobathra thetodes (Robert Hoare, Landcare Research, pers. comm.,
September 2013). Additionally, he has a possible record, or more likely a
new species related to G. thetodes, from the Stratford Plateau, Taranaki,
based on five specimens that he reared from dead wood of Brachyglottis
elaeagnifolia. Frank Chambers also found this entity at Opunake, in
Taranaki, in the 1970s.
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Plate 4: Holotype of Gymnobathra ambigua in the Canterbury Museum.
Image courtesy of Landcare Research Ltd. Scale at top is in millimetres.
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Conservation

Gymnobathra thetodes has undergone a major reduction in range and
population size since European settlement. This is especially so for the
now much expanded Christchurch City where most of the early records of
Lindsay and Heighway were made. Despite much search effort by the
report author over the past three years, and searches by others such as
Carol Muir over the period 1980-1988 (Muir et al. 1995) and Denise Ford
(2013), both of Lincoln University, no further specimens have been found
in the greater Christchurch City area. The only recent Christchurch City
record is from Pat Quinn’s Malaise trap in Riccarton Bush in1995.

Plate 5: Lectotype male of Gymnobathra thetodes is stored in the British
Museum of Natural History. Image courtesy of Landcare
Research Ltd. Scale at top is inmillimetres.
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Riccarton Bush (8 ha), now within Christchurch City, is a major protected
area on the Canterbury Plains and the largest remaining podocarp forest
remnant on the low plains. Gymnobathra thetodes may still exist here, but
is rare, as despite 49 collecting expeditions over the years 1982-1988 it
was not found by Carol Muir and colleagues (Muir et al. 1995). There are
several recent records for the species in the Kaikoura region north to the
Marlborough Sounds, but this is a large and relatively under-collected
region, so little can be said of the moth’s statusthere.

This new information on Gymnobathra thetodes was taken to a recent
meeting of the Department of Conservation’s Lepidoptera Panel on 28-29
April 2014 in Auckland. Based on the collation of specimen records both
old and recent, and the probably synonomy of Gymnobathra thetodes and
G. ambigua the panel moved Gymnobathra thetodes to AtRisk-Relict.

Further Work
The following actions are suggested for Gymnobathra thetodes:

o Survey for the species in the Kaikoura area over the months November-
December, to ascertain the conservation status of the species there.

e Formally make the synonymy discussed above to clarify the
nomenclature of Gymnobathra thetodes and G. ambigua (Dr Robert
Hoare is a suitable person to undertake this work as he is a specialist in
this group).

e Ascertain the identity of the Gymnobathra species noted from the
Stratford Plateau and Opunake and check its relationship to
Gymnobathra thetodes and G. ambigua.

e Confirm or reassess the At Risk-Relict status of Gymnobathra thetodes,
based on any new evidence found.

Scythris “stripe”

Taxonomy and Biology
In New Zealand, the family Scythrididae is a relatively species-poor family
of tiny but elegant moths, with at least nine known species in  collections.
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There has been no recent revision of the group in New Zealand, but there
are five named species.

Ecologically, they inhabit a range of ecosystems - from coastal shrubland,
through to riverbeds, lower slopes of hills, low alpine wetlands and
shrubland to alpine scree and herbfield - with each species having a
defined habitat. As adults they are active by day and are not attracted to
light.

For some species, the larval host plant is well known, with hosts including
shrubs such as Hebe odora, H. epacridea, H. pauciramosa, and
Carmichaelia species; herbs such as Raoulia subulata and various
specialist scree herbs. It is likely that other Raoulia species are also larval
hosts, judging by the riverbed habitats of some species.

It is much easier to obtain adults of Scythris species by rearing rather than
by searching in the field. They are difficult to find in the field as they are
small and do not come to light traps, probably because of their diurnal
behaviour. It may therefore be easier to relocate this species by rearing
anything that looks like the Scythris larval stage.

Discovery

John Dugdale found one male specimen of a very attractive and new
species of Scythris (Scythrididae) at Birdlings Flat, Kaitorete Spit in
daylight on 31 October 1987 (Plate 6). Despite much search effort by the
original discoverer, Dr Robert Hoare, Brian Lyford, and Brian Patrick, no
further specimens have ever been seen there or elsewhere. Dugdale recalls
exactly where he found this single specimen and details about the
particular vegetation community. The site where he found it is behind the
township in what is now a covenanted tract of low shrubland dominated by
Coprosma propinqua and open stonefield. Approximately 23 species of
indigenous woody plants, including lianes, occur here, along with a few
indigenous herbs and grasses, with lichens on the ground and on patches of
wave-smoothed exposed stones.
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Conservation

This distinct new species of Scythris has only been found on a single
occasion, and in relatively recent times. Despite much further search effort
up to October 2014, it has not been recollected at its original location or
elsewhere. It remains a mystery.

It is possible that the original site has been degraded in some way since
1987, as it was formerly farmed quite intensively with different farm
animals and the land management included some shrubland clearance. The
site is now protected with a covenant, the vegetation appears to be stable,
stock is excluded, and periodic weed control is carried out.

Interestingly, Kaitorete Spit has two other Scythris species, one of which,
Scythris niphozela, is endemic to the gravel barrier. This species and the
much more widespread S. epistrota have larvae that feed on the local
endemic broom Carmichaelia appressa (Patrick 1994). Both S. epistrota
and S. niphozela emerge as adults over October-December, but while the
former is common, the latter is rare. It is possible that the new Scythris is
an even rarer inhabitant of these prostrate and extensive Carmichaelia
appressa shrublands.

Another possible host for Scythris “stripe” is the sprawling Muehlenbeckia
ephedroides. This plant has one of its largest populations nationally on
Kaitorete Spit, and is particularly abundant at the eastern end of the Spit,
close to where the moth was discovered.

This new information on Scythris new species was taken to a recent
meeting of the Department of Conservation’s Lepidoptera Panel on 28-29
April 2014 in Auckland. Based on the search effort that has gone into
attempting to re-locate the species, the threat to these sorts of indigenous
plant communities and the moth’s agreed distinctiveness, the group moved
the species to Threatened-Nationally Critical.
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Plate 6. Drawing of Scythris ‘stripe’by John Dugdale. Wingspan about
12 mm. Used with the artist’s permission

Further Work

e Continue to survey opportunistically for this species, particularly on
Kaitorete Spit over the period October-November, paying special
attention to the Carmichaelia appressa and Muehlenbeckia ephedroides
shrublands.

e Experienced entomologists should search for larvae or larval damage
and attempt to rear adults to deduce the host plant, ecology, population
size, and possible threats.

e Confirm the Threatened-Nationally Critical conservation status of the
species, based on any new evidence found.
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Conclusions

Based on recent new field surveys, examination of collections, re-
evaluation of relevant literature and discussions with colleagues, which
included a meeting of the Lepidoptera Panel of the Department of
Conservation, the five formerly Data Deficient moth species have all been
re-assessed and moved to a more appropriate threat rankings, as follows:

Epichorista lindsayi is now Nationally Endangered.
“Cnephasia” paterna is now Nationally Endangered.
Stathmopoda endotherma is now Naturally Uncommon.
Gymnobathra ambigua (as G. thetodes) is now At Risk-Relict.
Scythris new species “stripe” is now Nationally Critical.

These re-assessments will be published by the Department of Conservation
in a stand-alone publication for all New Zealand Threatened Lepidoptera
in 2014.
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Abstract

Between October 2007 and March 2008, | carried out field observations
and a semi-controlled pilot experiment to become familiar with the
biological and phenological aspects of U. maorialis. In my observations, |
noticed that U. maorialis last instar larvae tend to abandon their host plants
before pupating, and, thus, it is common to see larvae crawling away from
their host plants. | was interested in knowing how far from its host plant a
larva could go before pupating. To that end, | carried out measures in
controlled and semi-controlled conditions to evaluate the distance to which
a larva could move away from its host plant to pupate. My observations
indicate that larvae can move a wide range of distances, from a few
centimetres to several meters, away from their host plants.

Key words: Wellington gardens, kowhai moth, egg clusters.

Introduction

Uresiphita maorialis (Felder), also known as the kowhai moth, is a
Lepidoptera species of the family Crambidae known to feed on
quinolizidine alkaloid-bearing plants (Leen 1997). During summer
(February 2008), | observed last instar individuals of U. maorialis larvae
climbing walls and moving away from their host plants in gardens of
Wellington city. In one particular case, all the larvae seemed to come from
a single heavily infested Sophora molloyi tree occurring in a garden
located in the Kelburn neighbourhood. As many larvae became quite
conspicuous when crawling across the pavement and on clear coloured
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walls, | decided to measure how far from their host plant a last instar
caterpillar would go before entering the pupastage.

In order to carry out the observations, | marked two heavily infested S.
molloyi plants occurring in two gardens of the Kelburn neighbourhood in
Wellington. Plants were chosen for being isolated (more than 20 meters
away) from other potential hosts (e.g. Sophora spp. plants, gorse, lupin)
that could serve as shelters for the larvae. | visited both trees on the last
week of February (2008), when the second generation of larvae would be
about to enter the pupation stage (Mundaca 2012). | located as many last
instar larvae as | could find that; 1: showed signs of entering the pupation
stage (body slightly engrossed, immobility), 2: had already commenced the
pupation stage (profusion of silk threads around the body, first signs of the
cocoon), and 3: had already fully entered the pupation stage.

With a measuring tape, | recorded the distance that the larvae had managed
to move from each S. molloyi host plant. Simultaneously, | kept 35 last
instar larvae, collected from infested S. microphylla trees, on two S.
microphylla potted plants in a temperature-controlled room at a Victoria
University of Wellington facility. Twenty last instar larvae were put on
the first potted plant. One week later another fifteen larvae were put onthe
second potted plant. Plants were foliated enough to ensure food
availability for the larvae to not only avoid starvation, but also prevent the
larvae from leaving the plant because of the lack of food. | covered the
base of the potted plants with conic pieces of cardboard to allow the larvae
to leave the potted plant and crawl away freely. After 5 days on each
plant, five larvae died (two in the first plant and three in the second plant)
for unknown reasons.

For the first S. molloyi plant | recorded larvae pupating at distances
ranging from 3 to 740cm from the host (n=17) (Figure 1A). For the
second plant I recorded larvae pupating at distances ranging from 3-891cm
(n=15), with a particular larva found to be pupating 891 cm away, and with
three other larvae pupating at distances ranging between 7 to 8 meters
from the host plant (Figure 1B).

In the laboratory experiment, thirty larvae placed on S, microphylla were
found to abandon their host plant and enter the pupation stage. For the first
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plant, | recorded larvae pupating at distances ranging from 0-402 cm
(n=17), with a maximum distance recorded of 402cm from the host plant,
and only two larvae pupating at more than 3 meters from the host plant
(Figure 1C). For the second S. microphylla plant, the larvae managed to
move away and pupate at distances ranging from 2-233cm (n=13). The
maximum-recorded distance was only 233cm (Figure 1D).

740
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Plant 1

Figure 1. Diagram showing distances (*) where larvae were observed
pupating for each host plant of both species: A,B) S. molloyi and C,D)S.
microphylla. Distances from host plant are shown incm.

(*) Diagrams do not necessarily reflect the exact position of each larva
from its host plant, as they were arranged to show a better perspective of
dispersion distances.

In general, larvae kept on S. microphylla potted plants managed to disperse
shorter distances than those observed in the garden plants (Figure 2).
Although the number of observations was limited, I initially expected the
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larvae in the gardens to disperse less distance from their host plants. My
assumptions were based on the fact that many larvae seem to search for
shelter before pupating. The more heterogeneous habitat surrounding S.
molloyi plants was then expected to be more suitable in providing pupation
shelters, such as litter, stones, cracks or other plants. Considering the fact
that observations on S. molloyi were carried out in non-controlled
conditions, the distances recorded for some larvae (particularly those
greater than 5 meters) should be taken with reserve, as some of those
larvae could, for example, have come from another source and not from
the studied host plant. Although this possibility needs to be taken into
consideration, it seems unlikely that this was the case in these observations
since no other Sophora plant was located near the observed plants.
Furthermore, the controlled experiment showed that larvae rarely disperse
more than 4 meters from their host plants when entering the pupation stage

A) S. molloyi B) S. microphylla
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Figure 2. Frequency histograms showing the distribution of distances
recorded for larvae dispersing from two individual plants of S.microphylla
(A, n=30), and two plants of S. molloyi (B, n=32) before pupating.

Many immature instars of Lepidoptera are known to disperse from their
host plants in early instars (e.g. Varela & Bernays 1987) and to abandon
their host plants before pupation (Kakimoto et al. 2003; Kingsolver et al.
2011). The mechanisms that drive such behaviour, however, are not
completely understood and have been attributed to different strategies,
such as avoiding high larvae densities (Kakimoto et al. 2003), finding
appropriate pupation sites (Rausher 1979; Kingsolver et al. 2011), finding
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new host plants (Bernays 1995), entering diapause (Rutowski et al. 1987)
or a dispersing mechanism (Zalucki et al. 2002). In the case of U.
maorialis, | have observed that even earlier instars (3" and 4™) have the
capacity to abandon their host plants when they run out of edible foliage,
in which case they remain near the host plant to return to it after one week
of presumably searching for food elsewhere. This behaviour allows the
plant to regenerate part of its lost foliage. Whether larvae found shelter in
another kowhai plant or in an alternative host, and how they manage to
survive while the host plant is regenerating its foliage is still unknown.

In terms of the dispersion, finding an appropriate pupation site could be a
key to explaining such behaviour. Observations carried out in urban
gardens showed that larvae climbing clearly coloured walls become quite
conspicuous to predators, especially to sparrows (Mundaca 2012). This
may indicate that finding a suitable place to pupate could be difficult and
risky, and potentially take longer than, for instance, in a natural
environment, and that many of the recorded larvae simply entered the
pupating phase before reaching a suitable place to pupate.

The observed distances described in this short communication are the first
of its kind so far for U. maorialis, and could provide interesting clues to
understand the mechanisms of larval dispersion of this species. These
observations could help, for example, to manage distances between kowhai
plants in parks and gardens in order to minimise infestation by the kowhai
moth.
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Can the endemic New Zealand noctuid moth,
Nyctemera annulata, (Lepidoptera, Noctuidae) detect
sounds made during predation by bats?

Catherine Leader
Department of Medicine, University of Otago, Dunedin
Email: leaca009@student.otago.ac.nz

Introduction

One of the most absorbing examples of predator-prey relations is the ‘arms
race’ between echolocating bats and their night-flying prey (reviewed by
Conner and Corcoran, 2012). An essential initial component of the
escalation of this contest was the development, by the potential prey, of a
mechanism for detection of the sonar generated by the bat, enabling escape
responses. Roeder (1962, 1966) was among the first to describe in detail
the methods used by flying moths to escape from bats. These may be
collectively described as a ‘startle response’ (Hoy et al., 1989; Fullard et
al., 2004), involving a sudden change in behavior, such as a rapid change
in flight direction, freezing or diving. More advanced responses involve
the ability to ‘jam’ or confuse the bat’s echolocation by emitting bursts of
ultrasound (Fullard et al. 1994).

The experiments reported here were planned to test whether the day-flying
moth Nyctemera annulata was capable of responding behaviourally to
sonar emitted by native bats, thus showing that they possessed functional
ears.

Methods:

The moth Nyctemera annulata was until recently relatively common in the
Auckland region, but development and herbicides have greatly reduced its
abundance. Therefore, larvae of Nyctemera annulata were collected from
the West Coast of the South Island, New Zealand, where it is still
abundant, and reared to adulthood on a diet of ragwort, Jacobaea vulgaris.
Larvae of N. annulata are easily distinguished from a close Australian
relative, N. amica, which occurs in New Zealand, and with which it readily
hybridizes, by the presence of hair pencils protruding from the head region
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of N. amica. Adult insects were used for experiments within a few days of
emergence.

Two species of bat presently occur in New Zealand, the short tailed bat,
Mystacina tuberculata, and the long tailed bat, Chalinolobus tuberculatus.
C. tuberculatus is an aerial insectivore which feeds predominantly on
small moths and other nocturnal insects, while M. tuberculata tends to
locate its prey by foraging among leaf litter and low vegetation, eating
both flying and non-flying insects.

To examine the responses of the moth to ultrasound, experiments were
conducted in an anechoic chamber. Moths were prepared for experiment
by cooling them to 4°C and after carefully removing scales from a small
area of the thorax a light cotton thread was attached with a drop of
‘superglue’. The other end of the thread was attached to a thin wire
suspended from the roof of the chamber, and adjusted so that the moth was
free to fly but remained with the field of view of a high-speed camera, and
also within 10 cm of an ultrasonic loudspeaker. A period of 15 to 20
minutes was allowed to elapse to bring the moth up to room temperature
(20-24°C), prior to experiments. During this period the moth was allowed
to clutch a small ball of soft paper to inhibit flight. When this was
removed the insect generally commenced flight and continued flying for
some time.

To examine the effect of sound stimuli, the moth was presented with short
bursts (1 second) of either a cricket call, echolocation calls of the long-
tailed bat or the short tailed bat, or a period of silence, in a random
sequence. Bat calls had been previously recorded digitally at a sampling
rate of 220 kHz with 12 bit precision, while the cricket call was recorded at
44.1 kHz. Bat calls were replayed from a custom-built programme in
MatLab (v7.1, Mathworks Inc., Nattick, MA), converted into an analogue
signal using a D/A converter (National Instruments PXI-6070E), and
adjusted so that the loudest call in the sequence was 110 dB at a distance
of 10 cm., so as to simulate a hunting bat. Cricket calls were replayed
through a standard speaker at a maximum intensity of 90 dB.

Records of the responses of the moths to acoustic stimuli were recorded
using a Marlin F131B digital video camera (Allied Vision Technologies,
Germany) fitted with a 10 mm wide angle lens. Illumination was provided
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by a second camera with incorporated infra-red light emitting diodes
(LED) (CPcam Security CCD camera (CPC271P/F40). Output from the
Marlin camera was recorded at 140 frames per second, with an image size
of 400 by 180 pixels, using Active Cam Viewer software (Allied Vision
Technologies) and later analysed using Virtual Dub software
(www.virtualdub.org). To synchronise speaker output and  moth
responses, the sound stimulus was recorded using a microphone and
amplifier, and a second channel was used to record a manually driven
square wave which also pulsed a LED recorded by the camera.

Experimental Procedure.

Once the tether was ready, the moth was placed in the chamber and its
holding surface removed, forcing it to take flight. Both camera and
microphone were switched on, the lid of the chamber was shut and a trial
sequence begun. Each trial consisted of a one second period of silence ora
call of a cricket or one of the bats. The moth was then allowed a rest
period of at least 30 minutes before a second test. Each moth was
exposed to one control stimulus (silence or a cricket call) and one test call
(either C. tuberculatus or M. tuberculata), presented in a random order.
Each trial involved 12 moths.

A pilot study of ten moths was initially carried out to identify and
characterize the range of behaviours of the moths observed when given
acoustic stimuli. Responses of eared flying insects to bat sonar have been
described as ‘freeze’, in which wings stop all movement (Hoy et al.,
1989); ‘drop and freeze’, in which wings cease beating and the insect
falls vertically (Roeder, 1966; Hoy et al., 1989); ‘controlled dive’ in
which the moth descends in a spiral motion (Roeder, 1966); and ‘power
dive’ when the moth dives vertically (Roeder, 1966). Not observable in
these tethered moths is a common activity described as a ‘turning and
flying away’ behaviour (Roeder, 1966, 1975; Hoy et al., 1989; Corcoran
et al., 2011), although it was possible to detect when the moth changed
direction. A number of other previously undocumented behaviours was
also noted.

Each experimental period was divided into three sections, before, during
and after the stimulus, and the proportions of each behavior during each
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section recorded. These were then compared across the different stimuli
using two-way ANOVA followed by a Tukey HSD test.

Results

In all but a small number of occasions, once the holding surface was
removed, flying began and in the absence of a stimulus would continue
throughout the experimental period, although there was a tendency for
some moths to cease flying. Initial study of the preliminary video
recordings enabled ready identification, during application of a sound
stimulus, of the behaviours previously described. In addition a number of
other actions was found, none of which was repeated often enough to
justify inclusion in an experimental analysis. These included gliding, in
which the wings were spread out flat and immobile, alterations to the
shape and frequency of the wing beat, and erratic leg movements.

Figure 1 illustrates the most significant changes in flight behavior when
the moth was exposed to the control stimuli or the sound of the short-tailed
bat, M. tuberculata. Prior to the stimuli, almost all moths flew regularly.
They continued to do so when the experimental stimulus was either a
period of silence or a cricket call, although flight activity fell away
significantly during the post-stimulus period. In marked contrast, moths
which were flying normally prior to exposure to the call of a short-tailed
bat, showed an abrupt change in behavior. Most commonly the moths
‘froze’, stopping flight altogether, and this occupied about 60% of the total
experimental period. When the stimulus was removed most of the moths
resumed flight, although a significant contribution (about 20%) was made
by ‘freezing’. In addition, often a part of the time during the stimulus
application was spent in ‘fluttering’, in which wing beats only involved the
upper half of the full cycle. This continued after the stimulus ceased,
although at a reduced level. Other activities were noted and recorded but
these were not significantly repeated components of the behaviour.

Figure 2 illustrates the most significant changes in behaviour when the
moths were exposed to either the control stimuli or the sound of the long-
tailed bat, C. tuberculatus. The histogram reveals a similar pattern in the
response, although this is less dramatic. While the two control stimuli fail
to make a large change in flight behavior before, during and after the
stimulus, there is a very significant increase in ‘freeze’ behavior in
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response to the test stimulus, and this is continued after the stimulus
ceases, although it is difficult, when the moth is tethered, to clearly
distinguish between ‘freezing’ and a refusal to fly as a result of exhaustion.

Discussion

The experiments reported here demonstrate that adults of the moth
Nyctemera annulata can detect and respond behaviourally to ultrasound
emitted by New Zealand bats, although this response is not unequivocal, at
least as determined under the slightly artificial conditions of the
experiment. This raises a number of interesting questions. The most
pertinent of these is why a diurnal moth should retain the ability to hear
bats, when the possibility of predation will never arise. It might be
expected that an organ for which there is no longer a use would be lost in
evolution. Fullard and Dawson (1999) consider this problem at some
length, suggesting that diurnal moths have retained ears for one of three
reasons. First; it is possible that the ears are vestigial and are in the
process of disappearing. Second, the moths although mainly diurnal,
sometimes fly at dusk and thus the retention of ears for bat detection is still
valuable. Third, the moths use the ability to detect sound for other
interactions, either inter- or intra-specific. Fullard and Dawson (1997)
argue that the evidence is equivocal, for while deafness has been
demonstrated in habitats that are bat-free, e.g. French Polynesia (Fullard
1994) or with a reduced bat population, e.g. Hawaii (Fullard 1994), moths
from the Faroe Islands, which are also bat-free, have fully functional ears
(Surlykke, 1986).

Critical to arguments about the role of hearing in this moth would be
knowledge of the spectral sensitivity of the auditory apparatus. The results
suggest that the moth is relatively insensitive to auditory stimuli, since the
time spent in inactivity, or escape responses, during the stimulus was
relatively small. It is possible that this represents a relative reduction in
sensitivity to high frequencies. An alternative and interesting possibility
has been suggested by Fullard (1988). He considers that it is possible that
the function of hearing in some insects may be to detect the crackling of
the undergrowth of approaching predators. This would be of .potential
value to an insect which is normally motionless at night.
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Respiratory efficiency of the larva of the caddis fly
Triplectides  obsoleta  McLachlan  (Trichoptera,
Leptoceridae). 1. Respiratory movements.

Simon Milton
Tikipunga High School, 194 Corks Road, Tikipunga 0112
Email: Simonm@tikihigh.school.nz

Introduction

Ross (1964) described five basic types of trichopteran larvae, free living,
net builders, saddle case builders, purse case builders and tube case
builders. Morphologically the three types of case builders, saddle-, purse-
and tube- demonstrate progressive consolidation of the anal claws and
hooks, culminating in the two anal hooks directed laterally and anchoring
the insect in its case at the opposing mid-lateral points. Ross argued that
the evolution of the Trichoptera began with free living larvae, much like
the present-day Families Rhyacophilidae and Philopotamidae, which have
largely colonized swift-flowing mountain streams rich in dissolved
oxygen, and the subsequent development of the group has included the
acquisition of adaptations which have enabled the larvae to colonise lentic
and lotic habitats, environments characterized by higher temperatures and
progressively more anaerobic conditions. Such larvae generally construct
cases made of carefully selected materials bound together with silk, which
serve not only for protection, but also as a means of ventilating the
abdominal tracheal gills. Rhythmic undulations of the abdomen can be
used to take water in through the front of the case and expel it through the
back, thus increasing the gradient of oxygen concentration across the gills.

The larva of the leptocerid caddis fly, Triplectides obsoleta, is common in
streams and lakes throughout New Zealand, is large and can be easily kept
in an aquarium. Unlike almost all other trichopteran cased larvae, which
construct their cases out of characteristic and carefully chosen materials, it
instead occupies hollow sticks or small twigs, and therefore has very little
control over the internal diameter of its case. A priori, case diameter
should affect the efficiency of water flow through the case and hence the
efficiency of oxygen uptake. Experiments were therefore carried out to
determine the efficiency of oxygen extraction by the larva.
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Methods:

Larvae were collected from streams near Auckland and mature larvae
selected for experiment. They were kept in aerated fresh water at 18°C.
Oxygen uptake was determined by inserting a single larva into a small
sealed box of known volume, filled with water, which was kept well
stirred, and measuring the fall in oxygen concentration over time with a
Beckman oxygen electrode. Measurement of ventilation frequency was
achieved by placing an isolated larva in an artificial case made of glass
tubing carefully pulled to reach the same internal diameter as the original
case. The larvae could be removed from their cases by the gentle insertion
of a blunt needle into the rear end, and after introduction into the glass tube
they usually remained in it. The artificial case was sealed with wax into a
Perspex partition dividing a chamber into two compartments, each of 130
ml. A balanced thermocouple, in a Wheatstone bridge configuration,
placed near the rear of the tube recorded the slight change in temperature
caused by changes in the flow rate through the tube, and this was amplified
and displayed on a pen recorder to give a measure of the frequency of
respiratory movements.

Total water flow through the artificial case was determined using a dye
dilution technique. The dye amaranth (Azorubin-S), was added to the
anterior chamber to give a concentration of 0.1 mmol I* and 0.5 ml
samples of the posterior chamber were taken at regular intervals. The two
chambers were kept at constant volume by a siphon connecting them. Dye
intensity was measured as absorbance at 525 nm using a Beckman
spectrophotometer, and the volume transferred over the gills of the insect
calculated.

In all experiments the water used was well oxygenated beforehand, and
experiments were carried out at room temperature (18°C)

Results

Respiratory movements.

The larva (Figure 1) possesses a lateral tuft of tracheal gills on abdominal
segments 2-7. These are irrigated by rhythmic dorsoventral undulations of
the abdomen, which is held in position within the case by the anal claws at
the posterior end of the abdomen, and, at the anterior end, by three fleshy
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protuberances of the first abdominal segment, one dorsal and two lateral.
These rhythmic movements of the abdomen, initiated anteriorly and
passing back to the rear, then serve to drive a flow of water from the front

of the case to the back.

g o [
A\ LM /
(

Figure 1. The larva of Triplectides obsoleta. Legend: dp-dorsal process; g-
tracheal gills; ht-heart; Ip- lateral processes; It —lateral line; pg-pygopod;

pn- pronotum.
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Oxygen consumption.

The rate of oxygen uptake by three larvae is shown in Table 1. It was
found to have a mean value of 4.3 nl mg fresh weight™ min® at 18°C,
although this varied considerably between insects.

Weight (mg) Time (min) Oz used (ul) 0O, consumption
(ul mg™ min™)

238.29 220 173.9 0.0033

51.77 100 23.3 0.0045

103.56 115 63.0 0.0052

Table 1. Oxygen uptake by larvae of T.obsoleta in well oxygenated water
at18°C

Frequency of ventilatory movements.

Undulations that produce an anterio-posterior flow of water through the
case take place in the dorso-ventral plane from the second abdominal
segment rearwards. Observations of the larvae in a ‘case’ of glass tubing
revealed that the fleshy dorsal protuberance on the first abdominal segment
was braced against the dorsal part of the case, pushing the ventral surface
of the segment against the floor, thus making a firm anterior base against
which the abdominal longitudinal dorsal and ventral muscles contract
alternately. Posteriorly the pygopods secure the rear of the larva, while the
lateral protuberances on the first abdominal segment position the larva
centrally in the case enabling a flow of water over the laterally positioned
tracheal gills on abdominal segments 2-7. This arrangement means that
the larval thorax is free to move about, while the soft and vulnerable
abdomen is still protected by its case, and respiratory activity and
locomotion are thus independent. Clearly the amplitude of the respiratory
wave, and its propulsive efficiency, is primarily determined by the
diameter of the case, although the larva can, to some extent, extend or
contract the abdomen to ensure a better fit.

Respiratory movements occur intermittently, a period of activity lasting for
several minutes is followed by an interval, in well oxygenated water, of
two or three minutes. The mean frequency of ventilation is shown in
Table 2.
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The mean frequency of ventilatory movements was found to be 8.5 £ 0.3
beats min™, although this incorporated some periods of inactivity. The
frequency was increased considerably in water of low oxygen content, and
the periods of inactivity decreased also (data notshown).

Weight (mg) | Duration Ventilatory Frequency(Beats
(min) movements min™)
48.26 15 120 8.0
30 272 9.1
56.21 15 123 8.2
60 421 7.0
50.5 15 146 9.7
30 269 8.9
30 270 9.0
60 475 7.9

Table 2. The frequency of ventilatory movements made by the larva of
T.obsoleta in well oxygenated water at 18°C.

Stroke volume of ventilatory movements

The volume of water flowing past the gills is dependent not only on the
frequency of the ventilatory movements but also on the stroke volume, the
amount of water transferred per pulse. Results of measurement of the
volume of water passing through the cases are shown in Table 3.

Larval weight | Time (min) Fluid flow (ml) | Flow rate (ul
(mg) min™)
62.1 10 2.850 285.00
10 4.787 478.7
75 12.43 165.7
76.28 20 16.97 848.6
30 9.522 317.4
40 14.341 368.5
74.25 30 4.697 156.6
40 9.017 225,4
40 13.773 344.3
60 15.679 258.0
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Table 3. Flow of water through the case of larval T obsoleta

The mean rate of water flowing through the larval case of Triplectides was
found to be 343.2 + 63.7 ul min™ (n=10). This was a mean value
measured over several minutes and incorporated periods of inactivity, and
hence the calculated volume of water ejected per pulse, about 40 pl, is an
underestimate.

Discussion

The mean rate of oxygen use by the larva of Triplectides in well aerated
water was found to be 4.3 ul gm™ min™. This corresponds well with
published figures for aquatic insects, although this rate can vary over a
wide range; not only with size and ambient oxygen tension, but also with
time of day and activity (Slama 1984; Nespolo et al, 2003). Mechanisms
of oxygen uptake by insects have been reviewed in detail by Chapman
(2013). It is interesting to note that oxygen uptake by an insect using
tracheal gills, such as Triplectides, is intrinsically less efficient than in
mammals, where an intimate relation is established between blood and gas,
and the diffusion gradient is steep. In an aquatic insect oxygen has to
diffuse through a layer of chitin in the outer cuticle and then reach the site
of metabolism by diffusion down narrow tubes to the tracheolar end cells.
An ‘order of magnitude’ calculation shows that a larva weighing 75 mg
will consume about 0.32 pl oxygen min™, extracting it from the 343 pl of
water passing over the gills. Since this volume, when saturated with
oxygen, contains approximately 2.1 ul of dissolved gas, it follows that the
efficiency of extraction of oxygen from the water is of the order of 15%.
This degree of efficiency must be critically dependent upon the pumping
efficiency of the abdomen and its relation with the wall of the case.
Larvae of Triplectides obsoleta differ from most other cased caddis larvae
in that they do not build their case, but occupy hollow twigs. They must
therefore either adapt their body size to fit respiratory efficiency, modify
their case to accommodate their oxygen requirements, or like hermit crabs
seek out new twigs as they grow. This will be explored in a further article.
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Occurrence of Anabarhynchus fuscofemoratus
Lyneborg, 1992 (Diptera: Therevidae). Note

AC Harris
Otago Museum, PO Box 6202, Dunedin 9059
Email: Anthony.Harris@otagomuseum.govt.nz

Anabarhynchus fuscofemoratus Lyneborg 1992 was for many years known
only from the male holotype collected at ‘Dunedin, Portobello” in 1975.
Officers from the Dunedin branch of the Department of Conservation have
searched in vain for this species. On 14 and 15 December 2014, | found
both males and females of A. fuscofemoratus to be relatively common
inland at Smaills Beach (west of Maori Head on the ocean coast of Otago
Peninsula, approached via Tomahawk Road) in dry sand, a few hundred
metres inland from the fore-dune, and in dry sand near the three tracks to
the beach.
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