





species described in this publication, not collected as part of the voyage. Accession numbers
from the Natural History Museum, London show that it was purchased from Mr Earl who col-
lected widely throughout New Zealand and, at that time, was a resident of Port Nicholson. How-
ever, there is nothing associated with the specimen to show it was collected there. The specimen
from Broun in Genoa has a number of labels attached to it, none of which are original, including
one that reads Nuova Zelanda, Port Nicholson, ex coll. Cap. Th. Broun, 1885: O. aereus White,
teste Th. Broun (Manual N. 31). One cannot be certain of the exact collection locality due to the
lack of original labels aﬁd the Wellington label may simply reflect the published distribution at
the time of acquisition. Based on such locality information, and the absence of more recent mate-
rial, it seems unlikely that O. aereus was ever present in the Wellington region. Specimens have
been collected from a wide variety of habitats including tussock grasslands, shrubland communi-
- ties, beech forest, broadleaf forest and introduced plantation forests. Generally this species is not

associated with W, swampy habitats.

Figure 2.6. A. Male genetalia of O. inaequalis, x=sclertie X, y=sclerite y, AP= apical plate, AP-
1=first apical projection, AP-2=second apical projection. B. Apical plate of O. inaequalis, C.
Apical plate of O. septentrionalis .

Oregus inaequalis (Castelnau, 1867)

Original combination: Mecodema inaequale Castelnau, 1867:76 (redescribed, 1868:162). Type locality: Dunedin,
DN

Type material: No holotype was designated for O. inaequalis, however a series of syntypes,

Dunedin, 13, 37, -.-.1863, are held at GML.
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Other material examined: 19, -.1.1934, BMNH., Bush track Swampy Summit, DN, 1, 26.xi.1993, ITPC., Creek
below Burns Saddle, Swampy Summit, DN, 13, 2?, 1.xi-11.xii.2000, LUNZ., Dunedin, DN, 13, 3?, -.-.1863, GMI
Dunedin, DN, 1?, -.v.1908, OMNZ., Flagstaff Hill, DN, 1?7, NZAC., Flagstaff Hill, DN, 1&, NZAC., Harewood,
DN, 1?, -.-.1908, OMNZ., Leith Saddle, DN, 19, 25.xii.1989, OMNZ., Leith Saddle, DN, 1?, 2.xii.1967,
OMNZ(W)., Leith Saddle, DN, 1?, 24.ix.1966, OMNZ(W)., Leith Saddle, DN, 1?, 5.xi.1967, OMNZ(W)., Leith
Saddle, DN, 1?, 17.vi.1967, OMNZ(W)., Leith Saddle, DN, 29, 673, 3.xi-11.xii.200, LUNZ., Leith Valley, DN, 2?,
18.iv.1960, ITPC., Mihiwaka, nr Port Chalmers, DN, 1?, 21/01/47, BMNH., Morrisons Burn, DN, 17, 12.i.2000,
LUNZ., Mt Cargill, DN, 1, 21.x.1981, NZAC., Mt Cargill, DN, 2?, 22.ix.2000, LUNZ., Port Chalmers, DN, 27, -
.ix.1902, MONZ., Port Chalmers, DN, 1?, -x.1901, BMNH., Port Chalmers, DN, 1?7, CMNZ., Ross Ck, DN, 1&,
12.1.2000, LUNZ., Ross Ck Reservoir, DN, 1?, 18.x.1981, NZAC., Rustlers Ridge, Swampy Summit, DN, 13, 1.xi-
11.x1i.2000, LUNZ., Swampy Summit, DN, 1J, 1?, 11.ii.1995, OMNZ., Swampy Summit, DN, 23, 16.xii.1984-
12.i.1985, BIPB., Swampy Summit, DN, 643, 17.xi.-16.xii.1984, BIPB., Swampy Summit, DN, 843, 39, 32, 24.ix-
29.x.2000, LUNZ., Swampy Summit, DN, 78, 29, 2?, 26.ix-29.x.2000, LUNZ., Swampy Summit, DN, 27?,
29.x.2000, LUNZ., Swampy Summit, DN, 1?, 29.xi.2000, LUNZ., Swampy Summit, DN, 19, 23.xi.1997, EEPC.,
Waitati, DN, 39, 18, 3?, 7.x.1923, AMNZ., Waitati, DN, 27, 7.x.1923, MONZ., Waitati, DN, 1%, 14.x.1923,
AMNZ., Waitati, DN, 17, 11.xi.1923, AMNZ., Waitati, DN, 19, 18.x.1925, AMNZ., Waitati, DN, 4?, 18.ix.1926,
AMNZ., Waitati, DN, 27, 18.ix.1926, BMNH., Waitati Hills, DN, 19, 12.ix.1926, NZAC.

Description: Medium-sized carabid, 14.7 mm-18.8 mm long, black, shiny, with a faint oily blue
aeneous sheen that varies in intensity between individuals.

Head: Antennae nearly moniliform (Figure 2.7D). Mandible curved forming a sharp point, usu-
ally with single scrobal seta, a single tooth. Labrum shallowly emarginate, 6 setae along anterior
edge. Clypeus often wrinkled, distinct lateral depressions; frontoclypeal suture distinct. Longi-
tudinal supraorbital depression distinct, 2 setiferous punctures at inner posterior edge (supraorbi-
tal setae), 2-5 pairs of setiferous punctures contained in a broad shallow transverse depression of
the vertex (Figure 2.7A). Frons smooth, apart from a series of up to 4 distinct wrinkles running
parallel and transverse to anterior portion of supraorbital depression. Gula usually with faintly
impressed transverse lines; gula suture faintly impressed.

Prothorax: Pronotal margin raised, bearing 10-13 setiferous punctures in no obvious groupings;
disc smooth, except for faint lateral basal depressions and occasional short longitudinal wrinkles
at anterior margin; median line distinctly impressed. Proepisterna wrinkled in posterior ventral.
Mesepisterna highly sculptured, sometimes with distinct longitudinal ridge. Mesosternum, me-
tasternum, metepisterna and metepimera with light transverse wrinkles present in lateral regions.
Abdomen: Ventrites 3-5 have single setae on either side of mid-point, ventrite 6 has 3-5 setiferous
punctures on apical margin. Faint transverse wrinkles in lateral regions of all ventrites. Elytral
margin raised, setiferous punctures in groups of 6, 3-4, 7-9; striae 1-7 well-defined, deeply im-

pressed and punctate, striae 8-10 poorly defined. Elytral intervals irregular in apical 1/3.
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Legs: Outer lateral surface of protibia with distinctive line of spines extending from apex to the
base of the antennal cleaning organ. Tarsomeres considerably shorter than in O. aereus, O. sep-
tentrionalis, or O. crypticus.

Male genitalia: apex of aedeagus broad, with slight notch in the ventral surface close to the apex
(Figure 2.4B). Left paramere with distinct apical projection bearing a number of setae (Figure
2.4F); apical two-thirds of right paramere profusely adorned with long hairs (Figure 2.4J). Inter-,
nal sac of aedeégus contains sclerites X, Y and an apical plate covered in long dark hairs bearing
a large and small sclerdtised projection (Figures 2.6A and B); larger projection spatulate and
more heavily sclerotised than smaller distal projection; apex of the larger projection distinctly
extended to right (Figures 2.6A and B).

Feiﬁale genetalia: spermatheca relatively short, unsclerotised, joins bursa copulatrix between
- common oviduct and accessory gland at a small heavily sclerotised helminthoid sclerite. Acces-
sory gland similar in shape to O. aereus (Figure 2.5E), but not sclerotised. Gonocoxites bear 2-3

small spines on inner margin (Figure 2.5B).
Distribution: O. inaequalis has a very restricted distribution (Figure 2.3). Collected from the

Dunedin coastal area it appears restricted to the damp kaikawaka forest and W shrubland/tussock

communities of Swampy Summit and surrounding areas.
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Figure 2.7. A. O. inaequalis head, B. Ventral view of the abdomen of O. septentrionalis, C. Filli-

form antennae of O. aereus, D. Moniliform antennae of O. inaequalis.

Oregus crypticus Pawson, sp. nov.

HOLOTYPE: Woodend & ?.x.1924 C.E. Clarke, AMNZ.
Material Examined:

Culverden,NC, 13, 6.ii.1978, CMNZ., Below Mt Noble, Hurunui Valley, NC, 13, 24.iv.1966, PMJ., Upper
Hurunui Gorge, NC, 18, 20.iv.1962, PMJ., Oxford, NC, 19, ?, CMNZ., Woodend, NC, 1&, ?.x.1924,
AMNZ., Eyrewell Forest, NC, 28.i.2001, 3? E.G. Brockerhoff, Eyrewell Reserve, NC, 28.i.2001, 1?, E.G.
Brockerhoff, Eyrewell Forest, NC, 29.xii.2000, 3? E.G.Bockerhoff.

DESCRIPTION: Medium-sized carabid, 19.5-20.6 mm long, shiny black dorsal surface, red-

brown ventral surface and vividly red/brown legs.
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Head: Antennae as in O. aereus. Mandibles curved to a sharp point, sometimes with scrobal seta.
Labrum shallowly emarginate, 6 setiferous punctures on apical margin; clypeus, broad shallow
transverse depression anterior to well-defined frontoclypeal suture. Two supraorbital setae pre-
sent adjacent to distinct longitudinal supraorbital depression; vertex smooth (in comparison with
O. inaequalis), transverse depression containing 1-2 pairs of setiferous punctures. Gula with very

faint transverse wrinkles.

Prothorax: Pronotal margin raised, with 7-8 setiferous punctures in no obvious groupings; disc
smooth except for distinctly impressed midline with anterior and posterior depressions; lateral
basal depressions faint to non-existent. Ventral posterior regions of proepisterna faintly wrinkled
(much less than O. inaequalis); some longitudinal wrinkling of proepimera. Mesepisterna dis-
tinctly wrinkled; meso and metasterna smooth but occasionally with faint lateral wrinkling.
Metepisterna with a longitudinal ridge that varies in distinctiveness.

Abdomen: Ventrites 3-5 with single setae on either side of the mid-point; ventrite 6 has 1-2 setif-
erous punctures on apical margin and a pair of central setae either side of the midline (Figure
2.7B). Elytral margin raised with setiferous punctures in the following groupings 4-8,1-3 and 6-
7; elytral striae faintly impressed, punctate and regular throughout their length, striae 1-7 more
prominent almost reaching elytral apex; intervals 8-11 difficult to distinguish.

Legs: Femora and tibia vivid red/red-brown in colour. The line of spines on the protibia same as
an O. aereus. :

Male genitalia: tip of aedeagus distinctly enlarged with small notch in ventral surface (Figure
2.4C). Left paramere with small non-sclerotised apical projection bearing long setae, setae also
present- on-dorsal margin (Figure 2.4G). Right paramere bares a profusion of long setae along
entire ventral margin (Figure 2.4K). Internal sclerites X and Y are present, as described for
Oregus, though less sclerotised than in O. inaequalis or O. aereus. Apical plate bears single long
straight sclerotised projection, sparsely covered with lightly coloured hairs.

Female genetalia; spermatheca long, thin, unsclerotised, joins bursa copulatrix adjacent to the
helminthoid sclerite. Accessory gland located on opposite side of spermathecal duct to the junc-
tion of common oviduct and bursacopulatrix. Basal segment of gonacoxite with 3 small spines on

inner margin (Figure 2.5C).

Distribution: Only known from a limited number of specimens, this species is restricted to North

Canterbury (Figure 2.3). Little is known about its habitat preferences, however some specimens
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have been collected from broadleaf shrub tussock communities and recently from introduced pine

plantations in Eyrewell Forest.

Etymology: Named after the cryptic nature of its most identifiable character, the enlarged tip of

the aedeagus that is internal in repose.

Oregus septentrionalis Pawson, sp. nov.

HOLOTYPE: JHanmer State Forest Park, 7.viii.1985, P. Syrett and H. Harman.

Material Examined:

Hanmer State Forest, 197, MB, 3.xii.1987, LUNZ., Mt Percival, 3?, KA, 28.x.1962, NZAC., Mt Percival, 13, 1?2,
KA, 29.x.1962, CMNZ., Seaward Kaikoura Range 17, KA, 13.xii.1993, OMNZ, Sedgemere, 23, 2?, MB, 6.ix.1966,
, NZAC., Jollies Pass, Hanmer, 33,19, MB, 29.x.1962, CMNZ., Hanmer State Fore st, 1?, MB, 8.xi.1985, LUNZ.,
Hanmer State Forest, 37, MB, 7.viii.1985, LUNZ., Hanmer State Forest, 1?, MB, 5.iv.1978, CMNZ., Hanmer , 1?,
MB, 24.ix.1977, LUNZ., Deep Creek, Waiau River, 18 , NC, 14.viii.1962, PMJ., Deep Creck, Waiau River, 19,
NC, 7.viii.1962, PMJ.

Description: Medium-sized, 16.4-18.4 mm long,» carabid shiny black/brown dorsal surface with
red-brown ventral surface and legs.

Head: Antennae as in O. aereus. Mandibles curved with scrobal seta. Vertex, frons and clypeus
generally smooth (more so than other species), convex in outline such that longitudinal supraorbi-
tal depression is shallow and less obvious than other species. Two supraorbital punctures and 1-2
setiferous punctures located in broad shallow transverse depression of the vertex. Labrum with 6
setiferous punctures on a very shallowly emarginate apical margin. Lateral depressions of
clypeus faint, in many cases not present. Frontoclypeal suture defined, but not impressed. Gena
and gula both smooth.

Prothorax: Pronotal margin slightly raised, bearing 6-8 setiferous punctures in no obvious group-
ings; disc smooth, mid line well defined, impressed; basal lateral depressions very faint. Ventro-
posterior regions of proepisterna faintly wrinkled; distinct longitudinal wrinkling of proepimera.
Mesepisterna distinctly wrinkled.

Abdomen: Ventrites 3-5 with 1 setiferous puncture either side of midline; ventrite 6 with 1-3
setiferous punctures either side of midline and 1 or 2 setiferous punctures either side of the mid-
line on the apical margin. Elytral striae faintly impressed, punctate; intervals 1-7 well-defined,
intervals 8-11 difficult to distinguish.

Legs: Red-brown in colour.
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Male genitalia: left paramere with short non-sclerotised apical projection; some specimens with a
group of 4 setae positioned on the inner margin at the base of the apical projection (Figure 2.4H).
Tip of aedeagus flattened (Figure 2.4D). Right paramere profusely setose for apical three-quarters
of its length (Figure 2.4L). Apical plate with few short hairs and a single weakly sclerotised pro-
jection (Figure 2.6C).

Female genetalia: basal segment of gonocoxite with 3 small spines on inner margin (Figure
2.5D); spermatheca long, thin, joining bursa copulatrix at a small heavily sclerotised helminthoid
sclerite, located betw'eenl common oviduct and accessory gland. Accessory gland with distinctly

ribbed section prior to elongate apical portion.
Distribution: O. septentrionalis is the most northern species of Oregus (Figure 2.3), known from
the Waiau -Valley, NC. and several localities in Marlborough. It has been collected from rela-

tively dry beech forest remnants as well as introduced pine plantations.

Etymology: The name indicates its relatively northern distribution.

48



Chapter 3 Molecular Systematics of the Genus Oregus

Introduction

The use of molecular techniques such as DNA sequencing for phylogenetic studies has rapidly
gained momentum in the past decade. This is reflected in the large number of phylogenetic pa-
pers that have a molecular component (Caterino et al., 2000), and the proportion of papers in
journals such as Systematic Entomoldgy and Systematic Biology that utilise molecular tech-
niques. DNA sequencing was seen as an appropriate method to test morphological species desig-
nations as Oregus is morphologically relatively conservative. DNA sequencing provides a means
to analyse the extent of genetic diversity between populations of Oregus that have a few morpho-
logical differences. This genetic diversity can then be compared with that between the currently

designated species.

The cytochrome oxidase I (COI) gene region has been used extensively for studying the phylog-
eny of various groups of Coleoptera, including Carabidae (Galian et al., 1999), Dytiscidae
(Ribera et al., ), Curculionidae (Langor and Sperling, 1997; Kelly et al., 1999; Sequeira et al.,
2000), Tenebrionidae (Juan et al., 1996a; 1996b), Chyrsomelidae (Iiunk, 1999) and a general
phylogeny of 15 coleopteran families (Howland and Hewitt, 1995). The COI gene region was
chosen for this study for three reasons. First, the general properties of mtDNA (refer to chapter
1), second, COI is the most commonly sequenced gene region in studies of insect systematics
(Caterino et al.; 2000) and third COI is known to evolve at a rate sufficient to examine phylogen-

ies at the species/population level (Simon et al., 1994).

The NADH dehydrogenase subunit 1 (ND1) gene region was chosen for its relatively rapid rate
of sequence evolution, sufficient to examine inter-population variability (Simon, 1991). ND1
has, in comparison to other regions (e.g., COI and COII and Cytochrome B), been utilised less
frequently in phylogenetic studies (Caterino et al., 2000). A search of Genbank produced four
studies (two published) that used the ND1 gene region for carabids. The study by Priiser and
Mossakowski (1998) indicated intraspecific sequence divergence of 0.57-4.0%, sufficient to ex-

amine phylogenetic structure between populations of a single species and closely related species.
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Diiering and Briickner (2000) utilised ND1 to determine the species/genera relationships within

the tribe Molopini.

There are two main objectives for the molecular study of the genus Oregus: (i) to resolve the phy-
logeny of the group, and establish if O. aereus is a single species or a complex of several species
as suggested by Jamieson (1999) and (ii) to provide an independent data set to compare the re-
sults of the morphological hypothesis of phylogeny developed in chapter 2 of this study which

suggests that the genus consists of four species.

Material and Methods

Collections

All specimens were collected by hand and placed directly into 96% ethanol and then stored at
4°C to prevent degradation of the DNA prior to extraction.

DNA Extraction

The prothorax and associated prothoracic legs of each specimen were excised and homogenised
in 250pl digestion buffer for 2-3 hours @ 50°C. The digestion buffer comprised 25ul SET (0.1M
NaCl, iImM EDTA, pH 8.0, 10mM Tris), 25ul 10% SDS pH 7.2, 20l of 10mg/ml Proteinase-K
and 180pl dIH,0. Total DNA was extracted using a silica-based DNA purification matrix (Prep-
A-Gene® Bio-Rad) following the manufacturers instructions. The Prép-A-Gene matrix was used
for its ability to extract high-quality DNA, while removing unwanted proteins, pigments and
other inhibitory compounds. The total genomic DNA extracted was resuspended in 50ul of TE,
pH 8.0 and stored at 4°C.

DNA Amplification and Sequencing

The PCR was carried out in 10pl volumes containing 0.11pl of 3.5u/ul ExpandTM High Fidelity
Taq polymerase (Roche), 1ul 10x Expand™ High Fidelity buffer with MgCl, (1.5uM) (Roche),
1.5ul 10x dNTPs, 1.2pl 2mM each primer, 0.4pl genomic DNA and 4.59ul dIH,0. The sequence
and position of primers is provided in Figure 3.1. A Gene Amp® PCR System 2400 (Perkin-
Elmer) thermal cycler was used with the following temperature profile, 94°C for 2 min denatura-
tion followed by 38-40 cycles of 94°C for 15 sec, 50°C for 30 sec, 72°C for 1 min and a final ex-
tension of 72°C for 2 min. The quality and quantity of the PCR products were assessed using

submerged gel electrophoresis (4.84V/cm, 500mA, 1% agarose gel, ethidium bromide stained,
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visualised with UV light, run with XIV ladder (ROCHE) and quantified with low mass ladder
(Gibbco, BRL)) for 30 minutes.

CCAATGCACTAATCTGCCATATT TL2-N-3014

tRNA Tyrosine > CO1 - tRNA leucine

TTGATTTTTTGGTCATCCAGAAGT C1-J-2195

ACATGATCTGAGTTCAAACCGG LR-N-12866

<«
ND1 | tRNA leu 16S rRNA

TAGAATTAGAAGATCAACCAGC N1-J-12314

TCRTAAGAAATTATTTGAGC N1-J-12261

Figure 3.1. Primers used to PCR amplify the COI and ND1 gene regions, the nomenclature fol-

lows that of Simon et al. (1994).

Excess salts, primers and dNTPs were removed from the PCR product by isopropanol precipita-
tion (32pul)-in the presence of 0.67M NH,4Ac followed by a wash in 70% EtOH. The products
were resuspended and 6.2pul dIH,O and quantified by submerged gel electrophoresis (80V, 500
mA) for 30 minutes. Sequencing reactions (10ul) were carried out using 0.8yl 2mM prirher,
2.6pl PCR product, 2.6pl dIH,0O and 4 pl ABI PRISM® Big Dye™ (Applied Biosystemsand fol-
lowing the manufacturers protocol. Sequence products were then purified by ethanol precipita-
tion, air-dried and sent to the University of Waikato for reading in a ABI-PRISM® 377 automatic

sequencer.
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Data Analysis

Forward and reverse sequences were compared using Sequencher™ (Gene Codes: Version 4.0.5)
to correct for sequence ambiguities. Sequences were then aligned using the multiple alignment
function of Clustal-X. (Thompson et al., 1997). Analysis was performed in PAUP V4.0b8
(Swofford, 1998).

Model Test V3.06 (Posada and Crandall, 1998) was used to determine which model of sequence
evolution best described the data sets. These models were COI=TVM+G, ND1=TIM and for the
combined data TVM+G. The substitution rate matrix and gama distribution shape parameters
used are outlined in Table 3.2. Additional sequence replicates were toggled as-is, neither the mo-

lecular clock nor steepest descent option were enforced.

Maximum parsimony analyses assumed a matrix of unordered characters (Fitch, 1971a) with
equal phylogenetic weighting of all sites. Each data set was analysed separately to determine the
most likely and most parsimonious tree. The associated consistency index (Kluge and Farris,
1969) and retention index (Farris, 1989) of each tree was determined to assess levels of homo-
plasy. The Gi-statistic (Hillis, 1991; Hillis and Huelsenbeck, 1992; Huelsenbeck, 1991) was used
to determine the strength of the phylogenetic signal. A combined analysis of the two gene regions
was conducted conditional to a length incongruence test (partition homogeneity test) (Farris et

al., 1995). -

Results

South Island collection localities of specimens used in the molecular analysis are shown in figure
3.2 and table 3.1. The substitution rate matrices used for the maximum likelihood analysis were
generated with model test and the values are shown in table 3.2 with the empirical nucleotide

base frequencies in table 3.3.

All populations were successfully sequenced and both mtDNA loci included in the analysis with
the exception of two specimens of O. aereus from the Pisa Range (Central Otago). COI Se-
quences from these specimens corresponded well with other populations of O. aereus from geo-
graphically adjacent areas. However, the sequences for ND1 showed significant departures from

other populations (Appendix F) and appeared to be of a different size (Figure 3.3). The se-
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quences did not appear to be insect mtDNA as they lacked the frequently reported A/T richness
(Langor and Sperling, 1997, Funk, 1999). Sequences from the Pisa Range had a G/C content of
16/23%, whereas on average the other 23 individuals of Oregus had a G/C content of 10/9%. Se-
quences from both specimens were read clearly and were identical apart from two single base
pair substitutions. They were therefore considered to be authentic amplifications with primers
N1-J-12886 and N1-J-12261, and not an error in the sequencing process. To investigate the ori-
gin of the sequences a Genbank Blast search (Altschul ez al., 1997) was performed. This was un-
informative as the clo’sesf match was 40 base pairs out of 444, compared to a similar Blast search
with the other ND1 sequences that successfully showed close sequence matches with other
carabids from a study by Pruser and Mossakowski (1998) and by a German researcher Andreas
Diiering (Tribe Molopini) (unpublished data). Therefore, it is known that the other 23 sequences
represent true 16S rRNA, tRNAje, and ND1 coding regions. Nucleotide sequences from the Pisa
Range were translated to the amino acid sequence, but each of the three reading frames resulted
in stop codons throughout what should have been the ND1 coding region. Therefore, it is as-
sumed that the sequence represents a noncoding piece of DNA. A possible conclusion is a mito-
chondrial insertion of the nucleus (pseudogene/numt) that has undergone random mutation
(Bensasson et al., 2001; Zhang and Hewitt, 1996b). However, uncorrected sequence divergence
of the Pisa Range population is 65% compared with other individuals from the genus Oregus.
This is inconsistent with previous identified pseudogenes that have sequence divergence of 1-
25% (Bensasson et al., 2001).  Such high sequence divergence s]]ggests that the observed
anomalous sequences are not mitochondrial pseudogenes. Close examination of the PCR prod-
ucts on agarose gels shows that bands from the Pisa Range population are slightly smaller in size
(Figure. 3.3).than other populations of O. aereus. This combined with a relatively low annealing
temperature (52°C, which was an improvement on previous published annealing temperatures for
this primer of 47-50°C (Hedin, 1997)) suggests a spurious non-target PCR product, possibly of
nuclear origin given the GC content. Therefore, in this study ND1 sequences from the Pisa
Range were excluded from the ND1 and combined analysis to prevent bias in the molecular phy-
logeny. It was interesting that these anomalous sequences were only found in two specimens col-
lected from a particular population and implies a consistent polymorphism in the priming site re-
gion within ND1. Future attempts to amplify the correct ND1 sequence for the Pisa Range
specimens could purify the mtDNA or utilise different primers as suggested by Bensasson et al.

(2001).
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Figure 3.2. Location of specimens collected for sequencing
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Table 3.1 Collection localities and Genbank accession numbers.

Species (Population)

Locality and Collector

Genbank accession

Genbank Accession

. COl ND1
Oregus inaequalis 1 Swampy Summit, Dunedin-Sept 2000, S.M. Pawson AF466849 . AF466864
Oregus inaequalis 2 Swampy Summit, Dunedin-Sept 2000, S.M. Pawson AF466850 AF466865
Oregus inaequalis 3 Swampy Summit, Dunedin-Sept 2000, S.M. Pawson AF466851 AF466866
Oregus inaequalis 4 Swampy Summit, Dunedin-Sept 2000, S.M. Pawson AF466852 AF466867
Oregus aereus (Dunedin) 1 Woodhaugh Park, Dunedin, 10.1.2001, S.M. Pawson and K.B.R Hill AF466834 AF466870
Oregus aereus (Dunedin) 2 Chalkies Creek, Nr Dunedin, 10.i.2001, S.M. Pawson and K.B.R Hill AF466835 AF466856
Oregus aereus (Dunedin) 3 Ross Creek, Dunedin 10.1.2001, S.M. Pawson and K.B.R Hill AF466836 AF466857
Oregus aereus (Dunedin) 4 Chalkies Creek, Nr Dunedin, 10.i.2001, S.M. Pawson and K.B.R Hill =~ AF466845 AF466858
Oregus aereus (Rock and Pillar) 1~ Johnson Rd, Shannon, 19.ii.2001, S.M. Pawson AF466846 AF466855
Oregus aereus (Rock and Pillar) 2 Johnson Rd, Shannon, 19.1i.2001, S.M. Pawson AF466853 AF466872
Oregus aereus (Mt Cook) 1 Bush Stream, Tasman Valley, 26.ii.2001, S.M. Pawson AF466837 AF466859
Oregus aereus (Mt Cook) 2 Bush Stream, Tasman Valley, 26.i1.2001, S.M. Pawson AF466838 AF466860
Oregus aereus (Old Man Range) 1  Omeo Gully, Old Man Range, 15.x.2001, S.M.Pawson AF466841 *AF466874
Oregus aereus (Old Man Range) 2  Omeo Gully, Old Man Range, 15.x.2001, S.M.Pawson AF466843 * AF466868
Oregus aereus (Hokonui Hills) Mt Peel, Hokonui Hills, 18.x.2001, S.M. Pawson AF466839 *AF466871
Oregus aereus (Remarkables) Remarkables, 18km N of Kingston, 19.x.2001, S.M. Pawson AF466840 *AF466873
Oregus aereus (Pisa Range) 1 Mt Pisa Station, 900m, 19.x.2001, S.M. Pawson AF466842 *Not Submitted
Oregus aereus (Pisa Range) 2 Mt Pisa Station, 900m, 19.x.2001, S.M. Pawson AF466844 *Not Submitted
Oregus aereus (Lindis Pass) Below Breast Hill, Lindis Pass, 14.x.2001, S.M. Pawson AF466833 * AF466869
Oregus septentrionalis 1 Hanmer Nature Walk, 4.i.2001, S.M. Pawson and K.B.R Hill AF466847 AF466861
Oregus septentrionalis 2 Hanmer Nature Walk, 4.1.2001, S.M. Pawson and K.B.R Hill AF466848 AF466862
Oregus septentrionalis 3 Hanmer Nature Walk, 4.1.2001, S.M. Pawson and K.B.R Hill AF466854 AF466863
Diglymma clivinoides 1 Lake Sylvestor Track, Cobb Reservoir 1.i1.2001, S.M. Pawson and AF466830 AF466875
K.B.R Hill
Diglymma clivinoides 2 Lake Sylvestor Track, Cobb Reservoir 1.ii.2001, S.M. Pawson and AF466831 AF466876
K.B.R Hill
Diglymma clivinoides 3 AF466832 AF466877

Lake Sylvestor Track, Cobb Reservoir 1.ii.2001, S.M. Pawson and
K.B.R Hill i

1
}

Specimens marked with an * were amplified using primer N1-J-12261 not N1-J-12314.
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Model Test V3.06 (Posada and Crandall, 1998)

Table 3.2. Substitution rate matrix for maximum likelihood analysis. Models estimated using

Gene re- Substitution A-C A-G A-T C-G C-T G-T Gama shape Proportion
gion model parameter Invariable
site
CO1 TVM+G 8.8163 13.9811 16.2748 0.0000000001 88.2411 1 Equal Rates  0.7681
ND1 TIM 1 1470991.3750 506603.652 506603.652 1470991.375 1 0.178 0
Combined TVM+G 6.1774 52.2494 27.8161 1.2920 52.2494 1 0.1319 0

Table 3.3 Empirical nucleotide base frequencies, values in parenthesis are averages across all se-

quences.

Codon Base Composition Percent
Position A C G T variable sites
COIpos. 1  298335(305) 10.1-121(113) 258266(263) 298-335(319) 10.90
NDI1 pos.1 29.1-29.1 (29.1) 11.7-11.7(11.7) 15.5-15.5 (15.5) 42.7-43.7 (42.8) 6.80
COlIpos.2  175-187(187) 236-244(236) 150-159(158) 419-423(419) 1.60
NDI pos2  223-223(223) 136-165(147) 117-11.7(117) 49.5-524(51.3) 4.90
COIpos.3  46.2-49.0(480) 23845037 0.4-2.0 (0.9) 46.6-48.6 (473) 33.60
NDI pos.3  373-422(388) 1.0-2.9(18) 1.0-5.9 (4.1) 52.9-56.9 (55.3) 3639
COI all sites 31.5-32.9 (32.4) 12.5-13.1 (12.8) 14.2-14.8 (14.3) 39.8-40.7 (40.3) 15.40
ND1all sites 29.5-31.2(30.1) 9.1-9.7 (9.4) 9.4-11.0(104) 49.0-50.3 (49.8) 16.07

A B

C

D

Figure 3.3. ND1 PCR product amplified using primers N1-J-12261 and LR-N-12866, run on a
1% agarose gel, 4.84V/cm, 500mA for 30min. A. O. aereus, Pisa Range 1; B. O. aereus, Old
Man Range; C. O. aereus, Pisa Range 2; D. O. aereus, Lindis Pass.
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Table 3.4. Corrected sequence divergence (HKY-85 (Hasegawa, 1985 )) as a percentage, COI lower left half of table and ND1 upper right.

1 Oregus aereus Old Man Range
2 Oregus aereus Old Man Range
3 Oregus aereus Mt Cook

4 Oregus aereus Mt Cook

5 Oregus aereus Lindis Pass

6 Oregus aereus Dunedin 2

7 Oregus aereus Dunedin 4

8 Oregus aereus Dunedin 1

9 Oregus aereus Dunedin 3

10 Oregus aereus Hokonui Hills
11 Oregus aereus Remarkables
12 Oregus aereus Rock and Pillar
13 Oregus aereus Rock and Pillar
14 Oregus aereus Pisa Range

15 Oregus aereus Pisa Range

16 Oregus inaequalis

17 Oregus inaequalis

18 Oregus inaequalis

19 Oregus inaequalis
20 Oregus septentrionalis
21 Oregus septentrionalis
22 Oregus septentrionalis
23 Diglymma clivinoides
24 Diglymma clivinoides
25 Diglymma clivinoides

1 2 3 4 ) 6 ¥ 8 9ETH MRS B NEEES 16 17 18

- 000 163 163 1.16 187 187 187 187 163 163 187 187 : 305 305 3.05
0.00 - 162 162 115 186 186 186 186 1.62 : 303 303 3.03
234 234- 000 046 163 163 163 163 139 3.54 354 354
220 220 0.14- 046 163 163 163 163 139 ‘ 354 354 354
248 248 041 027- 116 116 116 116 092 092 116 116 305 305 305

164 164 123 109 137- 000 000 000 115 115 069 069 B 355 355 355

178 178 137 123 151 014- 000 000 115 115 069 069 B 355 355 355

164 164 123 109 137 000 0.14- 000 115 LIS 069 069 Bl 355 355 355
164 164 123 109 137 000 0.4 000- LI15 115 069 069 355 355 355
164 164 123 109 137 027 041 027 027- 000 069 069 B 353 353 353

178 178 137 123 151 041 054 041 041 0.14- 69 069 354 354 354

178 178 109 095 123 041 054 041 041 041 054- 000 B 331 331 331

178 178 1.09 095 123 041 054 041 041 041 054 000- B 331 331 331

150 150 109 095 123 041 054 041 041 041 054 027 027- Sequence ot
150 150 109 095 123 041 054 041 041 041 054 027 027 O-

3.19 3.19 3.05 290 3.19 290 305 290 290 262 2.76 276 2.76 248 2.48- 0.00 0.00 0406
319 319 305 290 3.19 290 3.05 290 290 262 276 276 276 248 248 0.00- 0.00 0.46
3.19 3.19 305 290 3.19 29 305 29 290 262 276 276 2.76 248 248 0.00 0.00-

290 3.05 290

290 262 276 276 2.76 248 248 027 027 0.27-

' Populations of O.aereus
O.inaequalis

O. septentrionalis
D. clivinoides



Col

A 741 base pair segment was amplified in all taxa corresponding to positions 2232-2974 of the
Drosophila yakuba mitochondrial gene sequence (Clary and Wolstenholme, 1985). The aligned
sequences are shown in appendix F. The sequence exhibits typical A/T nucleotide bias (Table
3.3) that is commonly reported for insect COI mtDNA (Lunt et al., 1996; Langor and Sperling,
1997; Funk, 1999). A/T bias was most pronounced at the third codon position, also noted by
Brown et al. (1994) and Lunt et al. (1996). There were 114 (15.3%) variable sites of which 27
(23.5%), 4 (3.5%) and 83 (73%) were at the 1%, 2™ and 3™ codon positions respectively. Cor-
rected sequence divergence (using HKY-85 (Hasegawa et al., 1985)) within the ingroup taxa
ranged from 0.0-5.5%. Sequence divergences between outgroup and ingroup taxa ranged between
10.9-12.3%. The population of O. aereus from the Old Man Range was the most divergent of all
populations, sequenced for that taxon (Table 3.4). O. septentrionalis was.the most divergent
taxon of the ingroup taxa, 4.3-5.5% corrected sequence divergence (Table 3.4). A Gj-statistic
(Hillis, 1991; Huelsenbeck, 1991; Hillis and Huelsenbeck, 1992) of —1.91 (evaluating 10,000

random trees) indicates high phylogenetic signal/noise ratio.

The single maximum likelihood tree (In 1669.59825) was less clear in its resolution than the par-
simony tree (Appendix B). Specimens of O. septentrionalis formed the most basal clade of the
ingroup taxa. Although the likelihood tree indicates an alternative placement of O. inaequalis,
tree-to-tree distances show this to be insignificant. Furthermore this»élternative placement ap-
pears to be the result of long branch attraction (Figure 3.6, see discussion). Maximum parsimony
analysis produced 15 trees of 139 steps, CI= 0.90, RI=0.96 (Appendix C). The ingroup portion of
the tree suggests three main divisions. O. septentrionalis appears to be the most basal of the in-
group taxa. O. inaequalis is separated with good bootstrap support (100%) from a third division

that includes all populations of O. aereus.
ND1, tRNAleu and 16sRNA

PCR amplification of the ND1 gene region proved difficult for some specimens, producing
weak/no products. Alternative annealing temperatures, DNA concentrations and the use of
DMSO (di-methyl sulfoxide) were tried to improve yield, however efforts were unsuccessful.
The primer N1-J-12314 (used by Diiering and Briickner (2000), Pruser and Mossakowski (1998)
and Pashley and Ke (1992)) was replaced in seven specimens with N1-J-12261 (used by Hedin
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(1997) for spiders, as a colleague was using this primer and it worked for Oregus) and used at a
higher annealing temperature (52° vs 47°). Improved yields of PCR products were attained more
consistently with

N1-J-12261. Due to the mechanism by which PCR works, continued cycling promotes the am-
plification of products with identical sequences to the primer at the priming site. As such it is
difficult to detect sequence variation at priming sites. However, by amplifying sequences using
the alternative N1-J-12261 primer that was located outside the original PCR fragment it was pos-
sible to accurately assess the nucleotide sequence polymorphism at priming site N1-J-12314. Of
the seven sequences amplified using N1-J-12261 four obtained accurate reads for either, part of,
or the entire N1-J-12314 priming site. Five base pair changes were identified, four involving T to
A substitutions. Such discrepancies are not unexpected given their placement in the ND1 gene

region, however it does suggest the need for better primers that are more conserved.

A 444 base pair fragment corresponding to positions 12822-12378 of the Drosophila yakuba mi-
tochondrial gene sequence was successfully amplified (Clary and Wolstenholme, 1985). The
aligned sequences are shown in appendix F. Sequences included the 16sRNA (partial, bases 1-
61), tRNAje, (complete, bases 62-118) and the ND1 gene (partial, 137-444) [two sequences from
individuals collected at the Pisa Range were omitted due to the sequencing of an unidentified
product, see discussion}. There was distinct A/T nucleotide bias, with increased A/T content at
the 3 position (Table 3.3). There were a total of 49 (16%) variable si?és within the ND1 portion
of the sequence; 7(14%), 5(10%) and 37(76%) of those changes at the 1%, 2™ and 3™ codon posi-
tions respectively. Corrected sequence divergence (of the ND1 portion of the ingroup taxa), us-
ing HKY-85 (Hasegawa ef al., 1985) ranged from 9.3-10.7% between outgrbup and ingroup taxa
(Table 3.4). Sequence divergence within the ingroup taxa ranged from 0.0-4.3%. The population
of O. aereus from the Old Man Range was, as also shown by COI, the most divergent of all
populations sequenced for that taxon (Table 3.4). O. septentrionalis was the most divergent
taxon (as also shown by COI) of the ingroup taxa, 3.2-4.0% (Table 3.4). A Gi-statistic (Hillis,
1991; Huelsenbeck, 1991; Hillis and Huelsenbeck, 1992) of -1.44 indicating strong phylogenetic

signal/noise ratio.

Maximum parsimony analysis of the ND1 gene region produced 3 equally parsimonious trees of
72 steps (CI=0.89, RI=0.96) (Appendix E). The topology was identical to the parsimony tree for

the COI gene region (Appendix C). Maximum likelihood analysis produced a single tree, In
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906.08 (Appendix D) that was identical to the ND1 parsimony tree (Appendix E), apart from a
single collapsed branch leading to the Rock and Pillar taxa. O. septentrionalis was the most basal
of the ingroup species as for COI and O. inaequalis was the sister taxon to the more derived clade

that included six populations of O. aereus.
Combined COI and ND1 data

An incongruence length difference test (partition homogeneity test in PAUP) (Farris et al., 1995)
showed no incongruence (P=1.0) between the CO I and ND1 sequence partitions (the 16S RNA,
tRNAe, and associated spacer regions were included as part of the ND1 data partition for this
test). The phylogenies for the combined data sets are shown in Figures 3.4 and 3.5. Maximum
parsimony analysis produced two equally parsimonious trees of 210 steps (CI = 0.90, RI = 0.96).
The only difference between the two trees was the association of the Rock and Pillar population
with the Dunedin population in one tree and populations from Hokonui and the Remarkables in
the other. These differences correspond to the most parsimonious tree for each gene region (Ap-
pendix C and E). O. septentrionalis from Hanmer was the most basal group, a second clade in-
cluded O. inaequalis and a third encompassed populations of O. aereus. By combining gene re-
gions the levels of bootstrap support were enhanced with a minimum of 79%. Maximum likeli-
hood analysis (using the TVM+G model) produced a single tree (In 2588.8792), (Figure 3.5),
which was identical to the consensus parsimony tree (Figure 3.4). K three-way polytomy still
existed between populations of O. aereus from the Dunedin, Rock and Pillar Range, Hokonui
Hills and the Remarkables Range. The levels of bootstrap support were slightly lower for some
clades.compared with the parsimony tree, e.g., the node linking O. inaequalis and populations of
O. aereus. However, these slightly lower bootstrap supports are insignificant given the same tree

topology.
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Diglymma clivinoides

— Oregus septentrionalis

Oregus septentrionalis

Oregus septentrionalis

Oregus inaequalis
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Oregus inaequalis
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Oregus inaequalis

Oregus inaequalis

[ Oregus aereus “Old Man Range”
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Oregus aereus “Old Man Range’

Oregus aereus Lindis Pass

— Oregus aereus “Mt Cook”

— Oregus aereus “Mt Cook”

— Oregus aereus “Rock & Pillar”
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— Oregus aereus “Rock & Pillar”

[ Oregus aereus Hokonui Hills
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— Oregus aereus Remarkables Range
Oregus aereus “Dunedin”
Oregus aereus “Dunedin”

Oregus aereus “Dunedin”

Oregus aereus “Dunedin”

Figure 3.4. Strict consensus of two equally parsimonious phylogenetic trees (Length 210 steps,

CI= 0.90, RI= 0.96) inferred from the combined COI and NDI1 gene regions. Values below the

branches indicate bootstrap supports from 1000 replicates.
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Diglymma clivinoides

9

Oregus. “septentrionalis

”

Oregus “septentrionalis
100 & b

Oregus “septentrionalis”

Oregus inaequalis

100 Oregus inaequalis

Oregus inaequalis

96

Oregus inaequalis

65 —Oregus aereus “Old Man Range”

100 —CQOregus aereus “Old Man Range”

Oregus aereus Lindis Pass

70 100 , ~—— Oregus aereus “Mt Cook”

97— Oregus aereus “Mt Cook”

py — Oregus aereus Hokonui Hills

83 —Oregus aereus Remarkables Range

— Oregus aereus “Rock & Pillar”

70 82 — Oregus aereus “Rock & Pillar”

Oregus aereus “Dunedin”

Oregus aereus “Dunedin”

99 |——— Oregus aereus “Dunedin”

Oregus aereus “Dunedin”
Figure 3.5. Maximum likelihood tree inferred from the combined COI and ND1 gene regions.
Model of sequence evolution TVM + G, In= 2588.8792, values below the branches indicate boot-
strap support from 100 replicates.
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Discussion

The analysis of the COI and ND1 gene regions supports at least three species in the genus
Oregus. A fourth species (O. crypticus) described on the basis of morphology from museum
specimens (Chapter 2) was not sequenced during the study, as no fresh spécimens could be col-
lected from the field. Based on morphology the results in Chapter 2 predict that O. crypticus
would be most closely related to O. septentrionalis, the northern species and place O. septen-
trionalis as the sister taxon to O. aereus, with O. inaequalis most basal. Interestingly the molecu-
lar data place O. septentrionalis as the most basal species and O. inaequalis as the sister taxon to
O. aereus. Corrected sequence divergence show O. inaequalis to be 3.2% distinct from O.

aereus, which is a species that occurs in sympatry around Dunedin.

Analysis of the combined gene regions produced a monophyletic O. aereus clade with good boot-
strap support (Figures 3.4 and 3.5). Specimens of O. aereus from the Old Man Range are the
most basal and most genetically distinct population of this species (1.64-2.48 % COI and 1.15-
1.87% ND1 different to other populations of O. aereus). The relationships between other popula-
tions of O. aereus are as expected given their geographical placement (Figure 3.2). The Lindis
Pass population is geographically closest to the Mt Cook population and this is reflected in the
phylogeny (Figure 3.4 and 3.5). The distinction between the Lindis Pass/Mt Cook populations
and O. aereus from Dunedin, Rock and Pillars, Hokonui Hills and the Remarkables Range can be
explained by their more noﬁherly locality. Geographically intermediate populations would al-
most certainly be placed between these two nodes. However, additional faster evolving se-
quences would probably be necessary to resolve a geographical cline of such a fine scale. The
placement of the Old Man Range population is interesting. Geographically it is closest to the
Remarkable Range (Figure 3.2). However, both parsimony and maximum likelihood analyses
indicate a relationship with the northern populations of O. aereus (Lindis Pass, Mt Cook, Figures
3.4 and 3.5), yet genetic distances indicate a close relationship to populations of O. aereus from
the Pisa Range (COI) and the Hokonui Hills (ND1). The basal placement of the Old Man Range
specimens amongst populations of O. aereus (and thus a close association with the Lindis Pass
and Mt Cook populations of O. aereus, Figures 3.4 and 3.5) is probably influenced by long

branch attraction to O. inaequalis, Figure 3.6, see discussion below.
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The inconsistent placement of O. inaequalis in the COI maximum likelihood tree (Appendix B)
contradicts my hypotheses based on morphology (chapter 2) and ND1 (that O. inaequalis is a dis-
tinct species) of species relationships, i.e., it suggests paraphyly in the O. aereus clade. Although
maximum likelihood trees produced from the ND1 gene region and the combined (COI/ND1)
analysis both place O: inaequalis as a sister taxon to a monophyletic clade of O. aereus, as ex-
pected. Another study using the COI gene region have shown conflicting results produced using
maximum likelihood analysis with salticid spiders (Hedin and Maddison, 2001). However, in the
present case it appears'fhat long branch attraction has brought together O. inaequalis and O.
aereus from the Old Man Range, based on COI data (Figure 3.6). Traditionally long branch at-
traction has been cited as an inconsistency problem associated with the parsimony method
((Hendy and Penny, 1989; Penny et al., 1992), see Kim (1996) for an in-depth discussion) and
that maximum likelihood, because of its ability to incorporate branch lengths, was not thought to
be affected (Swofford et al., 1996; Huelsenbeck, 1997). In this analysis it appears that maximum
likelihood has been most affected by these unequal branch lengths (Appendix B) and this result is
both unexpected and unexplained. The enhanced bootstrap support for the combined and ND1
gene regions, in combination with the basal placement of O. inaequalis by morphological data
(Chapter 2), leads me to believe that the true placement of O. inaequalis is as a sister taxon to a
monophyletic clade of O. aereus. Future attempts to overcome this case of long branch attraction
should focus on the judicious inclusion of additional populations/species to breakup these long

branches, see Kim (1996).
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Figure 3.6. Maximum likelihood phylogram for O. aereus and O. inaequalis only of the
COI gene region.

The COI and ND1 gene regions were chosen for their ability to resolve phylogenetic relation-
ships at the species/population boundary (Simon, 1991; Pruser and Mossakowski, 1998; Duering
and Bruckner, 2000). This choice was vindicated by corrected sequence divergence sufficient to
distinguish between species and most populations. However, there was insufficient divergence to
resolve the polytomy between populations of O. aereus from Dunedin, Rock and Pillar Range,
Remarkables Range and Hokonui Hills. To achieve greater resolution a faster evolving gene re-
gion could be used. One possibility is to investigate the mitochondrial control region, although
the rate of sequence evolution in the control region does vary between taxonomic groupings
(Zhang and Hewitt, 1997). Increased confidence in the species relationships could be achieved
by including a nuclear DNA marker. This approach was taken in similar work done by Sota and
Vogler (2001) to examine incongruence between mitochondrial and morphological data in Oho-
mopterus carabids. The nuclear markers showed greater congruence with the morphological data

in the case of Ohomopterus than the mitochondrial gene regions. However, in the current study
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the morphological (Chapter 2) and molecular phylogenetic trees are largely congruent apart from

the arrangement of the most basal taxa.

The placement of Oregus septentrionalis as the most basal species of Oregus leaves two options
for the common ancestor of the genus. The most recent common ancestor could have had a
northerly distribution and subsequently O. aereus and O. inaequalis colonised the southern re-
gion. Or alternatively, O. septentrionalis was isolated by vicariant means and evolved separately,
north of a centre of ori giﬁ located in the southern region of the South Island. However, further

molecular evidence would need to be gathered from many populations to test these hypotheses.

66



Chapter 4. The Distribution of Oregus inaequalis, Its
Abundance at Swampy Summit and Possible Threats

to Its Future Survival.

Introduction

The conservation history of the New Zealand carabid fauna is one of a lack of information. Four
species are presumed extinct and a further 47 species are considered threatened based on existing
information about New Zealand’s approximately 350 species of carabids (Molloy and Davis,
1994). Some of these are only known from a single series, often collected several decades ago,
e.g., Holcaspis brevicula (Pawson and Emberson, 2000). Most threatened carabids in New Zea-
land belong to two large flightless genera, Mecodema and Megadromus. There have been few in-
depth investigations to address the conservation requirements of New Zealand carabids and all
involve the genus Mecodema or Megadromus (Barratt, 1993, 1994; Tennyson, 1998; Anderson,
2000).

Little is known about the distribution, abundance and population dynamics of New Zealand's ap-
parently threatened carabid species (Moeed and Meads, 1985; Larochelle and Lariviere, 2001).
However, the necessity for this information and the clarification of the taxonomy of these groups
is recognised in the current draft carabid beetle recovery plan (McGuinness, 2001) and repeatedly
in the literature, e.g., Lovei and Cartellieri (2000) and Ramsay et al. (1988). What is known
about the conservation biology of these species, however, is the threat that they face from habitat
reduction/modification (L6évei and Sunderland, 1996; Lovei and Cartellieri, 2000) and the influ-
ence of introduced mammalian predators. Large carabid beetles are particularly susceptible to
predation from hedgehogs (Berry, 1999; Hendra, 1999), while rats have also been implicated in
the decline of large invertebrate species (Hutcheson, 2000). However, few detailed studies, e.g.,
Lovei and Cartellieri (2000), have been conducted in New Zealand to quantify the effect of these

threats on carabids, or investigate techniques to counteract them, e.g., Hunt et al. (1998).

Molloy and Davis (1994) placed O. inaequalis as a category B, or second priority species, in their

prioritisation of New Zealand's threatened fauna. In response the Department of Conservation,
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Otago Conservancy, commissioned a report (entitled "Existing records of the carabid beetle
Oregus inaequalis Castlenau in coastal Otago" (Jamieson, 1999)) to collate existing historical
records of O. inaequalis and provide recommendations for its conservation management. It is
difficult to assess the historical distribution of O. inaequalis due to the vagaries of locality data
from early specimens (Jamieson, 1999). However, O. inaequalis appeared to be restricted to
Dunedin, Leith Valley, Swampy Summit, Mt Cargill, Waitati and Port Chalmers, all localities

within Dunedin City. Several other specimens do not have any locality information.

Prior to this study nothing was known regarding the biology/phenology of larval or adult O. in-
aequalis, their present-day distribution, abundance or the effect on distribution of introduced
mammalian predators. This chapter aims to extend the preliminary work of Jamieson (1999) and
provide:

1. A re-inventory of the historical records of O. inaequalis, based on personal examination
of all known and available specimens in New Zealand collections, and overseas collec-
tiohs where possible.

2. A comparison of historical records with the current distribution of O. inaequalis based on
pitfall trapping and hand searching.

3. An estimate of the abundance of O. inaequalis at Swampy Summit.

4. A preliminary investigation of hedgehogs as potential predators of O. inaequalis.

Methods

Material was examined from collections, both institutional and private throughout New Zealand
and overseas (Table 2.1). The list of known specimens of O. inaequalis was revised based on
characters established by Britton (1949) and others developed as part of this study. This list (Ap-

pendix G) formed the basis for the historical distribution of O. inaequalis.

The current distribution of O. inaequalis was determined using unbaited pitfall traps. (Appendix
H) installed at various locations in the greater Dunedin area (four pitfalls per location) (Figure
4.2). Pitfall traps were left active for approximately one month (the time between sampling peri-
ods at Swampy Summit). Locations were chosen based on the historical distribution of O. in-

aequalis, and areas with similar habitat to Swampy Summit. Locations were recorded using a
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Trimble GeoExplorer (Trimble Navigation, USA). Initially sodium benzoate was used as a pre-
servative, however 10% ethylene glycol proved to be a less time-consuming and a more effective

alternative and was used for the second and subsequent samples.

An attempt was made to estimate the abundance of O. inaequalis at Swampy Summit using a
mark-removal method. A grid (8x10) of live pitfall traps (identical to those used to determine the
current distribution of O. inaequalis) was installed on the 23rd August 2000. Pitfall traps were
spaced at 20 m intervals,. therefore the grid was 160m by 200m in size. The integrity of the grid
was maintained by mapping it on the ground using tape measures and Pythagoras’s theorem to
obtain right angles. The four corners of the grid were located (using a Trimble GeoExplorer), in
clockwise order from the south east, S 45° 47’ 36.54” E 170° 28’ 58.98”, S 45° 47° 39.11” E 170°
28’ 51.517, S 45° 47 35.29” E 170° 28’ 48.46” and S 45° 47’ 32.62” E 170° 28’ 55.80”. The
traps were left for one month prior to their first use to prevent possible bias in trap captures from
soil disturbance during installation, a phenomena reported by Digweed et.al. (1995). The traps
were activated for periods of five nights on five occasions (except for the last sampling period of
four nights) from 23-27 September 2000, 29 October-2 November 2000, 11-15 December 2000,
8-12 January 2001 and 17-20 February 2001. O. inaequalis caught during the trapping period
were identified using a hand lens to observe their antennal segments, supraorbital setae and fore
tibial spines. Individuals were marked with a fine point silver marker (Pilot Super Colour Perma-
nent Type Ink) and released in a random direction approximately 2 m -from the trap. Anderson
(2000) used a similar marking system with considerable success; as the markings seemed to be
impervious to the fossorial habits of Mecodema howiiti, it was assumed that the markings would
also-be suitable for the closely related genus Oregus. Aggregation of captures was analysed us-
ing the Lloyds’s Index of Patchiness (Davis, 1994). Because assumptions regarding normality
and equal variance were not met, the nonparametric Kruskal-Wallis and Mann-Whitney U tests

were used to assess the effects of soil moisture and proximity to boulders.

Minimum overnight temperatures were recorded using an electronic, max/min thermometer, with
an accuracy of +/- 0.1 °C. Volumetric water content was recorded adjacent to each pitfall trap

during each sampling period using a Hydrosense soil water meter.

Hedgehog faecal pellets were collected from Swampy Summit to determine possible predation of

O. inaequalis. Faecal pellets were separated in warm water and detergent, they were then sieved
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with a fine 250pM sieve to remove small particles. Coarser material was examined under a ste-
reomicroscope using a Bogorov tray. Characteristic pieces such as tibia, elytral pieces, pronotum
pieces, head capsules, antennal segments and mouthparts were separated and preserved in 70 %
alcohol. These remains were then compared with mounted specimens to determine the presence

of Oregus.

Elytral remains were collected from the burrows of ground spiders. These were compared with

mounted specimens to determine whether ground spiders predated Oregus.

Results

Historic and Current Distribution

The historical distribution of O. inaequalis (Figure 4.1) is based on the personal examination of
specimens known and available from national and international collections, a total of 78 indi-
viduals (Appendix G). A similar inventory by Jamieson (1999) included a number of specimens
that, on re-examination during this study proved to be O. aereus rather than O. inaequalis. Britton
(1949) listed O. inaequalis from Invercargill; examination of the specimen on which the record is
based (held in NZAC) showed that it had been incorrectly identified and is in fact O. aereus. A
specimen from the C.E. Clarke collection held in the Natural History Museum, London records
locality information indicating that Mihiwaka and Port Chalmers were probably used synony-
mously. A similar situation indicates that specimens labelled Waitati are in fact from the slopes
of SWémpy_ Summit above Waitati (Jamieson, 1999). Anderson (2000) has also reported inconsis-
tencies in C.E. Clarke’s labelling of specimens of Mecodema howiiti and Megadromus guerini

from Banks Peninsula.

Assuming that specimens labelled Port Chalmers really came from Mihiwaka, O. inaequalis was
restricted in its historical distribution to flows from the third main eruptive phase of the Dunedin
volcano (during the middle Miocene, 10-13 Ma) as mapped by Bishop and Turnball (1996). The
distribution includes Swampy Summit, Leith Valley, and scattered locations across the volcanic

plugs between Leith Saddle and Mihiwaka.
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The current known distribution of O. inaequalis was determined using pitfall traps and hand
searching. Little range contraction appears to have occurred in the last 100 years. O. inaequalis
was found at all sites where previously recorded, except Mihiwaka (Figure 4.2). Although little
range contraction was recorded during the study, there was a concurrent lack of extension to the
known range. O. inaequalis was not recorded at any new sites, including Maungatua that has
similar vegetation to Swampy Summit, but is noticeably drier. However, most pitfall trapping

was concentrated at sites with historical records of O. inaequalis.
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Estimate of O. inaequalis abundance at Swampy Summit

A total of 34 O. inaequalis were caught, marked and released in the pitfall trap grid on Swampy
Summit during the five trapping periods (Figure 4.3). This amounts to a minimum population of
34 per 32, 000m’. The distribution of trap captures throughout the grid is not random but signifi-
cantly aggregated, 1.06 Lloyd’s Index of Patchiness (Davis, 1994). The intention was to use a
removal method of analysis such as Eberhardt’s removal method (Krebs, 1999) to estimate popu-
lation size. However, insufficient beetles were caught to obtain a realistic estimate of the popula-
tion using this, or other. removal methods. Beetles were recaught suggesting the population
within the trapping grid is either much greater than 34 (Krebs, 1999), or alternatively captured

individuals become trap shy very quickly, or perished as a result of handling.
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Figure 4.3. Distribution of pitfall trap captures of O. inaequalis at Swampy Summit during Sep-

tember-February.
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Trap captures followed a distinctive seasonal pattern, with increasing carabid activity from late
October through December, low activity in January that began increasing again in February (Fig-
ure 4.4). This activity closely followed the trend of minimum overnight temperatures. Other
studies have shown similar responses in carabid activity that is significantly correlated to tem-

perature, e.g., Honek (1997).
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Figure 4.4. Monthly catch per trap per day of O. inaequalis (bars), and minimum monthly over-

night temperatures (lines).

Trap capture was not significantly affected by soil moisture (P= 0.128, Kruskal-Wallis, df= 4).
O. inaequalis was trapped at locations with soil moisture ranging from 55-96% (Figure 4.5).
However, due to the vegetation types, e.g. sphagnum, individual beetles were probably not ex-
periencing the high soil moisture (in some cases 90-100%) measured by the probe. Such differ-
ences in vegetation type may also have affected the catchability of O. inaequalis, as demonstrated
by Greenslade (1964). Trap captures of O. inaequalis were almost twice as frequent when surface

boulders were present in the immediate vicinity (< 3 m) of the trap (data not shown). This was
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not statistically significant, P= 0.465 Mann-Whitney U, 1 df=1. due to the small number of bee-

tles sampled and high variability.
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Figure 4.5. Influence of soil volumetric water content on rates of catch per trap of O. inaequalis.

Eight faecal samples from the European hedgehog were collected from Swampy Summit. Analy-
sis of the remains did not conclusively identify O. inaequalis as a component of the diet. Re-
mains of Coleoptera were common, including many Curculionidae, Scarabaeidae, Elateridae and
Carabidae, including Holcaspis spp. and Neoferonia spp. which are of similar size to Oregus.
Remains of both O. inaequalis and O. aereus were found in the nests of ground spiders, in some
cases there were a dozen elytra in a single nest. This indicates that ground spiders may be an im-

portant predator of Oregus, as well as other Carabidae.

Discussion

The current distribution of O. inaequalis does not appear to have significantly contracted in com-
parison to historical records. O. inaequalis was not found at Mihiwaka in the present study,

which was the most south-eastern historical record. A detailed re-survey of Mihiwaka is recom-
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mended (using pitfall traps and hand surveying techniques) during November and December to

confirm its presence/absence from the area.

The lack of extension to the current known range of O. inaequalis is not surprising as historical
records of O. inaequalis are restricted to the mixed broadleaf podocarp forests that surrounds
Dunedin. This forest type is only found elsewhere on Mount Pye in the Catlins. A single days
searching on Mount Pye did not find any O. inaequalis. O. inaequalis during the study was found
in the mixed broadleaf pédocarp forested gullies that adjoin Leith Valley, e.g., Ross Creek, Mor-
rison’s Burn, as well as an unnamed tributary accessed via the Dunedin city water access bridge
located at NZMS 260 144 158 837 and in similar forest at Leith Saddle. This alters the historic
perception that O. inaequalis is a tussock/shrubland adapted species. It is quite possible that O.
inaequalis was originally a forest inhabitant and survives on Swampy Summit because of the W
environment. The distribution of O. inaequalis may have been more extensive prior to the re-
moval of large areas of broadleaf podocarp forest that were originally present in the Dunedin
area. This possible larger historical distribution is unlikely to be recorded in the literature or mu-
seum collections, as locality information from the few specimens collected in the 1800’s is very

imprecise.

Swampy Summit, Mt Cargill and the sites in the Leith Valley are all on public land. Most is un-
der the control of the Dunedin City Council and used for water catchﬁ;ént. As such it is afforded
a degree of protection from urban development. Discouraging the removal of dead logs from the
sites (particularly around Ross Creek Reservoir) would be beneficial to the continued survival of

0. inaequalis at these sites.

Pitfall trap captures (as used in this study) are in themselves not a measure of abundance, but a
measure of the biological activity of the species captured (Greenslade, 1964; Luff, 1975; Halsall
and Wratten, 1988; Topping and Sunderland, 1992; Digweed et al., 1995; Holland and Smith,
1999; Lang, 2000). A very common species may not be caught in pitfall traps simply because it
is not active (and thus trappable) during the trapping period. As such it is not advisable to use pit-
fall trap captures alone as an estimate of abundance. The justification for this methodology is
that a single species was involved; therefore variation in the biological activity and susceptibility

to capture are irrelevant. Furthermore pitfall trap captures were not used as an absolute measure
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of abundance, rather, they were used to provide samples for a catch removal method (Greenslade,

1964).

Pitfall trapping indicates that O. inaequalis is relatively common at Swampy Summit. Other pit-
fall trap studies of carabids, e.g., Butcher and Emberson (1981), show highly variable catch rates
per species. At Ahuriri Bush, on Banks Peninsula, the most common carabid (Mecodema ore-
goides) was caught at a rate of 0.19-1.44 per trap per month, whereas the least common species
(Oopterus laevicollis) wés trapped at a rate of .0027 per trap per month (these figures have been
converted to represent an equivalent number of pitfall traps to Swampy Summit). Trap captures
of 0. inaequalis ranged from 0.005-0.0125 per trap per month. Though not as common as some
carabids of similar size, e.g., M. oregoides, or Holcaspis (which was the most abundant carabid at
Swampy Summit and is slightly smaller in size), O. inaequalis, is more abundant on Swampy
Summit than some other carabids are at other locations. However, this conclusion should be un-
derstood in the context that pitfall trap captures are strongly influenced by the activity of the spe-
cies involved and the habitat within which the trapping is conducted. Unfortunately there is no
data available on the relative surface activity of either O. inaequalis or M. oregoides, or the influ-

ence of habitat type on each species.

Further monitoring on a regular basis is not recommended at Swampy Summit or the adjoining
broadleaf/podocarp forest guilies. However, it would be prudent to monitor following any major
disturbance, e.g., fire or deforestation, to determine the resilience of known populations. Devel-
opment within the known distribution of O. inaequalis, especially the forested remnants of the
Leith Valley, should be discouraged to prevent fragmentation of important forest refugia, a proc-
ess known to affect carabid assemblages (Lovei and Cartellieri, 2000). This is especially impor-
tant as this forest type may be the original habitat for O. inaequalis. When necessary sam-
pling/monitoring of O. inaequalis should be done during the months of November and December

as this corresponds to the known period of greatest surface activity.

O. inaequalis appeared to be aggregated in its distribution and possibly influenced by the pres-
ence of surface boulders. The use of boulders and logs as daytime refugia is well known in other
carabids (Griffiths, 1983; Barratt, 1993, 1994; Larochelle and Lariviere, 2001). However,
Swampy Summit is an incredibly diverse shrubland/tussock community with a complex, hetero-

geneous surface environment. Such an environment provides many other sources of daytime

78



refugia, e.g., tussock mounds (Luff, 1966). Habitat modification is recognised as a factor in the
decline of carabid beetles (Lovei and Cartellieri, 2000). Gorse (Ulex europaeus) and broom
(Cytisus scoparius) are widely, but sparsely, distributed across Swampy Summit. The effect of
these invasive weeds on O. inaequalis is unknown, but they will undoubtedly have a significant
effect on the microclimate and microhabitat, including prey availability. It is therefore important

to prevent the invasion and subsequent dominance of the habitat by gorse and broom.

The activity period of O. .inaequalis, as shown by pitfall trapping, is typical of many carabid spe-
cies. A period of high spring and early summer activity, low levels of activity during mid-
summer and a subsequent increase of autumn activity is typical of many carabids, both overseas
(Thiele, 1977) and in New Zealand (Anderson, 2000). The relationship between trap capture of
- O0: inaequalis and moisture is difficult to interpret. It seems very unlikely that these beetles are
surviving in areas with 90-100% soil moisture. It is likely that the complex surface architecture

of vegetation allows O. inaequalis to move freely between areas of high and low soil moisture.

Coleoptera remains were present in the faecal samples of hedgehogs, including two carabid spe-
cies (Holcaspis spp., Neoferonia spp.) of similar size to Oregus, and large numbers of Curculi-
onidae, some Scarabaeidae and Elateridae. No recognisable remains of either O. inaequalis or O.
aereus were observed. Unfortunately this does not preclude hedgehogs as a significant predator
of Oregus. Holcaspis is more abundant than Oregus and more likely.ft*d be present in the limited
faecal samples examined. These results do imply that hedgehogs are not exclusively preying on
Oregus or favouring them over Holcaspis. Given that they are known to feed on other carabids at
Swampy Summit it is highly likely hedgehogs predate upon O. inaequalis. Substantial further
sampling would be required before hedgehogs could, with confidence, be eliminated as a predator
of O. inaequalis. Future attempts at determining the predation of Oregus by hedgehogs may like
to consider the application of DNA techniques to identify species-specific remains in gut contents
or faeces (Farrell et al., 2000). Zaidi et al. (1999) has developed techniques to determine the

stomach contents of carabids and there is potential to extend this to hedgehogs.

Ground spiders are definitely predators of O. inaequalis and other carabids, e.g., Holcaspis, Me-
codema and Neoferonia. Ground spiders and Carabidae have coexisted for a substantial period of
time in New Zealand and it is unlikely that predation by spiders has increased during post human

colonisation of New Zealand. However, the effect of habitat change on the abundance of ground
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spiders is unknown and cannot be quantified. As such spiders are not thought to represent a seri-

ous potential threat to the survival of O. inaequalis.
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Chapter 5 General Discussion

This thesis investigated species relationships within the genus Oregus Putzeys 1868 as well as
aspects of the distribution and abundance of one species, O. inaequalis Castlenau 1867. There is
a current national and international focus on the recognition of, and subsequent preservation of
biodiversity (Department of Conservation and Ministry for the Environment, 2000). Such basic
taxonomic, systematic and biological research was necessary to provide the Department of Con-

servation with information to facilitate quality conservation management of Oregus.

Both morphological and molecular techniques were used to examine species relationships within
Oregus. Morphology was important, as it was necessary to recognize characters suitable for ac-
curate field identification of O. inaequalis. Due to the morphological conservatism of carabids as
a group, molecular techniques were included to enhance confidence in the inferred phylogeny (de

Queiroz et al., 1995).

Since 1873, the genus Oregus has contained two species (Britton, 1949; Putzeys, 1873), however,
in recent years there has been some controversy over the exact number of species. Barbara Bar-
ratt (personal communication, 2001) had to convince others that O. inaequalis was not a syno-
nym of O. aereus, and Jamieson (1999) suggested the possibility of additional species around the
Dunedin Metropolitan area. Obviously a detailed comprehensive morphological study was re-
quired. The conservative external body morphology led to a reliance on male genitalic charac-
ters, Wthh were less homoplasious than either female genitalic characters or external morphol-
ogy (Kruskal Wallls test, P<0.001). Morphological analysis indicated four divisions within the
genus, two new species from the upper South Island (manuscript names Oregus septentrionalis
and Oregus crypticus), O. inaequalis from the Dunedin peri-urban area and a widely distributed
intra-specifically variable O. aereus, collected from Porters Pass, MC to Invercargill, SL. The
new, northern species were identified on the basis of characters associated with the shape of the
tip of the aedeagus, characteristics of the left and right paramere and the presence of setiferous
punctures either side of the midline of ventrite 6. Unfortunately there are no defining external
characters to separate these two northern species. O. inaequalis is easily identified by its monili-
form antennae, increased numbers of supraorbital setae and characteristics of the sclerotised pro-

jections of the apical plate in the male genitalia.
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The molecular approach to the phylogeny of Oregus utilised sequences from mitochondrial gene
regions to capitalise on the larger data sets that contain many variable characters suitable for the
analysis of populations and closely related species (Simon et al., 1994; Swofford et al., 1996).
The more variable COOH terminal region of COI gene region (Lunt et al., 1996) and the rapidly
evolving ND1 gene region were sequenced. The COI gene region was PCR amplified with little
difficulty using primers C1-J-2195 and TL2-N-3014, which produced good sequencing products.
The ND1 gene region Was more difficult to PCR amplify. Initial use of primer N1-J-12314
(Pashley and Ke, 1992; Pruser and Mossakowski, 1998) was inconsistent and often produced
faint bands (attributed to sequence variation at the N1-J-12314 priming site). However subse-
quent use of N1-J-12261 (Hedin, 1997) in combination with LR-N-12866 consistently produced
strong bands and good sequencing products (except for a nontarget product amplified from the
Pisa Range population of O. aereus). Such problems with non-target amplification could be re-

solved by designing new PCR primers from the sequence data generated in the study.

The molecular work was restricted, as fresh material of O. crypticus was not collected during the
study. However, the material sequenced indicated three divisions within the genus, which sup-
ported the morphological species designations. O. aereus had the greatest intraspecific sequence
variation, probably reflecting its much wider distribution in comparison to the other species.
However, the intraspecific variation observed was much less than inf&specific variation lending
further support for the divisions between species. There was some conflict between the morpho-
logical and molecular analysis as to whether O. inaequalis or O. septentrionalis was the basal
taxon in the genus. This could not be resolved. However previous studies have shown incongru-
ence between mitochondrial and morphological analyses of carabid beetles (Su et al., 1996b).
Following the study of Su et al. (1996b) the use of nuclear gene markers by Sota and Vogler
(2001) showed better congruence with morphological analyses. Similarly I would recommend

attempting to use nuclear molecular markers if it was seen necessary to resolve this basal node.

The results of this thesis make an important contribution to the taxonomy of Oregus. ‘It confirms
O. inaequalis as a distinct taxonomic entity. Therefore it can be considered as a conservation
management unit by the Department of Conservation. Jamieson’s (1999) suggestion of new spe-
cies in the Dunedin area proved to be unfounded. However, the study did highlight the existence

of new species in the upper South Island and the presence of considerable genetic diversity be-
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tween populations of O. aereus. This begs the question, what of the taxonomy of other broscine
carabids, particularly Mecodema? The taxonomy of the New Zealand Broscini as a whole is rela-
tively poor with no comprehensive revision since Britton in 1949. A detailed taxonomic study
such as this one would undoubtedly discover many new species within this tribe and identify new

synonyms.

The results of DNA sequencing highlight several useful additions that molecular techniques can
make to the areas of taxdnomy and phylogeny. Without DNA sequencing the high genetic diver-
gence (and thus the degree of anagenesis) of O. septentrionalis would not have been detected.
Many studies across a range of taxonomic groups have shown the usefulness of molecular tech-
niques in identifying such hidden genetic diversity (Jousson et al., 2000; Shaw, 2000; Trewick,
2000). The identification of genetic diversity is important especially if a phylogenetic approach

is taken to conservation management (Soltis and Gitzendanner, 1999).

The historical published distribution of O. inaequalis, included specimens from Invercargill, S.L
(Britton, 1949) and unconfirmed records from Lake Pukaki, M.K and Fox’s Peak, S.C (Jamieson,
1999). Personal examination of all available specimens from New Zealand collections and those
known from international collections highlighted many misidentifications. Despite the vagaries
of many early locality labels the historic distribution of O. inaequalis appears to have been re-
stricted to the hills immediately to the North of Dunedin city. Records from Southland were mis-
identifications and no specimens seen from either the Mackenzie Basin or South Canterbury
proved to be O. inaequalis. Pitfall trapping during this study, which proved a very effective
method of collecting O. inaequalis recollected specimens from all known historical localities ex-
cept Mihiwaka. The current distribution of O. inaequalis is restricted to the subalpine tussock,
shrubland and broadleaf/kaikawaka forests that dominate the hills around Swampy Summit, Leith
Saddle, Mt Cargill and the forested valleys that extend from them. Ross Creek Reservoir was the

most urbanised locality of the current distribution.

An 8x10 grid of pitfall traps was installed on Swampy Summit to collect O. inaequalis in an at-
tempt to estimate abundance using a mark-removal or a mark-recapture method. Only 34 indi-
viduals were collected and no marked individuals were recaptured. This was insufficient for any
quantitative estimate of abundance to be made. It was soon apparent that the only efficient

method of collecting O. inaequalis in the habitat was pitfall trapping therefore any accurate future
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quantitative estimates of abundance are unlikely. Trap captures did show seasonal variation with
most beetle éctivity in spring and early summer, such patterns of activity are common amongst
carabids (Anderson, 2000; Thiele, 1977). Trap captures appeared to be aggregated around groups
of boulders, however this was statistically not significant. Based on the very complex micro-
topography and vegetation surrounding the pitfall traps, I would estimate the probability of catch-
ing an individual is low. Based on this low probability of capture, the number I did catch (34)
and the fact that O. inaequalis was the second most commonly caught carabid after Holcaspis
(which may have been niultiple species as H. impiger and H. placida are only distinguishable on
the basis of male genitalia (Butcher, 1984)) I believe O. inaequalis is relatively abundant at

Swampy Summit.

Because O. inaequalis has not shown any significant range contraction, appears to be relatively
abundant (at least at Swampy Summit) and that most of its habitat is protected for Dunedin City
water catchment I do not recommend any conservation management for the species. However
the newly designated Oregus crypticus is known only from a few specimens; the most recent col-
lected is from the Eryewell forest in 2001. Most localities where it has been collected are signifi-
cantly modified for pastoralism or forestry. O. crypticus is possibly adapted to tussock shrubland
ecosystems, large areas of which have declined in both area and quality throughout North Can-
terbury. A current survey is urgently required to determine the present distribution of O. crypti-
cus. It is important to assess whether any of its habitat is currently pr&ected, as most land in the

region is used for pastoralism.

Although this study failed to provide a quantitative estimate of the abundance of O. inaequalis at
Swamby S—Il'mﬁlit, it did quite importantly clarify the distribution of this species. The historical
distribution of O. inaequalis has been debated in the literature (Jamieson, 1999) and in unpub-
lished discussions between entomologists. This study confirms that O. inaequalis is a narrow
range endemic, restricted to the hills immediately to the North of Dunedin City. As such O. in-

aequalis becomes somewhat of an iconic species for Dunedin.

Thesis Outcomes

i.  This thesis aimed to identify the species relationships within the genus Oregus. Morpho-

logical and molecular analysis’s indicates four species, two of which are described for the
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ii.

first time in this thesis. Morphological characters were defined that allow accurate and
unequivocal field identification of O. inaequalis for the first time. This information was
conveyed to the Department of Conservation in a report entitled Pawson, S. M. and Em-
berson, R.M. (2001). Oregus inaequalis Castelnau, its distribution, and abundance at

Swampy Summit. DOC Science Internal Series 6, 1-20.

The study showed no significant historical range contréction of O. inaequalis. The
current distributidn of O. inaequalis is associated with subalpine tussock, scrubland and
broadleaf forest communities. The restricted range appears to be natural and not human
induced. This work failed to make any quantitative estimate of abundance, however all
evidence suggests that O. inaequalis is abundant, at least at Swampy Summit. O. in-
aequalis whilst unusually geographically restricted is not considered to be severely threat-

ened based on these results.
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Appendix A Morphological Character States

Character states are shown in bold font.

Character list

1.

el

N

o

10.

11.

12.

13.

15.

16.

17.

18.
19.

Number of pairs of supraorbital setae including setae occurring in transverse shallow de-
pression of the vertex (Figure 7A). 0, zero; 1, one; 2, two; 3, three; 4, four; 5, five; 6,six.
Colour of femora and tibia in adult individuals. 0, black; 1, red-brown.

Number of setiferous punctures on elytral margin anterior to the transverse metasternal
suture, 0, three; 1, four; 2, five.

Number of setiferous punctures on margin of elytra between the transverse metasternal
suture and the apical margin of the second ventrite. 0, two; 1, three; 2, four.

. Number of setiferous punctures on margin of elytra from the third ventrite to the base of

the elytra.0, five;1, six;2, seven; 3, eight; 4, nine; 5, twelve.

Shape of antenna 0, moniliform; 1, filiform.

Excluding setae of the apical margin, ventrite 6 has setiferous punctures either side of the
midline. 0, zero; 1, one; 2, two.

The posterior lateral depressions of the pronotum are. 0, distinct; 1, faint or non-existent.
Lateral depressions of the clypeus are. 0, distinct; 1, faint, difficult to discern even with
the aid of a microscope.

Form of labral margin. 0, labrum distinctly emarginate; 1, labrum with visible shallow
curvature; 2, labral margin linear with no visible concavity to the margin .

Location of setation on the left paramere of the male genitalia. 0, on an apical projection
of the paramere; 1, no setae; 2, on edge of paramere that does not have an (or has a very
reduced) apical projection; 3, on the edge of the paramere andon a distinct apical projec-
tion. '

Apical portion of the left paramere of the male genitalia forms. 0, a long apical projection;
1, a short apical projection; 2, no apical projection and the paramere is rounded at the tip.
Transverse distance across the tip of the aedeagus is. 0, < 0.2mm; 1, 0.2-0.29mm; 2, 0.30-

- .. 0.45mm; 3, 0.45mm.
14.

The apical plate (originally described by Ball (1956)) is folded within sclerite y when the
internal sac is in repose. The apical plate has. 0, no sclerotised projections; 1, one sclero-
tised projection (Figure 2.6C); 2, two sclerotised projections (Figure 2.6B); 3, three scle-
rotised projections.

Basal projection of the apical plate associated with the internal sac of the aedeagus is. 0,
absent; 1, distinctly thickened, or spatulate; 2, thin, highly pointed and less sclerotised.
Tip of the basal process of the apical plate associated with the internal sac. 0, absent; 1,
extended to the right (Figure 2.6A); 2, not extended laterally in anyway.

The right paramere of the male genitalia is highly setiferous on its ventral surface. Setae
extend. 0, the full length of the right paramere; 1, three-quarters the length; 2, two-thirds
the length; 3, half the length; 4, one quarter the length; 5, one-third the length.

Sclerite x of Ball (1956) is. 0, short and thick; 1, long and thin.

Sclerite y of Ball (1956) is shaped. 0, approximately like a y with two proximal points and
is heavily sclerotised; 1, more like half a globe and weakly sclerotised.
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20.

21.

22.

23.

24,

25.

26.

27.

The apical plate is covered in many small hairs, hairs are. 0, short and dark; 1, long and
dark; 2, apical plate is very sparsely covered by hairs.

In some populations there is a defined bump at the base of the aedeagus on the left-hand
side (from posterior ventral view), which acts as an attachment point for the condyle that
links the aedeagus with the left paramere. 0, structure not present; 1, structure present.

In some populations there is a defined bump at the base of the aedeagus on the right-hand
side (from posterior ventral view) this acts as an attachment point for the condyle that
links the aedeagus with the right paramere. 0, structure present; 1, structure present.

Shape of the tip of the aedeagus is. 0, rounded (Figure 2.4A-B); 1, blunt (Figure 2.4D); 2,
distinctly enlarged (Figure 2.4C).

Ventral surface of the aedeagus is smooth and highly sclerotised, and some cases there
may be a distinct, though small, notch close to the tip (Figure 2.4B). 0, notch absent; 1,
notch present.

Spermatheca of adult female genitalia is. 0, unsclerotised milky white structure; 1, lightly
sclerotised, visible with acid fuchsia stain; 2, heavily sclerotised.

Spermatheca of adult female genitalia is. 0, short and thickened in the apical three- quar-
ters; 1, long and thin with no obvious thickening; 2, long and thick.

Basal compartment of the accessory gland of the female genitalia (Figure 2.5D) is. 0, not
sclerotised; 1, lightly sclerotised; 2, heavily sclerotised.
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Appendix B COI Maximum Likelihood Tree

— Diglymma clivinoides 1

100

100

Diglymma clivinoides 2

—— Diglymma clivinoides 3

—— Oregus septentrionalis“Hanmer” 1

72

Oregus septentrionalis“Hanmer” 2

Oregus septentrionalis“Hanmer” 3

Oregus aereus “Dunedin” 1

Oregus aereus “Dunedin” 2

Oregus aereus “Dunedin” 3

Oregus aereus “Dunedin” 4

— Oregus aereus Hokonui Hills

98

L~ Oregus aereus Remarkables Range

—— Oregus aereus “Mt Cook” 1

67

Oregus aereus “Mt Cook” 2

L—— Oregus aereus Lindis Pass

— Oregus aereus “Rock & Pillar” 1

— Oregus aereus “Rock & Pillar” 2

Oregus aereus Pisa Range 1

98

Oregus aereus Pisa Range 2

Oregus inaequalis 1

65

Oregus inaequalis 2
Oregus inaequalis 3

100

Oregus inaequalis 4

l: Oregus aereus “Old Man Range” 1
Oregus aereus “Old Man Range” 2

Phylogenetic tree inferred from COI, using maximum likelihood (TVM+G model of evolution)

In=1669.59825. Values above branches represent bootstrap support from 1000 replicates.
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| Appendix C COI Parismony Tree

Diglymma clivinoides 1

Diglymma clivinoides 2

Diglymma clivinoides 3

. Oregus septentrionalis “Hanmer” 1

Oregus septentrionalis “Hanmer” 2

100 ‘
100
64
100
100
100
100
99
100
100
92 64
100 55 100
100
80
93 E
52
100 67 55 b——
100 f———
100 —
- 100 —

Oregus septentrionalis “Hanmer” 3

Oregus inaequalis 1

Oregus inaequalis 2

Oregus inaequalis 3
Oregus inaequalis 4

Oregus aereus Lindis Pass
Oregus aereus “Mt Cook” 1

L Oregus aereus “Mt Cook™ 2

== Oregus aereus “Rock & Pillar” 1

L_ Oregus aereus “Rock & Pillar” 2
— Oregus aereus Pisa Range 1

L_ Oregus aereus Pisa Range 2

Oregus aereus Remarkables Range

Oregus aereus Hokonui Hills

Oregus aereus “Dunedin” 1
'Oregus aereus “Dunedin” 2

Oregus aereus “Dunedin” 3

Oregus aereus “Dunedin” 4

Oregus aereus Old Man Range 1

Oregus aereus Old Man Range 2

Majority rule consensus tree of 15 equally parsimonious trees (Length 139 steps, CI= 0.90, RI=

0.96), inferred from the CO I gene region. Majority rule consensus values are shown below

branches and bootstrap support from 1000 replicates is shown above.
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Appendix D ND1 Maximum Likelihood Tree

100

86 |
55

60 —
L
61 —
ol
96 —
L

97 |

87
100

Diglymma clivinoides 1
Diglymma clivinoides 2
Diglymma clivinoides 3
Oregus aereus “Rock & Pillar 1
Oregus aereus “Rock & Pillar” 2
Oregus aereus “Dunedin” 1
Oregus aereus “Dunedin” 2
Oregus aereus “Dunedin” 3
Oregus aereus “Dunedin” 4
Oregus aereus Hokonui Hills
Oregus aereus Remarkables Range
Oregus aereus Lindis Pass
Oregus aereus “Mt Cook” 1
Oregus aereus “Mt Cook” 2
Oregus aereus “Old Man Range” 1
Oregus aereus “Old Man Range” 2
Oregus inaequalis 1
Oregus inaequalis 2
Oregus inaequalis 3
Oregus inaequalis 4
Oregus septentrionalis “Hanmer” 1
Oregus septentrionalis “Hanmer” 2

Oregus septentrionalis “Hanmer” 3

Phylogenetic tree of the ND1 gene region inferred using maximum likelihood (TIM model of

evolution), In=906.08. Values above the branches indicate bootstrap support from 1000 repli-

cates.
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Appendix E ND1 Parsimony Tree

Oregus septentrionalis “Hanmer” 1

Oregus septentrionalis “Hanmer” 2

Oregus septentrionalis “Hanmer” 3

— Oregus aereus “Dunedin” 1

Oregus aereus “Dunedin” 2

Oregus aereus “Dunedin” 3

Oregus aereus “Dunedin” 4
Oregus aereus “Rock & Pillar” 1

Oregus aereus “Rock & Pillar” 2
[~ Oregus aereus Hokonui Hills

L Oregus aereus Remarkables Range

r—— Oregus aereus Lindis Pass

8 Oregus aereus “Mt Cook” 1

Oregus aereus “Mt Cook” 2
— Oregus aereus Old Man Range 1

L Oregus aereus Old Man Range 2

Oregus inaequalis 1

100
100
87
67
52
100
100 61 53 I
100 100 67.
52 76
100 100
75 58
100 100
100 100
99
100 86
100

Oregus inaequalis 2

Oregus inaequalis 3

Oregus inaequalis 4

—— Diglymma clivinoides 1

Diglymma clivinoides 2

—— Diglymma clivinoides 3

Majority rule consensus tree of three equally parsimony trees (Length 72 steps, CI= 0.89, RI=

0.96) inferred from the ND1 gene region. Numbers below the branches indicate majority rule

consensus values, numbers above branches indicate bootstrap support from 1000 replictes.
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Appendix F mtDNA Sequences

COI Gene Region

Oregus aereus Dunedin 4
Oregus aereus Dunedin 2
Oregus aereus Dunedin 3
Oregus aereus Dunedin 1
Oregus aereus Mt Cook
Oregus aereus Mt Cook
Oregus aereus Lindis Pass
Oregus aereus Hokonui Hills
Oregus aereus Remarkables
Oregus aereus 0ld Man Range
Oregus aereus 0ld Man Range
Oregus aereus Pisa Range
Oregus aereus Pisa Range
Oregus aereus Rock and Pillars
Oregus aereus Rock and Pillars
Oregus inaequalis

Oregus Inaequalis

Oregus inaequalis

Oregus inaequalis

Oregus septentrionalis
Oregus septentrionalis
Oregus septentrionalis

Diglymma clivinoides
Diglymma clivinoides
Diglymma clivinoides

CATATTATTACA¢AAGAAAGAGGAAAAAAAGAAACTTTTGGATCATTAGGAATAGTATATGCTATAATTGGTATTGGTTTATTAGGATTTATTGTTTGAG
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Oregus aereus Dunedin 4 CTCATCATATATTTACAGTAGGAATAGATGTTGATACTCGAGCATATTTTACATCAGCAACAATAATTATTGCTATTCCARCTGGAATTAAAGTATTTTC 200
Oregus aereus Dunedin 2 200
Oregus aereus Dunedin 3 200
Oregus aereus Dunedin 1 200
Oregus aereus Mt Cook 200
Oregus aereus Mt Cook 200
Oregus aereus Lindis Pass -200
Oregus aereus Hokonui Hills 200
Oregus aereus Remarkables 200
Oregus aereus Old Man Range = -~---------- e - 200
Oregus aereus Old Man RANGE ——— e m = o o e 200
Oregus aereus Pisa RANGE  — = o - oo oo e oo o o e 200
Oregus aereus Pisa RaANge = - - oo oo oo e e 200
Oregus aereus ROCKk and Pillars —— - - oo oo oo m oo e - B 200
Oregus aereus ROCK and Pillars —--- - - oo oo o oo oo oo - 200
Oregus InaequalisS — me oo e e 200
Oregus InaequalisS 0 s e e e 200
Oregus inaequalis s e e 200
Oregus inaequalisS = e e e 200
Oregus Septentrionalis @ @ —o oo - Q-moemmmmmmm e 200
Oregus septentrionalis = = @S mmmmm e e U 200
Oregus septentrionaliS = @ —ommmmm oo e Bemmmmmmmmmm e 200
Diglymma clivinoides = = = = ——=-=--mmmmmmmmm e a----- Bm——mmmmmmm o fommm s a----—- R a-t----- 200
Diglymma clivinoides = = = —=——mmmmmmommmmmme e a----- B-mmmmmm—mmm | S Lommmmmm - a----- Crmmmmm e a-t-——-- 200
Diglymma clivinoides = = = = ==———mmmmmmmmmmeee e a----- Q-——mmmmmmm— R  CESPR a-~m—- Commmmmm - a-t-~--- 200
Oregus aereus Dunedin 4 CTGAATTGCAACTCTAGCAGGAACTCGATTTTGTTATTCACCTGCTTTATTATGATCAATTGGTTTTGTATTTTTATTCACATTAGGAGGATTAACAGGA 300
Oregus aereus Dunedin 2 T L T T T T ittt 300
Oregus aereus Dunedin 3 = — oo e 300
Oregus aereus Dunedin 1 et et ettt 300
Oregus aereus Mt Cook = ------------- L it Cmmm e m e 300
Oregus aereus Mt Cook = -—----------—o Lo LT T T 300
Oregus aereus Lindis Pass =  ----—-—=-----—- o mmm e G e Cmmm e m e 300
Oregus aereus Hokonui Hills ~ ------------- o e e ettt PRy 300
Oregus aereus Remarkables =  -----------—-—- B B m e e o oSO S 300
Oregus aereus O0Old Man Range = ------------ Cl—mmmmmmmmm e Cmm e mm o e 300
Oregus aereus Old Man Range = -----—------- Ct-mmmmmmmm e T T L 300
Oregus aereus Pisa Range = = ---———=----—=- [ ettt BT e L LR e PP 300
Oregus aereus Pisa Range = = ---——-——----- R i T 300
Oregus aereus Rock and Pillars ------------- B e o 300
Oregus aereus Rock and Pillars ------------- o LT r T T T IR 300
Oregus inaequalis = —-———------—- T e e - W fmm Qe mmmmm e mm e 300
Oregus inaegualis = —-c———--e—ono B e e Amm——mmmmmm—— fomCmmmm e e 300
Oregus inaequalis = ~————=----——- B e YR fomCmmmmm e m e 300
Oregus inaequalis = —-———------—o Bm o m e e e a---~- [> [ oo Cmmmmmmmm e 300
Oregus septentrionalis a-—-—————m— - L et C-m——= Lommm e - gr e m e ST R 300
Oregus septentrionalis - m—— e m— fommm e c---—- [ e e E T T T 300
Oregus septentrionalis B-—————-mm————— o c----= [ ittt gmmmmmm e tomgmmmm e m e 300
Diglymma clivinoides t---t-a---——--- £------ g--—--=-- cac------ C-——~= C-mmmmm - g-~t-a-------- t---C----t-w-g----g-------- c--g 300
Diglymma clivinoides t---t-a--—----- R g------- cac------ C-=-=-=- C-=—====== g--t-a--------~ t---C--~-t---g----g-------- c--g 300
Diglymma clivinoides t---t-a-------- - g------- cac-~----- C----= C-=—-——===-- g--t-a------~- t---¢c----t---g----g-------- c--g 300
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Oregus aereus Dunedin 4 GTAATTCTTGCTAATTCTTCTCTTGATATTGTATTACATGATACATATTATGTAGTTGCTCATTTTCATTATGTATTATCAATAGGAGCAGTATTTGCAA 400
Oregus aereus Dunedin 2 = —oom s e oo - 400
Oregus aereus Dunedin 3 oo 400
Oregus aereus Dunedin 1 —o s oo oo e - 400
Oregus aereus Mt Cook g e 400
Oregus aereus Mt Cook ——g-———————- o e 400
Oregus aereus Lindis Pass ~-g--———---- T T T L L LT L e TP 400
Oregus aereus HOKONUL Hills mommmmmmm o oo o o o o o e - 400
Oregus aereus Remarkables =  --—---—------ e e o 400
Oregus aereus Old Man Range = ------ g m B = m o e e g--—---- 400
Oregus aereus Old Man Range = ------ Emgm— @l mmmmm o e - ge-—————= 400
Oregus aereus Pisa RANJE == - - oo oo oo - 400
Oregus aereus Pisa RaNge = — s o mm o e - 400
Oregus aereus ROCk and Pillars ~---— oo oo o e o o 400
Oregus aereus Rock and Pilllars ——- - = m oo oo oo o 400
Oregus inaegualis = ————---—--- Blmm e G~ mmmmm e Cmmmmmm e e 400
Oregus inaequalis = —----———--- B mm e m e e Cmmmmm e mmm e Qommmmmmmm e 400
Oregus inaequalis = =----———--- R e et Cmm e Cmmmmmmm 400
Oregus inaegualis =  —=---————=- e e Tt Cmmmmm e Cmm i m 400
Oregus septentrionalis = = = = ~-==—r———----—m—m—ooo t-a--—-~---——————- o . Ermm e 400
Oregus septentrionalis = =  =—=-———--=-—m-——mmm-oo t-a~---—-——— oo G e o2 S U 400
Oregus septentrionalis = = = = =-==-—---—----momo—oo t-a-——----——————- T o 400
Diglymma clivinoides = = —=-==—————-- a---—- a---t-a------—-—- Lo mm e - B m e e e 400
Diglymma clivinoides = = = ~—-----———- a----- a---t-a~-------- R T T gy 400
Diglymma clivinoides = = -——--————--- a---~-— a---t-g-------- e e e L g 400
Oregus aereus Dunedin 4 TTATTGCAGGATTTATTCATTGATATCCATTATTTACAGGATTAACTCTAAATAATAATTTACTAAAAATTCAATTTATTGTAATATTTGTAGGAGTTAA 500
Oregus aereus Dunedin 2 = co e oo e e e m e m 500
Oregus aereus Dunedin 3 B e T T e e e 500
Oregus aereus Dunedin 1 = coccmm e e 500
Oregus aereus Mt Cook e e C e Sy S g S 500
Oregus aereus Mt CooOk = = @ ——ocmmmmmm e C-———-- o mm e m o A-————— - 500
Oregus aereus Lindis Pass =  ~---—mmm e e Cmmm——= mm e m m e 500
Oregus aereus Hokonui Hills — —---mommmmmmmmm e S 500
Oregus aereus Remarkables =~ oo - o e o e 500
Oregus aereus Old Man Range = =----—---- R e R R fmmmm e o 500
Oregus aereus O0Old Man Range = -—-~=-=---—=---=c--smmoooo——o t--—————- L femmmm e g 500
Oregus aereus Pisa RaANQgE =  — oo - oo oo o T el T TS e 500
Oregus aereus Pisa Range =  ~—-—=---—--—-o——mmeemmmmoo ST G e e e 500
Oregus aereus Rock and Pillars ---------=----———-mmoouo e T G mm m m 500
Oregus aereus Rock and Pillars ——-=----mmmmmm oo o 500
Oregus inaequalis = = seeeom e fmmmm— Cm—Cm—=fmmmm——mmm e fmmm 500
Oregus inaequalis B e e e T e [ TR C-—Cm—mfmmmm—— e mm e Lmm e 500
Oregus inaequalis = = @ memmommmmm e tm—————- CmmComm e e fomm e 500
Oregus inaequalis = 0@ —e e SRR CmmCmm e fmmm e 500
Oregus septentrionalis = = = = —=--—--—-———-mmomm——- C---——=-- E-mm————- o L T Ot mmm e 500
Oregus septentrionalis = = = = ~—=----———-ooomoo—n o oo - Emmm—mmmmmm o Cm i mmm e m e o 500
Oregus septentrionalis = = = ——-———ce—mmmmmemm—o C-———- PP P — o Ly T o gy 500
Diglymma clivinoides - Bt TR R R ta-t--aa~---—————=~ Cm——fmmmmmm— e m— e fmmm e m e a-- 500
Diglymma clivinoides B B ittt Qe R ta-t--ag------~=-- Commbfmmmmm e fmmm e g-——=- a-- 500
Diglymma clivinoides - C-=-=-=-== - ta-t--aa---....=——C-=—fm———m—mmmmm fommmmmmm e a-- 496
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Oregus aereus Dunedin 4 AAACTTCAATTG. AATGATTTCAAAAATATCCTCCTGCTGAA
Oregus aereus Dunedin 2 = = ——cmmmmmm e e -
Oregus aereus Dunedin 3 = c oo e
Oregus aereus Dunedin 1 = = —e-mmmmmmmmm e
Oregus aereus Mt CO0K @ —cmm -
Oregus aereus Mt Cook U e
Oregus aereus Lindis Pass =  -~----==----< O
Oregus aereus Hokonui Hills  ---—----—---- grmmmmmmm o
Oregus aereus Remarkables =  -—---—----—-- T
Oregus aereus 0ld Man Range = -------=---- P
Oregus aereus 0ld Man Range @ -------—--—-—- e
Oregus aereus Pisa Range = =  -—-=--——-—=-- e
Oregus aereus Pisa Range = =  -—---————==--- e

Oregus aereus Rock and Pillars ----------—-~ g
Oregus aereus Rock and Pillars ----------—-—- g
Oregus inaequalis = @@ mommmmmm e e

Oregus inaequalis = = 00— o
Oregus inaequalis = = @@ memmmmm e e
Oregus inaequalis = = @ memmmemmmm o
Oregus septentrionalis e A
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Oregus septentrionalis gy
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ND1 Gene Region
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Appendix G Collections of O. inaequalis

Known specimens of Oregus inaequalis in collections; nationally, internationally and pri-

vately that have been observed by S.M. Pawson.

Location Sex Date Collector Collection

Dunedin 1M, 3? ?.7.1863 Castelnau Museo Civico Di Storia Naturale G. Doria Genova
Port Chalmers 1? 7.x.1901 1.J. Walker BMNH

Port Chalmers 2? ?2.ix.1902 J.J. Walker Hudson Collection, National Museum
Waitati 17 - 11.xi.1923 C.E.Clarke AMNZ

Waitati M 14.x.1923 C.E.Clarke AMNZ

Waitati 3F, 1M, 327.x.1923 C.E.Clarke AMNZ

Waitati 2? ©7.x.1923 C.E.Clarke National Museum

Waitati 1F 18.x.1925 C.E.Clarke AMNZ

Waitati 47 18.ix.1926 C.E.Clarke AMNZ

Waitati 27 18.ix.1926 C.E. Clarke Collection, BMNH C.E. Clarke Collection, BMNH
Waitati Hills 1? 12.ix.1926 C.E.Clarke A _E.Brookes Collection, NZAC
? 1F 7.1.1934 von Staudinger F. van Emden Collection, BMNH
Mihiwaka, nr Port Chalmers 1? 21.1.1947 C.E. Clarke Collection, BMNH C.E. Clarke Collection, BMNH
Leith Valley 2? 18.iv.1960 I. Townsend L. Townsend

Leith Saddle 1? 24.ix.1966 R.R. Forster Otago Museum(W)

Leith Saddle 1? 5.xi.1967 RR. Forster Otago Museum(W)

Leith Saddie 1? 2.x11.1967 R.R. Forster Otago Museum(W)

Leith Saddle 1? 17.vi. 1967 R.R. Forster Otago Museum(W)

Ross Ck Reservoir 1? 18.x.1981 J.C.Watt NZAC

Mt Cargill 1? 21.x.1981 J.C.Watt NZAC

Swampy Summit 1? 16.xii.1984 B.1.P.Barratt I. Townsend

Swampy Summit 1? 17.x1.1984 B.LP. Barratt LUNZ

Swampy Summit 117 17.xi.-16.xii.1984  B.1L.P. Barratt B.LP. Barratt

Swampy Summit 10? 16.xii.1984-12.i.1985 B.1.P. Barratt B.LP. Barratt

Swampy Summit 8? 12.1.1985-16.ii.1985 B.LP. Barratt B.1.P. Barratt

Leith Saddle ) o IF 25.xii.1989 A.C.Harris Otago Museum

Bush track Swampy Summit 1? 26.x1.1993 I. Townsend I.Townsend

Swampy Summit 1M, 1? 11.1i.1995 B and H. Patrick Otago Museum

Swampy Summit 1F 23.x1.1997 E.Edwards, B and H. Patrick  E. Edwards

Flagstaff Hill IM ? ? A.E.Brookes Collection, NZAC
? Flagstaff Hill 1? ? ? A.E.Brookes Collection, NZAC
Port Chalmers 1?7 ? ? Hutton Collection, CMNZ

? 1? ? ? CMNZ '

? 1F ? Wakefield CMNZ

? 1? ? ? Pasco Collection, BMNH
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Appendix H Pitfall trap design

Photo of pitfall trap and rain cover used for this study.
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