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Abstract Attention is drawn to the parallel arc
patterns permeating much of New Zealand
biogeographic structure. The fracturing and creation
of guch parallel arcg by tccionic movement and
erosion has bronght about vast disjunctions in many
plant and animal groups. The major arcs of distribu-
tion correlate with zones of tectonic activity such as
plate and terrane margng, fracture zones, and belts
of granitic intrusion. Other arcs may be the result of
evolution along the Tertiary shores of inland bodies
of water. The altitude of many communities in New
Zealand also appears to conform to biogeographic
and icctonic trends, with higher altitude communities
having been derived by the uplifi of mid-Tertiary
lowland-coastal communities. Evolution is inter-
preted here as proceeding largely by phases of pop-
ulation reorganisation, for example in the formation
of Cretaceons hybrid swarms, and “recrystallisation™
in which ancient ranges are “frozen”, even in weedy
taxa. Such processes correlate spatially with zones
of teclonic and physiographic disturbance,

Keywords evolution; biogeography, panbio-
geography; geology; parallel arcs model; tectonics

INTRODUCTION TO NEW ZEALAND
BIOGEOGRAPHY

Ina global context the New Zealand flora and fauna
canbe broadly interpreted as an amalgam of affinities
based inand around the Indian Occan (Gondwanaland
groups — Fig. 1a) and affinities of the Pacific Qcean
(Fig. 1b). A third series of affinities ranging along
the “Teihys” track: New Zealand — Melanesia —
central Asia = Mediterrananean 15 also important,
and 15 illustrated in Fig. 19 where it comprises an
extension of a circum-Facific pattern.

With respect to differentiation within New
Zealand, Colenso (1868) proposed one of the first
biogeographic classifications. He sugpested that ihe
North Island could be divided into six regions, with
the divisions between these corresponding to certain
lingg of latitude. Such areas are oftep taken to
represent regions of animal and vegetable life
reflecting, above all, climate. Of conrse, there ig a
broadlowering of temperature between, forexample,
Kaifaia in the far north and Wellington in the south,
as well ag many biological differences. However,
although “latitudinal” schemes ag used by Colenso
and others (e.g., Allan 1961) have historical
importance, lincg of latitude fail to account for a
great number of distribution paticrng,

Among such “anomalous” distributions in Mew
Zealand are wide disjunctions—striking gapz in the
range of a plantor animal often hundreds of kilometres
across. The meaning of these gaps has remained
controversial. Related anomalons patterns include
diskibutions of biclogical groups which followisland
arcs such as; Hen and Chickens — Poor Knights —
Three Kings (Fig, 4aYbut are absent on the mainland,
which is geographically much closertothe individual
islands involved than these are to each other. Many
such anomalies in the distribution of groups in New

:  Zealand have been documented and discussed in
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somedetail (e.g., Croizat 1952-1968; Cranwell 1962;
Craw 1983, 1985; Henderson 1985; Grehan 1987;
Heads 1987), and this work has developed the idea
that the distribution of living forms in the region
follows a serics of more or less parallel arcs. This
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Fiz. 1 a, An Indian Qccan affinity in Thymelaeaceae
{Angiosperms). Thick line: Gnidia sl.; stippled:
Thecanthes, hatched line: Fimelea; wiangles: Kelleria
{Domke 1934). b, A Pacific Ocean affinity in
Scrophularizceae (Angiosperms). Thick line: Leonohebe,
hatehed line: Parahebe; stippled line: Hebe (Heads 1987).

idea originated with Croizat (1958} who mapped
biological tracksas parallel arcs around New Zealand.
Ttis of interest thai these show a striking correlation
with structural analyses presented by geologists in
the following decades (Fig. 2), providing a good
example of the predictive value of Croizat’s work,
Naturally, biclogists in New Zealand to-day have
access to much more biogeographic data for the
region than did Croizat, and can extend his original
gnalyses. Croizat (1952: 182) proposed that : “New
Zealand stands as a land-bastion, sutrounded by a
half-crumbled insular are, Norfolk Island-Kermadec
Islands—Chathamn Island-Bounty Island-Antipodas
Island—Campbell and Auckland Islands-Macquarie
Island. Whether this arc ig actually single, or made
out of lesser arcs and their branches (e.g., Lord
Howe Island-Three Kings Islands—Chatham Igland,
malching the arc Norfolk Island-Kermade: Islands—
Chatham Island etc., described above) we do not
know. The fact seems to us clear, however, that
dispersal speaks for New Zealand being the largest
remnant of someland once massivein these quarters.”
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Fig. 2 Aspects of struchwe m and arcund New Zealand,
a, Croizat’z 1958 analysis (fig. 242, of. his fig. 229A, 241
ete.). b, Features from Cullen's 1967 analysis. 1 = Alpine
Fault, 2 = Waipounamn Fracture, 3 = Antipodes Fracture
Zone, plus (4) = Vening Mainesz Fracture Zone (Kamp
19886).

Here it may be useful to provide a short
explanation of two of Croizat’s key terms and
concepis: “dispersal” and “node”. The idea, current
in North American “vicariance biogeography”
{Nclson & Flatnick 1981), that Croizat somehow
simply rejected dispersal is false. Croizat 1ejectad
certain authors’ interpretations and conceptions of
this process, not the process itself.

In modem biogeography, simple records of
distribution are interpreted, or given ameaning, with
respect to a fundamental process of changs of
position. Such a process has generally been 1abelled
dispersal or migration—for example Clements &
Shelford (1939) proposed a very broad concept of
migration which would include “any and all changes
of position”, Croizal simply enlarged the concept
even further, He argued that a workable concept of
dispersal/migration must involve, in addition to
simple change in position (Croizat’s “iranslation in
space™), a factor of form-making. This is because
form-making by itself, for ¢xample the evolution of
a character, may change the geographic position of
thatcharacter, withoutany of the physical movement
of individuals always assumed as fandamental by
authors such as Clements & Shelford (1939) or
Nelson & Platnick (1981) in their own concept of
“dispersal”/*migration™.

The meaning of organic dispersal—the synthetic
process of spacing, iming, and form-making which
gives rise to the distribution of plants and animals

F.02-37
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and their characters over the face of the earth—is for
Croizat the fundamental problem of bidgeography
(Croizat 1952-1968). Croizat’s work is the most
recent in-depth study of the broad phenomena of
dispersal in plant and animal life.

Croizat described certain areas as biogeographic
“nodes”, Travelling into anode, one becomes aware
that new plants and animals are present, and that
oihers arc now absent. The new forms may be
regiricted to the node or may be widespread in yct
other regions. In general, a biological node (hinge,
gate, articulation, beginning or end of a track, centre,
etc.) can be characterised as a locality or region
where plants and animals manifest:

1 presence, for example of endemic forms (found
there and nowhere elge),

2 absence, for example of groups found widely
elsewhere,

3 phylogenetic and geographic relationships or
affinitics with several different areas at once,

4 houndary zones—where taxa begin {come into
existence), and/or end (go dead), phylogenetically
and geographically.

All four phenomena arc typlcally present at
nodes of major significance, and onc or more are
present at minor nodes. Fleming (1978) atiribuied
all four characters to New Zealand, which thus
constituted a node in his analysis. However,
panbiogeographic work (as cited above) has shown
that “New Zealand” is a composite struciure—a
wholc galaxy of nodes—rather than a single node.
Croizat’s (1958, 1968) analysis of New Zealand is
based on the concept of parallel arcs (Fig. 2) and
cites boundaries such as Egmont — East Cape, and
nodes such as Three Kings Islands, and Awarua (the
latter included in this paper with the Foveaux Strait
centre — Fig. 8). A series of nodes constitutes a track
or biogeographic *arc” or “sector”, and it should be
noted that a track ¢an be a track of absence—a zone
of disjunction or gap——as well as a rrack of presence,
Because a track may be one of absences, a track in
general is neither simply a cladogram, nor simply a
phenogram, nor simply a minirnal gpanning tree.
This does not mean that a track can then mean

anylhing to anyone, as areas of absence, forexample

inNew Zealand, are clearly delimited and amenable

to scientific investigation (se¢ thls paper and thal by

Craw in this issue),

Returning o New Zealand bmgeography, it is
clear that disjunctions and other “anomalies” have
traditionally becn explained very much case by ¢ase,
with appeals made to: migration by “special means™

Fig.3a, Stippledline: Periomyx (Annelida; Qligochasta).
P, egmonti at Taranaki, P, kelophilus, P. perionychopsis
and P. shoeanus at Auckland Is (Lee 1959). Hatched linc:
Karamea (Opiliones). K. lebata, K. tricerata, and K.
turhilli st Girey River-Nelson, K. frailli st Bluff and northern
Stewart I (Forster 1954). b, Stippled line: Astelia lincaris
var. linearis (Angiosperms: Liliaceae) (Moore 1966). ¢,
Stippled line: Astelia subulata (Liliaceac) (Moore 1966,
Plus herbarium records). d, Stippled line: Rakiuwra,
menotypic with R. vernale (Trichoptera: Helicopsychidae)
(Cowley 1978; Henderson 1987). Hatched line: Aciphylla
stannensison Stewart ], and itsclosestrelative A, trifeliolata
of west Nelson (Angiosperms: Umbelliferaz) (Dawson
1980). ‘

of dispergal, mistakes of classification, human activity
suchag eatly Polynesian introductions, extinction of
intermediate populations, poor collecting, or factors
of past or present local ecology such as climate.

‘However, such distribution patterns and, above all,

their reperitive occurrences in many groups with
different “means of dispersal” are often frankly
admitted to constitute unexplained . anomalics or
carious puzzles.

Some standard disjunctions are illustrated below
for the purpose of giving a brief summary of New

F.03-37
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Zezaland biogeography. The diagrams are intended
to illustrate broad trends in dispersal, and not details
of digtribution, many of which could not be
reproduced at the scales used, Further details are
available in the references ciled. My own bias is
towards the seed-plants, and [ am grateful to Drs
Craw, Grehan, Henderson, and Climo for having
sharcd information and ideas on dispersal in other
groups, in particyular insects and molluscs.

To begin with, there exists a series of related
disjunctions in the southwest of the New Ze¢aland
region. Fig. 3 gives examples of oligochacte worms,
msects and seed-plantsranging between Ancldand —
Campbell Is in the far south, notth to the Norih Island
(Taranaki). In these patterns all or large sectors of
the South Island are not involved, Geologically and
biologically, the northern part of Stewart Island
could be taken to include points on the southern
coastof the South Island such ag Bloff (Fig, 1a), This
“Foveaux Strait centre”, whose biota often points to
that of the Longwood Range to the west and/or the
Catling 1o the east, can also act in dispersal largely
mdependent from Otago, Fiordland, and Canterbury,
instead showing, as in Fig. 3, a swong affinity with
the northwest South Island: Paparoa Range -
northwest Nelson.

Moving to an apparently unrelated part of New
Zealand, Fig. 4 shows various northeast arcs of
dispersal in seed-plants, reptiles and barnacles.
Biological form-making on these arcs was clearly
recognised overacentury ago. Hooker (1871) realised
that: “Itis a remarkable fact that many of the Barrier
Island plants differ permanently, though slightly,
and some strongly and specifically, from thoscof the
adjacent mainland, indicative of along geographical
severance,” In a discussion of endemism on Three
Kingg Iglands Cranwell (1962) noted that Croizat
{1958) stressed the imporiance of a “relict or
*horstian’ component” in this sector of New Zealand
biology. Croeat subsequently (1964) continued his
analysis of the northeast New Zealand “horsis™ in
dispersal, citing ferns. Recently Watt (1982) accepted
a Poor Knights — Three Kings connection in a study
of invertebrate affinities. In summary, the islands of
north Auckland (Three Kings, Poor Knights, Hen
arkd Chickens, Mokohinau, Great and Litile Barrier,
ete,) ofien show striking endemism. Many groups
manifest curions affinities among the islands but are
absent from the mainland. In similar patterns,
dispersal centred on theislands involvesrare, isolated
mainland populalions, especially at or near North
Cape, Whangarei Heads, and Cape Colville. Further
infand, yet another series of tracks runs straight up
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Fig. 4 a, Solid line: Nestepic apetala (Angicsperms:
Oleaceae) also at Norfolk I (Eagle 1952). Haiched line,
reading from nerth to south: Three Kings Is, Poor Knights
Is, Hen and Chickens Is Meryta (Angiosperms: Araliaceae)
in New Zealand: Three Kings, Poor Knights, and Hen and
Chickens, Cordyline kaspar (Angiosperms: Agavacene):
Three Kings and Poor Knights, Alsciryon grandis
(Angiozperms: Sapindaccac); Three Kings and’ Poor
Knights (Checseman 1925; Beaver 1984). b, Leiolopizma
sweri (Reptilia: Seincidae) (Towns 1974). ¢, Barnacles
(Crustacea: Cirripedia). Stippled line: Tetraclita acranga.
Solid line: Balanus tintinnabulum linzei, Hatched line:
Balanuy variegatus. Trangle: Balanus amphitrite. (Poster
1978). d, Beilschmiedia tawaroa (Angiosperms:
Lauraceae) (Wright 1984),

the middle of north Auckland peninsula (north of
Auckland isthmus, itself a complex biogeographic
centrz). This pattermn of parallel or negied arcs, dividing
up northern New Zealand belween east and west
(Fig. 4c, 5c) is clearly seen in many groups of
matine, aquatic and terresirial organisms. Further
southeast many distributions show a notable
disjunction between North Auckland — Coromandel
Peninsula, and the East Cape region, with a
congpicuous gap in the Bay of Plenty (Fig. 4d).

F.04-37
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Fig. 5 DBaseline, or cente of gravity, of dispersal,
represented by circle. 8, Metrosideros parkinsoni
{Angiosperms: Myrtaceae) (Atkinson et al. 1962). b,
Sticherus flabellaius (Pleridophyta; Gleicheniaceae)
(Given 1982). ¢, Urricularia protrusa (Angiosperms:
Lentibulariaceac)in New Zealand (Moar & Mason 1973),
d, Asplenium obtusatum (Pteridophyta: Aspleniaceas).
NMerthemn massing: A.o. subsp. northlandicum, southern
masging: A.0. subsp. obrusarum (Brownsey 1977).

Although the biogeographic affinitics of the
northern arcsoften lie with Norfolk I, the Kermadecs,
and Polynesia, they are algo clearly connected with
southern sectors of New Zealand (Fig. 5), in fact,
often with the southwest arcs discussed above and
illustrated in Fig, 3. Disjunction between northeast
sectors and northwest South Island (Fig, 5) is
generally seen in groups in which 3 main massing of
forms occurs, as seerng reasonable, to the northwest
of New Zealand, in east Ausiralia, Lord Howe I,
Norfolk I, the island of New Guinca, and/or New
Catedonia. Thus northern New Zealand may be
“antered” by adouble, split track, involving aforking
or pincer-shaped siructure, in much (he same way as
Fig. 3¢ illusirates tracks in the shape of “clampers”™

Fig. 6 a, Simplicia (Gramineac). Open circles: 5.
buchananii, dots: 8. laxa (Zotov 1971). b, An affinity in

‘ Rytidosperma (Grasses). Dots: R, tenue, open circles: R

pulchrum (Commor and Edgar 1979). ¢, Solid line: the
annelid worm Plhdellus. Auckland Is: P. aucklandicus,
Foveaux Strait: P. stewartensis, Banks Peninsula: P.
parvus. {Lee 1959). Hatched lines: three possible tracks
contiecting breeding populations of the peteel Plerodroma
cooki: Litde and Great Barrier Is in the norih, Codfish1 (by
Stewart I) in the south (Falla et al. 1979). Dotied stippled
line: Traillochorema(Trichoptera) (Henderson 1985). d,
Large, open circles connected by hatched line: breading
stations of the mollymawk Diomedea bulleri. Smaller
dots comnected by solid line: Libertiz pergrinans
(Angiosperms; Iridacese) (Moore 1967), bascline of
dispersal as triangle,

puton New Zealand from the southwest, Tiesberween
the northeast arcs and the Cook Straitregion are very
common—in Fig, 5d. possible connections via the
¢agl as well as the west are shown,

To complete the circuit of Mew Zealand, Fig. 6
illustrates further nested arcs, this time lying to the
cast of New Zealand. Stewart I, Duncdin, Chatham
Is, and Cook Strait appear as especially important
nodes in such patterns, asare the other nodes already
considered in the northeast, e.g., Bast Cape,
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Fig. 7 a, Pannaria crenulata (Lichenes). All records
mapped except Campbell I (Galloway et al. 1983). b,
Neophrynichthys (Pisees) m New Zealand. Stippled: N.
angestus. Solid line: N. lazus. (N. magnicivrus endernic at
Macquarie I) (Nelson 1977). ¢, Five related forms of
Ariphylla (Angiosperms: Umbelliferas). Reading from
south to tierth: A, lecomiei, A, moriana var. montana, A,
montana var. gracilis, A. similis, A. mynrei (Dawson
1979). Nodes (wiangles) at (south to north): Eyre Mits,
upper Clutha, Torlesse Ra, Awatere River mouth. d,
Relatedforms in Gingidium (Angiosperms: Utnbelliferas).
Svppled: Gingidium decipiens, black: G. enysil var.
bazterage (populations connectad by double-headed arrow),
hatched line: (. enysii var. spathulatum, solid lne: O,
enysii var. enysii (Dawson 1967; Webb 1977). Northem
Rock and Pillar Range indicated with asterisk and arrow.

In the light of the pattems already illustrated,
distributions such as that of the lichen Parnaria
crenulata (Fig. 7a) can be explained with reference
to standard connections. Both westem and eastern
arcs are clearly involved, with the possibility of
limited entry inland by nodes at Fiordland,
Waikaremoana/Whakatane (northeastern NMorth
Igland), and Kaitaia,

© Nested arcs are equally obvious in marine and
terrestrial taxa, For example, Fig, 7b shows two
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Fig.8 A diagram obtained by juxtapasing several ol the
tracks and nodes shown in Fig. 1-5, and adding Corula
potentelling {Angiosperms: Compositae): Auckland
Is~Chatham Is (Lloyd 1972). :

related fishes with largely vicariant distribotions,
coming together at Dunedin.

To complete a brief review of New Zealand
biogeographic patterns, inland New Zealand pattarns
are illustrated in Fig. 7c and 4. Similar northeast
striking patterns are repeated in many groups, with
boundaries at all possible combinations of many
inland nodes. Four main nodes—Eyre Mis, Dunstan
Mits, Torlesse Ra, and Awatere River—are shown in
Fig. 7c. d. The marked disjunction beiween Ceniral
Otago and northwest Nelson evident in Gingidium
(Fig. 7d.) will be discussed below. Gingidium also
shows especially clearly how anode at the northern
Rockand Pillar Range may beinvolved with dispersal
tothe southwest (G. enyyif var, baxterae), northwest
(G. enysii var. spathulaium), and northeast (G, enysii
var. enysii).

Fig. 8 has been compiled by putting together
most of the tracks and nodes shown in Fig. 3-7 to
integrate the patternsatready considercd. Thisscrves

F.06-37
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as an introduction to discussion of geological
strucmires and cvenis possibly relevant to the life of
the region. Although Fig. § may indicate a very
complex situation relative to the biogeography of
the geologieally stable continental shields (generally
these arc the geographical cores of the continents},
the pattcrns illuswated can be compared with other
geologically dynamic regions such as the Caribbean
and Melanesia (Croizal 1958),

BIOGEQGRAPHY AND GEOLOGY
OF NEW ZEALAND

The southwest Pacific is a major region of ¢rust
intermediate between continental and oceanic
character (Aronson 1968). The New Zealand region
itself shows a continental orogenic history. It is
made up of huge thicknesses of material representing
allthe stratigraphic systems-—Palaeozoic, Mesozoic,
Tertiary, and Quaternary. Geosynclinal
sedimentation and uplift, regional metamorphism,
volcanism, and intrusion of plutonics have all taken
place over wide areas of the New Zealand platean, a
structure which extends 1o Auckland, Campbell, and
Chatham Is. Vast belts of folding are a characteristic
feature, and the sedimentary beds commonly show

“very rapid lateral thinning. This indicates that the
New Zealand region has suffered intense disturbance
in its ecological and geological history; events or
periods of upheaval are proposed here as phases of
profound ecological and evolutionary reorganisation
for ancestors of the extant flora and fauna, Thus,
New Zealand has akeyrolgtoplay in the development
of modem theory, Indeed, Grindley (1974) has
writlen: “successive orogenies have been
superimposed through Phanerozoic time giving a
complexity of structure that has made this {New
Zealand] a testing ground for geologists and a
graveyard for tectonic theories.”

A very generalised view of the New Zealand
plateau (Fig. 9) reveals New Zealand as a zone
where at least three separate geological structares of
more ot less independent history and geographic
affinities come together in a fracturcd, reverse 3-
shape structure, The New Zealand region straddles
the present boundary between the Pacific and
Australian plates (barbed line in Fig. 9). In modern
geology three main kinds of plate margin have been
proposed to account for global patterns: convergent
margins, divergent margins, and transforms, with
the latter linking convergent andfor divergent
margins. To the north of New Zealand, the Pacific

Fig.9 A highly generalised view of geological terranes
in the New Zealand region. Stippled: Tuhua terrane.
Thick, oblique hatching: volemnic arc terrancs (SW-NE
hatching: Hokonui group of terranes, SE-NW hatching:
Colvitle Ridge, Kenmnadec Is etc). Fine vertical hatching:
Torlesse and Caples terranes. (After Howell et al. 1985).
Al a-a the Alpine Fault, at c—c the Campbell Fault.

plate to the eastis proposed fo be subducting beneath
the Australian plate to the west. To the south, the
Australian plaie is being subdicted beneath the
Pacific plate. These two sectors of convetgent margin,
subduction zones dipping in opposite directions, are
connected by a transform—the Alpine Fault.

At first sight Fig. 9 appears 1o bear little
relationship with the nested are phenomena of New
Zealand biogeography. However, the fracturing of
the geological arcs evident at the Alpine Fault (a—a
in Fig. 9) and the Campbeli Fault (c—) is of great
significance. The possible biological consequences
of such major displacements include the formation
of disjunction by the pulling-apart of populations,
The faulis here illusrated could not, on their own,
explain all the biological disjunctions. However,
with the development of the concept of the region a3
a complex of separate microplates, or terranes, the
possibility of considerable movements between
terranes emerges. Of course, a great deal of
disjunction observed in terresirial organisms may be
explained with reference to past land, where now is

F.07-37
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Fig.10 Geologicalterranesof New Zealand (after Bishop
ctal. 1985; Spirli 1987 etc.). Scattered short lines: Westetn
Province. Small circles: Brook Street and Murihik teiranes
(the fermer to the west, the latter to the cast). Heavy black
in South Island: Dun Mountain-Maitai rerrane. Horizontal
hatching: Caples terrane. Stippled: Haast Schist, Vertical
hatching: Torlesse tetrana (1 =Older Torlesse, 2=Younger
Torlesse, 3 = Taupo Graben, 4=Waipapa terrane, wisngles
= Akatsrawa terrane to the southwest, Kakahu terrane
the northeast). North Istand Tertiary terranc: solid black at
North Cape, north Auckland, and East Cape mark ihe
Whangakea, Tangihua, and Matakaoca VYoloanics,
respectively,

sea, having been lost by normal processes of sinking
and erosion, Large sectors of land have been, and are
being, lost this way all around New Zealand, and
result in tracks disappearing out 1o s¢a, sometimes
with fragments preserved on islands.

A more detailed picturc of New Zealand basement
terranes (Fig. 10) reveals greater complexity. Ten
terranes have been proposed by Coombs (1985), and
these are all “suspect”, in that “they may once have
occupied significantly differentpositions withrespect
to their neighbours than is now the case.” Information
supplied by Coombs enables a brief charac (erisation
of the different terranes.

Muzeum of Science
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West of the Median Tectonic Line are the rocks
of the “Western Province”, representing a fragment
of a Palaeozoic continental margin with possible
pre-Cambrian basement. However, the natwre of
pre-Cambrian basement in New Zealand, if any, is
still an open question (¢[. Aronson 1968). In Westemn
Province rocks, two separate terranes of Paleozoic
sedimentary belts are recognised, and these were
brought into contact in Palasozoic (Devonian) time.
Such early events cannot concern us here, but the
record of subsequent granite emplacement in the
Western Province through the Mesozoic, culminating
in the Early Cretaceous, concerns an ¢poch of direct
significance for modem biogeography. Correlation
of belts of granite emplacement wath tracks of plants
and animals will be considered below.

In addition to the two Western Provinee tefrancs
referred to above is the Western Fiordland
Orthogneiss (maximum age of emplacement Early
Cretaceous). This is a volcanic arc-related lerrane
that was involved ina Cretaceouscollision eventand
was subsequently, but still in Cretaceous time,
juxiaposed against rocks to the east.

The Median Tectonic Line (MTL) scparates
Western and Eastern Provinces. “Enigmatic™ fault
slivers, the largestof whichis named as the Drumduan
tetrane, oceur in the zong of the MTL, but arc not
shown on Fig. 10. They recall such “sliver”
distributions along the MTL as that of the plant
genus Ji (Fig. 24).

The “Hokonui Assemblage” includes the Brook
Street, Murihiku, and Dun Mountain-Maitai terrancs,
accreted to the Western Province at some time/s in
the Mesozoic, possibly in the Cretaceous.

The Braok Strest terrane, including sediments of
Permian to Crelaceous age, is described by Cootnbs
as an “clongate sliver” of a volcanic arc complex
which was once “substantially wider”.

The Maurihiku terrane is composed of a 15 km
thickness of Triassic and Jurassic arc-derived
sediments. According to Coombs it is “not
demonstrably derived from Brook Street.” There is
some ¢vidence for the presence of continental crust
bencath the arc that did supply the deritus.

In the Dun Mountain-Maitai terrane the Permian
Dun Mountain Ophiolite Belt, a“major tectonic and
geophysical marker thronghout New Zealand”
(Sporli 1987), isoverlainby the arc-derived sediments
of the Upper Permian Maitai Group. (The two may
be continuous with the Murihiku), Coombs cites
evidence from the Maitai for a Crelaceous collison
event which raised metamorphic conditions.

F.08-37
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The Caples terrane, representing the marginof a
volcanic arc, comprises metamorphosed Permian—
Triagsic sediments of low metamorphic grade,
grading by increasing metamorphism into the Haast
Schist. The provenance of the Caples sediments was
volcanogenic but the ash beds so numerous in the
(now) nearby Murihiku, are rare or absent, implying
some relative displacement. Spérli (1987) regards
the Waipapa terrane as the North Island equivalent
of the Caples, but here (Fig. 1() the Waipapa is
trcated as part of the Torlesse,

Howell etal. (1985) place the Torlesse terrane in
a group of terranes charactensed as: “oceanic rocks
mixed with continentally derived sediments
{geosynclinal deposits)”. The Older Torlesse
(Rakaia) terrane largely comprises Permian--Triassic
greywacke, probably derived from an active
continental margin. These rocks grade
southwestward by increasing metamorphism into
the Haast Schist. The Haast Schist thus involves a
“eryptic suture” of Caples and Torlesse terranes in
which the mctamorphic overprint has obliterated
siratigraphic relations (Howell et al. 1985),

Within the Torlesse, the Kakahn 1errane, by the
Opihi River near Geraldine, comprises 15 km? of
mélanged sediments and volcanics, including
Carboniferous fossils. The Alatarawa terrane, north-
west by Lake Aviemore on the Waitaki River (be-
tween Oternatata and the Kirkliston Range) compriscs
5 km® of sediments and volcanics. It includes
Fusulinid foraminifera (Protozoa) of Tethyan
affinities known elsewhere in New Zealand only at
‘Whangaroa, north Anckland, in the Waipapa terrane,
The Younger Torlesse (Pahau) terrane, apart from a
younger age (laite Jurassic—early Cretaceous), is
very similar to the Older Torlesse (Rakaia) terrane.
The boundary between the two is much less well-
defined than the boundaries between the other
terranes.

In the North Island, Temtiary temmanes are of
spocial biogeographic interest. The Whangakea,
Tangihea, and Matakaoa Voleanics are related sca-
mount bodies emplaced in the Tertiary along the
line: North Cape—Kaitaia/Dargaville-East Cape
(Brothers 1982), and on a similur sector the Northland
and East Coast Allochthons have been related by
Sporh & Ballance (1985),

In the following pages brief chronological and
regional outlines of New Zealand geology compiled
from standard geological texis are given, and
juxtaposed with cerlain parallel phenomena in
biclogy. Details of how such parallel structures in
earth and life are related are not known, The aim of

this paper is w0 report some preliminary, broad
geographical correlations. Also, no attempt is made
here to provide lists of taxa involved in any one
pattern, rather, examples are introduced simply to
ilinstrate general kinds of patierns, The first cage
considered, that of the Alpine Fanlt Zone, is treated
in a little more detail as an example of how a study
could be developed, buleven here, very many groups
other than those illastrated show the same kind of
pattern.

THE ALFINE FAULT ZONE: BIOLOGICAL
DISJUNCTION ALONG A TRANSFORM

For much of its length the major structural boundary
known as the Median Tectonic Line runs along a
transform—the Alpineg Faull Zone (“Alpine Faull™),
which as we have already seen (Fig. 9, 10) is an
important structure in its own right. The timing of,
{a) the formation of thereverse S-bend (an “orocline™)
inNew Zealand and, (b) the movement on the Alpine
Fault have both been controversial ever since
Wellman proposed 480 km of dextral digplacement
on the Alpine Faultin 1948. (Standing on either side
of a fault, movement is “dextral™ if the other side
appears to have moved to the right, “sinistral” if to
the 1eft). Kamp's (1987) model (Fig. 11) of a pre-
Tertiary bending to give the orocline structure, and
an additional upper Tertiary bending with lateral
displacement on the Alpine Fanlt seems to acconnt
for different sets of palasomagnetic and geological
data, A crucial feature of this model is that it accepts
different amounts of digplacementat different points
on the fanlt {cf, Lilliz 1980), In particular, the more
britile Western Province rocks have been cracked by
the fault, whereas the sofier schist and Torlesse were
stretched out along the fault. Thus displacement
between, for example, Otago and Nelson is much
greater (the full 480km), than between Marlborough
and Nelson/Wellington. This model proposes no
gimple displacement ona gingle fracture in the North
Island, but suggests ingtead thatrelative plate motion
has been taken up by distribuied clastic deformation.
These ideas are of direct interest to biogeographic
patterns.

There exists a series of biclogical distribution
patterns invelving disjunctions on the west coast of
the South Island—a few examples are illugtrated in
Fig.12-17. (Thescarcsarcsimilar in general stmcture
tothose illusrated in Fig. 2-7 for other parts of New
Zealand.) There are many more examples known,
for example in molluscs, and it 15 proposed here that
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Fig.12a, Stippledline: Anzia inNew Zealand (A jamesit)
(Lichens) (Galloway 1978). Hatched line: Xanthoparmelia
australasica (Galloway 1980). b, Grammitis ciliata(ferns)
(Parris & Given 1978). ¢, Asplenium lyallii (ferns)
{Brownsey 1977). o, Stippled line with open circles:
Astelia nivicela var. nivicola (Angiosperms: Lilisceae)
Hatched line with dots: A. nivicola var. moriceae. Haif-
filled circles: both Torms present (Moore 1966).
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Fig. 11 A model of the age and
otigin of recurved arcs in New
Zealand in relation to movement
on the Ausualian-Pecific plaie
boumdary, including the Alpine
Faultsector. Dun Mountain terrana
and associated magnetic anomaly
ag heavy black, Reconstruction at
20 million years before present
shows the future position of the
Alpine Fault as abroken line, Pahan
subterrane  (younper Terlesse)
stippled. (After Kamp 1987).

Fig. 13 Examples of dispersal in Scrophularisceae

(Angiosperms) (Heads 1987). a, A complex of related
forms in Leonohebe (L. laimgii, hectorii, coarcrata,
subsimilis, and tetragona). b, the Parahebe catarractos
complex (currently treated as four subspecies), ¢, Dots
connected by stippled line: Hebe cockayneana. Open
circles connected by hatched line: H. canterburiensis. d,
Qurisia glandulosa.
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such patterns were formed when whole communities
were pulled apart by movement on the Alpine Fault.
Naturally, if a group of plants or animals (or rocks)
was widespread throughout New Zealand before the
movement on the fault, it will be just as widespread
after fault movement, and no disjuncdon will be
apparent. If, on the other hand, before fanltmovement
a group had arestricted range, for example, present
only at Paparoas — northwest Nelson in the west, and
Otago in the east, after movement on the fanlt a
“disjunction” will be evident. The question as to
why groups did not spread across the fault as
movement took place along it, into neighbouring
communitics, raises the general question as to why
many groups do not spread, whether or not they are
being pulled apart on a fault,

Fig. 12 shows examples of lichens, ferns, and
seed-plants exhibiting Otago/Fiordland - Nelson
disjunctions which arc easily explained as a direct
regult of pull-apart along the fault, Fig, 13 gives
examples from four genera of a single family of
flowering plants (Scrophulariaceae). Fig. 14 adds
examples from Celmisia (Compositae) and
Coprosma (Rubiaceae), and thus the general
phcnomenon is clearly manifest in the larger gencra
of New Zealand dicots. Turning to animals, Fig. 14c
giveg an interpretation of the dispersal of two
oligochaete worms in terms of greater displacement
to the south end of the fault, with legs digplacement
to the north, Many other Alpine Fault digjunctions in
the invertebrate fauna are also known (cf. Fig. 15).
Verebrates arc comparatively undifferentiated in
New Zealand, and 10 my knowledpe there are no
obvious signs of digjunction along the Alpine Fault.
However, 1 birds, Oliver (1955) referred 1o the
alpine rifleman (Acanthisitta chloris citrina:
Acanthisintidae), as recorded from Fiordland and
.INelson only. ‘

If movement on the Alpine Fault disrupted
terrestrial communities, adjacent marine
commuynities may algo be predicted to have suffered
similar events, There is evidence for this being the
casc in, for example, brachiopods, molluscs,
crustacea, and echinoderms (Fig, 16). Elsewhere
(Heads 1983) I have discussed similar parallels
betwecen Lhe dispersal of terrestrial and marine groups
of the Pacific Plate.

The distribution outside New Zealand of 1axa
involved in Alpine Fauli disjunction is of direct
interest to distribution within New Zealand. One
example only can be considered here. Nothofagus,
the southern beeches, and their inlcreontinental
distribution: Australasia — southern South America,

a

Fig.14a, Celnisiaperiei (Angiosporms: Compositae)
(Bummows 1965). b, Coprosma sp. aff. parviflora
(Angiosperms: Rubiaceae) m South Island. (Herbarium
records. Paparoaspopulation: Mr A.P.Diruce, pers. copmm, ),
¢, Stippled line: Neochaeta (N. forsteri and N. salmoni).
Hatched line: Plagiochasta sylvestris{Oligochaste worms)
(Lec 1959). d, Olpgochaete worms. Solid circles:
Deinodrilus benhami. Open circler Diporochasta
intermedia. Half_filled circle: both speciesprasent. Stippled
circles: Decachactus inNew Zealand: D. minor (Paparoas)
and 1. violaceus (Stewart T) (Lee 1959).

are well-known (Fig. 17). Nothofagus is related to:
Balanopaceae of the southwest Pacific, the northern
Fapus and Betulaceae, the trang-central Pacific
Castanopsis and Lithocarpus, and the trans-tropical
Pacific Trigonobalanus. Alsorelated to these forms
is Casuarinaceas of the Indian and western Pagific
Oceans. Thus Nothofagus is the southern Pacific
componentof a vast aggregate of forms, the Fagales,
whose members come toa very significant parting of
the ways at the west-central Pacific (Croizat 1952,
1968).

Presant main massings, whether of the families
and subfamiliesin the west Pacific, of Nothofagusin
New Zealand (see below), or of absences in Africa
and India, are reflections, above all, of prior massings
and absences. In situ evolution of the main modem
groups in the complex wasg probably more or less
over by the early Tertiary, Subsequent range
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Fig. 15 a, Novothymbris “cithara group” (Insecta:
Haomoptera). N, cithara, N. notialis, N. peregrinag, and N.
vagans (Knight 1974a). b, Xestocephalus ovatus (Homop-
tera) (Knight 1974b). ¢, Scaphetus brunnsus (Homoptera)
(Knight 1975). d, Nuneia subgen. Nuncia (N. grandis, N.
conjuncta, N. arcuata) (Opiliones) (Forster 1954).

expansions andcontractions have taken place through
the Tertiary, but the major massings have remained
where they evolved. This view is based on the
assumption that outlying species and minor massings
are much more likely to become extinct than major
massings. InFagaceae a great deal has been read indo
the fossil record. Ideas on phylogeny and dispersal
have oven been derived directly from the time of
appearance of characters in the fogsil record, but the
available fosgils actually give less information than
living plants. For example, the living records of
Targe genera such as Lithocarpus represent a vast
amount of biogcographic, ecological, and
morphological information. In another example, the
fossil record suggests that most of the evolution
within Nothofagus had taken place by the early
Tertiary (Hill & Read 1989), but this was already
clear from bipgeographic and tecionic data.

_ Ecologically, Fagaccae have clear phylogenetic
10018 by the shore. Species of Nothofagus,

Fig. 16 a, [Evechinus chloreticus (Echinoideca)
(McKnight 1969). b, Divaricella (Mollusea: Bivalvia:
Lucinidae) in New Zealand {D. hurtoniana) (Luckens
1972). e, Nectocarcinus (Crustacen) in New Zealand
(Main 1974). d, Notosarianigricans(Brachiopoda). Closed
circles: living populations, cpen records: fossil records
(mid Miocene-Pleistocene) (Lee 1978).

Castanopsis, Lithocarpus, and Quercus are known
down to sealevel, For example, Castanopsis
argentea is found not far from the shore in West
Tava,and Quercus subsericeais found on rocky sea-
shores in Malaya at —~10 m altitude, facing the
mangrove (Soepadmo 1972). Buttresses and stilt-
roots are oficn present in several species of
Lithacarpus and Castanopsis. In New Zealand,
Nothofagus often grows by the sea-shore, From this
base, Nothafagus ranges high into the mountains of
New Guinea where it has been uplified during
orogeny. The idea that Nothofagus is simply limited
to cool altitudes is incorrect. For example, in New
Caledonia three species of Nothofagus grow in the
tropical lowlands, Van Steenis (1971) notes that “it
appears not well possible to correlate the altitudinal
behaviour of Nothofagus in New Caledonia with
environmental factors™. Similarly, within the Now
Guinea region, Nothofagus is present On the
biogeographically important 4’Entrecasteaux
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Archipclago at a distinetly lower altitude than on
mainland New Guinea. In this instance latitudinal
and longitudinal tracks interact with alotudinal trends,
with the overall pattern largely mediated by tectonics.
Ancesiral “Fagaceae™ undoubtedly uiilised ancient
sea-coasts and Jake shores in the phase ol
modernisation during which Neothefagus,
Lithocarpux, and the other genera came to maturity.

Since Baillon (1380) decscmbed the genus
Balanops of Queensland, New Caledonia, Vanuatu
and Fiji, it has been placed, nsually in its own family
f nol ity own order, with the Fagales. Like the other
Fapales and allied plants in Hamamelidae (=
Amentiferac), Balanppsrepresents a pre-floral/proto-
floral lgvel in the evoluation of fully normal (i.e.,
lechnically angiospermous) flowering plants from
gymnospermous ancestors (Croizat 1961 cf.
Mabberley 1978). Muller (reported 1n Soepadmo
1972) admitted that the pollen of Nothofagus is
morphologically 50 isolated from that of the rest of
Fapaceae, where it is usually placed, that if only
pollen wag known a palynologist wounld be at a loss
loplaceitin any family. However, Baillon"soriginal
placement of Balanops finds support with Zavada &
Dilcher (1986), who report that the pollens of
Nothofaguy and Balanops share interesting
similarities. Whatever the final, formal taxonomic
disposition of these two genera, the affinities
discussed by Baillon, and Zavada & Dilcher are
clearly of relevance, both phylogeneticaily and
biogeographically, to the general problem of
Nothofagus dispersal.

Broad patiemns of morphological differentiation
within a group, e.g., Nothafagus plus Balanops, are
of cqual, il not greater, biogeographic importance
Lhan exact distributional records, although the latier
are necessary for detailed analysis. From the time of
Mirbel through to the modem clagsifications the
bagsic subdivision of Nothofagus has been made on
the characicrs of leaf vemation, that is, how the
leaves are folded in the bud. However, it was only
recently that this character was examined in the New
Zealand species (Philipson & Philipson 1979), with
the result that modifications must be made o carlicr
clagsifications. The known distribution of the kinds
of lcaf vernation in Nothofagus is as follows (see
Fig. 17a): leaves conduplicate inbud—New Guinea,
MNew Caledonia; leaves plicate in bud—Tasmania,
southern South America; Jeaves planc in bud-—
southeast Australia, New Zealand, southern South
America; lcaves revolute in bud—New Zealand.

The groups described by the vernation character
thus show a clear degree of biogeographic as well as

Fig. 17 a, Nothofagus groups: dotied line: populations
withconduplicate vernation, hatched line: plane vernation,
solid line: revolute vernation, stippled line: plicate verna-
tion. Open circles: Balznops (Balanopaceac). Thinbroken
line: range of fossil pollen. (van Steenis & van Royen
1966; Philipson & Philipson 1979; Baines 1981). Triangle:
the approximate location of a major biogeographic
articulation in this affinity. b, Distribution of Nothofagus
revolute-leaved group, Hatched line: N. fusca, stippled
linc: N. selandri, cross-halching: N. truncata, salid black
regiong, with asterisks and numbered 1-4: all three species
present. (Wardle 1984). €, The plane leaf-vemation group
of Nathofagus in New Zealand: N, menziesii,

morphological individuality, and fumish convenient
sections in Nothofagus. This view stands in some
contrastwith tworecentireatmenis. That of Philipson
& Philipzon (1988) differs mainly in the ranking of
the groups. Hill & Read (1989} make a gallant
attcmpt to comclate extant pollen types with other
characters, but the cuticle characiers they favour are
rather subtle, and (hey end up making the unlikely
separations of N. gunnii from N. pumiliofiN.
antarctica, and N, betuloides/N. nitida/N. dombeyi
from N. menziesii/N. cunninghamiilN. moorei. In
any cvent, both of these revisions overlook an
important aspect of shool differentiation. Personal
obscrvations indicate the presence of brachyblasts
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in various plicate-leaved species, with decussate
phyllotaxis evident on these in N. antarctica. This
recalls the scedling axis of certain Nothofagus
(Philipson 1988), the brachyblasts of adult Fagus,
and ihe whorled phyllotaxis of Trigonobalanus and
Balanops. A monograph of Nothofagus is badly
needed.

Withrespect tothe vemation groups listed above,
southeast Aunpstralia, New Zealand, and southem
South America each manifest a similar degree of
differentiation, with two groups each, and sharing a
total of three groups, 75% of the total. The New
Caledonian scores are similar, with one group of
Nothofagus present plus the very differcnt Balanops,
possibly distinet to family level, with the wotat degree
of differentiation at least balancing that manifest in
the three southern groups. Related forms inFagaceae
occur in the forests of Ausiralia and New Guinea,
This gives a “centre of gravity” of massing in the
overall affinity somewhere in the triangle:
Queensland - Fiji — Lord Howe L, This node acis as
a hinge or articulation pivotal to two pales of
dispersal, one north and one south of the central
Tasman Sca, Bearing in mind the possibility of such
acentral Tasman Seanode, the New Zealand distrib-
ution of the two groups present can now be
examinad,

The revolute-leaved group, known only from
New Zealand, has three species, massing as shown
in Fig. 17b. There arc four regions (figured in black
and numbered 1-4 in the figure), where all three
gpeciez are present. Two of these zones of main
massing {(nos. 2 and 3) are connectad by standard
tracks involving the *Cook Strail centre™ (Fig. 8).
The very local cenire by the lower Arawata River
{no. 1}, located virtually on the Alpine Fault and
within view.of the Dun Mountain Ophiolite Belt, is
disconnected by at least 300 km along the Alping
Fanit with the Nelsop—Wellington main massing.
The massing in Nelson rémains noith of the Wairau
Fault, often regarded as an exiension of the Alpine
Fault, Thus the main massing in this revolute-leaved
group tanges northwest of the Alpine Fault, apart
from a minor outlier (Arawata River) disconnected
along this same fault. A connection between
northwest Nelson and the central Tasman Sea node
would be normal, Finally, the Mamaku-East
Cape-Waikaremoana zone of massing (no. 4) shows
disconnections between Bay of Plenty and Nelson-
Wellington, Asillustrated above by Utricularia and
Metrosideros (Fig. 5), there is a standard
biogeographic connection betweennorthwest Nelson
and the northeast arcs, via the northwest of New
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Fig.18 AspectsofCaribbem geology and biogeography.
a, Teconsinuction for late Eocene. Arrows mark sea-floor
subducted since the Eocene (after Durham 1985). b,
Present geography and structure. Hatched line: Bazzania
pycnophylla (liverworts - Hepaticae) (Croizat 1964:126),
Trengles: Mellitella {Echinoidea) (Durharh 1985). The
arrow indicates the remaining records of the gemus—all
are Pacific.

Zealand, In Nothofagus, disconnection could alsobe
via the east of North Island (cf. Asplenium in Fig.
ad).

Finally in Nethofagus, the only New Zealand
representative of the plane-leaved group {ranging:
Australia-New Zealand-South America) is N.
menziesii (Fig, 17¢). It is present in a'l four areas of
mgin magging in the revolite-leaved group, and 13
largely absent north of the Bay of Plenty massing, It
is conspicvously present south of the Arawata
magsing, notably in the Dunedin—Catlins region, an
arca which is biogeographically related to the ranges
of similar species (N. nitida, N. dombeyi) in southern
South America.

The idea of biplogical disjunction along a
transform being caused by lateral movement along
the transform isnot new. Croizat (1964} and Durham
(1984) (sce Fig. 18) invoked this same process to
¢xplain tracks around the Caribbean basin, showing
paticrns which reflect the deformation of the New
Zealand tegion on the other side of the Facific.
Possible cifects of Alpine Fauli movement on living
communities in New Zealand were first proposed by
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Henderson (1985), in a thegis chapter entitled
“Cenozoic tectonics and biogeography”. Here
Henderson elaborates on the biogeographic
significance of Cretaceous lerrane suturing, and
shows how many disjunctions between MNelgon and
Fiordland/Stewart 1 can be at least partly explained
by displacement along the Alpine Fault. He also
discusses other processes involved in digjunction
such as the iecionic or erosional removal of terranes
or sectors of terranes, and proposes the Alpine Fault
Zone as a region of high tectonic activity correlated
with the generation of high diversity in groups such
as Trichoptera.

THE RANGITATA OROGENY AND SINCE

Three main gpisodes of plutonie and metamorphic
activity have been recognised in New Zealand,
dated at pre-Cambrian, mid-Palacozoic, and late
Palacozoic—Mesozoic {Aronson 1968). The latter
phase, related to the Rangitata Orogeny, will be
considered here in more detail.

The Rangitata Oropgeny (Lillie 1980), often
congidered to have culminated in the lowermost
Cretaceous, is marked by, (a} the end of deposition
in the New Zealand Geosyn¢ling, (b) a metamorphic
unconformity with Cretlaceous and Tertiary rocks
much less indurated than the older rocks, and (),
plutonism and metamorphism. The Rangitata
Qrogeny is sometimes extended toinclude the upper
Tertiary Kaikoura Orogeny, and probably more or
less all of the Mesozoic is involved, with a final
uplift taking place in late Cretaceous, Spirli (1987)
writes: “A major change in the leclonte regime took
place in the Cretaceons. Over most of New Zealand,

the Neocomian stratigraphic hiatus is marked by a -

profound unconformity.” Subsequently, sediments
were deposited in a tectonic setting of extension and
rifting.

Much of this view of geological history 15 based
on analyses invelving data from palacontology, In
texts on the biogeography of fossil biotas it is often
assumed that the distribution of fossil organisms
must be analysed separately from that of living
organisms. In Fig. 16d an attempt was made to
indicate that the two can easily be integrated in
analysis. On a larger scale, Fig. 19 illustrates major
structural parallels between patterns of distribution
in fossil and living groups. Two groups arg illustrated.
Monatis i5 a proup ol Mesozoic shellfish, Coriaria
is a group of still-extant flowering plants. Both are
present in many Pacific sectors, and connect via
Tethys tracks (e.g., porth India) with the

Fig. 1% a, Monotis (Mollusca: Bivalvia) faunas
(Silberling 1985). b, Coriaria, comprising a monogeneric
family of angiosperms. (Melville 1981). ¢

Mediterranean. Bothare notably absent in Ausiralia,
Africa south of the Atlag Mtg, northem Asia-Europe,
and the eastern Americas (see da Rictz 1940 and
Croizat 1958 for examples of this pattern in living
taxa). The process by which older life may “float™ on
younger siratigraphy is illysirated in Fig, 20,
Interaction between a “cold”, augtral biotaand a
“warm” Tethys biota is a standard theme in the
palaeontology and neontology of New Zealand. For
example, Permian shallow water marme beds at
Parapara, northwest MNelson, contain a “cold” fauna
more sitilar to correlative faunas of Tasmania and
New South Wales than to those of Southland,
illugirating a trans-Tasman link also seen in many
extant taxa, In contragt with such aflinities westwards
towards formsg of the eastern Angiralian gynclines,
other New Zealand Mesozoic taxa show affinities
with “warmer” Tethyan elements absent in east
Australia, butknown in Melanesia, Asia, Europe (cf.
Monotis and Coriaria — Fig. 19, Hebe “ciliate disc
gioup” — Fig. 28, Carpodeius (Angiosperms;
Saxifragaceas): New Zealand and New Guinea),
Many Triassic forms are confined to New Caledonia
and New Zealand (the two comprising the “Maorian
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Fig. 20 A hypotheticul example 1o jllustrale the process
of cld life “floating™ on young stratigraphy. 1, A Mesozoic
peneplain with ancient biota, represented by trees. 2, Mid-
Tertiary marine transgressions and subsequent uplift has
left much of the substratum covered with tick limestones.
These are soon colonised by seedlings, shown in 3. 4,
Upper Tertiary volcanics havecovered therestof the base-
ment, but are themselves now colonised by the limestone
populations, The result is that the Mesozoie life-forms,
simply through ordinary means of survival, “float” on the
much younger Tertiary strata, remaining meore or less in
sitw (ef. the small dimensions of many migrating basins
{(*geosynclinettes™) in New Zealand's history), By similar
means of survival (= “living on"), sundering or erosion of
the Tertiary sirara leading to the exhumation of the pene-
plain would result in the main massing of the biota being
deposited back down omto the Mesozoic strata, as in, for
example, communities living on now exposed schist and
granite,

Province™ of the palacontologisis) but affinities
between these two arcas are also clearly evident in
the extant biota, for example, Xeronema
(Angiosperms: Liliaceae) at Poor Knights, Hen and
Chickens, and New Caledonia only (Moore & Edgar
1967). In the Permian, fogsil assemblages in
allernating beds show alfinities with southeast
Aunstralia (a “cold™ fauna) and Tethys (a “warm”
fauna} (Lillie 1980). Both these affinities can also be
detected in the Mesozoic, Tertiary, and extant biotas.
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Tethys tracks ranning here more or less with the
longitudes interact with ¢ircum-Antarctic tracks in
southern New Zealand, and with a connection!
Cueensiand/MNew South Wales border — Lord Howe
I—Norfolk I - Kermadacs in northern New Zealand.

Following the initiation of rifting in the
Cretaceous, during the Tertiary (especially in the
Oligocene) shallow seas spread widely over several
sectors of New Zealand, including some localitics
which are now topographically alpine. As Fleming
(1979: 52) wrote: “Geologists are rather uncertain
about the whereabouts of land at the height of the
Landon [(Migocene] transgression”, and thig has led
io differences in the reconstructions of geography,
such ag those presented by Fleming (1979: 46) and
Kingma (1974: 152) based on geological data.
Sequences of Landon beds are particularly well ex-
posed in the Waitaki region, where all give evideneo
of very shallow-water, near-shore conditions of
deposition, (The beds arc remarkable for the very
diverse faunas of penguins and other birds they
contain,) In such shallow water environments coast-
lincs are drastically affected by comparatively slight
movements of the shelf as well as custatic sea-level
changes (dramatic lowering of sea-levels in Oligo-
cene time is suggested by Keigwin & Keller 1984),
and a complex, ever-changing systcin of inland shal-
low seas and islands is proposed. This would explain
the survival of biggeographic cenmes correlated
with evenis of the Rangitata Orogeny. The highest
altitude Tertiary sediments in New Zealand are
Oligocene beds which reach 1600m by Lake
Wakatipu. Other similar outlicrs of Oligocene
shallow-water coastal beds in what are now mount-
ains give evidence of shallow embayments ancestral
to the present alpine landscape, and such physio-

graphic evoiution comelates with the morphological,

taxonomic, and biogeographic affinity between the
alpine and coastal life of 1o-day. These Qligocene
eoastlines were themselves probably sites of contin-
ued biological form-making, as weedy taxa invaded
and evolved on the land exposed by shifting and
gradually shrinking inland seas. Form-making in
such instances may have led to distribution in
concentrie rings, as seen in Central Otago (Fig. 23c)
and also in southern Stewart T (Fig. 244).

The Kaikoura Orogeny, clearly in evidence in
the late Miocene, inherited its structural trends from
the Rangitata Orogeny. Thus Lillie (1980) writes:
“the opening up ol the noriheast fractures during the
carly Cretaceous produced afabric which, intensified
by subsequent shearing along that line, eventually
became the aend for the major foldings that ensued
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in Tertiary -times”. Northeast trending dispersal
patieens have been illnsirated above in Fig. 7cd.

The major cllects of upper Tertiary to Quaternary
tectonics on the living cornmunities included: fivat,
rapid changes of altitnde with the Kaikoura Orogeny;
and second, great extinction in areas such as the
lowlands of Nelson, Westland, Canterbury, Central
Otago, and Southland which suffered repeated
depositions of magsive amounts of piedmont gravels.
The North Island bigta also suffered great extinction,
with huge ignimbrite eruptions beginning i the
lowermost Pleisiocene, Lillie (1980) sees these last
as the result of the pulling aparl of a gigantic
sphenochasm (a triangular opening, with one side of
a fold belt swinging away from parallcl), “splitting
a former domical mass of greywacke occupying the
gite of the central Volcanic region.” (The South
Tsland region too, of course, has also suffered
splitting—by the Alping and Camphell Faulis, for
example), Endemism in the central North Island,
often restricted to very small seciors of the Ruahine
and Kaimanawa Mis (a sliver of Haast Schist is
exposed in the latter), represents a relic of the central
North Island before it was split. In general, Lillie
sees the Ceniral Volcanic region as a rift zone
comparable to those of East Africa and the Rhine,
and in particular as the meeting point of two grabens,
the Hauraki graben, and a northeast trending Taupo
graben including While Island.

Developing MeKay and Cotton’s idcas on the
faulted origin of New Zealand valleys and ranges,
Lillie has stressed the importance in this region of
“land forms dominated by tectonics”, writing: “1o
my mind, all the present major land forms [“life-
forms™ could be added] of New Zealand are directly
related to teelonies, so that very broadly all present
greal ranges are complex faulted anticlines and the
big vallays are basically synclinal. Such major forms
are esgentially ‘consequents’ . The faults along
which the main alpine valleys were excavated in late
Miocene time will in many instances date back to the
later phase of the Rangitata Orogeny.

with local exceptions the whole New Zealand
land area ig currently tising at orogenic rates (0.2
10 mm per year, Grindley 1974), and at certain
places on the Alpine Fault uplift rates of between 10
and 15 mm per year may be estimated (Lillie 1980).
Such movements have marked ecological
significance with respect to rapid changes in altitude
of communities—these rates would give 100 m
change in altitnde in only 6700 — 10 000 years.

Buffalo Muzeum of Science

THE NEW ZEALAND PLATEAU,
CONSIDERED AREA BY AREA

The Subantarctic

Katz (1982) has wrilten: “Geologic and geophysical
evidence suggests that a New Zealand — West
Antarctica split ... cannot be explained by usual
models of continental separation”, and he suggesis
that this apparently unusual style of tectonic evolution
may be caused by a relatively small area — which
became the New Zealand microcontinent — having
gplit off from a much larger and more stable
continental mass “alonga preexisiing line af weakness
which was the original junclionbetween twodifferent
tectonic provinces.” (Emphasis added). Katz accepts
con{inental scparation between New Zealand/
Campbell Platcan and Marie Byrd Land at 81 Ma
Before this date the New Zealand/Campbell Plalcan
region was subjected to the Rangitala Orogeny, with
folding and faulting, melamotphism, uplift, and
erosion. Such activity on the “preexisting line of
weakness” between the Campbell Plateau and Marie
Byrd Land can also be implicatad with the evolution
of biological zoncs in the region, for example the
major biological differentiation between Macquanie
I/Antarciica and Auckland Is/Campbell I, The biota
of the Macquarie I region shows clear connections
with the New Zealand plateauas well as with eircum-
Antarctic tracks, The seelor represented in today’s
geography by Macquarie—Auckland—-Campbell Is,
also maintains a biota which points to its previous
cxistence as an area of lands, which at some stage
extended northwards to-include Dunedin and the
Chatham Is.

Davey & Christoffel (1978) consider the
Campbell Magneric Anomaly System, exiending
from castof Auckland Is to points 900 km ¢astwards
between Antipodes and Bounty Is, 10 be a dexirally
offset continuation of the Stokes Magnetic Anomaly
(associated with the Dun Mountain and Ophiolite
Belt), Thus, they proposed a transcurrent fault,
aligned NE from Auckland Is named the “Campbell
Fault” (Fig. 9). Discussing this fault, Barron &
Harrison (1979) emphasise that: “The Alpine Fault
is only one aspect of a complex houndary which
tesulied from the convergence of the Campbell
Plateau with New Zealand,” They consider that
Cullen’s Waipounamn Fracture (Fig. 2b), ronning
parallel with the Campbell Fault, was the plate
houndary at 60 Ma. Geological and palacomagnetic
data can here be synthesiscd with that from
biogeography, where there is considerable
information on relatiens among and within the
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subantarctic islands. For example, the phylo-
gencucally important Leonohebe benthamii links
Anckland and Campbell Is; and nested tracks withan
the Auckland Is (Heads 1986) are possibly involved
with the formation of the Auckland Islands Slope,
where the Campbell Plateau drops off steeply into
the Emerald Basin.

Asan introduction o some lurther considerations
in geclogy discussed below, Fig. 21-26 illustrate a
biogeographic “transect” through the southern South
Island from the Fiordland terranes in the west to the
Torlesse in the northeast. Some major geological
boundaries and tectonic zones which will be discussed
below are iNlustrated in Fig. 21a, and thesa are drawt
in ag thin lines in Fig. 21-26.

1t should be noted that through processcs such as
those outlined in Fig. 20it is quite narmal for young
strata t0 maintain a life much older than the actual
rocks, without there having heen any substanital
migration involved. Likewise, by processes of
erosion, younger life may be “dcposited” on older
strata while remaining more or less in situ. Thus the
correlation shown herebetween tectono-strati graphic
terrane boundaries and plantand animal disinbutions
docs not mean that these terranes were neecsgarily
involved as “rafis”, merely that the evolution of the
terrane boundaries has been connected with the
evolution of plants and animals. Truncation or even
virtual disappearance of 1erranes (considerad below)
means that the terranes of the past have also been
involved.

Beginping with the pgeologist’s Southwest
Fiordland (Fig. 21a), this region is the Jocality of a
number of interesting biological phenomena, For
example, the daisy Serecio bifistulasus, with very
distinctive dimorphic [oliage, is known only from
here (Fig. 211). Here and elsewhere in Fiordland the
subalpine shrobland is often composed largely of
one of two species of Leonohebe, L. mooreae in the
west and L. odora in (he cast (Fig. 21b). These two
meet and replace each other at a ling running in
Fiordland largely along Central Fiordland, and
extending easiwards in the south to the Longwood

Range, Along (hiz line runs a narrow zone where (he

two overlap.

Anisotome (Angiosperms: Umbelliferae) (Fig.
21e.4) shows the southwest to northeast sequence of
parallel arcs particularly clearly. 4. Iyallii holds the
outermost sectors and related forms oceur in the
islands 10 the south. A. flexuosa is wide in Otago and
Southland, and in addition holds Ceniral Fiordland
and Siewart I, largely vicariant with A. lyallii in a
pattern comparable in broad terms with that of
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Fig. 21 a, Some geologeal boundaries and tectonic
zones in southwest New Zealand, Fiordland stippled,
divided into southwest, westem, cenwral, and castern
seetors, Fiordland is bound by the Alpine Fault to the
north, the Moonlight Tectonic Zone (hatched), and the
Median Tectonic Line (M), L indicates the boundary,
marked in part by the Livingstone Faull, scparating the
DunMountain-Maitai terrane to the south, from the Caples
lerrane to the north and east. The fine line ranning north of
this last hne is the metamorphic boundary between the
Caples and the Haast Schist. The forked line runming with
the Moonlight Tectonic Zone in the north is the Pounamu
UltramalicBelt. b, Hatched line: eastern limitof Leonohebe
mooreae, stippled line: western limit of the closcly relaled
L. adora (Angiosperms: Scrophulariaceac) (Heads 1987).
The mutual boundary les Largely along central Fiordland,
with some overlap between the two specics along this
sector, Hatched regiom m southwest Fiordland: Senecio
bifistulosus (Simpson 1974), ¢, Closed circles connected
by thick line: Anisatome Iyallii, open circles enclosed in
stippled line: A, flexupsa (Angiosperms: Umbelliferae)
(Rawson 1961). d, Stpplad line: Asisotome brevistylis,
hatched line: A, equticola (Dawson 1961).

Leonohebe mooreae and L, edpra, Further 1o the
northeast, however, Anmisptome displays rather
different patterns, with A, brevistylisand A, cauticola
{Fig. 214) centred on the Caples terrane and Haast
Schigt, northeast of the Livingstone Fault.
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It iz not surprising that the diverse Celmisia
(Angiosperms: Composgiiac). ig also subjeci to the
“decomposition” of Fiordland. C. semicordata is
represented in Western Fiordland with the type
gubspeeies, but eastwards is apparently absent in
Ceniral and Eastern Fiordland (Fig. 224). This
absence is probably related to the widespread
presence in Fiordland of the related C. coriacea,
South of Lake Manapourt, near the Median Tectonic
Line the species reappears as subsp. strieta. This
ranges northeast by the Moonlight Tectonic Zone to
thc Eyre Mis and the Caples — Schist boundary.
Beyond this boundary les the third and final

- subspecies, aurigans.

-QOurisia (Angiosperms: Serophulariaceae) (Fig.
22b) shows patierns similar to those of Leonohebe,
Anizotome, and Celmisia, with, for example, 0.
cagspitosa presentin Basterm and Central Fiordland,
The Moonlight Tectonic Zone and Caples-Schist
boundary zone correlate with boundaries in this and
related species. The very distincive Euphrasia
integrifolia is anodal form phylogenetically, showing
equally possible comnnections with a number of
sectiongin this genus, Itranges (Fig. 22¢) in southern
parts of Central and Eastern Fordland, and
northeastwards, by the Moonlight Tectonic. Zone, to
the Livingsione Fault.

Hebe sect. Subdistichae (Angiosperms:
Scrophulariaceae) in southern New Zealand (Fig.
22d)illustrates largely vicanant form-making among:
Hump Ridge by the Median Tectonic Line in the
south (. canterburiensis), northern sectors of
Central Fiordland (H. cockayneana) and the Garvie
Mis (H. dilatata and H. erawii). H. crawii connects
the Takitimu Mits, by the Moonlight Tectonic Zone,
with the Haast Schist, across a broad sector of the
“Hokonui Assemblage™ of terrancs avoided by A,
cockayneanda.

A more or less linear concentration of forms is
evidentalong Central Fiordland in Parahebe linifolia
and its allics (Angiosperms: Scrophulariaceae) (Fig.
23a)withnotable absences in Western, Southwestern,
and Eastern Fiordland, and the “Hokonwi
Assemblage”, P, linifolia and P, planapetiolata are
widespread only east of the Livingstone Fault. In a
related genus, asimilar pattern can be seen in Olirisia
confertifolia and Q. spathulata (Fig. 23b), with the
connection between Fiordland and the Caples made
ncar the Hollyford, A group of forms in Leonohebe
sect, Flagriformes (Fig. 23c) illustrates the aliernative
southern connection across the “Hokonui
Assemblage™ along the line of the Moonlight
Teclonic Zone, with L. imbricata atEastern Fiordland

Fig. 2% a, Celmisia semicordata  {Angiosperms:
Compositae), Thick 1ncs: subsp. semicordata, stppled
line: subsp. stricta, hatched lines: subsp. aurigans. The,
related C, coriacea is widespread in Fiordland. (Given
1980). b, Owrisiz (Angiosperms: | Scrophnlanaceas).
Hatched line: @. modesta, thick line: O, caespitasa var,
caespitosa, dotted line: western limit of O, caespitesavar:

gracilis, stippled line: ©. glandulosa (Heads, 1987), ¢;

Stippled line: Euphrasia imtegrifolia (Angiosperms:
Scrophulariaceas)=—phylogenatically a key form (Heads
1987). d, Hebe sect, Subdistichae in southwest Naw
Zealand. (Angiosperms:  Scrophulariaceae), _Dutted'
stippled line: H. cockayneana, continuous line: H. crawil
(total range), riangle: . camerbumem:s. snppled em:le
H_dilmtara.

(Mt Burns and Mt Cleughearn) and the Eyres. Once
into the Caples and Haast Schist the group becomes
much more diverse. Reading from outside to ms;de,
L. propingua, L. puppelwelhz and L. subulata. form
a concentric series of rings with-docalities SUC.I;I A3
Roxburghat the centre, Thissortof dispersal suggests
form-making by the shores .of ‘progressively
diminishing inland bodies of water, such.as were
present during the Tertiary, out of an ancestral
complex of the Torlesse-Haast Schist-Caples
lerranes, Like these “whipcord” members. of

!
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Fiz.23 Examplesfrom Scrophulariaceac { Angiosperms)
(Heads 1987). a, Continuous Line: Parahebe linifolia,
datied line: P. Leva, stippled line: P, plancpeticlala. b,
Thick line: Qurisiz confertifolia, hawhed line: O.
spathulata. c, thick line: Leonohebe lycopodioides, dotted
line: L. prepingua, hawched line: L. poppelwellil, wiangles
and double ine: L. imbricata, stippled line: L. subulata. d,
Hebe buchananii.

Lesnohebe (teplaced in Fiordland by L. kectorii and
L. laingiiy, Hebe buchananii (Fig. 23d) holds
Fiordland only in the east, with records at Green
Lake/Hunter Mts in the south and the Darrans to the
north. Yet again, once beyond the Livingstone Fault
dispersal is widespread.

Patterns of dispersal at the eastern margin of
Fiordland, correlated spatially with the Median
Tectonic Line, are illustrated in Fig. 24. Although
the ferng Hypolepis rufobarbata and H. millefolium
are widespread in Fiordland, in thisregion /1, ambigua
(Fig. 24a) ranges west only to the Median Tectonic
Line. Also in ferns, Asplenium obtusatum and A.
Iyallii divide up Fiordland between themselves (Fig,
241), with the former only at Western Fiordland, the
latter generally east of the Median Tectonic Line.
The interesting crucifer genus fii is so far known
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Fig. 24 a, Hypolepis ambigua (Preridophyta:
Demstacdiiaceae) (Brownsey & Chinnock 1934), Twe
other species of Hypolepis are widespread in Fiordland. b,
Open circles: Asplenium obtusatum, closed circles: A.
Wyallii, half-closed circles: both species. (Pteridophyta:
Aspleniacear) (Brownsey 1977). Triangles in stippled
ellipse: 1otal knownrange of /i (Angiosperms: Cruciferae)
(Gamock-Jones and Johuson 1987). ¢, Nuncia subgen.
Micronuncia (Arthropoda: Opiliones) in southwest New
Zealand Thick line and closed circles: V. roeweri seditiosa,
open circles with doited line: N, reeweri eallida (Forster
1954). 4, Angiosperms in Stewart I north and south of the
Median Tectonic Line. Northern Stewart Island: Stippled
line: Gemtiane gibbsii (Gentimaceae), dotted line:
Aciphyllatraillii(Umbelliferae), continuousline: Celmisia
aff. durietzii (Compositae), hatched line: Chionochloa
aff. flavescens (Gramineas). Southern Stewart Island:
hatched line: Chionochloa lanea, comtimuons line: Celmisia
polyvana, broken slippled line: Aciphylla cartilaginea,
black: Aciphylla stannensis {Wilson 1987).

only from localities on or by the Median Tectonic
Line (Fig. 24b).

Nuncia subgen. Micronuncia, a group of
harvestmen, “comesapart™ in southem New Zealand
(Fig. 24c) with N. roeweri callida on or just west of
the Median Tectonic Line, and N r_seditiosa ranging
east of the Line across Southland. In Stewart I,
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parallel arcs of endemism in the north and concentric
rings of ¢ndemism in the south, illustrated here in
seed-plants (Fig. 24}, are both separated by the
Median Tectonic Ling,

East of the Mecdian Tectonic Line there is a
standard, northcast striking pattern of distribution
involving southwesi outliers (typically at the
Takitimu Mis in Brook Street terrane) connecting
via the Moonlight Tectonic Zone with the Caples
tcrrane and Haast Schist. This pattern is illustrated in
Fig. 25a—d for varions seed-plants. The localised
distribution of Hebe biggarii (Fig. 25a) serves to
highlight the important sector (Eyre Mis, Garvie
Mis, ctc.) by the intersection of the Moonlight
Tectonic Zone and the Livingstone Fauli. The same
sector is also held by Celmisia spedenii and C.
philocremna (Fig. 26a), the lattex a curious species
combining characters of different scctions. Also
included in Fig. 26a is C. inaccessa, holding the
quadrangle: Thompson Sound-Caswell Sound-
Doon Saddle-M1 Luxmore. This is an important
type of dispersal, and serves 10 illustrate a narrow
zone of endemism straddling Western, Central, and
Eastern Fiordland. The axis: Caswell Sound — Doon
in particular is manifest in many groups, Caswell
Sound, for example, being the only locality where
Leonohebe odora, widespread in Notth, South,
Stewart, and Auckland Is, reaches Westemn Fiordland
(Fig. 21h).

Leonohebe sect Densifoliae (L. densifolia and
L. uniflora) meets sect. Leonohebe (L. ciliolma) in
northwest Otago (Fig. 26b) somewhere by: Hector’s
Col-Mt Tumer—Mt Alia, at the Moonlight Tectonic
Zone and the Pounamu Ulramafic Belt (these two
belts are not shown in the figure ag they run socloge
to L. uniflord). Leonohebe cheesemanii and
Epilphium purpuratum (Fig. 26c) also illustrate
dispersal ranging from the northern Moonlight
Tectonic Zone-Pounamup Uliramafic belt
northeastwards into the Haast Schist and Torlesse
terrand., ‘

Finally in this brief trangect from the Fiordland
terranes W the Torlesse terrane, Kelleria loxo
(Angiosperms: Thymelagaccae) and Ranunculus
erithmifolius (Angiosperms: Ranunculaceae) (Fig.
26d) range respectively north and south of the
Waihemg Fauli Zone, a contact between Haast Schist
and sedimentaries of the Torlesse.

The geological basis of the zones outlined in Fig.
71a and discussed biogeographically above would
appear 1o be of interest to the general problem of
dispersal in New Zealand, and will be discussed here
in alittle more depth, in the same regional sequence.

¥ig.2%a, Open circles in thick line: Ranunculus haastii
(Angiosperms: Ranunculaceae) (Fisher 1965). Stippled
line: IHebe biggarii (Angiosperms: Scrophulariaceae)
(Heads 1987). b, Parahebe decora (Scrophulariaceace)
(Heads 1987). ¢, Epilobium pictum (Angiosperms:
Onagraceae) (Raven & Raven 1976). d, Three related
species in or near Parahebe, Triangle: Parahebe sp. nov.,
thick line: P, birleyi, dotied stippled line: P, trifida (Heads
1987).

Frordland

Suggate et al. (1978) describe the *Post tectonic
intrugives™ of Fiordland, dated mainly around the
garly Cretaceons. These include the Dea’s Cove
Granite (Secretary Island), the Murchison Granile
(eastern Kepler and Murchison Mits north to the
North Amm of Lake Tc Anan); the Pomony Granite
(Poteriteri-M1 Titiroa--northern tipof Lake Te Anau,
with a western outlier by the Doon River), and the
Kakapo Granite (southwest Fiordland from
Resolution Island 10Lake Hakapoua, tobe compared
with the Rakeahua Granite of Stewart Island). Granite
plutonigm is generally associated with metamorphism
in fold belts, and indicates a phase of profound
geological, physiographic, and biclogical
reorganisation. When finally exposed, granite in
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Fiordland weathers easily to a sand providing ideal
growth conditions for many plants.

Oliver & Coggon (1979) revised the highly
complex geology and structurc of Fiordland, which
they divided into four major regions (Fig. 21a).
Their “Southwesten Fiordland”, including the
Preservation Granite, ranges south of Dusky Sound
1o include Chalky and Preservation Inlets. “Western
Fiordland” includes the Western Fiordland
Orthogneiss and ranges west of the heads of Dusky,
Doubtful, and Milford Sounds. “Central Fiordland”,
including its own granites and granodiorites, ranges
cast of this axis to: Lake Haurcko-middle arm of
Lake Te Anau—head of Millord Sound, and “Easiem
Fiordland”, including the Pomona and Murchison
Granites, ranges east from here to the castern shotes
of Lakes Te Anauand Manapouri (and the Hollyford
Fault $ystem). These sectors correlate closely with
some of the major biogeographic tracks of the area,
=5 does the Resolution Fault Zone, just offshore
between Breaksea Sound and its interscetion with
the Alpine Fault near Milford Sound.

Biogeographic tracks ranging belween the
vicinity of Lake Monowai (southem Fiordland) and
the Eyre Mts (Caples terrane and Haast Schist) often
either avoid the Takitimu Range (e.g., Nothofagus
fusca, Kelleria villosa), or arc present only as a
“gliver” in the extreme north of the range. Such
tracks, as well as those illustrated above, correlate
well with what Norris and colleagues (Nomis et al.
1978; Norris & Carter 1982) have discusscd as the
Moonlight Tectonic Zone, a zone of tecionic
instability which has ravessed the area between Te
Waewae Bay and the Shotover River (across five
{erranes) probably from pre-Tertiary time onwards
(Tumbull 1980). The prescnt surface expression of
this zone is the Moonlight Favlt System, as well as
{he biogeographic pattems illustrated by the examples
in Fig. 22, 23c.d, and 25. The intersection of the
Moonlight Tectonic Zone with northwest stiking
structure in the Eyre Mits is thus comrelated with a
major centre of intersecting tracks and endemism
(Fig. 25a, 26a). D. Craw (1985) has traced the
Moonlight Fault from the Shotover northwards, via
the Wilkin forks, ultimately to the Burke River,
some 250 km from Te Waewae Bay. Craw weats the
fault a3 a major regional feature, assaciated with tha
fourth of five deformation phases recognised in the
schist, and directly involved, for example, with the
uplift of the Mt Agpirinyg region which reaches 2980
m. It i3 also implicated with the ecology and
biogeography of planis inandaround Mount Aspinng
National Park, for example as a distributional
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Fig. 26a, Stippled quadrangle: Celmisia inaccessa
(Angiosperms: Compositae), dots enclosed in cllipse: €.
spedenii, triangle: C. philocremna (Given 1971; Lee &
Given 1984). b, Thick line: Leonohebe ciliolata
(Scrophulariaceac), stippled line: L. densifolia (also in
southeast Australls), hatched line: L. uniflora. (Heads
1987), ¢, Hatched line: Leonohebe cheesemanii (Heads
1987), stippledline: Epilobiumpurpur sium (Angiosperms:
Onagraceac) (Raven & Raven 1976). d, Open circles
enclosed in thick line: Ranunculus crithmifolius
(Angiosperms: Ranunculaceae) (Fisher 1965). Dots in
broken line: Kelleria laxa (Angiosperms: Thymelaeaceac)
{(Heads 1987). The fine line running between the two
ranges represents the Waihemo Fault Zone.

boundary between Leonohebe sccts. Densifoliae
and Leonohebe (Fig, 26b), as an eastern limit (e.g.,
Hebe cockayneana—TFig, 22d) and as a westemn
limit (e.g., Ourisia glandulosa—Fig. Z2b).

West Coast-Nelson

Many biologists now accept that aspects of cast/west
differentation in the New Zealand biota are at least
as important as the north/south, latitudinal patterns
perceived by Colenso (1868). Like Croizat’s track
“1" in Fig. 2, the Median Tectonic Line scparates the
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Mew Zealund “mainland” inie two provinces, east
and west. North of Fiordland, the Western Province,
dislocated by the Alpine Fault, is Tepresented by
Nelson, and the West Coast. Nodes of dispersal at
the Paparoa Range (between the Taramakau River
and Westport) have already been illustrated (Fig. 3a;
13a,c,d; 14b,4: 15a,c,d), and Jackson's Bay marks a
second node in the region of major impertance.,
Offshore wells west of the Paparoa Range and
Cape Egmont have encountercd Western Province
rocks which are usually inferred to extend out along
the Lord Howe Risc (Cooper 1979). Precursors of
extantcentral trans-Tasman links are represented by
Lower Paleozoic afflinities (for example in
graptolites) between Fiordland/northwest Nelson
and southeast Australia, and in the southcasl
Australia-Nelson affinities displayed in the Permian
“cold” faunas mentioned above. Further north the
probability of Mesozoic land west of Kawhia is
indicated by the presence of huge granite boulders in
the beds of Kawhia Syncline (Murihiku terrane).
In west Nelson the Karamea and Golden Bay
terrancs are intrmded by belts of granile—Grindley
(1974) characterised his “Rotoroa-Fiordland Zone™”
(forming about half of the Western Province) as a
“zone of anatexis”. The granile belts and bounding
fanlts run roughly with the longitudes, in contrast
with the NE trends of Tertiary {olding. Most of the
Paleozoic faults have had a complex history, having
typically been rejuvenated in the Rangilata Orogeny
(Cooper 1979). The north-south orientation of the
granite batholiths is of general biogeographic interest,
and the obvious comparisonis with similarly oricnted
boundaries in Fiordland rocks and life, In west
Nelson the Paparoa and Karamea batholiths are
conspicuous, and in the cast the Separation Point
batholith runs Pikikirona Range (Abel Tasman
National Park)}-Motueka River-Mt Murchison. Parts
of the Paparoa batholith and the associated Berling
Porphiyry (behind Wesiport) are dated (Suggate et
al. 1978) as Jurassic — Cretaceous, and it i3 also
proposed that a major part of the Separation Point
batholith was also emplaced in the early Creizceons.
Several biogeographic regions in Nelson appear to
trend likewise with the longitades, and require
analysis. S
1 Following the compression and uplift of the
Turassic-Cretaccous phases of the Rangitata Orogeny,
the development of extensional tectonics and a West
Coast Rift System took place (Laird 1981). Laird
illusirates the fanlt systerns inferred to have been
active during the late Cretaceous in the western
portionof New Zealand (Fig. 27). The Cape Foulwind

Fig. 27 Woestern New Zealand favlt systems inferred to
have been active during the late Cretaceous. Broken line:
Alpine Fault. 1: Capa Farewell Fault Zone. 2: Paparoa
Tectonic Zone. 3: Wakamarama Fanlt. 4: Waimea-
Flaxmore Fault System. (After Laird 1980).

4

Fault Zone stretches north from Jackson Head and

the Open Bay Islands out to sea, ranging a short way -

inland by Okarito/Abut Head (cf, for example Hebe
canterburiensis at Omocroa, Fig. 1lc; the white
heron Egreita alba and royal spoonbill Piatalea
regia at Okarito, Fallaetal. 1979; the Okarito kiwis,
Apteryx aff. ausiralis), and thence running out to gca
parallel with the coastline ¢ Cape Foulwind and

Heaphy Bluff, Inland and paratlel with this zone ig -

the Paparoa Tecionic Zone, also of congiderable
biogeographic interest. It ranges NNE from the
Alpine Faull ncar the Hokitika River, and by the
Paparoa and Buller Geosynclines (o near Westport,
whence it follows the coast to Heaphy Bluif. The
Wakamarama Fault extends NE from Cape Farewell
and joing the Kiwi and Cape Egmont Fault Zones.
Running parallel to and east of this line are the
Waimea and Taranaki Faults, intersecting the coast
near Patea (and the Palca-Tongaporuiu Basement
High) and between the two lines lies the Taranaki

graben, The Kapuni oil wells are located on this

graben; the Maui wells lie immediately west of the
Cape Egmont Fault Zone {cf. dillcrentiation in the
Parahebe catarractae complex, Fig. 13b). Croizat
{1958) proposed correlation between biogeographic
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tracks and the localities of oil deposits. Katz (1968)
reviewed the potential oil formations in Mew Zealand,
which are all found on epicontinental, unstable shelf
areas. The characteristic lithologic assemblage of
possible source sequences is of the shale-sandstone-
caal type, and “its environment is a transitional one
of the near-shore marine and deltaic or estuarine-
brackish to freshwater zone™. Katz quotes Bitterli:
“epvironmental conditions for the formation of
bituminous sequences ... are often created at the
turimng poeints i the paleogeographic history”, and
notes that “iL is not uncommon for argillaceous
sediments lying just above major unconformities to
be good sourcerocks. Rich growth of organic material
often took place on land during several periods
represented by such unconformities.” It is the nature
and ecology of this “rich growth” associated with
turning ponts ‘in geographic history which is of
interest to both biogeographer and oil geologist,
Onthe easternboundary of the Western Province,
biogeographic tracks illustrating comrelation with
the Median Tectonic Line arc illugiraled in Fig, 24,

Murihiku

The Southland Syncling ig generally believed to
have been continuous with the Nelson and South
Auckland {or Kawhia) Synclines. In the north Lillie
(1980) writes that “the fossiliferous and veryregularly
folded Mesozoic beds arc siopped abruptly by a
transverse fault at Port Waikato, and no similar
strata occur to the north until we disembark at New
Caledonia”, where terrigenous sequences “bear a
remarkable similarity” (Sporli 1987) o the New
Zealand Muyrihikp, These synclines together
cotnprise a vagt fold involving the shelf sediments of
the Mutihikn tertane. As in the Kawhia Syncline,
coarse granitic detritng is common in various
conglomerates of the Southland Syncline. Enormous
thicknesses of volcanic material are now located
along both 1ts southwest flank (Bluff-Takitimus—
Pyke: Brook Strect terranc) and its northeastern
flank (Balclutha-West Dome-Pyke: Maitai ierrane),
but these may not have always been so closge 1o cach
other—ihe Brook Strest terrane in particular may
have had little to do with the others. To the north the
Southland Syncline becoines narrowed and
eventually largely faulted out, and is represented by
the highly deformed ¥ey Summit Syncline. The
fina! record of sedimeniation in the Southland
Syncline isa sliver of Upper Jurassic shallow shelf—
eginarine scdimenis in the Pyke Valley, and the
syncline terminales generally with freshwaler and
terrestrial beds, as in the Kawhia Syncline.
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Biogcographic ranges showing correlation with
the Murihiku are givenin Fig, 21d,22,23,25, 26a,b.

Lillie (1980) writes that “From the data of Otago
we can deduce clearly that the north-west trend of
faults was well established in the very early
Cretaceous immediately after or by the Rangitata
Orogeny, but we also sec that many Faulis with a
north-¢ast trend cut across the north-west trending
folds and that these too were formed before the
upper Cretaceouns.” The northeast trends are clear in
the biogeopraphy of very many proups (c.g.
Gingidium, Fig. Id; Aciphylla, Fip. Tc; Kelleria
villosa, K. multiflora, K. croizatii, Heads 1987).

Caples terrane

This represents only a part of a once much larger arc
terrane. Modern magmatic arcg are 2--400 km wide,
angd the Caples, Maitai, Murihiku, and Brook Street
terraneg have probably all been substantially
narrowed subsequent to their formation. Landis &
Blake (1987) consider that the different arcs which
supplied the sediments of the Maitai and Caples
have been removed by subduction, fauliing, or
erosion, and these vanished terranes may have also
contributed plants and animals,
Haast Schist
The Haast Schist Group represents a regionally
metamorphosed sector defined texturally (Bishop et
al. 1976), and best exposed in Otago (over some 26
000 km?) where it lies between, and grades into, the
Caples terrane to the southwest and the Toilesse
terrand to the northeast. Other assemblages, such as
that represented by the Aspiring terrane (Nomis &
Craw 1987) were probably also involved in the
formation of the Haast Schist. The original sediments
were deposited in Carboniferous to Jurassic time,
with most of the metamorphism probably cceurring
from the carly Mesozoic through to the Jurassic-
Crelaceous. Bishop ct al, (1976) conclude: *Litho-
stratigraphic uniis of both Torlessc and Caples rocks
may be traced into the Haast Schist terrane from
opposite dircctions, The Haast schists may thus
represent the metamorphosed amalgamation of two
distinct rock suites, derived from scparate source
arcas.” The formationof snch metamorphosed suture
zones could also have led 1o phenomena such as the
formation, by the end of Cretaceous time, of hybrid
swarms involving more or less modem forms in
groups such as Hebe and Coprosma.

The boundary between the Caples and the Haast
Schist, defined by the degree of mctamorphizm,
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correlates with boundaries in many Otago planis and
animals (Fig. 22a,d, 25b, 26a,b and also in the Blue
Mts, Patrick et al. 1985). To the north, the boundary
of the schist with the Torlesse is more complex, but
the boundary by the WaihemoFault Zone ig especially
well-marked bipgeographically (Fig. 264d).

Structure within the schist zone is of greater
complexity than in most New Zealand sirata,
indicating a particularly dynamic hisiory of rocks
and bioia in the region. In comparison with some
aspects of internal structure, metamorphic zoncs in
the schist appear relatively simple. A biotite Zone
marks a ceniral axis; Duncdin-Central Otago—
northwest Otago, representing a southern gector of
the Otago-—Kaimanawa geanticling (Suggate et al.
1978). Cooper (1976), Cooper & Reay (1983), and
Reay & Cooper (1984) have studied and mapped the
Pounamu Uliramafic Belt (the source of nephrite
boulders), which they recogmise as “an important
structural ¢lement” of the Haast Schist. It ranges:
Mill Sircam (Upper Maruia) 1o Waitaha, and thence
“disappears into” the Alpine Fault, reappearing al:
Makawhio (= Jacobs) R-Haast R—Wilkin R, Tt
branches in the vicinity of Mt Aspiring, with one line
leading to Dead Horse Creek—Bushy Creek (near
Moke Lake), the other 10: Spring Burn (near Roaring
Meg) — Clyde. Cooper & Reay write that “the PUB
probably represents a slice of upper ¢rustand mantle
with its overlying pelagic and quartzo-feldspathic
sedimentary cover tectonically emplaced during
collision and accretion of the Torlesse—Haast Schist
terrane with the western sediments of the Caples
terrane ... The collisionevent forming the aceretionary
prism of the prescnt Torlesse terrane marks an eatly
phase (probably late Triassic) of the Rangitaia
Orogeny in New Zealand.” Biogeographic tracks
and boundarics recalling the Pounamu Ultramafic
Beli are exemplified in Fig. 26b.¢.

Torlesse terrane

The Torlesse errane, composed of Carbonilerous—
Jurassic sediments, forms the lowland basement and
most of the mountains from near the Waitaki River
(north Qtagoe) to north Auckland, and makes up
about half the area of the main islands of New
Zealand. The beds are highly fractured and folded.
Describing the Torlesse, Bradshaw ct al. (1981)
emphasised that the presence of this “great volume
of predominantly continent-derived quartzo-
feldspathic material on the Pacific side of the
convergent margin suite ... comprises the main geo-
tectonic problem in New Zealand”, and Campbell
(1974) has described the provenance of the Torlesse

as “one of the most perplexing problems in New
Zealand peology.”

Discussing the Doubtless Bay-Kawau Island
Waipapa Group of the Torlesse, Suggateetal. (1978)
cite Bell & Clarke’s (1909) conclusion that the
source of the sediments lay to the northeast (the
sediments coarsen in that direciion). In the same
year Speight (1909), proposing a“subtropical Pacific
continent”, cited important early work in geology
and biology by Suter, Forbes, Hatton, von Ihering,
Hedley, Pilsbry, and Bawr in support of a lost
“Pacifica” continent, and affinities between Rapa
and Chaiham Is in, say, Hebe (io1al range of this
genus given in Fig. 1b) could be added.

The idea of an eastern source for Torlesse and
Cretaceous sediments was proposed by Kingma
(1974), citing gramite pcbbles and boulders in
Crelaceous beds of Hawkes Bay. Lillie (1972, 1980)
obgerved that “granites appear in such distant parts
of the New Zealand plateau as the Snarcg, Bounty
Islands and Anckland Islands™, He also emphasised
the abundance of granitic detritus in the Torlesse
{from the boulder-beds of the North Island west
coast and Great Barrier Island, down to the
graywackes and argillites), and notcd clast size
increasing to the east. These suggested an eastern
granitic and metamorphic foreland. Gage (1980: 99)
discussed the possibility that a “vanished land mass
[“an attractive speculation™] has been engulfed by
the denser rocks of the sub-crustal mantle while the
expanding Pacific Ocean floor has been underriding
the castern margin of our picce of the
Anstralian—-Asian ¢ontinent”.

MacKinnon (1983) recemly reviewed the
Torlesse terrane—"part of the largely Mesozoic ...
circum-Pacific graywacke suite that is commonly
inferred torepresent acereted subduction complexes”,
and concluded that “compositional and textural
immaturity of the sandstone and the enormous
volume of the Torlesse signify a substantial
mountainous source ... the source is interpreted to
have been a major, active, volcano-plutonic arc™.
Like Kingma, Bradshaw & Andrews(1973) proposed
an easiern sowrce for the Torlesse, with important
palacogeographic implications, and this has been
supported by Retallack (1979) and Kamp (1980).
Kamp argues that the sediments conld have been
derived from a very exlensive eastern land-mags
(“Pacifica™), which would account for the presence
of similar quarizo-feldspathic sediments in
California. Likewise, passing from the west of New
Caledonia through the island to the east, Avias
(1953,1955) described (1) a former western landmass

F.26-37




DEC-08-2006 11:GB8B

374

“Tasmantia”, (2} a “geosynclinal intramelanesien”
extending from New Zealand through New Caledonia
to New Guinea, (3) a former castern landmass,
“Archeofijia”, extending east to Marshall’s Andesite
Line.

The Torlesse has a comparative ranty of volcanic
material such as is abundant in the Murihiku.
Conversely, living forms such as the annelid worms
Titahia and Torlessia (= Terebelling), described as
“the most distinctive fossils of the Torlesse™ by
Fleming (1970}, have never been found in the
Murihiku, apart from one notable record (in Campbell
1974), of Titahia at Akatore in the far east of Otago
(cf. patterns in the living flora of the east coast of
Otago).

In the Pertnian, Fusulinid Foraminifera are known
in the Torlesse of Whangaroa, north Anckland, and
in the Akatarawaterrane of north Otago, but nowhere
in the Murihikn, Such records suggest early,
impertant biogeographic differentiation, whercas
other groups show affinities between Torlesse and
Murihiku. Lillie discusses the outcrop at Whangaroa
with fossils “unlike any other in the [extensive] New
Zealand Permian, and with distinct resemblances to
the faumas of south-cast Asia and of North America”.
Thus the Torlesse connects with northern Pacific
sectors. Suggate et al. (1978) note that the absence
from the Torlesse of the bivalves Rhgetavicula,
Otapiria, and Meleagrinella, widespread globally
and in the Murihiky, i “puzeling”. From the New
Zealand Triagssic-Jurassic, Campbell (1974) cites
the brachiopods Burmirhynchia (Burma, Yunnan,
Japan, India, Africa, Europe) and Halorella
(Indonesia—Europe, Oregon), known in New Zealand
from the Toilesse only, Campbell discusses the
disparity between the Torlesse and Murihiku faunas,
with some “Tethyan” elemenis found only in the
Torlegse, Living forms (Febe “ciliate-dise group”,
Fig. 28; Xeronema as cited above) also show this
Tethys — Torlesse pattern, and Croizat (1938, 1964)
repeatedly emphasiged the global importance of
Tethys tracks (Fig. 28) in ancieni and modemn
dispersal.

The Torlesse has been divided into a numnber of
sub-terranes with different higlories proposed for
cach, The development of such analyses will be of
much interest to New Zealand biogeography which
ig, to a massive extent, the biogeography of the
Torlesse. Two small terranes within the Torlesse,
the Akatarawa tcrranc by Lake Aviemors, and the
Kakahu terrane by Geralding, stand oul as distinct.
Of the Akatarawa, Bishop et al. (1984) write: “The
distinctive [Tethyan] [auna is completely unlike
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Fig.28 ThetotalNew Zealand distribution of the Y¢iliate
disc group" of Parahebe (currently placed in Hebe),
arrows indicale the nearest affinity, in New Guinea, Thick
Une: H. raouliivar_raoulii stippled quadrangle: H. raoulii
var. maccaskilli, hatched line: H. raculiivar. pentasepala.
b, Thick line: H. hulkeana, doticd stippleéd line: H.
lavaudiana (Heads 1987).

other Permian faunas in South Island, and with the
unique sandstone petrography indicate the Akatarawa
terrane should beregarded as exotic.” Of the Kakahn
terrane, these authors write that: “Kakahu rocks
have not been related convincingly o othér Torlesse
rocks, including the enclosing Permian strata, The
Kakahu terrane, or ai least the limestone-chert-
volcanic portion i therefore regarded as a suspect
terrane, with possible affinities with the Permian
Akatarawa terrane.” The . sector marked by this
*possible affinity” is of considerable hiogeographic
imterest as it runs along part of the important track:
Rock and Pillar-Torlesse Range which displays
¢ongiderable endemism. (For examples see Hebe
sect. Glaucae, Heads 1987, and millipedes, Johns
1979). Likewisc, in phylogeographic work Burrows
(1968) has described the track: Hunters Hills—Four
Peaks=Mt Peel-Mt Huti-Torlesse-Puketeraki—
Tekoa-Tinline (= Terako) — Seaward Kaikoura
Range (Here the Kirkliston Range could possibly be
included with the Hunter’s Hills, and the Inland
KalkouraRange with the Seaward KaikouraRange.)

Southeastern South Island

Eastern biogeographic arcs are illustraled above
(Fig. 6), and bathymetric and paleomagnetic studies
inthe area southeastof the South Island have revealed
structures striking northeast, parallel to much on-
land faulling and cutting across basement lermane
boundaries. Cullen (1967) proposed the name
“Antipodes Scarp” for the sharply defined, more or
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less linear eagtern houndary of the Campbell Platcau,
and wrote that “it iz gignificant that northward
extrapolation of this trend truncates the castern
extremity of the Chatham Rise.” Cullen suggested
“3 primary tectonic origin” for the Antipodes Scarp,
and if this is taken to include the eastern end of the
Chatham Risca structure with strike length in cxcesss
of 1600 km is indicated. Cullen viewed this as a
“truly major tectonic feature” and named it the
“Antipodes Fracture Zone” (see Fig. 2b), attributing
its origin to late Mesozoic fracturing regulting from

" NE--§W crustal compression. Cullen’s analysis also
indicated that a structural zone, the Waipounamu
Fracture, separaies the Campbell Plalean and
Chatham Rise from mainland New Zealand. Al-
though the importance of these fracturc zones has
perhaps been overshadowed by the recognition of
the Camphbell Fault (Fig. 9), they remain of interest
tobiogeography, where Waipounamu dispersal is an
important, if 33 yetunexplained, occurrence. Recent-
Iy, Carter (1988) has described faulls arranged en
echelon off the southeast South Island, in what is
proposed as the Waipounamou Fault System. Carter
proposes Lwo phases of movement: 1, extensional
tectonics in the early-mid Cretaceous creating the
Great South Basin off Catlins-Dunedin, and 2, mid-
Cenozoic reactivation with gentle uplift, felding and
faulting.

" Just ‘inland from ‘the east Otago ¢oast, the
Cretaceous Henley Breccia is depogited on the east
side of the northeast swiking Titri Fault, which
probably thus marked a fauli-line scarp in Cretaceous
time. Benson (1941) writes: “the present Taieri-
Waihola-Tokomairiro depression, which isa fanlied
syncline regolting from post-Fliocene crust-move-
ment, i parallel 1o and at most a few miles west of
the Mid-Cretaceous fanlt-bounded depression, Once
apain the tectonic character of eastern Olapo seems
remarkably persistent.” (cf. Mutch & Wilson 1952).
The: Tilri Fault and related northeast striking struc-
tures can be contrasted with the northwest strike of
the Waihemo or Shag River Fault Zone in north
Otago (Fig. 26d), active in the Rangitata Orogeny,
with later rejuvenated movement. Kelleria
dieffenbachii (Thymelaeaceae) ranges widely be-
tween New Guinea and the Auckland Is, but grows
at low altitude (60 m) only at Pukehiwitahi, near
Shag Point (Heads 1987). Elsewhere, even at the
subantarctic Auckland Is, the specics ranges only
above 450 m. This sort of “anomaly” occurs in many
plantsand animals at Shag Point, where a tssockland
community typical of the low-alpine in other areas is
found at sea-level. This is correlated with the

particular tectonic setting of the area: it is the point
at which the Waihemo Fault Zone and the Kakanui/
Horse Ranges intersect the coastline. In this zone,
“The greatest fault movements took place during the
middle Cretaceous, when the high rank schist on the
west formed the upthrow side of what was then a
normal fault system. Afier late Miocene time move-
ment took place in the opposite direction, the eastern
side being elevated by reverse fanling to form the
Kakanui Range,” (Mutch 1963). The same zone is
also, not surprisingly, a northern and southern
boundary of distribution (Fig. 26d), apossible centre
of endemism (for cxample, the chiton Notoplax
facilisy, and a possible site of disjunction in orchids,
with taxa known from only here and Barks Peninsula
(Dr B. Molloy, DSIR Lincoln, pers. comm.).

Further north on the east coast, dispersal around
Matlborongh connects via the Cook Strait centre
with Nelson, Wellington, the northeast arcs
{(AspleniumFig, 5d), and directly out of New Zealand,
for example 10 New Guinea (Hebe “ciliate disc
group™, Fig. 28).

Eastern and Northern North Island

Varietal differentiation within Hebe parviflora (Fig.
29) illusirates vicariant dispersal out of a baseline
parallel to the Cretaceo-Tertiary Geosyncline, a
double sided basin which ran along the east coast of
the North Tsland (Lillie 1980).

-Congidering the northeastern North Island, it is
appropriale to recall a warning given by Du Rietz
(1940). He observed that Wegener's map of a
“Pangaea”, made up of Gondwanaland (South
America, Africa, India, and Australagia) and Laurasia
(North America, Europe, Asia) “suits the facts of
transatlantic and Andean transtropical connection,
but... seams impossible 1o reconcile with the facts of
anold rans-Malaysian connection ... Trans-iropical
Pacific affinities also seem impossible to reconcile
with Wegener's model, and are widespread (Croizat
1958; Trigonobalanus; the alfinity between Hebe
rapensis of Rapa 1, and the Chatham Is forms of
Hebe; Fuchsia (Angiosperms: Onagraceae): New
Zealand-Tahiti-South and central America). Such
affinities have led to ideas on ancieni lands, floras,
and faunas to the northeast of New Zzatand which
could have supplied the primaeval New Z¢aland/s
with sediment and biota. Tropical Pacific dispersal
gencrally involves New Zealand, il at ail, by the
northeast arcs described abave.

Ballance et al. (1982) relate the geology of
northern North Island to that of eastern North Island,
They write: “northwestern North Island presently
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Fig. 20 Stippled line: Hebe parviflora var. arborea,
thick line: H. parviflora var. angustifolia (Heads 1987).

containg are valeanics of Miocene and Pliocenc age,
but has norecognisable accretionary prism. Eastern
North Island ig an accretionary prism of Miocenc
and Pliocene age, but lacks an adjacent are of the
same age; its adjacent are, the Taupo Volcanic Zone
isnomore than 2M.Y. old. Eastern and northwestern
North Island are therefore thought to have heen
adjacent to each other during the Miocene and Plio-
cene, and as a consequence of that conclusion some
system of late Pliocene and younger transcurrent
displacement and rotation between eastern and
western North Island is strongly indicated,” Ballance
et al. sugeest that displacement took place along a
postulated transform faull, a precursor of the present
Vening Meinesz Fracture Zone. This Iatter zone (see
Fig. 2b) is of great biogeographic interest, being
oriented northwest—southeast off eastern Morth
Auckland, and correlating with biological arcs to the
northeast, The zone was illustrated and discussed by
Croizat (1952, 1958), and wagnamed and introduced
Lo geologists by van der Linden (1967). This latier
authar recognised two distinel tectonic systems In
the vicinity of New Zealand, and these had earlier
been discussed as the “syntaxis” of Suess and the
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*chiasma" of Fleming (1970). One gystem, steiking
NNE-33W, is manifest in the Alpine and Campbcll
Faults. The second, including the Vening Meingsz
Fracture Zone, is a WW—-SE sirildnyg trend (cf, Lord
HoweRise - Campbell Platean) extending northwest
to Queensland and the Coral Sca, and southeast past
the Chathamn Islands to the Ellanin Fracture Zone
System (Molnar ¢t al. 1975; Weissel et al. 1977).
Malahoffat al. (1982), studying magnetic anomalies,
accept the Vening Meinesz Fractre Zong as “an
active transform fault during the period of develop-
ment of the Kupe Abyssal Plain between 35.5 and
25.5 m.y. scparaling the actively spreading basin
from the North Island of New Zealand.”

Summerhayes {1969) correlated the northwest
strike and development of New Zealand features
such as Lord Howe Rise-Camphbell Platean with the
activity of (1) Van Bemmelen’s Indian Occan
meganndation, and (2) Menard’s Darwin Rise. The
crest of the latter runs with the Cook and Line
Islands, and the Rise showed a pronounced phase of
development in the Cretaceous, sinking since that
time (cf. Fleming 1970; King 1983: 134; Schlanger
etal. 1981},

To the north of New Zealand Davey (1982)
showed that the structurally complex South Fiji
Basin is bounded by NNE trending featiwres: Three
Kings Rigse on the west, and on the east the Lau
Colville Ridge, and Kermadec Is-Tonga Is. The
remaining four structural features in the area range
generally NW-SE, Reading from north to south
these are; South New Hebrides Trench—Hunter
Fracture Zone, JuliaFracture Zone, Lindsay Fracture
Zone, and, by (he Northland Plateau, the Vening
Meinesz Fracture Zone, This Iast, acting in itsrole as
a transform, is implicated by Davey as fundamental
inthedevelopmentof South FijiBasin—North Island.
The ling, or rather the set of arcs nested around it and
“hitting” northeastern New Zaaland, is of great
palacogeographic significance, indicating a partic-
ularly dynamic zone tectonically along which north-
eastern flora and fauna “invaded” New Zealand.

Thrasher(1986) has described basement structure
in the region off Coromandel Peninsula as fanlted
into fault angle depressions and grabens, and a
northwest striking trend is evident. Other geological
struciure running parallel with the Vening Mcincsz
Fracture Zone includes North Island plutonism,
known (in exposed rocks) only ai: Nonh Cape
{Cretaceous), Cape Kankari (Cretaceous), and
northwest Coromandel (Miocene), a track which is
closely allied (o sirnilar arcs in plant and animal
records (Fig. 4),
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Upper Cretaceous maring beds of the North
Auckland peninsula, afthough very disturbed
(emplaced above Oligocene and Miocene beds as
the Onerahi Chaos) show “very sinking rescmb-
lances"” (Lillie 1980) to those of the Cook Strait-East
Cape Cretaceo-Terliary Geosyncline, recalling the
many hiogeographic connections between the*Cook
Strait centre™ and northeast Auckland, Southwest of
East Cape the sediments have been jodged
autochthonous by some, but near the Cape jtself
Stevens & Speden (1979) write that striciure is quite
diffcrent: “the sequence is dominated by decolle-
ments slices emplaced in late Oligocene—Mioccene
time and largely allochthonous™. The Matakaoa
Voleanics (Fig. 10) formed by middle Cretaceous
and lower Tertiary magmatic activity, accreted as a
seamount terrane during the middle Tertiary (Gibson
1987). The Tangihua and Wangakea Volcanics are
similaracereted ophiolitic sea-mount bodies in north
Auckland (Brothers 1983). Likewise an affinity
between Northland and East Coast Allochthons has
been proposed by Sparli & Ballance (1985).

The East Cape region has a peculiar biogeo-
graphic gignificance, involving connections with
northeast ares, Cook Strait, and Chathams Is. As
Kirk (1897) wrote: “the chief interest of the district
arises from its exhibiting such aremarkable admixiure
of plants characteristic of the exireme north of the
colony with others of a peculiarly southern type.
MNowhere else do we find associated genera offering
such a remarkable contrast when considered with
regard 1o their geographical distributions as Pisonia
and Euphrasia, Sideroxylon [Planchonella] and
Aciphylla, Persponia and Gentiana, Vitex and
Calceolaria[Jovellana], while the number of species
which attain their northemn or southern limilg is
perhaps larger than could be [ound in any other
digtrict of similar area in the North Island.” This can
be compared directly with the well-known com-
bination of far-northern and far-southern components
in the Chathams biota (cf. Fig. 8).

In conclusion, it appears that the problematic
history of the Torlesse is inlimately involved, in
biogeography and presumably also in geology, with
the connection: Vening Meinesz Fracture Zone—
Chatham Rise—Campbell Flatcau, in other words,
with the series of biogeographic arcs Lo the east of
New Zealand.

Geology and ecology in New Zealand

In proposing idsas on chronology in cvolution, a
traditipnal approach is io use fossil evidence. How-

ever, Tossil evidence is virrually abzent for many
groups extant in New Zealand, What seems to be a
viable alternative i Lo carrelate Mogeographic pat-
terng with teetonics. This was the method which
Croizat (1952-1968) developed and refined on a
global scale, and the correlation of tectonic change
with the development of biclogical communilies, in
particular with the altimide of the latter, had earlier
been proposed by a series of New Zealand ecologists.
Details in such accounts may be incorrect—what 15
emphasised here is the method of analysiz and
synthesis,

In an carly example of this method, Kirk (1871)
coniributed biogeographic data toa greological debate,
he wrote: ““The frequent occurrencs of several species
of maritime plants in the Waikato Digirict, farbeyond
the present range of tidal waters, appears to call for
special remark fromitsimportant geclogical bearings.
Dr. Hochstetter was, T believe, the first to advance
the theory, ‘thal the whole Middle Waikato basin
was but recently a shallow arm of the sea or a far
extending estuary.’ The accuracy of this opinion has
however been impugned; it may therefore be
advisable torecapitulate the maritime plants observed
inand about theriver and adjacent lakes and marshes,”
Kirk proceeds to List eight species (records from, for
example, Crustacea could be added), anid concludes:
“It is readily admitted that littoral planis may
occasionally be found in inland situations from
accidenial causes, butin the preseni case the number
of species, and the wide area over which they
collectively extend, afford forcible proof that the
cause of their growth must be found in the district
having been formerly a shallow estuary, probably
connected with the Frith of the Thames,”

Hulton’s views on hiogeography, for example
that birds migrating between New Zealand and
Melanesia follow old coast lines (Hutton 1872)
match Kirk's, and both mark an early phase of
integration in the carth and life sciences by two of
New Zealand’s most perceptive nataralists.

In his study on the plant geography of the
Waimakariri, Cockayne (1900: 101) wrote:
“Amongst the plants found [at the lower Wairnakariri
gorge] arc a number which, so far as I know, rarely
occur at any distance from the sea, and this seems to
strongly favour Captain Hutton’s theory, the crucial
point of which is that the sea at one time came up 10
this spot. Of these plans Linum monogynum,
Parsonsia rosea, Chenopodium trigndrum, and
Angelica geniculata may be especially cited.”

Describing limestone cliffs and rocks bounding
Te Whanga lagoon on Chatham I, Cockayne (1902)
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wrote: “At one lime the base of the cliffs was laved
by the waters of the ocean, so that they are closcly
related to maritime cliffs, From such cliffs, as before
deseribed, they differ in their inland position, and
consequent freedom from the influence of salt water,
also in the very different nature of the rock, Many of
their plant inhabitants are dowubtless part of the
original flora ... laking the case of New Zealand it
seems well-established that sea-coast plants can
conlinue to occupy an inland ancient maritime
station. Mr. T. Kirk {1871] has called aticntion to
such aninstance, and I have also shown that Angelica
geniculara ocours at the lower Waimakariri Gorge,
on the upper Canterbury Plains, a station which
Captain Hutton brings good evidence to show was
formerly maritime.” [Italics added].

In his account of the coastal vegetation of South
Island, Cockayne (1907) devoted his Chapter 11 to
the “oecurrence of coastal planis inland™, again
citing Kirk (1871), as well ags Metrosideros excelsa
at Lakes Taupo and Rotoiti (by Rotorua), and other
examples from South Island. He writes: “How far all
the above cases denote a former shrinkage of the
land and extension of the coast-line inland is not for
a botanist to settle but certainty, so far as geological
evidence goes at present, they are suggestive, 10 say
the least.” Cockayne also cites Asplerium obtusatum
(for its Fiordland range see Fig. 24b} and Senecio
{autus on limestone at Castle Hill and Weka Pass,
concluding logically that: “If such a distribution is
correlated with the marine origin of the rocks, then
it i8 cvident that species can exist under special
conditions for enormmous periods of time.” (These
idesas can be compared with the process outlined in
Fig. 20), Cockayne’s Chapter 10 is titled “mountain
plants on the coast”, and he cites Clayionia
australasica and Helichrysum selage at Dunedin,
Cordyline indivisa at Fiordland, and several species
at Cook Strait. He also noted that “coastal scrubs ...
are frequently closely relaed to snbalpine scrub,
both ecologically and floristically”. Cockayne
undoubtedly sensed the significance of such
observations, writing that “the subject is of too rauch
importance for a brief weatment™, although in his
later magnum opus (Cockayne 1928) published in
Germany they are hardly mentioned.

- Diels (1896) regarded the malvaceous plant
FPlagianthus divaricatusas amangrove, and Mepham
& Mepham (1985} treat it as a “potential
mangrove”—an arborescent species growing intidal
zones. Beddie (1935) described a population from
600 ft altitude on an uplifted spur ncar Palliser Bay.
Interpreting this, he writes: “One possible, and I
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think probable, explanation of Plagianihus
divaricatus occurring al thig altitude is that when the
river-bed was elevated to its present position a
saltmarsh containing a patch of P. divaricatus was
also raised to form a part of the spur ... Possibly
Hymenanthera crassifolia shared in the upheaval ...
Probably ... many former constiments of the salunarsh
found it impossible to accommodate themselves to
lile on the bare, steep spur ... [P, divaricatus] scems
able 10 bear up with the altered conditions and to
flower and fruit prolifically .., it ig not a question of
a few stray plants, but a quantity of them, and,
perscnally, I cannot understand their getting
established there except as members of an upraised
salt-rargh.” In the Wellington earthquake of 1855
{magnitude §7) the Palliser Bay shoreline was raised
atleast3 m (Lillie, 1980), and the possible ecological
implications of such movements were clearly

-considered by Beddie,

Overseas, the direct effect of tectonic change on
altitede and evolution of biological communitics
has been explored both by anthors discussing
spectacular cageg (for example, inland mangroves
on rapidly tising land) and also those writers such as
Croizat who accept it as a normal and universal
phenomenon, Tolmachev (1970) described the
process of formation of highland floras, in which
“the height rises with its vegetational cover, namely
with itg flora, which will ultimately become orophytic
...the adaptational amplitades of the different species
and their hereditary conservatism varies. Accordingly
some species of the riging highland will remain
without any apparentchangesintheirnature, whereas
other species, adapting to their new conditions, will
be transformed into new “daughter”™ specics, and
finally, other specice, being unable to adapt to the
changing conditions, will perish.” Tclmachev
emphasized the fundamental significance of the
“Floral and vegetational character of a certain area
on the earth’s crust before its rise to the ultimate
altitude. The importance of this moment is frequently
nol fully appreciated in investigations of the origin
of orophytic floras, althoogh their nature (especially
that of the more recent formaiions) will largely

-depend on it.” [Emphasis added].

Such tectonic intervention in the delermination
of community altitude may alse cxplain the
phenomenon of “Magsenerhebung™, in which the
altitundinal vegetation belis arc “Ielescoped” onlower
mountaing away {rom major axial ranges (e.g., in
Morobe Province and the Bismarck Archipelago in
Papua New Guinea, and Fiordland—Subantarctic Is
inNew Zealand). The major ranges, with their biota,

F.30-37




DEC-08-2006 11:B9

Buffalo Muzeum of Science

Heads—New Zealand natural history and the paraliel arcs model 379

have been lifted higher. Naturally, biogeographic
nodes {for example at Jackson Bay, Shag Point, The
Nuggets, Cook Strait) play a fundamental role in
determining where tracks intersect the ¢coastline and
other altitudinal zones.

Conclasions

With respecet to the general processes involved in
biological evolution, du Rietz (1940) has arpued
that: “It has grown into a habit amongst most
biologists [Hooker and Darwin are cited] to assume
that a taxonomic unit must have originated within a
single region and from there spread over the
distribution area it now occupies ... however .. it
seems 1o be equally possible for a genus or any
taxonomic unit (o differentiate or ‘crysiallize’ out of
its more polymorphic ancestral syngameon
simultaneously over a very large arca .., it would
then be unnecessary to Agsume any transtropical
migrations for bipolar units later differentiated.”
(cmphagis added). 1 have examined some
implications of this idea above and clsewhere (Heads
1985). Evalution i here treated as ocourring over
broad Ironts, both phylogenetically and spatially.
Thus, the ancestral complexes which would
eventually become recognisable as modern families
of flowering plants, for example, are envisaged ax
already being somewhat diverse at the time of the
change from gymnospcermy to angiospermy, i.e., the
closure of one or more of the gynoecial coats to form
astyle. This lastisancxample of a simple, widespread
development manifest in the modernisation of most
seed-plants at some stage in the Mesozoic. ILis clear
that we study characters or phenomena in general
along a track, nol jusl taxa, and “angiospermy"” itself
ig thus interpreled as massively polyphyletic by
origin, althongh monophyletic by tendency, This is
confirmed by the complex, reticulate affinities of
angiosperm families such as Thymelaeaceae and
Flacourtiaceae. The main biogeographic magsings
ol Palacozoic—early Mesozoic ancestors are
congiderad here 10 have provided the matrix from
which the post-Mesozoic patierns developed.

In this paper, attention has been drawn to the
parallel arc pattems permeating much of New Zealand
biogeographic siructure. The fracturing and creation
of such parallel arcs by tectonic movement and
crosion has brought about vast digjunclions in many
plant and animal groups. Nested are patierns of
disiribution in Indonesia-Papua New Guines, the
Caribbean, and New Zealand have been analysed at
length by Croizat (1952-1968), who comclacd

biogeographic patterns in these regions with tectonic
history. Inacontemporary development of Croizat's
thought, Craw (1982} hagexamined Howell’s (1980)
model ol New Zealand as the composite “mosaic” of
exolic terranes accreted by subduction. Itis suggested,
with reason, that the suturing proposed by Howell
waould have bad profound geological, peographical,
and biological effects.

The major arcs of distribution in these regions of
active margins correiate with zones of tectomc
activity such as plate and terrane marging, fraciure
zones, and belts of granitic intrusion, Qtherarcs may
be the resultof evolution along the Tertiary shores of
inland bodies of water.

The altitude of many commanities in New
Zealand also appears to conform to hiogeographic
and lectonic trends, with higher altitnde communities
having been derived by the uplift of mid-Tertiary
lowland-coastal communities.

Evolution i interpreted here as proceeding
largely by phases of population *“re-melting”, [or
example, in the formation of Cretaceous hybrid
swarms of weeds, and “reerystallisation”, by which
standard ranges are “frozen”, even in weedy taxa.
Such processes correlate spadally with zones of
tectonic and physiographic disturbance. In groups
such as Coprosma and Hebe hybrid swarms which
formed and were setin place in the Rangitata Orogeny
hava retained a very high potential o hybridise,
whichmay bereleased, for cxample in cultivation. A
major theme in New Zealand geolopy is the
rejuvenalion of tectonic featares, and this gives nse
to repeated phases of great disturbance along
particular sectors, Communities of both wetlands
and betler drained areas have been present and
affected by such change. New Zealand as aregion of
“disturbed wetlands” maintains the derivatives of
ancient mangrove and swamp forcst communities,
in¢cluding the lowland, montane, and alpine swamps
and bogs of to-day. The wetlands have probably
always been diverse phylogenctically—they wonld
have been panicularly cxtensive during the
Oligocene—and have provided a source for the
biota of modemn forests and grasslands.

Although the relics of the Oligocene swamp
forests and mangroves are of the greatest interest, in
many groups the current New Zealand biota is
generally depauperate, Dominant elements are those
with a higher “coclficient of survival”, and in many
ways the biolas of what are now fully temestrial
localities resemble those of maring rock siacks.
There are few mammals and more lizards, few
veriebrates in general (exception; scabirds!) and
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more invertebrates, The seed-plants are dominated
by herbs and shrubs, often with weedy, pioneer
ecology. The seed-plant florais quite depapuperate,
in comparison with New Caledonia for example,
and stands in contrast with the lichen flora, recenily
described as “one of the most interesting and hest
preserved in the world to-day™ (Galloway 1985).

Modern developments in accreled terrane
tectonics have led to the idea (Landis & Blake 1987)
that terranes hundreds of kilometres wide may have
disappearcd from within the New Zealand region,
These vanished terranes possessed rocks, planis,
and animals, some of which would have been trans-
ferredioencroaching terranes (cf . the simple exampla
given in Fig. 20) and would have eventually given
nse o modem plants and animals.

I plant populations may be seen as sedimentary
or metamorphic “strata”, some are also very liable (o
be totally removed by biological “erosion”, especially
locally. The disappearance of Leonchebe
cupressoides shrubland in the lakes region of Otago
because of human activity is a dramatic example
{Heads 1987). However, even after such “erosion” a
tremendous amount of comparative biogeographic
data remains, inking past and present. A greal many
clements of the current biota may be charactenised as
“weeds of tectonically active zones” which, despile
this ecology, maintain precise patterns of endemism
clearly articulated by standard nodes. Examples
include cliff and scres plants in Scrophulariaceae,
including fault-scarp colonisers such as Hebe
cockayneana (Fig. 13¢, 224), the diverse swamp
forests running along the Alpine Fault Zone,
Griselinia-Fuchsia forests growing on steep fault-
scarps around Dunedin, and the Norhofagus torests
of Wellington, where Wardle (1967) has illustrated
the damatic cffeets on plant communities of even
minor fault movement.

Ideas such as those cutlined herz can be applied
even to such supposedly “advanced™, rccently-
evolved groups as the iube-flowered plants, For
example, if sccd-plants ancestral to the eatant
Secrophulariaccac were subjected toamajor “modern-
wsationcvent” in the mid-Jurassic to mid-Cretaceous,
with subsequent differentiation at speeific and
subspecific levels into the Tertiary, then the chron-
ology proposed is easily congruent with that of
Mclvitle (1966) {or Hebe, Hong (1984) for
Veroniceae, and Barker (1982) for Euphrasia. This
ig also consisient with, for example, affinities along
the wack: New Zcaland-South Amcrica in Hepe,
Jovellana, Ourisia, and Eyphrasia, This would also
explain why, for example, the extant biogeographic
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patterns bear such little relationship with current
physiography. With respect to the ecological history
of these Scrophulariaceae, a Pacific ancestral com-
plex is required, probably comprising weedy plants
of the shore and its hinterland, with habitat in well-
drained sites such as coastal ¢liffs and rocks, as well
as pocrly drained areas such as coastal lagoons and
swamps (cf. Retallack & Dilcher 1981). This range
of ecology would characterise Mesozoic forms which
at some stage were subjeeled to a phase of “‘modern-
isation”, during which the major taxonomic and bio-
geographic massings currently observed were laid
down. Subscquent rectonic events disrupted the
eatlier ecology and the Kaikoura Orogeny placed
many low gltitude populations at higher altitude,
However, ancient water relalions are quite possibly
conserved in what are to-day alpine snow-banks and
rock-fighls,

Maodemigation ¢vents in the history of earth and
life may last some millions of years, for example the
various phascs of the Rangitata Orogeny may have
lasted some §0 million ycars, During such phascs the
ancestral matrix of contemporary life and rocks is
altered in aprocess of remelting and recrystallisation,
in which rocks, landscapes, and biotas are
meciamorphosed as one.
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