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INTRCGDUCTION,

The vbject of the present work has been to investigate, for one
district of New Zealand, the sociological relaticns between the indig-

encus plant species and those introduced to the country by man,

The result of the invasion of New Zealand by people of European
origin, and by the plants and animals that they introduced, has been
well described by Clark (1949: v) as "a revolutionary change in the
character of a region, which cccurred in a period of less than two
centuries”, Prow the botanical podnt of view, Cockayne (1928; 361)
has sald of the present situation: "There are two distinot areas,
the one dominated by primitive New Zealand conditions and the other by
such as approximate to those of Europe, while between these extremes
is a gradual range of intermediates"”, Allan (1940: 7) has pointed
out that: "A new flora and a new vegetation have come into being
alongside of, intermingled with, or in place of the indigenous flora

and vegetation®.

Cockayne's "two distinct areas” have besn studied in some detail
by New Zealand botanists. A great deal has been written about the
indigencus communities on the one hand, and about the artificial (econ-
amic) camunities of introduced plants on the other, However, much
less attention sesms to have been paid tuv the cansequences of the con-

tact between the two floras and the two vegetations.

Darwin (1859: 172=73) and Hooker (1867: 757) touched briefly upom
the subject when they inferred from the alleged "superiority" of the
plant species introduced into New Zealand from Europe that, in the
"struggle for existence", these species were capable of displasing the
indigencus species without man's aid. Travers (1869: 312), Kirk (1878:
362=63), and Cheeseman (1882: 272-74) were influenced by Darwin's views
cn natural selection into expressing similar opinions (which were quali-
fied scmewhat in the cases of Kirk and Cheeseman). Since Travers, Kirk,
and Cheeseman are included among New Zealand'!s most important botanical

explorers, it would seem that a preconceived idea led them to underestim-



ate the role of human activities in the replacement of native species

by alieams.

The camprehensive studies of the vegetation of New Zealand by
Cockayne (1921a), and of the introduced flara by Thomson (1922) invol=-
ved a closer consideration of the contact between the alien and the
indigenous species. This led Cockayne (192la: 283) end Thamson (1922:
ch. XIV) to oppose the views of earlier workers on the aggrussiveness
of the alien flora. Cockayne claimned that no exotic species has gain-
ed a foothold in New Zealand without the assistance of man or his
introduced animals, and this view has been supported by Allan (1936
191)., (wulff (1945: ch. VII), dealiny with the relaticnship of men's
activities to world plant distribution, has cited evidence fram variocus
countries, including Allan's New Zealand paper, to show. the error of
the view formerly held that aliens may crowd out an indigenous vegetat-

ion without man's aid).

Cockayne devoted 10 pages to a section on "The New Vegetation®
| (originally entitled "Displacement and Replacement of Associations and
Species") in the first edition of his momumental work (Cockayne 1921a:
283=292)) and 18 pages in the second edition (Cockayne (1928: 355-372)).
The latter version stresses (p. 356) "the far greater aggressiveness -
in their native land - of the New Zealand indigenous species themselves",
Cockayne's observations on the "new vegetation” have been amplified in

a paper by Cockayne, Simpson, and Szctt-Thamscn (1932).

In recent years, the role of the introduced species has been ref-
erred to in a mumber of studies of areas of predaminantly indigenous
vegetation, particularly in studies of successional cammnities (e.g.
Allan (1926); Oroker (1953); #illiamson (1953)). Further, intersot-
ion is directly involved in those studies of pasture establishment
(notably the classical work of Levy (1923) and of Guthrie-Smith (1926:
och, XIX)) that treat the regeneration of indigenous communities as an
agricultural problem. However, the paper by Allan (1936) on competit-
ion between indigenous end alien plant species appears to be the only
modern contribution on the vegetation of New Zealand, beaides those by

Cockayne (and his coeworkers) and by Thamson, that is concerned with

the subject of interaction as such.



As Smith (1957: 135) has pointed out: “"Whether botanists wish it
or not, the proper study of the native botanist now is the study of
that amalgam of Mgona and alian ... that covers now mainly all of
New Zealand except fully and imtensively cultivated areas om the one
hand, and large tracts of National Parks and Scenic Reserves on the
other", It would appear that the few workers who have given specific
attention to this subject of interaction have tended to make general
observations covering the country as a whole. In the preaent wark,

it was proposed to cover a more limited area in greater detail.



1. INTRODUCED AND INDIGENOUS SPECIES

(1) DEFINITIONS

Introduced species are detined for this study as those that have
been imported into New Zealand by man, whether deliberately or acoiden=-
tally. It would seam that very few of these were introduced by Poly-
nesians (7950-1550 A.D.); same were introduced by European explorers
(1769 onwards), sealers, whalers, and traders (1792 onwards), and miss~
ionaries (1814 onwards); and wost have been introduced since organiged
European settlement began in 1840 (Thamson (1922; part III); Healy
(1949: 160=62)).

Indigenous species are defined as those that were present in New
Zealand prior to the arrival of men, an event which probably ocourred
about 10C0 years agc (Te Rangi Hirca (1950: 4~21); Duff (1956)). It
is not impossible for some species to have arrived since then through
agencies other than man and his activities, but the present geograph-

ical isolation of New Zealand must be a barrier to natural distribution.

(2) CRITERIA FOR DISTINCTION

Cheeseman (1925) separated the introduced and indigenous vascular
floras almost completely, and thére have been very few subsequent cor-
rections of his allocations. (These corrections are referred to later).
He did not give a specific account of his criteria far distinction.

They were probably similar tc those suggested below. The oriteria
given are not inconsistent with Cheeseman's views on the aggrossivonosg
of the introduced flora., Frun the point of view of mare recent workers,
another oritericn for regarding a species as intrcduced has been that

*it has never been found in really virgin country® (Cockayne and Allan
(1926a: 65)).

(1) There is no doubt about the allocation of the endemic

speocies, nor about the econamic species that have been imported

deliberately by Polynesian or Eurcpean settlers. (The few del-



iberate introductions by the Maoris are well authenticated (Thom-
son (1922; part III); Te Rangi Hiroa (1950: 89-91)). In the

case of the highly campound Festuca rubra L., certain ecanamio

varieties have definitely beean introduced by Buropeans, but some
wild vazieties‘may possibly have been represented in the indigenous
flore). For the rest, there is adequate evidence in the.case of
all but a few species,

(i1) Botanical explorers began to study the vegetation and
flora of New Zealand in 1769. Orgsnized Buropean settlemsent
began only in 1840, From the locality records wade by visiting
botanists before 1840 and by resident bectanists since 1840, it
has been possible to build up same sort of picture of the distrib-
ution of nearly every plant species in different periods, and
roughly to determine the ccrrelation of that distribution with the
distribution of areas of Furopean settlement in the same periods.
A species with a consistently high correlation with areas of Bur-
opean settlement may fairly safely be regarded as introduced, and
one with a consistently low correlation may be regarded as indig-
enous. Indigenous species which have becanw weeds in Buropean
settlements may be distingulshed as indigenous because of an init-
ially 1low correlation with settlement. (A few species which are
well known as cosmopolitan weeds of arable land were recarded by
the earliest botanical explorers. Healy (1949: 160) has suggested
that these may well have been species accidentally introduced by

the Maoris rather than indigenous species).

(144) Cheeseman (1925: xiv) pointed ocut that, of the 1763
vascular species that he regarded as indigenous, only 434 are
found vlsewhere, of which 369 extend to Australia and 112 to temp-
erate South America. Qf the 369 also found in Australia, 82 ex--
tend to temperate South America, saome being tropicel as well, and
35 to tropical but not temperate South America, while 35 species
are found in New Zealand and ‘in some country other than Australia

or South America, In the case of those non-cultivated species



that he regarded as intrcduced, Cheeseman (1925: 1053) stated that
463 had come fram the north temperate regions, 45 from tropical
regions, 21 fram South Africa, 20 from South America, and 28 fram
Australia, Therefore, if a species camot be classified adequate-
ly in terms of (ii) above, a recard of the countries in whioh that
species appears tc be indigenous may give some suggestion of the

category to which it belcn s.

Thus, the principal criteria for allocating a species to the intro-
duced or to the indigenous flora would appear to be: (i) Is it an en-
demic or a known introduction? (iy) If neither, how does its distrib-
ution at diff'erent periods compare with the distribution of Eurcpean
settlements at the sauwe periodst (iii) In what countries does it ap-

pear to be indigencus?

(3) PUBLICATIONS ON THE NEW ZEALAND FLORA

The basic manuals of the New Zealand flora used in the present study
have been those by Cheeseman (1925) for indigenous vascular species, and
Allan (1940) for introduced species, New editions of both are becaming
necessary, There have been many taxcnauic alteratiuns, and additions
of species to the flara, in both cases. In the case of the indigenous
flora these are spread over many publications. (cee "List of Species"®).
In the case of the introduced flora they are largely concentrated in a
series ofpapers by Healy (1943, 1%4, 1946, 1948, 1953a, 1953b, 1954).

There has been little disagreement with Cheeseman's allocations of
specles to the indigenous or tc the intrvduced flora, The principal
corrections and comgents are those by Cockayne and Allan (1926a), while
a few more have been ;nade by Allan {1940) and by Healy (1943=54). Ref-
erence is made to these at the appropriate points in the "List of Spec~
ies", notably in section 111. (This section ("Species of Doubtful
Status®) covers the few cases where there is doubt or disagreement over
the status of a specles, or where a species appears to contain both in-
troduced and indigenous elements, and these are not readily distinguish-

able).



The last manual of the indigenous flora that included non-vascular
cryptogams was that of Hooker (1867). There have been many publicat-
ions since then dealing with sections of the indigenous non-vasscular

cryptogardic flora. The niost recent manual of the mosses is that of

Sainsbury (1955).

Allan (1940: 314) has made brief reference to the introdused non-
vascular cryptogams, about which 1little is known. His manual mentions
five species of Musci that way be introduced in part, and one that ap~
pears to be introduced only, while of the Ffungi "there are probably
many" introduced species, as in the case of the rusts, of which 33 speo-

ies, or about 2%, are introduced.

() HYHRIDIZATION

In addition to those species, the allocation of which is in doubt,
there 1s the other special category of hybrids between introduced and
indigenous species. This has been mentioned by Cockayne and Allan (1934),

who have pointed out that at least 8 such species hybrids exist.

Intraspecific crosses must also be congidered. It is possible
that some species in the "doubiful" category have both indigenous and
introduced sections. In such cases there may or may not be intexr-

breeding between these secticns.,



II. THE STUDY AREA

(1) CHOICE GF AREA

It was intended to wcrk from Palinerston North as base. (ne
practical factor in detemining the limits of the study area about
this centre was the amount of ground that cculd be studied adequately
by one perscn, OUn this count, it seemed that the Manawatu district,

a8 described below, would be a convenient area for investigatlon,

The portion of the catchwsnt of the Manawatu River that lies to
the west of the crest of' the Tararua-Ruahine Range was chosen as the
basis of the study area (fig. 1). This area fcrms the central part
of Wellington Provimce and coarresponds roughly to the social geograph=
er's concept of "the Manawatu district" (Pownall (1953)). Historic-
ally, this district is the region of surcpean settlement that first
was opened up by scattered pioneers along the Manawatu River and sub-
sequently developed from Palmerston North as centre, In terms of
the present day, it is the tributary district of the town of Palmer-
ston North, with the qualification that motor trausport and sealed roads

have brought an area on the eastern side of the mountains into the

tributary district (Pownall (1953: 12)).

It was decided to exclude certain specialized habitats from the
study area. These were : the subpolar region, nauely the land above
4000 feet or 1200 metres (Zotov (1938a: 264=66)); the coastal sand-
dune country; and the swamps near the mouth of the - lanawatu River,

The last two exclusiens were larygely achieved by eliminating the true
right catchment of the Manawatu River between its mouth and the entry
of the Qroua River, and the true right catchment of the Croua River
above that point, together with the true left catchment of the Manawatu
River betweei., its wcuth and Shannon. A wide range of plant habitat
remained after the exclusion of the specialized habitats. (This range
was not reduced by the exclusion (in the eliminated catchments) of some

areas that are not ococupied by sand or swamp).



The study area thus arrived at (fig. 1) covers about 600 square
miles (1550 sq. km.). (Much of the relevant previous work by others,
and in particular the Surveys of New Zealand, which were used in the
field work, has employed the English system of linear measurement.

This system has therefcre been retained by the present writer. However,
at least the first reference to any English unit is accompanied by

the metric equivalent).
(2) DPHYSIOGRAPIY (fig. 1).

The main physiographic features of' the study area are the Range,
the Pohangina Plain (P), the Fitzherbert Plain (F), the Kairangs
Plain (K), and the lower floodplain of the Manawatu River (L). (The
*"Plains”" are named by the present writer after the districts to which

they correspond).

(i) The Range

The Range runs approximetely N.N.E.-S.S.W. It takes the form
of twc elongated danes, the southern dome being the Tararua Range (T)
and the rorthern the Ruahine Range (Wellman (1948: 124)). Accarding
to the latest maps, the highest trig. stations of the Tararua Range
just exceed 5000 ft, (150Qm.), and those of the Ruahine Range just ex-
ceed 5500 f+. The lowost part of the saddle between the Tararua and
Ruahine Ranges is about 1000 ft. above sea level, while the altitude
of the bottom of the Manawatu Gorge (in which the Manawatu River flows
westward thrcugh the saddle into the study area) is about 200 ft.
The dome of the Tararue Range is dissected into a cauplex rectangular
pattern of longitudinal and transverse ridges (Adkin (1949: 264)), end
the Ruahine Range has a similar form. The country may be descxibcd
as steep, the sides of most eof the valleys having slopss of 500 or
more, and the ridge=tops being narrew, The steepest slopes tend to
occur on the sides of the transverse ridges. (As Ad«in has pointed
out, the transverse reaches of the streams usually run in narrow gorges).
The rocks of the Range are indurated sandstones and midstones (grey-

wackes), which are probably of lower Mesozoic age (Wellman (1948: 123)).
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(North of the Manawatu Gorge, in the sag between the Tararua and
Ruehine Ranges, the greywacke is overlain by an arch of softer Ter-
tiary rocks (Lillie (1953: 66 & maps)), similar to those of the north-
ern part of the Pohangina Plaiu,. The =2astern boundary of the atudy
area runs along the main divide of the Range, crossing the Manawatu

River in the Manawatu Gorge Jjust below Te Apiti railway station.

(1i) The Pohangina Plain

The Ruahine Range is flanked to the west by a plain that slopes
downwards tc the S.3.W. (that is, parallel to the Range). It has
an altitude of about 2200 f{. towards the northern baundary of the
study area, and about 2CC f't, where it merges intc the Kairanga .
Plain, The surface of the Pohangina Plain has been nmch dissected
by tributaries of the hanawatu ldver, owing te regional uplift in latq
Pleistocene times, very little of the original surface being left
(Greenall and Hamilion (unpub.: lo=-17); Speight and wild (1924: 222)).
(The principal tributaries involved are the Oroua and Pohangina Riv-
ers, which arise in the Rushine QRange, and flow roughly S.3.%. through
the Pohangina Plain, The vastern tributary, the Pohangina River,
enters the Manawatu River at the western: end of the Manawatu Gorge).
While downcutting by rivers and streams has produced many gorges and
clifi’'s, wide terraces have also been formed, and there are broad
rolling ridses as well as those that are narrcw and steep, The Po-
hangina i’lain prooer consists of Pleistocene gravels, sands, and
clays in the south=west, and Upper Pliocenc sands, siltstones, mud-
stones, and conglamerates in the north and east, while the‘rivur
terraces ccnsist of Upper Pleistocene and Recent gravels and alluvium

(Greenall and Hamilton (unpub,: 7=14)).

(441) The Fitgherbert Plain

The Tararua Range is flanked to the west by a plain that slopes
down in a north-west directicn (that is, roughly at right angles to

the Range) towards the Kairanga Plain (except at the southerm end,
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where it slopes down tuwards the lower flo.dplain of the Manawatu Riv-
er). There is also a slight slupe to the south-west, the highest part
of the plain (about 8C0 ft.) being near the north-east corner. As
with the Pohangina lain, the Fitgherbert rlzin hes undergone a con-
siderable degree of dissection, and some steep valley walls and ter-
race faces are to be found, Hewever, many of thse divides are wide
and more cr less flat~toupped, particularly at lower altitudes. These
represent little-modified remnants of the former surface (Adkin (1919:
108=11)). The Fitsherbert Plain has been described by Adkin (1910:

507, 52C) as cinsisting of Pleistccene to Recent sanast.ne and clay.

(iv) '"he Kairanga Plain

The Kairanga Plain 1s a trianjular area that lies roughly south=-
west of the Pohangina Plain and north-west oi' the Pitzherbert Plain,
It is bounded to¢ the west by the ccastal dunes and by the low hills to
the west of the Oroua Mlver (bcth of whick regions have been excluded
from the study area). It slopss eveuly dowmwards from about 200 ft.
at the north-east edge to about 25 ft. at the south-west cornser,

The surface of the plain is wvirtually flat.,  According to Mr. C.C.
Rich of Victoria College, #Wellington, (private comm,), the Kairanga
Plain, which consists of Recent alluvium, may represent a former

joint ustuary of the Manawatu and Oroua Rivers, which has been filled
in by their deposits. These rivers ncw flow along the south-east

and westorn edges resnectively of the plain, below the surface of which
their present floodplains are slightly entrenched., Palmerston North

lies near the eastern corner of the Kairanza Plain,

(v) Ihe Lower Floodplain

The Oroua liver enters the Manawatu at about the south-west cor-
ner of the Kalrangsa Plain, Below this Jjunction, the floodplain of
the Manawatu River is about fiur miles wide. It is bounded to the
west by the coastal dunes (through which the river finally passes to

the sea), and to the south-east by the Fitzherbert Plain. The height



of this floodplain above sea level ranges from 25 feet down to about
ten feet or less, Until it was drained and stop~banked, most of

the floodplain was swampy. A low-lying portion of this floocdplain

to the ecast of the river (that is, within the study area) is still
called the Makerua "Swamp®, although of its former 14,000 acres (56.7
sq.km, ) (Miller (1917: 25)), all but about 500 aores have been reoleim-

ed.

(3) CLDMTE

Nost of the available information on the climate of the study
area is based on the daily reccrds cof the climatological stations of
the New Zealand Meteorological Service, There are twc statiomns
within the study area, both being in Palmerston North, one at the
Grasslands Division of the Department of Scientific and Industrial
Research and one at the Boys' High Schcol., Desides these stations,
which carry on a full recording service, there are about 20 rainfall
stations within the study area, of which five use non-standard gauges.
The year's reccrds from both classes of station are published in
"Meteorological Observations"”, the annual publication of the New Zea-
land Meteorological Service, (The most recent nuwmber available is
that for the ysar 1950 (published in 1953)). Apart fram the work of
these stationg, the only regular observetions on the weather in the
study area appear to have been swie made on wind and fog in 1932 end
1933 by Zotov (1938a: 260-62).

Recording t;egan at the Climatological Station at the Grasslands
Division in April 1928. The cbservaticns from that date to April

1953 have been analysed by Schwass (1953).

(1) Temperature

Sohwasa's figures show that the mean air temperature at Grass-
lands is 54.6°F. (12.6°%C), the warmest month being January, with a
mean of 62.4°, and the coldest July (46,1°). The mean minimm grua'
temperature is 14.0.20, the warmest month again being Jamary (10-7.40) »
and the coldest July (32.3°). The equivalent air temperatures for

higher parts of the study area may beestimated by subtracting 2.710.0’.
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for every added 1000 ft. (5°C for every 1000m.) (Kidson (1931: 142)).
(This correction has been accepted by Zotov (1938b: 477) and by
Garnier (1950: 88-89) as a practical basis for climatic studies). Ac-
cording tc¢ the rough maps of Kidson (1932), the number of frosta is
low except on the Range, where they occur on £5~75 days in the year,

while ground frosts occur on 50-100 days over most of the study area.

(41) Rainfall

The mean aunual raini'all at Grasslands is 39.44 in., (100 cm.)
(Schwass (1952)). This rainfall is spread fairly evenly through the
year, the wettest mcnth being June with a mean of 4.J6 in., and thne
driest mon‘hs larch (2.41 in,) and Seotember (2,38 in.), However,
there is great variation in the rainfall for each month, The greatest
monthly rainfall recorded in 25 years is 10.34 in. (June 1947), and
the lowest 0.45 in. (February 1939). According to Greenall and Hamil-
ton (unpub.: 24-26), there is a similar pattern o distribution, and
a similar variation in monthly rainfall, in the nocrthern part of the

study area,

The meoan mmmber of' days with rain per year at Grasslands is
173,5, while the monthly means range irom 17.0 days in June to 10.3
in liarch. Here again there is wide variation, the difference between

maximwn and minimum values f'ir each month being of the order of 15 days.

"ieteorolouyical Cbservaticns Ior 1950" gives the mean annnal rain-
fall (and, in most cases, the uean numver of days with rain) for 13
of the 19 rainflall stations within the study area, and for six stations
Just outside the boundaries of the area. (These are listed in table I,
Statiuns cutside the study area ars marked ¥.) Although the reoords
are insutf'ficient to give a clear-cut ccrrelation of increase in rain-
fall with altitude or with nearness tc the Range, the tendencies are

obvious,

Seelye (1940) has calculated that the percentage variability
in the annual rainfall for the stations in the Manawatu district ranges

from 10% to Ly%.
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(1ii) Snow and Hail

According tc the rough maps of Kidson (1932), snow falls in the
study area on less than one day in the year below about 1000 ft.
The rumber of days with snow increases withi altituds to 1530 days
above about 3000 ft. Days with hail are rarer. The rauge is from

2¢5=5.,0 days near sea level tu more than 7,5 dsys above about 1000 f't.

(iv)  Sunshine

The inean annual number off hcurs of bright sunpsiine at Grasslands
is 1845, while monthly means range (rom 208 hours in January to 100
in June., The umaximum value recurded for a month in 25 years is 300

hours (Decenber 1934), while the minimun is 59 hours (June 1947).

(v) Wind

The wmvan 24-hourly winé run at Grasslamds is 150 miles (241 lmm, ),
the highest menthly mean being 176 riles in Jamary and the lowest 118
miles in June, As Zotov (1938a: 260) has pointed ocut, wind veloc=

ities must be much higher in the mow.tains.

According to Gohwass, wescerly ana north-west wiuds predaminate
at Grasslands in spring and sumaer, but in autwan aixi winter, winds
from an easterly or south=east direction are of nearly equal frequency
tc those from the west and rorthewest, Zotov (1938a: 260~-62) has
recorded a similar seascnal variation in wind airection in the northern
part of the Tararua Range.

A scuth~gast wind of abacrmal velocity on February 2, 1936, has
been described by Zotov (1938a: 270). In two hours it caused great
daiiase within the stud; area, and in particular levelled whole hill-

sides of indaigenous forest.

(vi) Fog
There is frequent cloud formation in the airegap between the Tara-
rua and Ruahine domes. This has been menticned by Elder (1949: &)

in connection with the vegetation of the scuthern end of the Ruahine

Range, while Zotov (1938a: 261) has claimed that the northern end of



TABLE I. RAINFALL STATIONS IN THE MANA/ATU DISTRICT.

Station Meazi anrmal Mean nco, of Altitude Shortest distance
rainfall rain days (feet) from main divide
(inches) (miles)
* Foxton 33 119 10 15
Kairanga 35 120 51 10
* Glen Oroua 36 109 63 16
* Peilding 36 159 235 14
Palmerston North 38 162 136 7
(average cf 5 stations)
Linton 40 156 155 7
Colyton 40 0 800 10
* Palska 41 not stated 10 8
Tiritea 47 165 272 3
Mangaore 50 180 | 360 3
Aplti 51 201 1500 10
Kamako 52 47 600 5
Arapeti 88 not stated 1190
* Mangahao Dums 12), 225 1185 1

(average of 2 stations) (1 station)

9l
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the Tararua Range may be fog~bound as frequently (200 d&ays a year) as is

the higher central part of the range.

(4) sonms

The soils of the study area have been surveyed by the New Zealand
Soil Bureau in the course of a general survey of the soils of the

North Island.

The results of this survey are depicted on a map on the scale of
four miles tc the inch, which was published in sections between 1945
and 1945, The introduction t¢ the bulletin describing the scils
(N.Z. Suil Bureau (1954: 12)) gives warning that the information has
been published with many iuperfections, in oruer to make it available

without delay.

The list that fellows ccntains the code numbers and names of the
soil types of the study area, as given in the bulletin and map (fig. 2),

together with the locaticn of each scil type within the area.

(i) Recent Svils from Alluvium

1. Manawatu loam, sandy loam, silt loam, and clay loam,
The principal scil of the prescnt flcoodplains of the rivers,

lc. Tukituki sandy loamn, stony gravel, etc. On stony flats
along the rivers.

2, Kairanga silt loam and clay loam, The principal scil of
the Kairanga P’lain.

2a. Kairanga loam etc. - strcngly gleyed. Its principal lo=
cation is the lower flcodplain of the Manawatu River,

2b, Opiki complex (peaty loams). A belt of this soil en-
circles the Makerua "Swamp", ani there is another example near the

southern end of' the Kairanga Plain.

(i1) Organic Soils
107, Makerua peaty loam. The soll of the Makerua "Swamp®.



FIG. 2. SOIL MAP (F STUDY ARZA (N.7. SOIL BUREAU)

Scale about 8 miles to the inch.

Boundary of study area
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(111) Yellow-grey Soils

(There appears tc be a ccrrelation between these soils and the

Pleistocene sediments of the study area),

1l, Reumai sandy loan, On the scuthern part of the Pohang-
ina Plain,

11H. Raumai sandy loan - hill soil. This occurs on steeper
ground than dces 1l There is an area cof this soil towards the
middle cf the Pohangina rlain, and a strip along the eastern edge of
the central part of ths Fitzherbert Plain.

12, Ohaxkea lcam, The s.il of mcst of the terraces in ths
immediate vicinlty of' the Manawatu and Pohangina Rivers.

13, Tokomaru silt loam., The principal scil of the Fitgherbert
Plain.

1%, Milson silt loam. At the southern extremity of the Po-
hangina Plain.

15b. Halcambe silt lucam., On the scuthern part of the Pohang-
ina Plain., Also on the northern port cof the Fitzherbert Plain (ex-
cept for the north-east corner).

13bH. Halconbe silt loam - hill scil., On the northem part
of the Fitzherbert Plain, tc the east c¢f the area of 13b.

13c. Marton loam. Un the scuthern part ct the Pohangina Flain,

(iv) Seccndary i’vdgolic Scils

29H. Atua silt loam - hill soil. A wedge of this soil 1lies

towards the northerm end of the Pohangina Plain,

(v) Brown Loams. Subgroup Yellow-brown Loaus

(Within the study area these scils appear tc be correlated with

Tertiary sediments).

76a. Kiwitea loam, At the southsrn extremity of the Fitsher-
bert Plain and on terraces in the northern part of the Pohangina Flain.
76aH, Kiwitea loam = hill scil, The principal soil (other

than on the terraces) of the north-west part of the Pohangina Plain.
']



76b, Kawhatau stony silt loam. On saue terraces in the middle
of the Pohangina Plain.

77b. Matamau heavy silt loam., Un the crest of the Tararua Range
for about two miles scuthward frun the Manawatu Gorge.

77bH, Matamau heavy silt loam -~ hill soile On the arch of
Tertiary rocks just north of the Manawatu Gorge; also the soil of

most of the eastern part of the Pohangina Plain.

(vi) Skeletal Soils (of sieep hillsides)

(Thsse are more influenced by the parent material and less by
climate and vegetation than are the soils cn easier slopes., The
parent msterisl of 118a is soft sandstone (late Pliocene or early

Pleistocene ), while that of 122 and 124 is greywacke).

118a. Pohangina sandy loam. The principal occurrence of this
soil is in the middle of the Pohangina Plain. It alsc osours in ths
north-east corner cf the Fitgherbert Plain,

122. Makara stony loam. Developed under rainfall 40-60 in,
This soil occupies a belt 1-2 miles wide along the westernm edge of
the Tararua Range behind the Fitgherbert rlain,

124, Ruahire stcny silt loam. Developed under rainfall
50=100 in., The soil of the Tararua and Ruahine Ranges, up to about

3500 feet, above which altitude are "mountain soils".

(A soil map of New Zealand, on the scale of 32 miles to the
inch, was published by the New Zealand Scil Bureau in 1948, that is,
after the four iniles to the inch maps but befure the bulletin that des-
cribes the same, Because of the smaller scale of the 1948 map, it
cnly shows major categories (s.g, "Recsnt scils Crom alluvium"),
The classification of these categories differs in some respects
from that used for the fcur miles tc the inch map., An appendix to
the bulletin (N.Z. Soil Bureau (1954: 275)) compares the two classif-

ications.



III. TEE CRIGINAL VEGETATIQN

(1) FCREST

It would seem that in pre-human times there was forest over the
whole of the study area, with certain exceptions that are discussed .

later.

Most of the study area heluw about 20CC ft. is ncw in pasture,
but it is clear fram the historical reccrd of Buick (1903) that the
early Kuropean explorers and settlers founa the district to be cover-
ed by dense forest, with the exception cf the clearings made by the
Maoris alongside the rivers, iurther, Cockayne (1928: 148) has stated
certain cunditiuvns of’ the physical envircrment that appear to govern
the oocurrence of indigenocus forest below about 800 m, (2700 ft.),

and these cunditions are fulfilled in the study area,

The nature of the fcuuer'furest 2.ver below ebout 2000 ft, may
be deduced fran forest reserves and fcrest remnants. The problem
of recuastruction is relatively much easier in the case of the wvege-~
tation abeve about 20CC ft., mcst of which is still in a roughly
primeval ccndition, There are two furest reserves below 2000 ft.,
namely Totara Reserve, an area of over 600 acres alongside the lower
cowrse of the Pohangina River, and Tiritea Reserve, an area of about
8000 acres on the Tararua Ranga, In additicn to these reserves,
furest remaants of various sizes occur below 2000 ft. throughout the
study area, mostly on private property. (Many of these latter areas
are not prutected from domestic grazing animals, while all fcrest
areas in the district are liable to have been modified since the arrival
of Buropeans by wild herbivorocus mamwals, and, in many cases, by
fire as well. (See (IV) Histcrical). The cyclcne of 1936 also mod-

ified the remaining ferests in certaiu areas).

The reconstruction that follows is based on descriptions of scme
of these surviving forest areas by Zotov (1938a), Greemwood (1S43),
Greenall and Hamilton (unpub.: 27=31), Allan (1924), and Cockayne (1928:

176), together with observations made by the present writer in the course



of an extensive reconnaissance of the vegetation of the district,
The principal type of forest was that described by Cockayne
(1928: 161 £f.) as "podocarp=broadleaved dicotyledcnous forest of dry

ground”, The daminant podocarp was Dacrydium cupressinum, (Podo~

carpus totara, P, hdllii, P, dacrydioides, P, ferrugineus, and

P, spicatus were all present, but of less importance than Daorydium
cupressinum), The principsal dicotyledonous species were Beil-

schmiedia tawa (especially below about 100G ft.), Weinmannia recemosa

(especially above about 1000 ft.), and Metrosideros robusta. Knightia

excelsa, Flaeocarpus dentatus, and Alectryon excelsum were praminent in

places, and there was a great variety of other trees. (Cockayne
(1928: 148) has listed 108 species of trees for the lowland-lower
hills' forest of New Zealand), Tree=ferns were also important, esp-

ecially Cyathea medullaris (or, at higher altitudes, C. smithii).

The floodplains (including the drier part of the swamp country)
and the lower=lying part of the kairsnga Plain were occupivd by "semie-
swamp {orest" (Cockayne (1928: 174-75)), doninated by Podocarpus

dacrydioides and Laurelia nuvac-zelandiae. There was a gradual trans-

ition between semi=swamp forest (nd podocarp~dicotyleconous forest
of dry ground., Drier river flats tended tc be dcminated by Podocarpus
totara. Below about 1500 ft., the craests of ridges and spurs, and
also faces with thin gravelly soil, weie often cccupied by a forest

domin~ted by Nothofagus sclandri. (N._solandri may have been con=

fined to the Pohangina Plain and the northern end of the Fitzherbert
Plain, which are the unly places within the study area where it ocours
today).

Above about 2700 f't., there teaded to .e a shift in daminance,

Dacrydium cupressinum and Metrosideros robusta fell out. The prin-

cipnl species includea Wvinmannia racemosa, Grisclinia littoralis,

Podocarvus hallii, Libocedrus bidwillii, and Phyllocladus alpinus,

Certain species cf Nothofagus were present above 2000 ft. in the ex-
trems north and extrews scuth of the study area (sse below). and were

dominant in places.

(A notable feature of the study area is the absence, except at



its northern and southern extremities, of certain sped.

fagus (notably N, fusca), which elsewhere on the western si.

Range are important constituents of the forests above about 20u.
Accarding to Elder (1949: 4), the causative factor wwuld appear to o
the reduction in sunlight that is associated with the frequent forma-

tion of cloud in the air-gap between the Tararua and Ruahine dames).

Zotov (1938b) has observed that, in the latitude of the study
area, 1200m, (4000 ft.) is a critical climatic level above which in=
digencus trees never gruw, It is the stazt of his "subpolar" region,

and the altitudinal lisit w1’ the stuay area,

(2) MOQUNTAIN SCRUB

The probable role of fog es a factor controlling the distribution
of Nothofapu: species has'been referred to alresady. In some bartl of
the study area abcve about 2000 ft., it would appear that localiged
frequent foss reduce the illumination below the lowest level required
by any indigencus tree species (Zotov (1938a: 265)), It may be ob=
served in the ruughly primeval vegetation of the higher parts of the
Tararua Range that in such cases scrub, usually dominated by (learis
colensoi, occurs between the timberline (upper limit of forest) and

the 4000 ft. level (Zotov (1938b: 475-76)).

The average height of the tiwberliie in the part of the Terarua
Range that lies within the study area is about 2500 ft. In the south~
ern Ruahine Range, the average heiyght is about 3000 ft., but it is
higher towards the northern limits of the study area. In the higher
parts of the Ruahine Range, there is also scrub, usually dominated by

Qlearia colensoi, between the timberline and tns 4000 ft. level.

(3) SWAMP VEGETATIOUN

Where permanent water was present within the limits of the orig-
inal fcrest, not even semi-swamp forest would occur. The Makeruas
Swamp was in this category (Miller (1917: 28)). Such areas would be
dominzted by tall and medium sized monocotyledcnuus herbs such as

Typha angustifolia, Phormium tenax, and Carex secta (Cockayne (1928:




197); Poole and Boyce (1949: 16)).

(%) MINOR COMMUNITI:S

The other examples of non-forest communities within the original
forest would Be of little importance, Cne such proup of commmities
would include those oi' watercourses, riverbanks, riverbeds, and
cliffs, Another would consist of those in succession from bare
ground to el (as on the new subsoil vxposed by the changing
course of a river on a plain or by slips in hill country). Previous
storms of the magnitude of the 1956 gale may have felled areas of

feresy and thus induced successional cownunities,

(5) ENVIRQWLIT CF iHE CRIGINAL ViEGETATION

The general features cof the climatic, edaphic, and physio~
graphic envirocmment of the study area have been discussed already.
Perhaps the most important feature of the biotic envircmment of the
oriyinal vegetation was the absence from pre-human New Zealand of

any mamuals other than twu species of Chiroptera (Hutton and Drummond

(1923: 38)).
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Iv. HISTURICAL

This is a brief account of past human activities within the
study area in temms of their effect on the vegetation, With local

variaticns, it is a well=knowm national story in New Zealand,

(1) POLYINSSIANS
Maori traditions mentioned by Buick (1903: ch.I) indicate
that the Manawatu district was inhabited at least frar the time of

the seccnd Polyuesian settlement period, that is, from about 1150

A.D. (Te Rangi Hiroa (1950: bock I).

When the first Buropeans reached the district, the Maorl popu=
lation was estimated at 3,00 (Buick (1903: 153)). They lived 4n
villages along the river banks. It appears from Buick's account
(p. 161) that there were no villages on the Oroua River nortk of the

Kairanga Plain, nor were there any on the Pohengina River,

Maori sgriculture in liew Lealand was limlted to the cultivation
of a few introduced Pulynesian plant species. Of these species, it

is probable that only kumara (Ipamoea batatas) was grown as far

south as the study area (Te kangi Hiroa (1950: 89)). Healy (1949:

16C) suggested th -t such cosmopolitan weed species as Oxalis corniou-

lata, Calystegia sepium, Solanum nigrum, and "Sonchus sp." may have

entered New Zealand with the Maoris as "stuwaways®, perhaps in the
s0il about the roois of useful plants. (Hcwever, Guppy (1906: 29,
416-17, 539) considered that some of these weeds way have been spread

through the Pacific by natural means),

More important as a scurce of food than the Polynesian introduc-

tions wvas the rhizame of the indigenous bracken (Pteridium ssoulcntgg]

(Te Ran;i Hiroa (1950: 33)). It wouli apvear that the Maaris oleared
areas of bush in order tc induce the growth of this plant. According

to Best (1942: 96), such arvas were re-burned every 3=5 years to prev-
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ent the succession from proceeding to scrub (and eventually forest).

It seems most probable tiat the vegetation of the distriot re-
mained largely primeval until %he caning of the Lurcpeans. Since vir-
gin New /ealand fcrest does nout normally burn (Cockayne (1928: 353)),
it is unlikely that fires sel by the hiacris in preparing gardens or
bracken grounds on the riverbanks spread far into the surrounding
f'orest, In any case, great care was undoubtedly taken to prevent
this rrom happening. Simce the kMaoris were a stune age people,
relying largely for foud and raw materials on naturally=-occurring
plants and animals, they had a struny traaition of conservation (Best

(19l+2: 1'3)0

The only mammels that were introduced by the Maoris were a breed

of dog (Canis familiaris) and a species of rat (Rattus exulans) (Te

Rangi Hiroa (1950: 64)).

(2) EUROPZANS

The principal record of Buropevan activities in the Manawatu dis-
trict until abecut 19C0 is that of Buick (1903). i appears that
the first RBurcpean residsrts wero traders who ¢stablished themselves
in the lracri villages and exported tiuber and flax (Phormium tenax).
By 1868 there were 32 Burcpean settlers in the neighbourhood of the
Manawatu idver bewesn the mouth of the Croua [dver and the Manawatu
Gor:.e, Thsir agricultural activities were limited to subsistence
cultivaticu and the rearing of a few cattle, 1871 saw the beginning
of the first organized agricultural settlement of the district, and
after a railway was built fras the coast to Palmerstom North in 1876
the distrist was rapidly settled in all dirvctions fram the railhead.
Until about 1830 the timber industry was still the chief source of
local wealth.  However, the introduction of refrigeration in the
'eighties gave a great impetus to pastural faming, and by 1903
Buick was able to say that, with one or two exceptions, the district
was settled "to the best advantage".

These events represent a great change in the vegetation of the
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Manawatu district, The principal effect of European settlement was
the removal of wost oi the criginal forest covering below 2000 ft.

by cutting and burnirg, and its replacement by a sown pastuie of
English grasses (Levy (1951: 2035-1C)). (At the same time, an alien
flora of non-cultivated species was sown in the form of impurities ih
the imported "grass-sced". Allan (1040: 10) has estinated that at
least 56m of the alien nuu-cultivated flora was imported into New

Zealand, and fwther spreaa, in this way).

Cne important ecological aspect of this conversion to pasture
concernis the clam-es in the scil thoat have been brocught about by
burning, fertilizing, and trampling by stock, and, in some plaoes,
by cultivation and draininz. not tc menticn the effect on scil forme
ation of the radical change in the type of vegetation., Much work re=
mains to be done in t'is ficld, Some cf these points have been stud-
ied by #iller, Stout, and Lee (1955), and scme have been considered in
the course ot the s.il survey of the Nerth Island of New Zealand (N.Z.
Soil Bureau (1954)). Une gross effoct, namsly accelsrated erosion,

is discussed later in comnection with the present vegetation.

Settlement also brought a new fauna, which included not only
the sheep (Ovis aries) aad cattle (Bos tau.us) #o grasze the pastures,

aud such other dumesticated animals as horses (Equus caballus), goats

(Capra hircus), and pigs (Sus scrcfa), but also a varied collection of

wilG mamals, notably red deer (Cervus elaphus) and opossums (Tricho-

surus vulpecula). The wild species were loosed deliberately into

the native vegetation, into which some domestic animals also escaped.
(Accurding tu Wodzicki (195C: 227-28), wild pigs in particular must

have beccme established in the district at a very early date), The
account by Zotov (1949) of the changes in the forests of the Tararua

Range indicates the result., Rabbits (Oryctclagus cuniculus) and

heres (Lepus eurcpaeus) were also released, but did not spread into

the forest (Zotov,(1936a: 260)).

Thug, the part of the original vegetative cover that survived



the establislment of pastural farming wes still modified indi

by inan's activities. It was modified also by fires. Virgh. ..

land forest may not normally burn, but, in dry summners, rires laid

to destroy scrub or felled forest, or else started aocidentally, are
quite liable tc spread intc damaged forest which has been opened up
by timber extraction and/or by animals. Since dry summerc are also
the most suitable for burming felled forest, such {ires were a

feature of thw settlement pericu, Giie notable example within the
study srea is the great fire of the dry sumnsr ¢f 1897-98 (Christensen

(1950: 8); Lands ard Survey Department (1898: 11)),

¥rom its appearance, it is evident that muct of the present stand-
iny forest o’ lhe siudy avea ias becu affectea by these fires,
Many of the remaining forest areas consist largely of young trees,
abcve wiich rise a few livin: survivors of the criginal canopy, among

many standing skeletons.



V. THE PRESENT VEGETATION

(1) PREVIWUS #%URK

(i) Vegetation

At the present time, sown pasture is the preduaminant vegetative
cover of the Manawatu district,. The principal kinds of pasture,
and (in less detail) of other vegetation, have been described and
mapped (on the scale of 16 miles to the inch) by Madden (1940) as
part of a pasture survey of the Horth Island., In addition to this
general survey, suckling (1954.) has studied the relation of manage-
ment to pasture campositiuii at Te Awa on the western side of the Po-
hangina Plain, while Merry {(uimpub.) working in the Minawatu district,
has made an ecolugical study of rushes (Juncus species) in pasture,
Greenall and Hemiltun (ungub.: 32~3k4, 52-54) have given an account

of the pastures of part of the Pohanrina Plain.,
(ii) Environment

Information on the environment may be obtained f'rom several
other scurces besides 'he accumts of vegetation., Ref'erence has been
made already to publicaticns that cuntribute to a knowledge of the
physicgraphy, litholcgy, climate, anc scils of' the study area. (Pure
ther, the scil survey of the horth Island (N.Z. Scil Bureau (1954))
includes references to the averapge actual ana possible stook-carrying
capacity of each soil type). = The question of accelerated soil erosion
has been covered for the Manawatu district as a whele as part of a
survey by Grange and Gibos (1948).  (Greenall and Hemilton (unpub.)
have given special attention v soil erosion on the Pchangina Plain),
Land-use and farming practices for the higher part ef the PFitgherbert
Plain, and the porticn o!'the ararua Range behind it, have been dis-
cussed by Gibson (unpub.). For the district as a whole, these last
factors have besen mentioned brief'ly in varicus national surveys of
some aspect or aspects of priuary production (e.g. Levy (1951), Depart-

ment of Agriculture (1948), B¢lshaw et al. (1936)). Similarly, wild



manmals of the district have been mentioned by Wodsicki (1950) as

part of the introduced fauna ci' new Zealarx,

(2) VEGETATION PATTERN AS A FUN.TION CF MAN'S ACTIVITIES

(1) The pattern of Vegetaticn

Although it deals primarily with pastures, the map made by
Madden (1540) may also be regarded as a map of the present vegetation,

as far as the Manawatu district is ccncerned (fig. 3).

The Kairanga Plain, together with the scuthe-west part of the
Pohanging Plain and the lower flowiplsai: of the Manawatu Kiver, is
shown as occupled by a hich-nroducing pasture (type 3 of Madden's

clessification), dominated Ly Lolium serenne, Trifolium repens, and

Dactylis glomerata, with some te much Heolcus lanatus, Cynosurus cristatus,

Y'oa pratensis, and Trifoliwe dubiwa,

As the Pohnngina Plain rises, type 3 is succeeded to the east
and north-east by a zcne of pasture (type 4) dominated by Dactylis

glonerata and/or Cynosurus cristatus, with much Holcus lanatus and

Tcifolium repens, and some Lolium peremnne, Pca pratensis, Trifolium

dubium, and Anthcxanthum odoratum, also Agrostis tenuis and Denthonia

spp., the last being indigonous, (Througchout the present text, a
generic name followed by "spu." implies a particular superspecific

taxcn, which is described in the species list).

As the Kairanga [’lain and the lower f'luvodplain of the Manawatu
River give way tu the Fitzherbert rlain tu the south=-east, the type 3
pasture gives way to a lowes-proaucing pastwre (type §), dominated by

Danthonia spp. (indigencus) anc/or Agrostis tenuis, but generally

containing scme better spsecies such as Cynosurus cristatus, Dactylis

giowerata, Trircliwe dubium, Lotus uliginosus, Trifolium subterraneum,

Lelium perenne, and Teifolium repens. Type O pastures arse alsc found

on the Pchangina Plain in the vicinity of' the Oroua River,

Types 4 and & may be regarded as transitional pastures, They

are succeeded on the higher parts of the Pohangina Plain and on the Range
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by a low-producing hill-country pasture (type 9), cominated by Agrostis

tenuis, with same Anthoxanthum odoratum, Holcus lanatus, Trifolium

dubium, and Cynosurus cristatus. Danthonia spn. may very largely re-

place Agrostis tenuis on drier wid warmer slopes. There are traces

of Lolium peremme and Trit'oliwn renens on stock camps and higher fertilite

arcas.

Finally, the higher parts of the Range do not carry pasture.
Above about 2000 ft,, the Ranye is shown as occupied by type 16 (For-
est, dense scrub, and eroded country), (The scuthsrn boundary of
type 15 on the Ruahine Range .as been corrected in fig, 3. It is
actually at about the 20CC f't. cuntour, or about feur wmiles north of
the Manawatu Gorge. It does net extend across the Gorge as shown on

Madden's origiual wap),

(1i) Interpretation

The nature of the sasture ab any place within the stuay area
may ¢ regacded as ar indicator o the aegree of human cenirol over
the vegetation that is pennitted by the saviromment of that place,
Thus, on the kairanga Plain (uad adjacent sreas), the presence cf high=
producing pastures shows that a hirh degree of control is possible in
that zrea., However, as the study arve rises to the north and east,
pasture changes show that limitin; factors are reducing man's role
towards the level shere no posbure a¥ all cau be maintained. (Beonomic
impracticability may of course ¢stublish a barricr beiore the envir-

)

cnmentzl limits for the walnterance cof pasture arve reeched),

The si;mifiicance of several of these limiting factors may be
cunsivered separatdy rov each ractor.  (In thwir cri:in and in their-

effects the factors are, of course, interrelated),

Climate, The increase in raini'all with altitude must tend to
be a limiting factcr in a regicu whici was formerly in forest. The
original bush~burns were less efriciernt in the higher rainfall aréas,
where they have left plenty of logs aud stumps to protect the seccnd-

ary growth of indigenous species (Levy (1951: 20, 22, 29)). Further,
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the reduction in temperature with altitude may begin to have some
effect on the length of the growing seasan of the pasture species at

the higher levels,

Physiography. Physiography is largely responsible for con-
trolling the degree of intensity of management. The flat to rolling
ground of the lower=lying parts of the study area (and of the broad-
er terraces of the Pohangina Plain) permits the optimum use of mech-
enization and subdivision (fig. 5). (Although many other practices
besides actual cultivation are involved, it is convenient to symbole-
ige such land as “ploughable”), With increasing altitude, the land
tends to become steeper and more broken, thersby reducing the effect-
iveness of management (even though the situation has been improved
since #orld War II by the use of aircraft for such purposes as spread-
ing fertilizer, seeds, and weedkillers, and by the increased use of

track-laying vehicles),

Natural Soil Fertility. (This has been defined (N.Z. Soil

Bureau (19543 62)) as the oveir-all cuntout of plant nutrients).

The lower natural fertility of the soils of the higher parts of th;
stud;rmiy also act as a limiting factor., The fertility of the recent
and organic soils of the low country is high to very high, except

for some of the peaty and stony soils, where flertility tends to be
lover., The yelluw=yrey soils of' the Fitzherbert I’lain and the low-
or parts of the Pohangina i’lain are of medium to high fertility.

The brown loauns of the upper Pohangina Plain and the skeletal soils

of the Range (and of the steeper slopvs of the Pohangina Plain),

are in general medium in fertility., Ruahine stony silt loam (124),
the least fertile of the skeletal soils, is low to medium in fertility.
@ this soil type, the vegetaticn grades frum pasture into non-pasture
(Madden's type 16). (To the extent that the present pattemrm of vege-
tation is determined by soil fertility, it is liable tc be modified

by the reocent innovation of aerial top-dressing, with phosphatic fert-

ilizers, but it must be stressed that soil fertility is only one of

a complex of factors).
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Scil Erosicn. Brodibility of the soil must be cansidered as

a limiting factor, Here again the flat to undulating ground of the
study area is in the most favourible position, anc the situation tends to
deberiorate witn altitude. The maps of Grange and Gibbs (1948) show no
erosion of the recent soils of the flat country nor of the yellow-grey
scils of the lower, least dissected, parts of the Pohangina and Fitz-
herbert Plains. However, some slips occur on the hill sovils of the
yellow=grey group, while sane of the brawn loams o:' the Pohangina

Plain (together with the amall area on the Tararua Range) exhibit slip
or wind erosion, Finally, the skeletal soils of the Range, and of

the steeper slopes of the Pohangina Plain, are shown as subject to

8lip erosion, much of it serious. (In the course of the field work,

it was fournd that erosion seems tc be less serious on the soils der-

ived from greywacke than on those derived from unconsoclidated rooks).

Thus, the vegetation of the study area may be divided roughly
into three categories in temms of land-use, "Plou ghable® pasture oc-
cupies the land on which inan can attain a relatively high degree of
contrcl over the vegetation. "Non-pasture"” vegetaticn occupies the
land on which it is impossible o1 impracticable to maintain pasture,
Betwsen these extremes, "unplou, hable" pasture occupies the land where
the degree of human contrcl will depenc on the efficiency of manage=
ment and the status of the limiting factors. At the first extreme,
introduced eccnomic species, an: al the other extreme, indigenous
species, may be expected to predcminate; and interaction between
indigencus and introduced species may be expected to be most intense
in the region of unploughable pasture., (The role cf intrcduced non-
economic species may also be expected to be most significant in the
unploughable pasture, where man's activities are not sufficiently in-~

tense tu control them, )

There is cne couplicating ractor in this assumption. In gen-

eral, human efforts are direcied tuwards maintaining economic pasture
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species and suppressing non-econamic species. Econamic specles in
the study area are almost exclusively introduced, so that the policy
is in effect one of maintaining introduced species (other than weeds)
and suppressing indigenous species. However, it is important to
note the role of the indigencus Danthonia spp., which has been ad-
opted by Eurcpean settlers as a pasture species and is now sown in

scme "seed=mixtures® (Levy (1951: 176=77).
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VI, PIELD EXAMINATION CF THE PRESENT VEGETATION

(1) BASIS

The methods used in the field examination of the present vege-
tation were based on the land-use interpretation of the vegetational
pattern. The vegetation of the study area wes divided into pasture
and ncn-pasture, Any area on which man's activities are directed
towards maintaining pasture was treated as pasture, Any area on
which this is nut the case was treated as non~pasture, (This latter
is equivalent to Medden's type 16; 4t does not include examples of
vaegetation other than pasture that arv under human centrol, such as
plantations and gardens). In genseraly, the distin:tion was clear
because of adequate fencing. The wheole of any paddusk that is used
for grazing was regarded as pasture for the purpose of this exam-

inaticn.

The pasture vegetation was regarded as consisting predominant-
ly of introduced species., Examples of indigencus species were then
sought for in pasture and the habitat of such examples was examined.
Conversely, the nun-pasture vegetation was regarded as consisting
predominantly ef indigencus species. Examples of introduced species
were then sou ht for in nun=pasture vegetaticn and their habitat was
examined.

The nature of the actual methods for studying indigenous
species in pasture and introduced species in ncn-pasture was affected

by several practical considerations,

The first of these was the intensity of' interaction between in-
digencus and introduced species., As indicated in the conclusion
of the last section, this might Le expected t. be greatest in umplou;h-
able pasture. It was decided to make a systematioc examination of un-
ploughable pasture, since it seemed likely that su;h a method would
produce enough positive records t. Jjustify the work involved. It
seomed less likely that this would apply either where man had a rel-
atively high degree of ccntrol over the vegetation or in the case of

the nun-pasture vegetation. In thvse cases a systematic examin=~
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ation would probably have meant a great deal of work to obtain very
few positive records, It was therefore decided tc cover these
latter kinds of vegetation as thoroughly as possible, but not to a

set plan.

Boundaries had tc be set betwsen the areas which it was prop-
osed to examine systematically andi those in which the examination
would be extensive, First, it was assumed that cultivation would have
been carried out, at some time¢ nearly everywhere that it was pract-
icable, so that a rough division into ploughable and unploughable
pasture could be made on this basis, Therefore, towards the extreme
at which man has a high degree Jf ccntrol, the distinction was made
between land which appeared to have besn ploughed or disced at scme
time and that which had not. (It was possible normally to make
this distinction by inspection. Ground which has been cultivated.at
some time looks much smoother, In doubtful cases where it was sus~
pected that an area had been cultivated at some time, a check with the
occupier showed that it had been). T¢ simplify matiers, enclaves
were merged with their surroundings so as t. produce a continuous

boundary, corresponding very rcughly with the 50C foot contour,

Towards the extreme at which ian has no direct control cver the
nature of the vegetation, the distinction, as mentioned earliexr in
this sectioun, was often clear—-cut, in that the boundary between pasture
and non-pasture vegetatiun was a feicse, Where no fence existed, the
seccnd practical consideration operated. this was freedom of move-
ment. It was largely ccntrolled by the nature of the vegetation
and was ancther reason why a systematic examination was deoided ag-
ainst for non-pasture vegetation. dhere the vegetation graded thrcugh
from pasture tc non=pasture without a cultural boundary in the form
of a fence, the apparent limit of penetration by domestic grasing an-
imals (the presence of their dung being the principal criterion) was
taken as the boundary. As with the other boundary, enclaves were
abandoned so as to give a continuous line, corresponding very roughly

with the 2000 foot contcur,



Drawing these boundaries (figs. 4,5) divided the study area
into three regions. The ploughable pasture regicn below the lower
boundary (consisting of the Kairanga Plain, the lower floodplain of
the Marawatu River, and the lower parts of the Fitsherbert and Po-
hangina Plains), and the non-pasture region above the upper boundary
(consisting of most of the land above about 2000 ft., together with
sowe forest reserves and remnanis) were to be studied extensively.
The unploughable pasture region between these boundaries (consisting
of the higher parts of the Fitzherbert and Pohangina rFlains, and the
lowsr parts cf the Range) was to be stucied systematically. (The
area that actually was examined sysiematically was further limited by
other practical considerations. These are aiscussed in the account
of this method).

The questions asked in the f'ield examination were:-

(a) What indigenous species occur in pasture? What intro-
duced species occur in non=pasture?

(b) Under what envircmmental ccnditicns does each species
occaur?

(c) What is the relative significance of cach species within

its range of environment?

(2) EXTENSIVE EXAMINATION

The extensive examnination referred t. in the last section con-
sisted of' a note-taking recumnaissance, It was decided tuv include in
this recunnaissance the area that it was proposed to ¢xamine system-
atlcally, in order to give an overall picture of the study area.
(Further, since a portion of the area that it was prupcsed tu examine
systematically was in fact not sc¢ examined, the extensive record was

needed for this section).

This reconnaissance theref'ore involved travelling by car, cycle,
or foot, at least once over every road or track in the study area,
except on the well-roaded Kairanga Plain, where about half the roads

were covered, NMurther, air recounnaissances were made cver the area
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that subsequently was tc be examined systematically, 35mm, photo-

graphs were made on these fli;hts foor reference purpcses.,

In the case of ploughatle pasture, the results of the exten-
sive examination weie amplified by a small amount of more detailed
work., This is referred tc in the appropriate section of (VII) "Results
of the Field Examination®, Again, a certain amount of inf'ormation
on ncn=pasture vegetation was obtained during the systematic survey

of unploughable pasture,

(3) METHW POR STUDYING UNPLOUGHABLE PASTURE

(1) The Unit Area Method

The situaticn enccuntered in plan:ing the systematic examination
of the regions or unplouzhable pasture was fairly similar to that
encountered by Greenall and Hamilton (unpub.: 78) when they set
about collecting. recording, classifying, and interpretinyg physical
facts related to land use and cultural erosion in Pohangina County,
"At the outset it was apparent that, sc many factors influenced land
use and orosion, /thal/ special methods of symbolising, recording,
and classifying these factors would be essential. An examination of
relevant survey practice in New Zealand failed to discuver a satis=~
factory precedent and so it was decided to modify a survey technique
developed by the Soil Coaservation Service U,S.D.A. to suit the
ccnditions peculiar to this country. <The technique used was tue
unit area method, the boundary being closed when any one factor map-
ped changed”, (A later account (Greenall and Hamilton (1954)) in-
cludes a photograph showing the nmanmner of subdividing an area of

land into units),

As used by Greenall and Hamilton, the unit area methcd appears
to lead to an adequate classification of the combinations of faotors
relevant tc land use and erosicr. It seemed, therefore, that it
might also provide a suitable classif'ication of the combinations of
factors relevant to vegetation, or, in other words, of the kdnds of

plant habitat. If this method were t. be used, the area under consid-



eration would be divided into units, within each of which the habitat
appeared tou be relatively unil'tru, (The expression "relatively
uniform®™ is used advisedly. In determining the boundatries of such
unit arvas, there is the problem of deciding on the degree of sub-
division of each factor. Yhe decision as to what constitutes
"ghange" in a factor which varies quantitatively must tend to be

arbitrary and to be affected by expediency).

(i) Transect Sampling of Units and of Vegetation of Same.

Greenall and Hamilton (unpub.) prepared a unit arsa map of
tne whole of their study area, However, it was felt that in
the present study it would have been impracticable to carry out a
similar 100% survey. Greenall ani Hamiltan's survey had required
a team of workers. A 1004 survey might have been practicable
with a much-reduced area, but it was desired to cover as wide a
range of habitat as pousible. The question cf sampling then

arose.

It might have been nossible tu employ some scheme of randam
sameliing tc obtain unit areas for study. liowever, the amount of
travel involved in a system of random sampling would ppobably have
been far too great four practical purncses. It was decided, there-
fore, tu use non-~randam sampling., This wculd detect, andg locate
accurately, various unit areas, the environmental characteristics and
vegetation of which would be recorded. While such a system might
have its limitaticns, it might be expected at least to indicate
tendendies in the mutual relationsiips of introduced species, indig-

enous species, and environment.

The cbvicus system to use was line transecting, which wculd pro=
vide maximum (continuous) recording of information for the distance
travelled. As the transect line was measured out, a record would
be made when any environmental factor changed. In this way the
positions cf the unit areas thrcuyh which the line passed would be
fixed, and the envirocnmental characteristics of thouse areas would be

determined.



There remained the manner of investigating the vegetation of
the unit areas thus detected. Sane objective method was desirable,
Separate sampling of the vegetation in each unit would require extra
time and labour, Therefore, it was considered whether the transects
used tu detect the unit areas might be used also tu sample the vege-

tation of the unit areas thrcugh which they passed.

If the transects were used in this way, it would mean that, in
each such unit area, the vegetation would be sampled by one line
transect, nuamely the porticn of the general iransect line that lay
within the unit erea, This line transect co.ld be used to estim:te
the abundance of different svecies, in terms oi' the amcvunt of cover
provided by each speciss on the line, (It would be necessary to
make the estimate of abundance in terms of cuver, since preliminary
field observaticns had made it clear that few of the plants in un-
ploughable nasture cculd be treated as individusls, and that such in-
dividuals (mainly phanerophytes) t.nded tc vary greatly in sisge, even
within a species), A one-transect sample might not give an adequate
account of' the vegetation cf the unit area in which it was taken, but
a number of .uch samples, each fram a different unit area of some
given type, would be more likely to pive a reascunable picture of the
overall vegetation of their coambined unit areas. The samples could
be used tc estimate frequen:y, in terms of the proportion of transects
in which eech species occurred, and also mean sbundanve, in terms of

the mean ccver provided by each species.

The method as describeu above bsars scme resemblance tc a vari-
ation of the point method of analysis (Goodall (1952: 12-13)) that
involves restricted randamizati.n, Goodall's method is to sample
the vegetaticn of a given arva, by subdividing the total area into
small plots of equal size,ana taking a random one=point sample in
each subdivision. The method that was proposed for the present work
was to sample the vegetation of a given combination of unit areas by

takin: a singslc transect in each unit area.

It was not expected that the results would be particularly ac-



curate. The unit areas were not going to be of equal sige, nor
were the lins {ransects going tcu be a given length and randomly
placed in the unit arvas, <The sizes of the unit areas would be
determined by the n:tural variatious of the physical environment,
and the placing of the transects would be determined by the arbitrary
placing of the general transect lines of the survey. Further, it
was obvious that the lengths of the transects within the units would
var, considerably. However, ii{ seemed prcbable tiat this last ob=-
Jection might be partly met by classifying the sampling transeots
into groups of similar length before deriving results fram the
samples. The probable accuracy of such results is dlscussed below
in (vii) "Treatmsnt of Sampling Lata", (Of course, one way of ach-
ieving unifornity of transect length (although not randam placing)
would have been to use non-continuous recording of vegetation in the
field methodi. This wculd have invclved ignering all unit areas in
which the traasec{ was of less than a given length, and reoording
cily the given length of transect in each of the remaining unit
areas, However, the whole point of the fileld method was to provide

the maximum information for the distance travelled),

#hile this proposed m-thod of' vegetation sampling had its draw-
backs, nevertheless it had the advantage that it would permit a
large area to be covered. further, it mi ht be cxpected tc give a
more objective acccunt of the vegetation than would the extensive
survey, However, in view of' sume rocogniged deficiencies of the
transecting scheme, separats sampling oi' the vegetation of certain
selected unit areas was in fact carriedi out af'ter the transectidg had
been completed, in order to amylify the inrormatiou that had been obe

tained. (see (vi) below, "Point Analysis and Frequency lieasurements®).

It was further decided to atitempt tu obtain sume indication of
the relative intensity of grazing wit!.in each unit area, by using

the transects {o estimate the abundance of aung,



(111) Maps Used in Systematic Examination

The 1:63,360 topographical map of New Zealand (Lands and Survey
Department map series N,Z.M.S.1l) was of great assistance in the sys-
tomatic examination, This map is divided by the "National Grid"
into squares covering 1000 yards by 1000 yards (about 900 me by 900 m.).
The transect lines of the systematic examination were laid down along
the 5000 yard gridlines of the map. The use of this map meant
that the position of locaticns of interest could be fixed by means of
grid references, Purther, the presence of contour lines meant
that such envirenmental factors as slope, orientation, and local phys-
iography could be checked on the map.

The 1:25,000 map of New Zealand (N.Z.M.S.2), with 50 ft. contours
instead uf the 100 ft. contours of N,Z.M.S.1l, would have been even more
useful, but the sheets ccvering the Manawatu district have not yet
heen prepared. However, aerial photographs or "mosaic maps”
(N.2.H.S.3), each equivalent to one sheet of N,Z.M.S.2, are available
on the scale 1:15,84C, They are "semicontrolled”, in that the
National Grid is superimposed. These maps of ccurse show far more de-
tail than N.Z.M.S.1, but have three disadvantages for field work,
namely their high cost (£3 per sheet), the absence of ccntour lines,
and some inevitable distortion. (It is noted on each sheet that
grid references are subject to errors of 100-300 yards). These dis-
advantages do not ccour with the "controlled®” N.Z.M.S.2 sheets, but
in the absence of this series it seemed preferable to use N,Z.M.S.l

rather than N.Z2.K.S. 3.

The Manawatu district has not yet been mapped completely even in
the N.Z.¥.S.1 series, This map is issued in sheets covering 30,000
yards (north-south) by 45,000 yards (east-west}. (The sheets are
oriented on true north). Some sheets have not yet been prepared,
and others are incomplete, in that either they are not ccntoured at
all or else the contours cover the lowlands (i.e, the ploughable
country) only, and end between 200 and 500 ft. In fact, the only

fully cantoured sheets that were available in 1954 were the Palmer—



ston North (N.149) and Dannevirke (Nl45) sheets.

As far as the unploughable country of the study area is oconcerned,
sheet N.149 (fig. 4) includes almost all of the upper Fitsherbert
Plain, together with the portion of the Tararua Ran;e to the east
of the Plein, It also cov.rs the scuthern end of the Buahine
Range flor about five miles nurth from the Manawatu Gorge, together
with the portion of' the Pohangina Plain lyin;; between this section
of the Range and the Pohangina Liver, Although the upper Pohangina
Plain and the rest of the Ruahine Range are not yet covered by
N.Z.M.S.1l, a large portion of Pohangina Couﬁty between the Pohangina
and Oroua kKivers has been mapped by Greenall and Hamilton (unpub,
and 1954) on the scale 1:15,8,0, Their unit-area map of land
classif'ication and majer existing erosion features is not cuntoured,
but it is almost as useful as a mosaic map (being on the same scale
as N.Z2,i.8.3), and it is possible tc¢ achieve "semi-control" by super—
imposing the Naticnal Grid and the spot heights from the Ruahine map
(N.2.M.5, 74, a map on the scale 1:100,000, without contours, but
shcwing roads and streams, and the 10,000 yard lines of the National

Grid).

Because of the position with respect to maps, it was decided to
restrict the systematic examination to the regions of un-ploughable
pasture thut are covered by the portion of N.149 that lies within
the study area (figs. &4, 5), and by the Pohangina map of Greenall
and Hamilton, (The swmall section of Nel4k5 that is within the study
area and in pasture was not sampled because a field examination had

shown the area to be ploughable in many places),

The sl.crtage of maps was cne of the practical cocnsiderations
referred to earlier as further limiting the area to be examined sys-
tematically. The other was that it took three months to cover
even this limited area by transecting. The area of N.149 involved
represents about 45 square miles, and the gridlines used represent a
total length of about 38,5 miles, <The area mapped by Greenall and

Hamilton covers about 50 square miles. Because their map is less
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FIG. 4. NzMS 1, SHEET N.l49 (PALMERSTON NORTH)

Scale aiout three miles to the inch.
Boundary of study area

Boundary of area examined systematically _ _
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FIG. 5. NZMS 3, SHEET No149/5 (WHAKARONGO)

Scale about one mile to the inch.
Boundary of =gtudy area

Boundary of area examined systematically

—— o m——



47

accurate than N,Z2.M.S.1, and was found to be less satisfactory to
use in the field, the grid equivalent of only three miles was trans-
ected. (The grid line invoulved was the easti=west line lying 10,000

yards north of the northern boundary of N,149),

N.Z.M.S$.3, shoet N,149/5 (the central sheet of the nine, each
ccvering 10,000 yards by 15,000 yards, that are equivalent to N.Z.M.S8.1,
sheet N.149), was purchased to awplify N.149, which is centred on

unploughable country (figs.’, 5).

(iv) Transecting Procedure

Each transect run along a gridline ¢f th«e map was started from
a recognizable lardmark, The line was maintained by compass and
landmarks, The transects were tied tc the maps by giving the grid
references of any mapped i’eatures (streaws, roads etc.) that they
crossed, A reccrd was made cf as many landnaris as possible (gates,
strainer posts, distinctive plants, rcck outerops, waterfalls, ets,),
on or near the line, to permit a recheck later where required. (1t
was obviously necessary to make as full a recurd as possible of the
ccurse cof each line, since the position on the ground of each line
was determined samnewhat arbitrarily. The degree cf accuracy in lo~
cating each gridline in the fielu was controlled by the fact that the
principal map used is on the scale 1:63,360, sc that, e.g., 0.06 inch

on the map represents 100 yards in the tield,)

The line was measured out by heel to toe pacing, or by a gradu-
ated weasuring stick, whichever was the more appropriate at any place.
The unit of msasurement was the fout, namely the length of a boot
(checked), (Preliminary trials had shown that the foot is short
enough tc separate out microhabitats (see below), while the yard
(three feet) is not, Purther, the trials had shown that the foot is
sufficiently shcrt to allow the dominant vegetation tc be determined
by eye without difficulty). The main difficulty was a tendency to
underestimate distances, presumably because ot' t'ailure tc place the
heel firmly against ithe toe of the other boot in pacing (especially

in rough country), and similarly because of leaving gaps when measur—



uring with the stick., The total leugth of transect recorded was
about 38 miles, although the distance covered as shown by the map
was about 41.5 miles (without allowing for slope), so that the um~

derestimation was of the order or at least 6%,

Where crogress alang the line was not possible, an aoccurate
detour was laid off', and a note made of the nature of the obstruotion.
This ref'ers essentially tc clifi’'s ani impenetrable thickets, both
of whicl. amount to non-pastucre, A brief description of the non-
pasture vegetation was noted in such cases, tc amplify the results of
the extengive examination. (The term "impenetrable™ is used in a rel-
ative sunse, It includes thickets thrcugh which a heavy cattle beast
might be able tc force its way, but which do not offer anything like

freedom of movemernt).

The feet were ccunted off along the line (a mechanical counter
being used for long runs) until a record was made, Each resord
was prefaced by the total number of fect since the previowus record,
the last foot cf that total beinz that in which ths record occurred.
(Where the record was of a boundary between iwo unit areas, the foot
in which the bound:r, ococurred was allocated to the unit area that

was being left).

For each foot of the trausect (which was regarded as a fore and
aft line (having no thickness) along the centre line of the boot or

stick), records were made as follows.

Boundaries Based on Physical Bnviromment. A record was made of

any change in slupe, orlentation, souil type, or altitude. (Obviously
these changes are often gradual, and the choice c¢f the actual boundary-

foot tended to be somewhat arbitrary in such cases),

The slope divisions were tihwose which personsal experiepco sugg=-
ested would be con?enient. nanely: flat tu gently rolling (up to
about 100); strungly rolling tuv moderately steep (about 10—300);
and steep (over about 30°)., (The N.z. Scil Bureau (1954: 62) employs
a similar classificaticn)., Categories of this magnitude can be est=

imated, and in many cases can be checked from the contcur map. The
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three slupe divisions were symbolized as "QO", "10%", and "30" respeoctive-
1ly.

Originally it was proposed that the orientation categories
would be north-, south-, east=, and west=facing, while if the orien-
tation of a unit area was almost exactly between two cardinal points
it would be recorded as N.E., S.E., S.#., or N.W. (Owing to irreg-
ularities in the ground, it was found that it was not possible to
determine the orientation of a unit area more closely than to the
neare¢est sixtsenth point. Thus such orientations as N,E, would
actually cover an arc of about 22.50). However, it seemed probable
that the important distinction would be between "sunny" and "shady"
faces, that is, between ncrth-facing and scuth-facing slopes,
Therefore, the category "nor%h-facing" was taken to include N.E. and
N.ii., and "south-facing" to include S.E. and S.#. (each of these
major categorises thus covering roughly 112.50). The east-facing and
west-facing categories (each cuvering roughly 67.50) wore pooled in a
third pgroup, This group consists in eff'ect of thv slopes that are
in neither the "sunny" nor the "shady" categcry, but in a roughly in-
teruiediate position., This groups is somewhot artificial, since while
the light relatiuns are similar for east=fucing and for west-facing
slopes, the period of maximum li.ht is associated with higher temp~-
eratures in the case of ‘he west-racing slopes, (For this reason,
an alternative classificaticn of uvrientatiuvn would L.ave been into
north-and-west ani south-and-cast), It was ccnsicered that the wind
faotor woula net differ much betwecn east-facing and west-facing
slupes. (See "Climate"). A finsl group ("no orientation®”) con-
tained the flat land (e.g. terrace tops and fioodpleins). The
four orientations were symbclized as "N", "S", "EN¥", and "-" res-
pectively,

(It was recognized that the general pattern of climate is liable
tc be mcdified by local physiography, a: example being the reduction
of light and of wind at any point by the shadowing effect of neigh=

bouring ridges. However, it did not seem to be possible to cambine



detailed estimates of these factors with this general survey).

Soil type boundarigs were determined from the four miles to
the inch scil map. This was dcne by prejecting a colour slide of
the soil map on to the N.Z.M.s5.1. map, the projector being érrangod
8o that the imnage of the soil map was four times natural size,
Roads and rivers shown on both meps were used as guides in making
the projected image and the contuur map coincide, It was not
possible to cbtain a completely accurate register, because both in
making and in projecting the photograph it would have been very dif-
ficult to make the object and the image truly parallel. (Further,
the soil and the contour maps nay have been drawn on sliphtly differ-
ent projecticus), It was possible tc make some check on the mapped
soil boundaries if two adjacent scils were described as formed from
different parent materials, or cn different slopes, and the contract
between these cculd be observed in the field, (Records of rocks ex-‘
posed as outcrops cr by erosion wsre of value in this connection).
The soil tyses were symbolized by the code numbers ref'erred to under

“Soils",

The range cf altitude was divided into 500 ft. belts. This
division was partly arbitrary, but was partly derived from the claim
of Zotcv (1938b: 477) that in the indige..ous vegeiation of the Tara=-
rua Range each 300 m. (1000 fi.) cuntour represents an important level
of floristic change., Altitude can be determined rairly accurately
from the contoured N.Z.M.S.1l, but less sc from the spot heights of
NeZ.M.S.7%. The altitudinal belts were symbolized in teras of the
lower boundary of each, that is, as "O", ®5%, "10", and "15" respect-

ively.

Boundaries Dased on Land-use, i'encelines were regarded as

representing possible changes in environment (e.g. in graxing in-
tensity), and therefore as boundaries, so that any i'enceline crossed
by the transect was recoried. (Relatively few fencelines were in fact
reccrded, since the areas of the paddocks are of the order of 100

acres or more), Natural features that are impassible to stock, such
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as cliffs or impenetrable vegetatiocn, may form part of the baundaries
and thus be the equivalent of [eucelines, Where natural features
that were recorded by ths line [ layed the part of fencelines, this

was indicated.

Unless otherwise stated, it was t¢ be assumed {rom the record
that the foru of land-use'was grazing ui unplougiable pasture,
Therefcre, whether or uot they wers marked by a fenceline, the boundar-
ies were recorded uf: plouchable land (that is, lund which appeared
tc have been ploughed at sowe tim:); reads or famu tracks; plantat-
ivas, homesteads, wd Stockyaras; erosion features (as listed below);
watercourses (including ditches) and stream beds; and stream banks
(which were grouped with clirtsj. (The vegetation was sampled in
unplouyzhable rasture unly. In the case of the cther categories, as
with c¢liffs and iupenetrable vc;etatiun, a brief description of the
vegetation was noted v amplify ithe results uf the vxtensive examin-
ationj,.

The nuture of each active or unhealed e¢rosion feature was noted
(e.y. slip, siump, mudflow, gully, wind erosion, scree). Where the
subsoil was exposed, this was named (to amplify the soil record).
Ninor erovsion ieatures (thcse uccupying isolated single feet) were
not separated out from unploughable pasturs, hut were treated as

microhabitat features, (See below),

Assessment of Management, The principal facior to be exam-

ined under this heading was the relative intensity of graging within
each unit srea. In w@rder to ebtain some estimate of this factor,

a recurd was wade oI the presence of any dun;, on sach foot of line
transect, aii of the animsl or animals invclved, (For all prac-
tical purpeses, tois meant sheeo and cattle), This technique was
suggested by the "pellet count" method used by New Zealand wildlife
investigators in estimating popul tiuns.,  (Riney (1956: 462-é4) has
described a formu: of pellet count methcd used in 1953 during a survey
to assess the relative abundance of several species of grazing and

browsing animals on different sections of a drainage system).
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Certain deficiencies are obvious in the dung=-count methcd used
in the present work. The most serious lies in the attempt to class~-
ify unit areas in terms of grazing intensity by means of estimates
based on single nun-random sampling transects of varying length.
Again, the correlation between dunging and grazing may be upset in
the case of sheep by the animals c.mpin; cn the high ground at night
(Guthrie~smith (1926: ch.Xx)). There is also the problem of dung
decaying at dit'fercat rates in uifferent environments. Further,
while the duny couht for any unit area will, presunably, be relative-
ly constaut throucnn the year unier sct stocking, it may nct be so
under rotational or seasonal grazing. (Actually, both Greenall and
Hamilton (unpube.: 60) and Gibscn (uapub.) have pointed cut that set
stocking is usual but not universal in the areas that they covered).
Another possible fault with the correlatic.. is thet different breeds
cf the same species, cr dif'fervnt categories of' the same breed, may
differ in the efficiency of utilization of i'eed. 4Lhe importance of
this pouusivle fault is lessened by the fact that mest of the sheep of
the arva traiisected are breeding ewes (mainly Romneyj, and that most

o the cattle are besf cattle (maiuly Aberdeen Angus).

It was assumed that all wnit areas were graged both by sheep and
by cattle. (In practice, this is largely, but not invariably, the
case)., (n the basia of the transect samnple, each unit area was then
classif'ied as being subjected tc 1i ht ur hvavy sheep grazging and to
light or heavy cattle grazing. Sheep grazing was arbitrarily regard-
ed as heavy if sheep dung occurred in more than 10} of the feet in
the sample, while cattle grazing was regarded as heavy if cattle dung
occurred in more than 2,5% of the feet in the samgle,  In both cases,
about 30,5 of the samples were in the "heavy grazing" category. (1t
was recogniged that the percentsiges would vary in precision with
the lengths of ths transects oun which they were based, so that the
classification would be a very rough one). The term "heavy
graging"” is rather relative, narticularly in the case of cattle.
Sheep, at the overall rate of .ne to two ewes per acre 'plus young

stuck), are the predaminant grazing animals, with one cattle beast
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(the grazing equivalent of a out five ewes) being carried, on a very
rough average, for every 14 sheep (Gibson (unpub.); Greenall and
Hamilton (unpub.: 55, 119)). Light and heavy sheep grazing were sym=
bolized as "0O" and "10.1" respectively, and light and heavy cattle

grazing as "O" and "2,6" respectively.

The effects oI horses, rabbits, and opcssuns were disregarded,
since the dung of each ot these species occurred only in about 1%

of the transe:ts, and then always at rates of less than 2,5%.

It dia nct seem possible tu maske any classif'ication of unit areas
on the basis of fertilizer treatment, Aerial distribution (and, tc a
much swaller extent, blower cr spreader distributiun) of phosphatic
fertilizer {usually 2-3 cwt. of superphosphate per acre (250375 kg.
per hectare)) was a general practice in the unploughable country of
the Mana.atu district in the early part of' 1954, and questioning of
farmers on this ccuntry suggested that the use of phosphatic fertiliger
had been very limited prior tc thet season, On an overall basis,
the present wcris can be regarded as carried out at the onset of aerial
topdressing in the Manawatu hill country, and therefore likely to
lead tou scrie interestiing cempariscns iff repeated on the samne area in
. the future.

A watch was keot for indications of spraying with herbicides,
but the only owvserved signs ol possible spraying were two or three

individual plants oi' Ulex europacus in a moribund ccndition,

Plaut reccrds. The veyetation was reccrded in terms of the

daminant vegetative cover on each foot of the line transect. (If
the records oi' sll the feet in a sampling transect of a unit area are
canbined, the result will not uecessarily be quite as accurate as
that obtained by measuring to tie nearest foot the cover given by
each species or category tu the same transcct. The latter method,
however, wculd have been more laborious than the method cf contin-

uous recording that was used).

If bare ground occupied more than 50k of a foot of the transect
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line, that foot was recorded as "bare", If more than 50% of the foot
of transect was covered by one indigenous non-phanerophytic species, the
species was recorded for that foot. If mure than 50§ of any foot was
ccvered b, one introduced non-phanerophytic species, the height of

the leavgacgﬁcgéich permanently -xceeds 10 inches, the species was
recorded for that foot. (The effective height of such species is

above the lower level of phanero hytes, oven though the hijhest
perennating buds are not,. It w2s felt that such species were in a
different category from the i:troduced nun~phaneroshytes that occupied
mwost of the “pasture" feet, as described below). In practice, the

only species recorded in this way were Carex leporina and Juncus effusus,

(The latter species is of dcubtful status. The few species of doubtful
status that wore detected by the transecting were classed with the in-

troduced species for sampling vurposes).

If wmore than 50k of the foot was c¢cevered by nca—phanerophytic
vegotaticr that did nct fuli'il the above ccnditiuns (except in the
case of co~daminance by two indiiencus species, as described below),
the vegetaticn ci' the foot was classii'ied as '"pasture®. this was be-
cause reconnaissance in connecticn with the planning of the sampling
method had indicated that such feetv were usuaily dominated by intro=
duced grasses ani/or clovers, and alsu that it was unusual for any one
of these introduced pasture species tu shuw dominance, that is, ocover
more than 505, in a fuot. Yhe latter cbservaticn was borne out when
an amended samuling method was tried. (see (v) bLslow, "Re-run of

Some Transects"),

If the ;rowG l-yer (non-phanerophytes) was itself layered,
"cover " in thie ebove records was itaxen to mean "tup cover®, It was
felt that tiere was .o time i'or a more detailed examination cduring
the transecting survey, ("Covered" implies that the ground (or
lower layer) was cuicealed by the aerial pnrts of the plants involved),
If the nature of the phanerophyte layer or layers prevented examination
of the ground layer, this was indicated by the note "dense"™ (as part

of the description of the phanerophyte layer(s)). Also phanerophyte
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bases sometimes occupied more than 50,0 of a foot, and this was noted.

Where more than twe out of uil the above categoeries were present
on a foot and noune occupied more tinarn H0w of the line, it was iatended
that the largest cccupivr (i.c. category) should be named, with an
indication that it was in s mincrity. It was thcught that, if the
fecot is a sufiiciently swall unit, this situ tion should not occur
often, and in practice it waus nct enccuntered at all, Oocasicnally
a foct was occupied ©y twe vegetati.ely spreadin,: indigencus species
of similar lif'e ruorm, whic. were su intimately mixed that it was not
possible to decide .liich was the dominant, In such a case. both
species were recesued for the foot, (In assessinz abundance, such a
record r'cr a sgpeclies was rated wilh the reccerds of scle daminance,
that is, of occupaticn of more than 506k of the foct, thus giving totals
of over 100~ of ground cover for the sampling transects in which such
recurds were wade, llovever, since the calcuhticns of abundance were
only approximate at best, it was nct thought that this treatment

would result in sericus error),

(The method of sampling the ncn-phanerophytic layer is biassed
in favour of those species that tead tu occur in aggregations either
because of vegetative reprcductiun or because of linited range of
geed disposall It seenwd provable thst some indigencus species might
be quite pramineit in the vegetation ¢f the area transected although
they rarely, if ever, dominatcd mcre than 50m of a foot ot transect
line, It was thou;ht, however, th.t the role of such species, if
truly important. would appear during the separate sampling of chosen

units).

A rocord was made of all ohsuerophytic species {(including ine-
troduced phaneroshytes) that proviaed any cover tc a fcot of tran-
sect line (this being checked with a vertical stick). "Any"
ccver was specified in this case because tne degree of cover could
not be estimated as uccurately as in the non-phanerophytic vegetation,

wiich was trodden om. The ohanerophytes were annotated N (nano-;
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highest perennating bud 10-80 inches hbove the groundi) or M (macro=;
highest perennating bud more than 80 inches above the ground). (This
is based on Raunkiaer's life forms (Brazun=Blanquet (1952: ch.XII)).
An interesting feature of this “istin:ticn is that the upper limit of
the nanophanerophyte laycr is comparable witihh the hijhest level

that can be browsed by a large cattle beast on level ground). Ir

the samv species was represented by separate M and N plants in one
foot of transect vlane (the plane traced out by the vertical trans-
lation of cne fuot of' the line transect) it was still reccrded as N.

Climbsrs aiso had the sufrix C attached.

Microhabitat. For eacu fuut, records wers made of special fea=

tuires of' the enviruvnment that mipht be relevant to the vagetation but
wore rot indic.ted by the general record of enviromment. Thus, any
foot that lay on waterlogged soil (that is, 30il xhere the water lay
on the swface L appeared in fuutprints) was noted as "swampy",
Again, where _hauerophytic vegetalion was recorded for a foot, the
note “stade" was added to the non-phanerophytic or ground record.
(Where beth M 2nd N layers were present, the reccrd of the latter was

also annctated “shace”).

Minor erosicn features, classiiied in the same way as the larger
features, were treated as microhabitat. A microhabitat reccrd was
also made f'ur thcse fest vhwre, instead of scil, the ground consisted
af a rock outcrop or of stcnes (the rock being named in such cases
to amplify the suil record), or w.ere the ground was occupied by a
tree-stump or a fallen log (either ueing recorded as "log").

The ctner reccurds of microhabitat were those for which animals
are resgonsi. ie, ‘‘hese biotic microhabitats were not noted in the
case o' the "pasture"” feet in tie oririnel {rausecting, but they were
in the oamended method, (See below).  The most imgportant category
reccrded was stock tracking, divi'ed into track treads (recorded as
"track") and uprights or risers. (The note "wertical"” was used to
cover any small vertical place but referred essentially to these up=

rights ). The cther categories were "shelf" (sleeping shelves being
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areas trodden out on slope¢s by sheep; they are scmewhat similar
to tracks, hut wider and not ccntimuous); "stock trampling" (other

than on tracks ané shelves); and an occasional "burrow entrance”,

——— —— —— —— — — — — f— — — o — e e o e e — e — — —

The date was noted on ¢ach day's transect recurd. Transecting
was carried cut in the three wcnihs February-April 1954 (late sumwer
and autumn), It might have been desirable to make seasonal repet-
itions of the trausects to cover possible variationé in vegetation,
and in the extent of swampy ground., However, by the timz that the
other surveys hai been ccmpleted (see (v) and (vi) below), it was
felt it this was out of the question in terms of time and labour,

In any case, most of the species recorded were perennials,

(v) Re=run of Some Trausects

An amended method of samling was devised after the original
transects had been recorded, ILainly because the introduced pasture
species did not appear likely tc lend themselves tu the method,
the emphasis in tae original transecting was on native species in
pasture. It was intended that the rcle of the introduced non-
phanercphytic species wci:ld be dstermined later whe: the vegetation
of selected units was sampled separalely. However, it was felt sub-
sequently thst a fuller accownt of the vegetrtion und its environment
might have been uvhtained from the oriyginal traisects iff all non-
phanerophytic veietation had bee. reccrded. The features in which

the anenaed methud aiff'ered from the original .Jere as f'ollows.

If more than 500 of' any foot was ccvered by cne non-phanero-
phytic species (indigencus r intrcduced), the species was recorded.
If more than 50w of any foot was wovered by non-phanercpnytic vege-
taticn that 4id ot fulfil this -ondition (with the excenticn of
co~dauinsice by two species, =3 in the original transecting); (a) the
foot was reccrded as "£" (fourbs) if species othe£ than grasses and/
or cluvers covered more than 50~ of the foot; (b) the vegetation was
classified as "pasture" if grasses ani/or clovers covered more than

504 of the foot.
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The recording of microhabitat was also amended to give a more
complete record, Biotic microhabitat was recorded for all feet, in-
cluding "pasture" feet, except that, to save time, the uprights of
stock tracis were not recorded where these were in "pasture" feet,
their presence on steep slopes being inferred from the recards of the

treads,

Some sections of the original transect lines, camprising about a
third of the total length, were re-run in terms of these amendments
in October-December 1954 (spring and early summer), The original
records were carried, and it was normally possible to keep to the
line of the original transects by using the landmarks that had been
noted. (It should therefore be possible to re-run the transects
at some time in the future, if desired, in order to look for evid-
ence of changes in the vegetation), The method of recording was to
note amendments tu the original records of "pasture" feot where this

was necessary.

Because cases of dominance by individual species were rare,
most of the original Mpasture" f'eet were left in that category,
Nevertheless, the amended transecting method did detect some cases
of daminance by introduced econamic species, and also by introduced

non~economic species (the latter being mainly of seasenal importance).

The sections of the transect lines chcsen for re-checking come
prised those lying within the unit areas that were selected for sep-~
arate sampling, together with adjacent wnits. It was, therefore,
possible that compuriscns between the inflormation ¢n introduced species
thst was obtained by transecting, and that obtained by separate sam=
pling, would be closer than would have been the case if all transects

had been re-run).

(vi) Point Analysis and Frequency hMeasurements in Chosen Unit

Areas,

The transects of the vegetation of unit areas indicated cases of

definite dauinsnce by phanerophytes or by native noun=phansrophytes
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(and, in the smended method, by introduced non-phanercphytes as well),
In the case of non-phanerophytes, this was measured in terms of more
or less exclusive cover of a foot cf t..ansect line by one (or two)
species, Most of the non-phanercphytic species recorded in this way
were perennial vegetatively-spreading indigenous ferns and herbs,

the daminance of which was easily recognigeble, Most of the remeining
feet, for which no individual dominant species could be recorded,
appeared tc be dominated by in‘roduced pasture species (as might have
been expected from lMadden's map), and were therefore classified as |

"pasture”.,

The wain purpose of the analysis of the vegetation of chosen unit
areas was to olLtain sowe idea of the frequency and abundance (in terms
of cover area) of thuse species that could not be detected adequately
by the transecting method. This referred more particularly to the ine
troduced non-ghanercophytes, but it was also likely that the analysis
would pick up a few more indigenous non=phanerophytic species, or
modif'y the results for species whici had already been detected by the

transects,

It was decided to eliminste, or at levast reduce, the camplications
associated with the shading effect of phanerophytes and tall non-
phanerophytes, by selecting unit areas in wnich the vegetation, as
sampled by the transects, was predominantly non-phanerophytic and sward-
like, (It was thought possible that this restriction would bias the
results, which would not necessarily apply to the non-phanerophytic vege-
tation of unit areas where phanercphytes were opredcminant, However,
in the case of the vegetatively=-spreading indigenous herbs, a check was
available frum the transects, and in fact the results for these species
at least have turned out to be much the saeme for either method), The
unit areas were chosen from ag wide a range of environmental types as

possible. (This range is indicated in Appendix VII),

Point Analysis. Once the unit areas had been selected, it was nec-

essary to choose a suitable method of sampling to determine the abundance
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of the various species in the wvegetatiomn. The point method of analysis
\was indicated, since the choice of the sampling unit had to take into
consideration the nature of the plants that appear tc predominate in

the unploughable pastures, namely perennial grasses.

In relaticn to sampling, one important characteristic cf such
species is that vegetative spread makes it difficult to distinguish in-
dividual plants, sc that counts cannot be made, The other is that
the intermingling of the leaves of different species makes it difficult
to find examples of sole dominance by any one species, even over very
small areas. That ig in any horizcntal plane within the vegetation
(other than through the bases at ground level), ihe average size of the
arsas that are occupied by a single species teids tcwards a point, In
view of this circumstance, it is not usually éossible to estimate abun-
dance of species in such vegetatiun by using dimensional sampling units.
(This is reflected in the unsuitability of the transecting method for
the introduoced pasture species). It was, presumably, the recognition
of tnis problem by New Zealand pasture ecologists that led them to devel-
op the point sampling method (Cockayne (1926a: 352); Levy and Madden

(1933)).

In the present work, the object of the point method was to estimate
abundance in terms of the proportion of points on the ground for whioh
each species provided cover, A species was regarded as providing oover
over a point if it was touched by a wvertical steel pin thrust dowm through
the vegetation to represent a perpendicular line passing through the
point. Some pasture ecologists (e.g. Crocker and Tiver (1948: 5)) have
tried to obtain a better indication of the relative importance of each
species by recording not cnly the species touched by the pin in each
thrust but also the number of times that each species is touched by the
pin in that thrust. However, in a dense tangle of herbage, it is often
much easier tc determine merely whether or not a pin touches a species
than to decide how many times it does sc (although Goodall (1952: 24~31)
(1953) has shown that, if it is possible to determine the mumbers of

oontacts with a certain species for an adequate proportion of a glven
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number of points, it will be found that thcse data can then be fitted
by a theoretical distribution, fram which an estimate can be made of
the mean number of contacts per point for all the points). Purther,
even where it is practicable, the method of counting all contacts is

far slower (Levy and Madden (1933: 269)).

In making pcint analyses, Levy and Madden (1933) used a frame on
legs which carried a single row of 10 steel hatpins in vertical holes
spaced twc inches apart, Howaver, Blackman (1935: 772) has pointed cut
that individual point samples should be preferable tc¢ randam frames
of ten points, particul-rly where there is strong over-dispersion
(aggregation) (which is the normal condition in permanent pastures),
Goodall (1952: 38) has supported Blackman with statistical findings,
but, on the grounds that "the scope for subconscious cheoice of place-
ment is greater with individual points than with frames", as proposed
a randcm distribution of frames, in each of which only one point is
recorded, the position of that puint in the frame being chosen randomly.
However, after field trials, it was decided to use a dart. This con-
sisted of a sailmaker's ncedle 10U inches long and with a diameter of
about C.07 inch., It was realized that, although the latter dimensiom
was necessary for rigidity, the results given by a pin of this diameter
may tend significantly to overestimate percentage cover as compared with
those given by a true point (Goodall (1952: 5-7)). Stresmers were
threaded through the eys of the needle tc ensure a vertical fall and
to mark the r'all,

This dart was thrown at random within a chcsen unit area, and the
species touched by the standing ncedle were recorded. The use of a
10 inch needle meant that a layer was sampled between ground kvel and
approximately 10 inches above the ground (the upper limit of peremnat-
ing buds of ncn~phanerophytes).  (Nermally, only the very point of
the needle penetrated the scil, so that little error was expected fram
variations in penetcation, In any case, the height of the non-phanero-

phytic vegetation was usually well below 10 inches),

The method of recording in the rield notebooks was that used by
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Gates (1949: 17). The species were listed, and, as each point was

taken, the number of the puint was placed alongside the names of the
species that were tcuched by the needle. (The number alongside the
highest species, that is, the first one hit by the descending needle,

was underlined tc indicate top cover).

Where the needle did not tiuch any plants in the (=1C imches layer,
a record of bare ground or dung was isade as appropriate, Where any
point lay within a microhabitat feature (as defined for the transecting)
this was recorded. Where phanerophytes were prvsent, or whore l’avgfs‘/\SLoots
of non-phanerophytes rose more than 10 inches above the -ground, a record
was made of the species that would probably have been touched by an up=~
ward projection of the point above 10 inches. (Observations made dur-
ing transecting had suggested ti:ut such estimates could be made by eye).
The phanerophyte reccrds were annctated as in the transects. (Where
records were made of parts of non-phanerophytes mere than 10 inches above

the ground, this was indicated by annotating them as though they were

phanerophytes).

As far as the number of points per unit area was concerned, it was
decided to accept the claim of Levy and Madden (1933: 269) that, for
the estimition of percentage couver (number of points in 100 that touch
a species), 1C0 pcints per paddocck are sufficient tc give information
on the dominants. (Presumably Levy and Madden were working with
paddocks that were equivalent to unit arcas). (Goodall (1952: 39) has
pointed out that th¢ degree of precisicn attained in an estimate of
percentage cover (using rardom points) may be determined from first prin-
ciples, "The standard deviatioun of values obtainas by use of k points
will be ypg/k where p is the psrcentage cover and q its camplement
(100-p). If, for instence, a standard error of ten per cent. of the
mean were considered satisfactory, this would be attained for a spec-
ies occupying half the area with the use of 100 randamly distributed
points; but for a species occupying only one~-tenth of the area, 900
points would be necessary, and for one occupying o'%he-htmdrodth, 9900

points"), Field trials indicated that 100 points represent about one
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hour's work,

Frequency Measnurements., Although the point method was a suitable

means of estimating the amount of' cover (or of top cover) provided by
each speoies in the pasture vegetation, information was required also
on the nature of the distribution of each species. (Goodall (19523 13)
has suggested that an indication of distribution could be obtained with
point analysis, but only if "the location of the points in the area and
their relation to adjacent points is considered"), Separate frequency
measurements were made therei'ore in each selected unit area. These
were made in the usual way by takin- a mumber of randomly distributed
small quadrats, and 1listing the species in each, in order to determine
the proportion of such quadrats in which each species occurred. (Both
point analysis and the quadrat count are frequency determinations of a
kina. The first is used to cstimate the percentage of randam points
in which a spvcivs may be exvected to occur, anl thus to give an estim-
ate of cover, The sesond is used to estimate the percentage of random
small quaedrats in which a species may be expected to occur, and thus

to glve an estimate of distribution. The "frequency" that is estimated
from the transects of the systematic survey is different again, being
an ostimate of the number oi’ transects (one to a unit area) which may
be expected tu detect a given species, It is important to distinguish
betweern these concepts of transect frequemcy, or distribution over a
number of' unit areas, and quadrat Irequency, or distribution within a
unit area),

It was decided to use a square quadrat, since a rectangular one
would probably have reduced the eftects of over=dispersion (Clapham
(1932: 196-197)). It was thou necessary to determine the minimmm
area for the plots that would "still obtain satisfactory statistics
concerning the composition and str‘ucture of the comummity" (Cain (19433
242~43)), The usual method of plotting number of species agairist area
of quadrat, and takinz as the “uinimal area" the area co-ordinate of the
point at which the curve appears to flatten, can hardly be regarded as

objective. 1he relation between number of species and quadrat area is



usually logarithmic (Williams (1944: _=11); plotting the untransformed
values therefore gives a characteristic curve, which continually lessens
in slope; and, as Cain (1943: 242-43) has pointed out, the optical sel-
ection of the point on the curve which indicates the minima) area will

depend on the ratio between the axes. The method of determining mini-
mal arsa by plotting the number of "constant species” (that is, species
which occur in over 90, of the quedrats examined) against quadrat area,

also lacks objectivity (Pearsall (1924: 135=39)).

Pearsall (1924: 139) has concluded that nothing of value will be
lost by the arbitrary standardization of mdinimal areas, For the present
work, it was decided to use a quadrat of side 30 cm,, that is, with an
area of about 900 sq.cm. (approxin- tely cne square foot), (Cain (1943:
243), determining frequency in fell-field vegetation, used a plot
area of 100G sq.cm, ), It was necessary to realize that the informa-
tion that could be obtained by the use of these quadrats, namely the
probability that a given species would occur in a random plot of this

sige, would b¢ svmpirical only.

It would seem that {he number of' quadrats must also be chosen arb-
itrarily. (The concept cf the "ainimal nwaber curve" (Cain (1943: 243))
is analagous with that of the "minimal area curve"), It ~as decided to
use 25 quadrats per unit area to detvimine percentage frequency. This
number may be compared with the 2C used by Cain (1943: 245) at each
"gtation", and the 3C to 5C per "community" of Weaver and Clements
(1938: 21), (The degree of precisiun attained in an estimate of percent-
age fresqueicy (using randam guadrats) may be determined as in the case
of point analysis. Thus, for a species having a frequency of 50/, the
standard error of the mean for aamples of 25 quadrats wuuld be m

namely 10%, or 20% of the mean), 25 guadrats were foynd to represent

about one hour's work,

In the present work, a square wooden frame was used which had a
side of 30 cm, (internal measuremsnt), To assist examin:.tion of the
vegetation, the internal area of the frame was divided by lines into nine

squares of 100 sq.cm..  This frame was distributed at random. The
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frame itself was not thrown about, because it would have tended to slide
on steep slopes. The dart that was used in the point analyses was
thrown to obtain the random locatians of the frame, the frame itself
being placed sc that the centre coincided with the point on which the
dart fell, The frame was orievnted randcmly when being thus placed in

position,

The recording was carried out as for point analysis, in that the
specles were listed and the number of each sample was placed alongside
the names cf the species that cccurred in that quadrat. Phanerophytes
wore amu.otated as in the point analyses, (A non-phanerophytic species
was anunotated with N for a given quadrat if suane or all of the plants

. . . cr shaols
of thal species within that quadrat had leavaqﬂzhat pennanently exceeded

10 inches in height).

If' a frame fell in a miciohabitat feature (defined as for the
transects) this fact was recurded, Duny was not recorded within the
frame, but such records might have served as a check of the transect

records had they been made,

General, 48 unit areas were sampled by point analysis and frequency.
quadrot measurements. (This mumber included three unit areas of plough=
able pasture, which were sampled to amplify the results of the extensive
examinstion), Three further areas of swampy grouni were sampled by
point analysis alone. It was recornized that thsre was a theoretical
need fur seasonal chiecks, but, as in the case of transecting, time and
labour were the limiting factors. The sampling was carried out in
October-December 1954 (spring and esrly summer), when the vegetetion

was most likely to include annuals and die-back perennials,

(vii) Treatmont of Sampling Data.

afficiency of Transect Samples, The original line transects

covered a total length of 199,193 feet (about 38 miles), and passed
through 1608 unit areas. Table II gives the classification of these
1608 unit areas in terms of land-use, and the total lengths of the sam—

pling transects (that is, sections of the genersl transect lines) lying



within each class of unit area,

1138 sanpling transects, totalling 163,180 feet, were recorded
in unploughable pasture. (Of these 1138 transects, 412 were later re-
run according tou the amended sampling method). These sampling
transects range in length from 1 to 1675 feet, with a mean length of
about 145 feet and a standard deviation of about 165 fecet. The disad-
vantage in having sampling units of varying lengths has been mentioned
in coanection with the planning of the field methcad. An attempt was
made to meet this difficulty by dividing the transects into length-
groups. Uvomparisons of estimates of frequency or abundance would be
more likely to be valid if based on sets of transects belonging to the

same length-grcup or having similur length=group distributions,

(The opinions of two bilometricians, namely Mr. A,C, Glenday and
Dr. B.I. Haymm , were cbtained on the validity of comparing estimates of
frequency based on sets of sampling units of varying sige, when such
sets of sampling units have similar size-distributions., They consid-
ered that there are nc apparent objections to making such comparisons,
other than the additional work involved in detemmining the similarity of
the size-distributions, and the difficulty of determining the reliabil-~
ity of the results., Nelther of tliese cbjections would, of course, have

arisen with sampling units cf uniform size).

It was proposed tc delimit the length-grours in such a way that the
midmark of each group was rcughly twice the preceding midmark, In view
of the value of the mean length of the transects, the basic length-
group was taken as 101 - 200 feet. (This range contains 241 transects).
The lesser groups were therefore taksn as 51-100 feet (218 transscts),
26=50 feet (171), and 13=-25 feet (11.4). (It was decided arbitrarily
to disregard the 107 transects less than 13 feet in length, since many
of these represented fragmentary unit areas). The transectas greater
than 200 feet in len:th were subdivided in a slightly different way, so
that the numbers of transects in the groups would be roughly of the same
order as those in the groups of lesser length. One grou_: was taken as

201-350 feet (181 transects), and the other as 351-1675 feet (106). In
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TABLE II, CLASSIFICATION OF TRANSECTS QF UNIT AREAS

Classification Number of Unit Total Length
Areas Transected. of Transects

(£t.)

Unplouzhable pasture 1138 163180

Impenetrable vegetation

(non-pasture) 15 26700

Cliff's and stream banks 34 1772

Natercourses and

stream beds 210 3208 *

Erosion features

(active ar unhealed) 43 1815

Ploughable land 1 706

Roads and farm

tracks 22 572

Plantations, homesteads,

stockyards 5 840

Total 1608 199193

* Includes 3 units totalling 1209 feet.
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spite of the greater relative width of the final group, the mean
length of the 106 transects is about 435 feet, and 75 of them lie with-

in the range 351-550 feet,

To obtain some assessment of' the rel:tive efficiency of sampling
transects from different length=-groups, the mean and variance were
determined for the numbers of species detected by the original tran-
sects in each length-group (tabtle III)., There is a roughly equal
increase in the mean number of spccies for sach (approximate) doubling
of ithe midmark, This indicates a logarithmic relatiunship, which is
confirmed by calculatiocn, The correlation coefiicient for the mean
number of species and the logarithm of the midmark is a highly sigaif=-

icant 0,99 (Moroney (1954: 286=87, 311)).

In view of this clear-cut relaticnship between length of transect
and number of species detected, it was to be expected that there
would be sigsnificant differences betwsen the means (and variances) for
different length-groups. This was confirmed by deternining t (differ-
ence of means/standard errcr of difference) (Moroney (1954: 220-21, 232))
for contiguous length-groups. The vesults are indicated in table III,
This ilest is not completely reliable in the present case, since the
given levels of significance fer t (Mather (1949: 258)) are based on
the assumption cf random sampling, aind alsc of normal, rather than

skewed, distributions.

It was desirable to test the internal consistency of the groups,
in view of the marked differences ~etween contiguous groups. This was
done for two of the wider-range groups, namely 101-200 feet and 201
350 feet, by dividing them into two and three 50-t'¢et classes respect=-
ively, and comparing these classes within groups in the same way as the
length-groups were cocmpared, A within=-group ccmparison was also made
in the 351-1675 feet group, the classes campared being 351-550 feet
and 551-1675 feet, The former class was also compared with the 201~350
feet group,. The results of these comparisons are shown in table III,
The only inconeistency is a probably significant difference betwsen

the first two classes of the 201=350 feet group. However, it wes decided



TABLE III. RELATION CF LENGTH OF TRANSECT TO NUMBER QF SPECIES.

Length-group n x 52 t (with significance)
13= 25 114 0.77 1.12
3,1 *=
26- 50 171 1.2 1.97
6.0 *»®
51- 100 218 2,38 5.22
4,2 w**
101- 200 241 3.4 9.09 )
) 49 et
201~ 350 181 5.00 12,12 )
2,9 **
351-1675 106 6,56 22,30
101~ 150 154 3634 8.56 E
Oe?7 ne.s,
151~ 200 87 3,63 9.98
201~ 250 78 L2 8.99
2,2 *
251~ 300 63 5.7 .75 0.9 n.s.
009 NeS.
201~ 350 181 5.00 12,12
109 N8,
351- 550 75 6.07 18.44%
1.5 n.s.

551 4675 31 1. 7% 29,67

69
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to sustain the 201~350 feet groups since there is no discrepancy
between the end classes, and since the tests are only approximate

in any case,

The length=groups were symbolized as "I" (13-25 feet), "II®
(26=5C), "IIr" (51-100), "Iv" (101=-200), "V" (201=-350), and "VI"
(351-1675). The sampling transects of the re-run were classified
arbitrarily into the same length=groups. 32 transects were diaregarded
as being less than 13 feet in length, The rest were classified intos

I (40); II (58); III (76); 1Iv (97); V (67); and VI (42).

Bgtiwation of Frequency from Transects. The transects have been

used to eostimate the distribution ("freequency") of a specics or cate-
gory over a giveu combination o1’ unit areas, in tems of the mmber

of sampling transects (one in each unit area) in which the species or
category occurred, For example, the "total " column of appendix II
gives the numbers of transects in w ich each species cxr categcry was
detected out of the 1031 original transects or the 380 re-run transeots.
(In all appendices based on the transscting; the species are separated
into the categories "indigenous", "introduced", and "status doubtful®,
in that order, Within each category, thec species are given in the
order in which they appear in the "List of Species”. The lists of
species are followed by the other categories referred tc in the accounts
of transecting procedure. Species are subdivided according to 1life
form and to microhabitat, as in the same accounts). The apparent rela-
tive importance of the larger estimates is not greatly affected by break-
ing down the results by length=groups (appendix IV). (This is in order,
since the apparently logarithmic increase in the efficiency of the
transect samples with increase in length may be expected to apply fairly
equally to all species). There is, of course, less obwvious agreement

betwsen length=groups in the case of' the smaller estimates,

(Since there is a variation in transect length within each length=-
group, and since the transect samples were not placed randcily, it is

not possible to make a valid determimation of the probable accuracy of



these frequoincy estimates, If these counditions had been fulfilled,
then th. standard errcr of the m¢an ccula have been calculated as fcor
frequencies detenuined by point wr guadrat sampliyg units, Thus, if
the frequency cf a species as ..etermined by transects of a given length
were 25% (equivaient to 5C tramsects cul of 200, r'or example), then the
standard error ui tlic results obtained by the use of 200 transects

would be V29%75/200, that is, about 3%, cr 12% of the mean).

In appendix IT, the estimated frecuency of each snecies or category
is shicwn i'cr varyin: envirommental conditions. The environmental fad-
tors cuusidered in t .ese tables are orlentation, soils, altitude,
slope, sheep graging, and cattle yrazing, subdivided zs in the account
of the transecting melihod. sach environmentel factor is dealt with
separately, It would have bwen more desirable to deal with eavircnmen-
tal cambinations, but in such case it wculd have been necessary to re-
duce the msny possible cumbinations to a workable number by grouping.
This was dcne successfully by Greenall and Hamilton (unpub.: 84-87)
(1954: 511-1:), in order t¢ ovtain a satisfactury interpretation of the
varied and complex physical factors influencing land use and erosion.
However, it «id nut appear to be possible tc devise such a grouping

for the present work,

301l type might have heor. expecied tc nrevide a basis for grouping.
(It wculd Lave been necessary t- subdivide the suil types in terms of
orientation at least), However, when the totals of the original tran-
sect samples I'cr each important soil type are subaivided acecrding to
altilwie, slope, sheop grazinig, and cattle grazing respectively (table
IV; the figures in parentheses are the oguivale:t percentages, tc the
nearest integer), it asppears t.at, while¢ saue ccerrelotions may exist
betse.n scil type and other factors, few of t' ese apparent correlations
are al all ciear-cut witlhi the exceptiocn, tc some extent, cf that in-

volving altitude,

In dealin: wit! the envivorm:ntal factors sejarately, it is necessary

tc recognize that scvime of these ractors may be currelated. Lesides the
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apparent correlation between suil type and altitude, the ariginal
transects also appear to show some relationships . etween intensity

of grazing and orientation or slcpe. Thus, there appears to be a
correlaticn between sunny faces and heavy grazing by siheep, the
ratios of heavy tu light grazing for north, scuth and easi-weat or—
ientations respectively being 112/214, 63/207, and 74/199. Cattle
graziiy, dves not show such a relationship, the equivalent ratics
being 80/246, 69/201, and 78/1°5.  Apain, there is an apparent correl-
ation between flct (ncr-oriented) transects znG lheavy graging in the
ocase of both shee, and cattle, *he ratics ol 'wavy to light grazing
for oriented and non-oriented transects respectively veing 24.9/620
and 76/86 for sheep and £27/642 and G1/95 for catile. (It is neo=
essary to treat all ti.ese data with caution, 1a view of il varying
precision of' the dung percenta: es, together with the possibility

that the apparentl; hi: her rate cf dun ing on the flat units is due
in part to stock camping at night rather than to differential grazing

Only ) .

The ostimated frequency of a species ar category (appendix II)
for cach subdivision of an environmental tactor (e.g., soil type) is
based on the total number of transects lying within that subdivision,
regardless ct' oiff'erences in length. (The frequencies cf certain im=
portant species t'cr the different crientations and soil types are
given separately f'cr eech length-group in eppendix V). In order to
obtain some indication of the validity of comparing frequencies of
this scrt (for a given species or categery) from different subdivis-
ions of the same envircnmental factor, the lungth-grcup distributions
of the transects lying within tiese subcivisicins have been compared by
calculating chi-square (Mocouey (1954: che 15)). The results are
shown in appendix I. The test is not caaplelely weliable in the pres-
ent case, because the iven levels or signiiicance r'ar chi-square
(Mather (1949: 253)) are based on the assumption of random sampling.
Further, a few of the expected frequencies are lvss than 5 (Morcney

(1954: 258)).



TABLZ IV.

ENVIRCNMENIAL ANALYSIS COF NUMBMR OF TRAMSCYS Lil LACH IMCCGRTANT SCIL TYPE.

Soil tyoe Altitude Slope Suheep Cattle Total.
o 5 10 15 0 10 30 0 10.1 0 2.6
11H 65(92) 6(8) S - 16(24) 49(66)  7(9) 38(51)  36(49) 46(62)  28(38) I
13bH 70(73) 26(27) - - 26(21) 73(76) 3(3) 78(81) 18(19) 77(60)  19(20) 96
77oH 53(18) 102(55)  52(28) - 27(14) 136(73)  24(13) 139(74)  48(26) 150(70) 57(0) 187
118a w(16) 108(76)  21(15) - 26(20) 111(78)  4(3) 91(64)  52(36) 92(64)  51(56) 143
122 2(1) 118(58) 85(ind; - 36(13) 118(58) 51{25) 15{(71;  60(29) 1,8(72) 57(28) 205
124 - 33(11)  226(73)  44(35) 42(15) 193(67) 52(18) 186(65)  99(34.) 217(76)  70(24) 287

¢l
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The first point that appears fran this compariscn is that the non-
oriented transects are highly significantly shorter cn the whole than
tne oriented transects. It s nct surprising, theretcre, that the
trangects iu the luast steep of the slope grcups (O—lCO) are also highly
significantly sicrt. The uther imuortant jcint is toat, in the origin-
al transects only, the transects in the lowest altitude group (0=500
feet) are hiynhly significantly short. In all these cases, the trans-
ects muy e expected tc underestimate frequency as cuampared with the
sets of trausects in cther subdivisions of the same factcr. Less im-
pertant _oints are: a possible tendency towards shcrtness on the part
of the transcets in coll tyses 11H and 13bH; and on the part of the
transects in the wil le slose “roun (relative tou the steepest group);
together with the need to pool tii¢ re-run transects [ir soil types 13bH
and 11H, and alsc Cor altitude groups 100(~1500 f'eet and 1500-2000 feet,

in owder to inclurie the latter categories in each case in the compari-

80ns,

Iu acoendix II, the estin:ted ifrequeancies are acccempanied by “expec-
ted " fre_ .wncies in parentheses, Thesa have been obtained by distrib-
uting tic total cbserved frequency for the species or category among
the wlrfferent subcivisicns of a given envircamental factor, in propor-
ticn tu the numbers of unit areas in the subdivisions., These are the
frequencies tlhat might have been expected il varieticiis in the environ-

ment had no eff'ect on the ve;etation,

The calcul tion of the "expsvcted’ i'Tequencies -ssuacs that the
transeoctls in cach subdivisioc have a similar length=-groun distribution,
This may aot apply tc tihe trauscects in minor soil types, but these are
nunerically insignificant., It is wuch mere imocrtant that the "expec—
ted" frequencies, unlike tiwe chserved frecuencies, d. not refléct the
tendenc;y tu tnuerestimation cu the _ovt o the non=oriented transects
and those in slope pgroup thoo, nor (in the original transects only)
on the part ot altitude group (=500 reet. To comensate for this,
further calculatiuns £ "ex.ected" frequency have been made far the en-

virvmaeital 'actors thus affected. These secondary ostimates of "ex=



75

pected" frequency, which are placed below the primary estimates in
appendix II, are obtained in the sune way, but with the exclusion of
the grouvs that cuntain the sigmii'icaitl; short transects, and of the
portions cf the total observed freguenc, Zhst are cuntributed by those
groups (Siuce the "expected" Ifregueucivs have been rcunded off to the
nearest integer, and alsc pbecause tue “"expected" frequencies for minor

soil types are give. only in cenjwictica vith positive recards, the

values f'cr a piveil envicolwaeutal fect o G et slways add up to the
saje [igure as lne total iTegue.cy uu o ich they are based).

Siice scmeestimates of frequency .ay be subject to considerable
error, no attempl has been wade tc compare estimated and "expected”
frequencies by calculating chi-square. Feferences to environmental
associaticrns of species. in the account of the results. are based only

cn iuspecticn of tie data as shown in the sppendices,

(nly species cor categerics wiilh an cverall frecuency cf 15 or
mcre (cut of 1031 or 380) have been analyzed, since the environmental
enalysis ul' lower values produces fragmontaly resulis. Species and
categorics with cverall frequencies of less than 1) are listed separ-
ately, ond withcut envirommentsl nnalysis, i.. appendix III. (Listing

is in tle sane order as in aporendix II).

Bstiwation of Abundance fruu 'ransccis. hppendix IV gives the

estimated mean abundance Icr cach species or category with an overall
freqguency of 15 cr ucre, The vstimutes ol abundaiice on which the

means are bassd are those cbtained f'rua each trarnsect in terms of the
percentage cf thie feet within the transect in whichi that specles or
categor, provided eover or occuuaiice: (as descrived in the account of
the transecting methoud,. The mwans have bsen calculated separately
for ecach length-group, since tic sccuracy of the perceuatage {rom easch
transect depends partly on the number of feet in the transect. Further,
the variauce ui' in estimate of a propartion p depends on the magnitude
of the propertiun jtself as well as on the size of the sample (in

this case, number ci’ i'vet), Bef'ore carrying aut simple averaging for
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each length-group, it was necessary, therefore, to transform the
percentages to angular values (f = Sin -lﬁ), subsequently re-convert-
ing the mean of the transformed data to the original scale (Bartlett
(1947: 40, 45); Mather (1949: 234=35); Fisher and Yates (1953: 1,
66)). The tables of Snedecor (1946: 449=50) were used.

In appendix IV, the mean abundance is given for those transects
within a length-group in which the species ar category occurs. The
number of transects involved (i.e¢., the frequency) is given in paren-

theses af'ter each msan,

In the case of the most important species, the mean abundance
has been calculated in addition for different orientations and soil
types (appendix V). In this appendix, the mean abundance is given
for those transects within each length=group subdivision of an orien-
tation or soil type in which the species occurs., The mmber of tran-
sects involved 1s given in parentheses after each mean, The
estimates of abundance in appendix V show little tendency toward clear-
ocut variations with enviromment, even in the case of species for which

the estimates of frequency (appendix II) do show such tendencies.

Bartlett (1947: 46), dealing with the angular transformation of
proper fractions, has advocated Mamoothing" the violent jump on the
transformed scale between O and 1/n and (n=1)/n and n/n, by the em-
pirical correction of writing 0.25/n wherever O occurs, and (n=0.25)/n
wherever n occurs. Thus, in the preseni work, 1005 has been treatod
fur the purpose of aversgins as 100(n=0.25)/n, n being approximated

to the midmark of the appropriate length=group).

Point Analysis and Frequency Quadrat Measurements,

The resulis of these measurements are given in appendices
VI-VIII, In these appendices, the species are listed as in the
appendices based on the transecting, that is, they are separated into
"indigenous", "introduced", and "doubtful", and given in the order in
which they appear in the "List of Species"., The lists of species are

followed by the other categories referred to in the accounts of the



field methods, The species are subdivided according to miocrohabitat,
and tc life form, as in the same accounts. (The records have also
been used to give an estimate of the owerall importance of certain

microhabitat features),

In appendix VI, the mean percentage cover, mean percentage top
cover, and mean percentage frequency are given for each species or
category. A mean is given only if positive records were obtained in
five or more of the 45 unploughable unit areas that were examined, and
such a mean refers only to the units in which the records were made.
(The mmber of unit areas involved is given in parentheses after each
mean., In cases where the mmber is less than five, it is still
indicated for the appropriate species or category, but without an ac-
campanying mean), The means have been calculated by simple averaging
of angular transfommations, followed by re-conversion, as in the estim-

ation of mean abundance from the transests,

In the case of the daminants, and the more important indigenous

species, and also Lolium peremne and Trifolium repens, the mean per-

centage cover and mean percentage frequency have been calculated in
addition for varying envircnmental conditions (appendix VII). The
environmental factors (orientation, soils, altitude, slope, sheep
grazing, and cattle grazing) are dealt with separately, end are those
reccrded for the unit areas in question by the transects. As in
appendix VI, the means refer only to those umit areas in which posit-
ive records were made, and are followsd (in parentheses) by the mm-

bers of unit areas involved.

Appendix VIII gives the percentage cover and percentage top
cover f'or three areas of swampy grouni. Areas 1 and 2 are in the
altitude range 0-500 feet, area 1 being in the 0~10° slope group and
area 2 in the 10-30° group (and south=facing). Area 3 is in the

altitude range 1000-1500 feet, and in the 0-10° slope group,

(As the estimates are to the nearest 4% in the case of percent-

age frequency, a "smoothing® correction has been made for the purpose



of averaging by treating frequency estimates of 100% as 99%

(84. 26° on the transfarmed soale),
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VII. RESULTS OF THE FIELD EXAMINATION

(1) FPLOUGHABLE PASTURE (figs. 6, 7).

Cockayne, Simpson, and Scott-Thomson (1952: 21) have stressed
that "as far as we can gather, indigenous weeds are altogether ab-
sent (excepting species of Juncus) in artifioisl pasture of a high
class%, Madden (1940) has not included any native econamic or weed
species (other than Juncus species) in his description of high=
producing type 3 pasture, such as occupies the Kairanga Plain, al=
though there is a reference to indigencus Danthonia spp. in his acc-
ount of transitional type 4 pasture. Similarly, rushes (Juncus
specieos) are the only indigencus species mentioned by Levy (1951: 272)
in a 1list of the primoipal weeds of lowland pastures, The findings
of the extensive examination of ploughable pasture within the study
area are in agreement with these observations by other workers. The
role of indigenous spescies, other than species of Juncus, appears to
be negligible., (Scattered indigenous trees, relics of the former vege-
tation, are sametimes preserved in ploughable paddccks, but these can

hardly be regarded as indigenous weeds),

Three aspects of this state of affairs were studied in a little
more detail than was provided by the extensive examination. Firstly,
since the most obvious environmental factor associated with ploughable
pasture is the actual cultivation, it was thought desirable to pay
some attention to the role of indigenous species in the weed flora of
land that is under frequemt cultivation, namely land that is cropped
only. Secondly, the role of indigenous species was examined in pas-
tures on land that, although ploughable and of high or relatively high
natural soil fertility, had not in fact been subjected to cultivation.
Finally, it was necessary to cunsider the special case of indigenous

species of Jumcus in ploughable pasture.



(1) Heeds of Frequently Cultivated Ground

General observations within the study area have indicated that
the role of definitely indigenous weeds is mare or less negligible
under conditions of frequent cultivation. (One or two checks have

tended to confirm this,

One source of confimatory informution is the data taken from
sane weed collections that were prepared by horticultural students at
Massey College in 1950 and 1951. The majority of these weeds were
collected from cultivated ground, but same were from waste ground,
hedges, patha, or lawns. 29 collections were presented, each containe
ing single specimens of about 50 species, The elimination of species
not taken in the vicinity of Massey College leaves an average number
of about 36 species in each collectian. As the standard deviation
of the mmbers of species in the amended collections is about 7 (the
extremes being 20 and 47), the collecticns may be regarded as samples
of very roughly equivalent size, which may be expected to give same in=-
dication of the relative importance of the various weeds of cultivated
ground in the vicinity of Massey Collegs. Table V gives the results
of this sampling, the species being grouped according to the mmber of
collections in which each was found. (Indigenous species and those of

doubtful status are underlined).

21 species occur in more than half of the collectiomns. None of

these is definitely indigencus, but cne (Solanum nigrum) is in the

"doubtful® categcry. A further 38 species ocour in more than a quarter
but less than a half of the collections. Of these, one (Pteridium es-

culentum; is indigenous, and three (Calystegia sepium, Cotula sustralis,

Gxalls corniculata) are of doubtful status. 29 species occur in more

than a tenth but less than a quarter of the collections, These inolude

two indigenous species (Acaena sanguisorbae, Haloragis erecta), and one

"doubtful® species (Juncus bufonius), 51 species occur in less than

a tenth of the collections, that is, in one or two collectiomns only.

(These are not listed in table V). This group includes five indigenous
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TABLE V. FREQUENCY OF OCCURRENCE OF SPECIES IN HORTICULTURAL

WEED COLIECTIONS

No, of Species Present in Given Number

collections of Collections

(out of 29)

29 -

28 -

27 -

26 Achillea millefolium

25 Capsella bursapastoris

2 Galega officinalis

23 -

22 Solanum nigrum, Euphorbia peplus, Spergula arvensis,

21 Chenopodium album, Plantago lanceolata

20 Anagallis arvensis, Brigeron ocansdensis, Polygomm
aviculare, Polygonum persicaria, Prunella vulgaris

19 Fumaria muralis, Matricaria discoidea

18 Bellis perennis, Plantago major

17 Crepis capillaris

16 Mentha pulegium

15 Ranunculus repens, Senecio vulgaris

14 Agropyron repens, Amaranthus spp., Lepidium ruderale,
Lirmm marginale

13 Polygonum hydropiper, Rumex obtusifolius

12 Calystegia sepium, Anthemis cotula, Cerastium

glomeratum, Cirsium arvense, Conium maculatum,
Coronopus didymus, Lapsana cammunis, Rumex
acetosella, Silene gallica, Sisymbrium officinale,
Taraxacum officinale, Vinca major

11 Galium aparine, Polycarpon teiraphyllum, Trifolium
dubium

10 Cirsium lanceolatum, Foeniculum vulgare, Lathyrus
latifolius, Sherardia arvensis, Sonchus olerasecus

9 Cotula australis, (xalis corniculata, Pteridium

esculentum, Cytisus scoparius, Lythrum
hyssopifolia, Poa annua, Trifolium pratense,
Trifolium repens, Veronica persica

8 Geranium dissectum, Lamium purpureum, Vicia sativa
7 Juncus bufonius, Cardamine nirsuta, Hypochoeris

radicata, Lupinus arboreus, Senccio jascobaea,
Stachys arvensis
6 Cytisus proliferus, Geranium molle, Stellaria
media, Ulex europaeus
Galinsoga parviflora, Hedera helix, Rubus fruticosus,
Sagina procumbens
L Acaena sangulsorbae, Haloragis erecta, Allium
triquetrum, Nelminthia echioides, Leontodon
hispidus, Odontites viscosa, Ranunculus sardous,
Rumex conglomeratus, Sonchus asper
3 Brassica campestris, Erodium cicutarium, Ramnculus
sceleratus, Sisymbrium orientale, Veronica
serphyllifolia, Vicia hirsuta

U

2 16 species
1 35 specles



species (Coprosma robusta, Cotula coronopifolia, Mariscus ustulatus,

Muehlenbeokia australis, Paesia scaberula), but no "doubtful® species.

Of the five species of doubtful status on the 1ist,

four (Juncus bufonius, Calystegia sepium, QOxalis cormiculata,

Solamm nigrum) are cosmopolitan species of cultivated ground. To

the knowledge of the present writer, none of the definitely indigen=-
ous species in the collections occurs on regularly cultivated ground
in the vicinity of Massey College. All are rather species of uncul-

tivated ground (as around hedges and trees) or of waste ground,

A further small check was made of this apparently neglig-
ible role of indigenous species in cultivated ground. A vegetable-
growing area at Massey College, on scil type 13, had been ploughed in
the autumn of 1955, and left untouched through the winter, By spring
there was a dense growth of weeds, In September, 16 square qusedrats,
each of 900 sq. cm,, were taken at random in the area and the mmbers
of individuals of each species were determined for eaoh quadrat, The
results of the analysis are given in Table VI, (The species are

listed as in the appendices that deal with point analysis).

Of the species listed, only Hydrocotyle spp. is definitely
indigenocus, and this taxon is of little numerical significance., Of
the two species of doubtful status, Junocus bufonius is both of high abund-

ance and of hi
frequency, while Cotula australis is of relatively low frequency and

of low abundance,

(11) Analyses of Pasture on Unploughed Land

Point analyses and frequency quadrat measuremsnts were made for
three areas of ploughable, but unploughed, pasture in the course of
the present work (table VII). ‘These analyses may be compared with
three pcint aualyses of similar pastures recorded by Merry (unpub.,:
40=41, 43-45) (table VIII). In tables VII and VXII, the species are

listed as in the appendices tha deal with point analysis.



TABLE VI. FREQUENCY AND ABUNDANCE OF WEED SPECIES ON CULTIVATED
GROUIL Q. BASED ON 16 QUADRATS.

Species Prequency Total No. Mean No.
of Indivs, of Indivs.
Hydrocotyle spp. 2 3 0.2
Ranunculus parviflorus 3 3 0.2
Coronopus didyms 14 57 3.6
Capsella bursapastoris 10 20 1.3
Cardamine hirsuta 1l 1l 0.1
Spergula arvensis 15 181 11.3
Seagina procumbens 1 1 0.1
Cerastium glomeratum 16 166 10.4
Cerastium caespitosum 1 1 0.1
Stellaria media 14 188 1.8
Rumex acetosella 1l 2 0.1
Polygomm aviculare 2 N 0.3
Trifolium dubium 11 59 3.7
Trifolium repens 13 38 2.4
Trifolium subterraneum 2 & 0.3
Erigeron canadensis 1 1 0.1
Soliva sp. 1 1 0.1
Senecio wvulgaris 2 2 0.1
Cirsium lanceolatum IR 4 0.3
Helminthia echioides 1 2 0.1
Sonchus oleraceus 2 2 0.1
Crepis capillaris 5 6 0.4
Plantago lanceolata 1 1 C.1
Veronica persica 16 310 19.4
Veronica arvensis 3 9 0.6
Dactylis glamerata 4 5 0.3
Poa anrma 16 560 35.0
Agrostis tenuis 2 6 O.4
Juncus bufonius 15 1145 n.6
Cotula australis 5 15 0.9
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Table VII shows the following values fer each of three unit
areas: (1) percentage cover of each species, that is, number of
points in 100 at which the species occurred; (2) percentage top
cover cf each species, that is, number of points in 100 for which
the species provided top cover; (3) percentage freyuency, that
is, four times the number of 900 sq.cm. quadrats (out of 25) in which

the species occurred.

Unlike the figures given for the present work, Merry's figures
for "percentage cover" are not based on direct determinationms.
They are derived from 300-point analyses of the "total sward®, by
means of a formula of Levy and Madden (1933: 269-70), and thus re-
fer rather to the relative importance of each species in the "total
sward", However, if the different handling of the data is borne in
mind (and also the possibility that Merry used needles with a dia-
meter significantly different from 0.07 in,), there seems to be no
reason why a general comparison shculd not be iade between Morry's
figures and those for the present work, To assist the compariscn,
Merry's analyses for the month of December are shown, since two of
the three analyses given in table VII were made in that month,
(The analysis of unit area 1 was made at the end of October). Where
a species was detected by Merry's monthly analyses at scme time, but
not in December, the maximmm value for that species is given in par-
entheses, together with the month nearest December in which that max—-

imum was recorded.

None of the unit areas in table VII had been cultivated prior to
the analysis. Each is bounded by unploughable pasture, and in no
case does the unit area appear to be large enough to justify the pro-
vision of access, Several soil types are involved. In unit area 1,
a stream floodplain, the soil type is 1 (Manawatu loam, etc). In
unit area 2, a damp flat, the soil appears to be a peaty loam, possib-
ly type 107. Unit area 3, which seems to be a remnant of the origin-
al surface of the Fitgherbert Plain, is in the area mapped as carrying

soil type 13 (Tokamaru silt loam),
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The dominant species in the analyses shown in table VII are

Lolium perenne and Trifolium repens, The other important species are

Holcus lanatus, Agrostis tenuis, and Anthoxanthum odoratum, while

Cynosurus oristatus is of variable frequency but low abwndence,
The dominants are those expected in high-producing pasture (Madden's

type 3). The presence of Agrostis and Anthoxanthum dindicates that

the pastures are not of particularly high quality, being scmewhat
allied to Madden's type 4, and this is not surprising in view of
their status as uncultivated fragments., Nevertheless, species other
than grasses and clarers are of low abundance, although a few, such

as Renunculus repens, Cerastium glomeratum, and Hypochoeris radicata,

tend to be of fairly high frequency. (Madden has cited Ranunculus
species and Juncus species as typical weeds of the wetter parts of

pasture type 3, and Plantago lanceolata, Hypochoeris radicata,

Lecntodon hispidus, and Prunella vulgaris as typical of type 4).

The only indigenous species reccrded are small amounts of Juncus

polyanthemos in two unit areas and Triguetella papillata in one unit

area.

Merry's analyses were made on unploughed land of soil type 13,
under varying conditions of drainage, Pasture 1 had been mole drained,
pasture 2 was on a knoll, and pasture 3 was undrained and seasonally
wet, Although the wvarying envircrment may be reflected in the camposi-
tion of these pastures, and although bare ground tends to be praminent,
there is a general resemblance to the pasture sampled during the present

work, Lolium perenne and Trifolium repens are less important, each

being a clear-cut dominant in one pasture only. The other important

grassea and clovers are Cynosurus cristatus, Holcus lanatus, Agrostis

tenuis, Anthoxanthum ederatum, and Trifolium dubium. The only im-

portant species other than grasses and clovers are Hypochoeris radicata

and Leontodon hispidus, It is noteworthy that these species are un-

important in the pasture in which Lolium perenne is a clear-cut domin-

ant, Records of indigenous species are limited to traces of Musci

(alwost ocertainly indigenous), and of Danthonia spp., Juncus vaginatus,



86

TABLE VII., EERCOENTAGE COVER, PERCENTAGE TCP COVER, AND PERCENTAGE
FREQUENCY OF SPECIES IN UNPLOUGHED PASTURE UNITS.

% top
% cover cover % frequenocy

V]

Unit area no, l 2 3 l 2 1l 2 3

Triquetella papillata
Juncus polyanthemos
Juncus polyanthemos N
Ranunculus repens
Sagina proocumbens
Cerastium glomeratum
Rumex acetosella
Rumex obtusifolius
Medicago lupulina
Trifolium repens
Bellis perennis

. Cirsium lanceoclatum
Cirsium arvense
Hypochoeris radicata
Leontodon hispidus
Taraxacum offioinale
Crepis capillaris
Plantago lanceolata
Plantage major
Prunella vulgaris
Mentha pulegium
Juncus tenuis
Lolium perenne
Cynosurus cristatus
Daotylis glomerata
Bramus mollis

Poa 8&pp.

Festuca arundinacea
Holcus lanatus
Agrostis tenuis
Anthoxanthum odoratum
Juncus articulatus
cow dung

sheep dung
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TABLE VIII, "PERCENTAGE COVER" IN THREE PASTURES IN DECEMBER
(MERRY).

Pasture no, 1 2 3
Musci ﬁAug o.:.g - (Aug 2,0)
Danthonia spp. Jan 0.3 0.4 -
Junous vaginatus - - (sep 0.2)
Acaena spp. (Nov 0.2) - -
Baminculus repens ENov O.4 (Aug 1.4) -
Cerastium glomeratum Aug 0.l 0.4 (Peb 0.4)
Trifclium dubium 8.9 L., 11,7
Trifolium repens 4,6 Ol 22,8
Bellis perennis 0.2 éAug o.ég 1.2
Cirsium lanceolatum (Jan 0.5) Sep 0.4 -
Hypochoeris radicata
Leontodon hispidus g 17.1 1.7 17.5
Taraxacum off'icinale (0ct 0.7) - 0.8
Plantago lanceolata ~
Plantago ma jor g g0 1.5
Veronica sp. (Nov 0.2) 0.4 -
Prunella vulgaris - - 0.9
Mentha pulegium 1.7 (Jun 1.7) 1.9
Lolium perenne 9.2 47.3 6.6
C.nosurus cristatus 11.9 0.8 11.5
Dactylis glomerata 0.2 5.0 -
Bramus hordeaceus - 0.2 0.2
Poa annua 0.2 0.2 —
Festuca capillata (Sep C.2) - -
Holcus lanatus . 9.6 1.7
Phleun pratense 0.2 | 2Nov O.2§ 0.4

Jan *
Agrostis tenuis 22,1 6.7 8.8
Anthosanthum odoratum 12,5 1.3 5.3
Juncus articulatus (Sep 0.4) - -
Bare ground ‘0-.5 2l.2 707




and Acaena spp. (Determinations of frequency might, of course, have
detected more indigencus species), Although there is hanrdly any
record of indigenous Juncus species in the analyses, Merry has referred

to rushes as being present in pasture 1, and important in pasture 3.

Although these two sets of anulyses are too fragmentary to permit
definite conclusions to be drawn, tiiey do suygest that, even on uncul-
tivated ground, a pasture that in its general composition tends to
resemble Madden's type 3 pasture (which is, presumably, equivalent to
the "artificial pasture of high class" of Cockayne, Simpson, and Scott~
Thomson), will also resemble that pasture type in the virtual absence

of indigenous species other than Juncus species,

(144) Indigenous Spocies of Juncus in Ploughable Pasture

Healy (1953b: 2), in discussing Juncus species as a farming problem,
has pointed out that "Group I, leafless species, is the group of great=
est significance to farmers, comprising six perennial species which
oocur as major pasture weeds throughout New Zealand®, Five of these

species (Juncus polysnthemos, J, luxurians, J. pallidus, J, vaginatus,

J, pauciflorus) are indigencus, The sixth (J, effusus) is of doubt-

ful status.

All six of these species ocour in the ploughable pastures of the
Manawatu district. These ars higheproducing pastures, which are us-
ually of the long=rotation type on the Kairanga Plain, but are liable
to more frequent cultivation on the lower {loodplain of the lhhavatu
River, where there is of'ten an alternation of pasture and cash crops.

The pastures counsist predaminantly of Lolium perenne and other rye-

grasses, Trifolium repens, and Cynosurus cristatus,

To obtain an indication of the relative importance of the above-
mentioned. Juncus species in these pastures, an examination was made of
paddocks adjacent to some of the roads of the Kairanga Plain and of
the lower floodplain. About ) miles of road were traversed in the for-

mer area, and about 10 miles in the latter, and the mmbers of paddocks
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examined were 262 and 100 respectively. Of the paddocks examined

on the Kairanga Plain, 37 (14%) were occupied by newly-loughed land,
crops, homesteads, or orchards; 168 (64%) by rush-free pasture; 53
(208) by pasture with light rush infesiation (rushes appearing to
daninate less than 10/ of the paddock); and 4 (2%) by pasture with
moderate rush infestation (10-25% of the paddock). The carrespond=
ing figures for the lower floodplain were 28 paddocks (out of 100)

not in pasture; 64 in rush-free pasture; and 5 lightly, and 3 moder-
ately, infested with rushes, (The visual impression of the species in-

volved was that the primcipal species was Juncus polyanthemos, while

the other important species were J. luxurians and J. vaginatus.

All of these species are indigencus),

These figures su;gest that there is a higher degree of rush infest-
tation in the long=rotation pastures of the Kairanga Plain than under
the more frequent cultivation of the lower floodplain, the chi-square
¢f the ratios of infested to non-infested grassed paddocks being about
6.5 (probability about 1%) (Moroney (1954s 254=55).  (There was, of
course, some variation in the size of the paddocks, but for the pﬁrpouos
of this very rough estimate they were regarded as equal in size),

This conclusion (if correct) tends to confirm the canclusion of Merry
(unpub,: 62) that adequate cultivation (ccmbined with the sowing of

high-grade straiis of pasture species) eliminates Juncus species.

(2) UNPLOUGHABLE PASTURK.

This section is based largely on the results of the sampling sur-
vey (appendices II-VIII), tugether with some additional genseral in-
formation obtained from the extensive examination., In many respects,
the results of the sampling survey are in acccrdance with the observations
made during the extensive examination, and with relevant observations
of other workers (which are referred to at the appropriate points).

Tuv this extent, the samplin. survey might seem to give scme point to
"that old jibe which defines ecology as 'the painful eleaboration of

the obvicus'",  (Ellison (1957: 64)). On the other hand, Galton

/‘_

BN £ hi



has pointed out that %“general impressions are never to be trusted"”.
(Mather (1949:2)). The use of more objective methods to check

the general observations is surely desirable even where the results
turm out to be purely confirmatory, and much more so where they do

not.

(i) Intraduced Species as au Envircnmental Factor

The stated objeot of the systematic examination of unploughable
pasture has been to determine what indigwnous species are present .in
such pasture (and the relative importance of such species), and under
what envirommental conditions. One factor of that enviromment, nsme-
ly th¢ assemblage of introduced econamic end non-econamic species,
is relatively uniform. They are mostly species of the sward, and
that sward does not vary greatly in composition as far as the intro-

duced ccmponents are concerned.

With the exception of the indigenous economic taxon Danthonia spp.

and the introduced weed Hypochoeris radicata (which are discussed

later), the dominant species and elso the chier subordinate species of
the sward are introduced econamic species (appendices VI, VII).

Agrostis tenuis and Anthoxanthum odoratum (the former being the more

important) are ‘the chlef sward-f'orming species, being of high fre=-
quancy and high abundance in nearly every unit area sampled, Festuca

rubra var, cammutate has a more limited distribution, but also tends

to be a daminant where it does occur. The principal expression of
this species would appear to be on scil type 118a, and under relatively
heavy sheep grazing. (The analyses made by Suckling (19543 252, 254~

55) appear to confirm that Festuca rubra var. commutata is an import-

ant species of some unplou:-hable pastures, although it is not shomm

as such in Madden's pasture types 4, 8, or 9).

The eccncomic species of lesser importance are Holcus lanatus,

Trifolium repens, T. dubium, Lolium perenne, Cynosurus cristatus, and

Dactylis glomerata. All are widely distributed, and of relatively

high frequenoy and abundance, although not in the same class as the



91

domdnants, In terms of enviromment, Lolium perenne and Trifolium
repens tend tc be more praminent oun easier slopes and under rela-

tively heavy sheep and cattle grazing. Lolium perenne does not

appear tc have any special significance on stock tracks, but the

relative importance of Trifolium repens may be increased in this mic-

rohabitat.

All of these economic species are perennials, with the except-

ion of Trifolium dubium (annual).

As far as the introducsd non-sconamic species are concermsd,
mcst are subordinate species of the sward, There are a few ex~
ceptions (appendices II, IV). ‘The only important introduced phane-

rophyte is Ulex eurogpaeus, which tends to form thickets at lower al-

titudes, particularly on steeper slcpvs and under relatively light
grazing. (Gibson (umpub,) has noted the relative importance of

Ulex suropaeus o the lower fcothills of the Fitzherbert district).

The less important Cytisus scoparius forms a few localized thickets,

more particularly on north-facing slopes and st lower altitudes.

(Cockayne (1928: 359) has pointed out that both Ulex eurcpaeus and

Cytisus scoparius lose their aggressive powers with increasing alt-

itude). Purther, three non-phanercphytic species with a somewhat
different life~form fram that of the species of the sward, namely

Cirsium lanceolatum, C. arvense, and C. palustre, occur over a wide

range of habitat. Such importsnce as they have is largely seascnal,

since the first is an anmual and the others are die~back perennials.

The most important introduced weed in the sward is Hypochoeris
radicata (appendices VI, VII). (This is supported by the analyses
made by Suckling (1954: 255)). In terus of abundance and frequency,
it ranks next to the dominant economic species, The principal ex-

pression of Hypochoeris radicata tends to be on soil types 122 and 124,

and at higher altitudes. Several other introduced non=phanerophytes,

nagely Sajina procumbens, Cerastium glomeratum, Linum catharticum,

Bellis perennis, Leontodon hispidus, Taraxacum officinale, Plantago

lanceolata, and Prunella vulgaris, are widely distributed, and often

of relatively high frequei:cy within the unit areas in which they occur.
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In terus of abundance, however, none is as important as the lesser

ecounomic species, let alone Hypochoeris radicata.

Most of these non=econamic sward-forming species are perennials,

the exceptions being Cerastium glomeratum and Linum catharticum,

(11) Indigenous Species

The indigenous species of unploughable pasture are treated in
this section in terms of general life-i'orm, being classified into
phanerophytes, ferns, large monocotyledons, and sward=forming species.
The first three classes are covered essentially by the results of
the transecting survey (appendices IIA, IIIA, IVA, V). They tend
to be minimized in the results of the pcint enalysis and frequency
quadrat measurements (appendices VI, VII), since these latter are
based on unit areas in which the vegetation is predominantly swardlike.
Conversely, the fourth class is covered essentially by appendices VI
and VII. However, the results of the transecting survey are rele-
vant algso in the case of those indigenous sward-forming spediss that
tend tc ocour in aggregations, Many of the impartant indigenous
eward=f'ormers do tend to ocsocur in this way; and thus are subjeot to

a double check.

Phanerophytes (figs. 8-13).

The most important phanerophytic species, both as nanophanerophyte

and as a macrophanerophyte, is Leptospermum scoparium, Within the

area of the systematic survey, it tends to be associated more partic-
ularly with scil types 11H, 13bH, and 118a, and with the lower altit-

udes, (As with Ulex eurcopaeus, Gibson (unpub.) has noted the

relative importance of this species on the lower foothills of the
Fitzherbert district), However, it oocurs on the Pohangina Plain at
all altitudes up to 2000 feet and higher. Although Leptospermum
scoparium is at present of little relative impartance on the soils

derived from greywacke (types 122, 124), it appears to be colonizing
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these soils at several places, It is certainly an important spec-
ies in pastures on greywecke scils in some other parts of New Zealand,
for example at the southern end of the Tararua Range (Croker (1953:

12-14)).

Croker (1956: 55=56) has described Leptospermum scoparium in

pasture as a species of sunny slopes, but the analyses made in the
present work do not show this distincticn. Again, while the entry
of Leptospermum scoparium into pasture may be encouraged by close
and continuous grazing (as stated by Levy (1923: 154)), the presence
of established plants of the species (more particularly the msoro-
phanerophytic examples) may tend to be associated with relatively

light sheep andi cattle grazing,

(Cockayns, Simpson, and Scott=Thamson (1932: 18) have claimed
that no wesds in the exotic flora can campete in aggressiveness

with Pteridium esculentum or Leptospermum scoparium, and this is sup-

ported by the classical account by Guthrie-Smith (1926: ch. XIX) of
his forty-year struggule to replace these species by pasture. Since

theri, the importance of Leptospermum scoparium as a pasture weed

hes been reduced in scme parts of New Zealand by the "manuka blight®
disease (Mulcock (1954); Hoy (1954)), but it should be pointed out
that this disease appears to be rare in the study =rea, in spite of
attempts to establish it. This is borne ocut by a distribution map

for the causative irsect that was prepared by Hoy (1954: 473)).

Next in importance to Leptospermum scoparium 1is Coprosma

rhanoides, essentially a nanophanerophytic species. Like Leptos-
permum scoparium, it is a species of lower altitudes, and tends to be
associated with soil types 13bH and 118a and with relatively light

sheep and cattle grazing, but, unlike Leptospermum, it shows a slight

tendency to favour steeper slopes and shady faces. Probably assoc-
iated with this latter tendency is the relative importance of Coprosma
rhammoides in the shade microhabitat provided by macrophanerophytes

(notably Leptospermum scoparium), Another largely nanophanerophytic

species, Leucopogon fasciculatus, ococurs in similar enviromments to




Coprosma rhamnoides, but is less important numerically., (Another

less important species, Geniostoma ligustrifolium, also tends to

occur at lower altitudes on steeper slopes and shady faces, and
under relatively light shsep graszing, but has not the same tendency

to be associated with soil types 13bE and 118a).

(Allan (1924: 404 ) has referred to the cocurrence of three of
these shrubby species in pasture at the western edge of the study

area, Leptospermum scoparium is classed as a "seriocus weed", while

Coprosma rhamnoides and Leucopo-on fasciculatus are classed as "plen-

tiful"),

Although there are only a few _cattered specimens within the

area uof the systematie survey, Cassinia leptophylla 1s of soms import-

ance along with Leptospermum scoparium, at lower altitudes at the

southern extremity of the study area. (This species is an aggressive
woed in the pastures of the coastal regions of Wellington Province
(Cockayne, Simpson, and Scott-Thomson (1932: 18)), and according to
Croker (1953: 12, 14), it tends tc occur in similar situations to

Leptos permum scoparium),

Shrubby species tend to be less important on scil types 77bE,
122, and 124, until an altitude of abocut 1500 feet is reached., (Gib-
son (unpub.) has observed that the shrub vegetation of the Fitsherbert
foothills (cn scil types 11H, 13bH, and 118a, and characterised by

Leptospermum scoparium and Ulex eurcpseus) appears to be more imp-

ortant than that on the higher parts of the Range (soil types 122 and
124)). However, several characteristic species are of some importance

below this altitude.

Brachyglottis repanda and Melicytus ramiflorus are fairly im-

portant, both as nanophanerophytes and as macrophanerophytes. They
occur more particularly on soil types 122 and 124, on steeper slopes,
aid under relatively light sheep and cattle grazing, and show a poss=
ible slight tendency to favour shady slopes. (Croker (1956: 55-56)

has described these species as more characteristic of shady slopos).
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The tree=ferns Dicksonia squarrosa and Cyathea medullaris are also of

some importance, (Their ag ressiveness in pasture is mentioned by
Allan (1936: 191)). They occur more partioularly on soil type 124,
at higher altitudes, under relatively light grazing, and on shady faces
and steeper slopes. (Croker (1953: 12, 14) has referred to these

species as oocupying gullies snd damper slopes in pasture),

Two other shrubby species of note are not always technically

phanerophytes. These are Muehlenbeclikia complexa and Metrosideros

diffusa, w.ich are cuaracteristic cushion-formers in open pasture
(although they are climbers when other phanerophytes are preaent).
Both species tend to favour soil type 124 and higher altitudes, and to
occur under relatively light sheep gzrazing, The micrchabitats pro-
vided by the uprights of stock tracks and by logs and stumps appear

to encourage the establishment of Muenlenbeckia complexa and Metro-

giderovs auifi'usa.

'The shrubs Olearia virgata and Glearia solandri, the former being

found more particularly at higher altitudes and the latter at lower
altitudes, are less important numerically, although Qlearia solandri
i8s quite aggressive in at least une valley. Both species tend to

be associated with relatively light grazing.

It is evident that, as far as the soil types derived from grey-
wackie (122 and 124) are ccncerned, phanerophytes become more im-
portant at hizher altitudes, and the same thing is found to apply to
soil type 77bH at the northem end of the study area, Besides the
species menticned already, several other species become praminent to=
wards the upper limit of unploughable pasture. (Because they ocour
near the boundiries, these species dc ncot figure largely in the results

of the transecting).

Paosudowintera colorata appoars as a pasture shrub at about 1500

feet, and is often the most cammoun phamerophytic species above about

1750 feet, particularly on ridge tops. Fuchsia excarticata, which is

recorded in appendix IIA as a species of higher altitudes and shady
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faces, tends to be praminent in similar situations to Pssudowintera
oclorata, and to ocour instead of that species in the vicinity of
watercourses, (Jones (1947: 3) has referred to the eatablishment of

Fuchsia excorticata along watercourses in grassland in the absence of

grazing). PFinally, there is coplous regeneration of Nothofagus fusoa

in pasture at about 2000 feet at the nartherm extremity of the study
area, (Cockayne, Simpsocn, and Scott-Thamson (1932: 33) have pointed
out that, whereas many successions lead to the climax in the regen—-
eration of podocarp-broadleaf forest, Nothofagus forest usually pro-
duces its like either from t.he sta‘rt of the new growth, or from an

early stage in succession).
Perns (figs, 10, 14=17).

An important feature of the indigenous fern species that ocour
in unploughable pasture is that they are not merely of ssasonal signif-
icance, While they may suffer some damage from heavy frosts,their

occupation of any area is essentially continuous,

Paesia scaberula and Pteridium esculentum are the most import-

ant ferms, and indeed rank among the most important indigenous spec-
ies, in the unploughable pastures cf the study area. (The aggress-

iveness of Paesia scaberula has been mmentionsd by Allan (1936: 191),

while the views of some other wourkers on the great aggressiveness of

Pteridium esoculentun have alr-ady been mentioned in comnection with

Leptospermum scoparium). Although both species ocour over a wide

range of envircmment, they tend to be associated more particularly

with steeper slcpes, with the soil types derived from greywacke

(124 in the case of Paesia, and 122 and 124 in the case of Pteridium),
and with relatively light sheep and cattle grazing, (Levy (1923:
148, 151, 282-86) has pointed out that both these species tend to be-
came established under light stocking, and are damaged by heavy stock=

ing, However , Levy has also observed that, cnce established,

’

Paesia_scaberula is encouraged by close grazing of the sward by sheep

alone (a practice that is not normal in the study area), and that a
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goad growth of grass is required if this species is to be cantrolled
by heavy stocking). Pteridium tends te be slightly more important

at lower altitudes, and Paesia at higher altitudes (although both have
wide altitudinal ranges), while another distinction is the apparent
tendency of Paesia tc be assccinted with shady faces, (Greenall and

Hamilton (unpub.: 33) have referred to Paesia scaberula ("™hard fern")

as a species of shady slopes, while Moore (1942: 122-23) has pointed out
that steep cold hillsides in high rainfall areas are particularly

favourable for this specics, although its range of habitat is wide),

Next to these species in impartence is Blechnum fluviatile, which

occurs in similar enviromments to Paesia scaberula, but with a st.rcnr

er tendency towards high altitudes, (This species does not seem to
have been recogniged elsewhere as an important fern species in pasture),
All three species are praminent on the microhabitat provided by the

uprights of stock tracks and by other vertical places,

Several other species of ferns, namely Histiopteris incisa,

Polystichum vestitum, Cyclosorus pennigerus, Blechnum procerum, and

B, discolor, while of less importance than the three foregoing species,
are also of some 8ignificance in pasture, (Allan (1936: 191) has ref-

erred tc the aggressiveness of Histiopteris incisa snd Blechrum

rocerum, while Cockayne, Simpson, and Scott-Thomson (1932: 36) and
Dobbie (1951: 232) have sientioned the aggressiveness of Polystichum
vestitum)., All these species tend to be associated with soil type

124, and with relatively light gragzing., Histiopteris incisa tends

to be a species of higher altitudes, (Levy (1923: 148, 286) has
rederred tu this species as one that becomes established under light

stocking, and spreads at higher altitudes), Blechmum procerum and

B, discolor tend to be asscciated with shady faces, while the latter
tends also to be a species of higher altitudes and steeper slopes.

(Levy (1923: 146) has desoribed Blechmm procerum as a species of

steep shady places).

Polystichum vestitum tends to be associated with shady faces,
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steeper slopes, and higher altitudes. As in the case of certain

phanerophytes mentioned above, Polystichum vestitum becames impart-

ant towards the upper 1limits of unploughable pasture. It is common
in the northern part of the study area at altitudes above 1500 feet,
particularly on shady faces where the frost lasts through the day in

winter, Cyclosorus pennigerus also tends to be a species of steeper

slopes, higher altitudes, and shady faces. It is largely associated

with the shade microhabitat provided by phanerophytes.

Large Monocotyledons (figs. 8, 9).

The main species consiiered under this heading are three indig-

enous species of Juncus, namely J. polyanthemos, J, vaginatus, and J,

luxurians., The t'irst of these is amcng the most important indigen-
ous gpecies in the unploughable pastures of the study area, the
other tw. being of less importance but still noteworthy. All three
are more particularly species v¢f lower altitudes, and all have a
sligzht tendency tov be associated with sunny slcpes. Furthor, all
three species appc;."ar to occur under "normal" grazing (that is,

with no special tendency towards either heavy or light grasing), ex=
cept for possible tendencies towards relatively heavy sheep grasing

in the case of Jwicus vaginatus, and relatively light cattle grazing

in the casc cf J, polyanthemos and J. luxurians, J. polyanthemos and

¥, vaginatus tend to be more important on soil types 77bH and 118a,

and J, luxurians on soil type 11H.

(No specles besides Juncus polyanthemos and J, vaginatus appears

to have particular associations with scil type 7/H. However, the

principesl species of lower altitudes, nanely Leptospermmm scoparium,

occurs on this soil type at its "expected" frequency, as does

Pteridium esculentum, while several other species of high overall fre-

quency, notably Paesia scaberula, Acaena spp., and Nertera setulcsa,

are well represented),

Although the swampy microhabitat is of some importance within the



area ef the systematic survey, these species of Juncus are not assoc-
jated with it tc any great degree, (Merry (umpub,.: 7) has pointed

out that Juncus polyanthemos is a species both of wet swamps and of

dry uplands, although it has a prefererne for the former),

The other large monocotylsedonus that require mention are Carex

lucida and Arundo kakaho. Like the species of Juncus mentioned above,

Carex lucida tends to be associated with low altitudes, sunnmy slopes,

aud "normal" grazing. This spocies appears to favour soll types 1JbH
and 1llda., Arundo kakaho also terids to be a species of sunny slopes,
but appears tc be associated with higher altitudes and with relatively

light grazing.

Sward-formming Species (figs. 18-20).

undoubtedly the most important indigencus sward-former is Danthonia
spp., the one indigenous economic taxocn of sown pastures. It ranks

next in mumerical importance in the sward after Agrostis tenuis,

Aathoxanthum odoratum, and Festuca rubra var, commutata (and is

present in more unit areas than the last-namsd), Danthonia temds to
be more important numerically on steeper slopes. There appears to
be general agreeucnt among other workers that Danthonia spp. tends to

replace Agrostis tenuis on sunny faces (Levy (1928: 301, 309); Madden

(1940: 30); Greenall and Hamilton (unpub.: 52); Gibson (umpub,);
Suckling (19%4: 255)). However, the analyses wade in the present
werk (appendix VIIA) show very little difference in the relative im-

portance of tliese twc species as between north~ and south-facing slopes.

Most of the important indigencus sward-forming species are of

similar life-form to the introduced econaomic species, in that they

are low vegetatively-spreading perennials, Nertera setulosa is the

most important of these specises, both in the results of the tran—
secting survey (in which it ranks among the chief indigenous species
of the unploughable pastures ef th: study area) and in the results of
the point analysis and frequency qusdrat measurements (in which it

ranks numerically with the lesser economic species). Nertera setu-
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losa tends to be of more importance on soil types 122 and 124, and at
higher altitudes, There is suns association with relati.vely heavy

graging by sheep, and possibly by cattle as well,

Three other perennial herb taxa are aiso of importance, ascord-
ing to the results of both sampling methods. These are Acaena spp, ,

Hydrocctyle spp., and Helichrysum filicaule, All three (especially

the latter two) tend tc be asscciated more particularly with soil

type 124 and with higher altitudes, wi.ile liydrocotyle spp. and

Helichrysum filicaule shuw saue tendency to be more impartant on shady
faces. (Cockayne (1921bs 140) has referred to the increasing import-
ance of these three taxa in sown pasture with increasing altitude),

In the matter of graging, the res:lts of the point analysis and fre-
quency quadrat weasurements (appendix VIIB) are not very conclusive

in relation to these species (but suue of the sub-totals are based on
very few unit areas)., On the basis of the results of the transecting
suxvey, it would appear that all three specics tend to be associated
with "normal® sheep and cattle grasing, (Levy (1923: 148, 290) has
stated that Acaena spp. is normaily found in closely grazed turf, and
tends tu spread if gragzed by sheep only. As has been pointed out in

commection with Paesia scaberula, the latter stocking practice is

not normal in the study area).

Mention should be made uf four othor species of small pereanial
herbs which have a more scattered distribution but are scauetimes of

local importance. These are Centella uniflora, Ureomyrrhis andicola,

Dichondra repens, and Nertera depressa. The first tends to occur at

lower altitudes and under "normal" sheep and cattle grazing.

Dichondra repens alsc appears to occur under "novmal" sheep and cattle

grazing, whereas Ureamyrrhis andicola may be associated with relat-

ively light sheep grazing. Nertera depressa appears to ravour shady

faces and tc have scwe associvticon with vertical microhabitats,

The results of the pcint analysis and frequency quadrat measure-
ments shows that certain indigencus species are of importamce in the

sward although not detected, or rarely detected, by the transecting.
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(The most nctable example is Danthonia spp.). Thus, Lugula

campestris and Wahlenbergia marginata var. australis are found to

be of minor locel importance. Much more important are the
messes, (The analyses made by Suckling (1954: 254~55) also show

"moss" to be impartant on some sites). Thuddium furfurosum and

Acrocladium aurioulatum appear to be among the most important in-

digenous species of the sward., Thuidium furfurosum tends to be

associated with soil types 122 and 124, and with higher altitudes,

while Acrocladium auriculatum has a wider range. Both tend to

be more important on shady faces, and to be assccinted with "normal"
or with relatively heavy sheep and cattle grazing. (Sainsbury

(1955: 415) has referred to Thuidium furfurosum as ocourring espeoc-

ially in open pasture), Triquetella papillata and Campylopus

clavatus are alse fairly widespread, although much less important

numerically,

It is also necessary to consider the role of the indigenous
sward-forming species in pasture on the specialized envircament of
swampy ground (in terms of the results of the point analyses shown
in appendix VIII). The dominant species in this miorohabitat

would appear to be Juncus articulatus, a species of doubtful status.

Cf the introduced species that are dominant in the normal paature,

Agrostis tenuis and Festuca rubra var. cammtata are of no signifi-

cance, while Anthoxanthum odoratum is reduced tc subordinate status,

which it shares with Holcus lanztus, followed by Trifolium dubium

and T, repens. The principal indigenous species, which are of vary-

ing importance, are Scirpus prolifer, Schoenus apogon var. laxiflorus,

and Juxus planifolius,

(3) NON-PASTURE (f‘ig! 21).

Non-pasture has been defined (VI(1)) as any area on which man's
activities are not directed towards maintaining sown pasturs.
Exainples of vegetation other than pasture that are under human control

(such as plantations and gardens) are not jncluded. It is recognis-
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ed that these excluded categories may provide examples of inter-
action, such as: the entry of indigenous shrubs and samall trees into
exotic plantations (Cockayne, Simpsun, and Scott-Thomson (1932: 24);

Hannken (1954); the oocurrence of Muehlenbeckia complexa in hedges;

and the appearance of indigencus shrubs (e.g., Coprosma species) in
gardens (Cockayne, Simpson, and Scott-Thomsan (1932: 24-25)),
However, the present wcrk is concerned with the predominant types of
vegetation, namely sown pasture on one hand and the vegetation of

idle and umused land on the other,

The principal categories of non-pasture vegetation .are remnant
forest (more or less modified), and vegetation that appears to be
in suocessian back towards forest following camplete clearing and
sowing to pasture, (The shrubby species of umploughable pasture
tend, if not controlled, to form a cohtimuous cover, which gives
1isv to s dense vegetation of shrubs and small trees, This type
of vegetation (on normal slopes) accounts for most of the non-pasture
unit areas detected by the original transecting), The other cate-
goiries are: cliffs and stream banks; active or unhealed erosion

features; watercourses and stream beds.

(1) Remnant Forests

There has been little penetration of introduced species into
remnarnt ;t'orests., even wiere there has been considerable modification
of these forests. (Zotov (1938a: 261) has pointed out that almost
the only places subject tu invasion within these remnants are the
riverbeds. These are discussed below). The few introduced spec-
ies that are found in the forests themselves within the study area
are nearly all non=-phanerophytic. One shrubby invader, Solamma

pseudocapsicum, may be found at Awahuri, on the Kairanga Plain, as

an undergrowth species in a forest remnant to which stock have aacess,
(Allan (1940: 197) has recorded similar ocourrences of this species).

The herbaceous species Arctium minus and Tradesoantia fluminensis

occur in damaged forest adjacent to pasture at several places in the
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study area, the former being a species of hill country and the lat-
ter of easier country, (Allan (1940: 165, 216) has referred to

the occurrence of these species in demaged forest).

A few herbaceous species, such as Carduus tenuiflorus,

Oirsium lanceolatum, Crepis capillaris, Digitalis urea,

Hypochoeris radicata, and Senecio jaccbaea, may be found on the

Range in open places within the forests (paerticularly on ridges),
where the original vegetation has been destroyed by fire or hurri-
cane, The characteristic vegetation of these open places is dom=

inated by the indigenous Microlasna avenacea, the introduced species

always being in very limited numbers, Same of these open places
are gragzed by deer, and in one such "deer pasture" were found also

Holcus lanatus, Stellaria media, and Veronica serpyllifolia.

(Moore and Cranwell (1934) have described the replacement of forest

by Microlaena avenacea grassland through the agency of wild animals

alone, This grassland contained scattered introduced species, such

as Anthoxanthum odoratum and Prunella vulgaris),

Few of these examples of introduced species of open places
appear to occur more than a niile or so from the nearest pasture vege-
tation, or at altitudes much above 2500 feet, with the exception of

Cirsium lanceolatum, which penetrates somewhat further, and Hypo-

choeris radicata, which extends into the mountain vegetation at

altitudes above 4000 fest., (Zotov (1938a: 261) has also referred
to Hypochoeris radicata as the only species to be found in the Tara=-

rua Range above the upper limit of forest).

(1i) Successional Vegetation

he records of the unit areas of impenetrable vegetation
that were wade during the original transecting are tabulated in
table IX, This table lists, for each scil type, the numbers of
such unit areas f'or which each species is daminant. As might be

expected, many of these duminant species are among the principal
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shrubby species of the adjasent unploughable pasture. Thus,

Leptospermum scoparium is the principal species in suoccessional

vegetation on suil types 13bH and 118a, and also (with the introduced

Ulex eurcpaeus) on soil type 11H, while Brachyglottis repanda and

Melicytus ramiflorus are the principal speoies on the other soil

types (in association with Pteridium esculentum on scil type 77bH,

with Ulex eurcpaeus on 122, and with Cyathea medullaris on 124.).,

As in unploughable pasture, the cnly introducsed phanerophytes

of any importance are Ulex europasus and Cytisus scoparius, It

would appear that both of these species are characteristic only of
the earlier stages of succassién, and that they tend to be over-
shadowed and eventually replaced by those indigenous species that
are capable of taller growth, Even in the denser thickets of Ulex

eurcpaeus and Cytisus scoparius, indigenous species may be found

ertsring the commnities where breaks or folds in the ground provide
an opening, Most of the imjortant indigenous successional species,

such as Leptospermum scoparium, Brachyyglottis repanda, Melicytus

ramiflorus, Cyathea medullaris, and Coprosma robusta, appear to be

capable uf replacing the introduced species. Even Pteridium

esculentun will overtop Ulex eurcpacus and Cytisus scoparius by

adopting a scrambling life-form. (Similar examples of the replace=-

ment of Ulex eurcpaeus by such indigenous phanerophytes as those 1list-

ed above have been recorded by Cocikayne, Simpson, and Scott-Thamson
(1932: 41), "Northlander" (1943: 5), and Croker (1953: 16), while
the first-named have also recarded the replacement of Cytisus

scoparius, and the limnoid behavicur of Pteridium escu;antm).

Two other introduced shrubby species, namely Rubus fruticosus

and Cytisus prolifeerus, were detected by the systematic survey,
The extensive examination shows that these two species, together with

such other introducec species as Berberis vulgaris, Foeniculum

vulgare (which has also been recorded by Zotov (1938a: 278) as a

species of roadside scrub in the Manawatu Gorge), Leycesteria for-




TABLE IX., DGMINANT SPECIES OF UNIT AREAS OF IMPENBTEAULE VEGETATION, BY SOIL TYPES
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Cyathea medullaris
Dicksonia squarrosa
Pteridium esculentum
Pseudowintera colorata
Beilsclmiedia tawa
Carpodetus serratus
Coriaria arborea
Melicytus ramiflorus
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mosa, Lupinus arboreus, and Sambucus nigra, have a scattered dis-

tribution in successional vegetation under similar circumstances

to Ulex europaeus and Cytisus scoparius. (Croker (1953: 14) has

recorded the occurrence of Leycesteria formosa in the sarly stages

of succession, while Cockayne, Simpson, and Scott-Thamson (1932%
41) have reccrded the replacement of this species by indigenocus
species in the same way as Ulex and Cytisus). Although all these
species form localized thickets, and some are prominent in vacant
town sections, nons eppears to be of any overall importance,

Cytisus proliferus, which tends to grow tallsr than the other intro-

duced species, appears to be mcre persistent,

The extensive examin:tion also detected Pinus radiata in areas

of indigenous successicnal scrub or small trees at scattered points
throughout the study area. Although not numerically important at
present, this species is of special interest as being the only
introduced species of the non-pasture vegetation that has a mature
life-form similar to that of thie indigenous forest dcminants.

(Certein other tree species used on farws, such as Cupressus macro-

carpa, Acacia decurrens, and A, dealbata, may spread into open non=-

pasture areas if planted adjacent to such areas, but they appear to

be of much less overall importance in non~pasture than Pimus radiata).

(i14) Cliffs and Strean Banks

The cliffs and stream banis recorded in the originel trans-
ecting are predominantly bare (21 out of 34 unit areas). Table
X lists the dominant species in the vegetated unit areas in which
each species was a daminant, Most of the species in teble X are
shrubby species of unploughable pasture (and of non-pasture on

normal slopes), notably the three principal species (Braﬂhxgll_cttil

repanda, Cyathea medullaris, and Melicytus ramiflorus).

No introduced species was recorded by the systematic survey.

However, Cytisus scoparius is a member of a limestone cliff commun-

ity at the eastern end of the Manawatu Gorge (actually beyond the
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eastern boundary of the study area), the primoipal indigencus

members of which are Hebe salicifolia and Phormium colensoi.

Cytisus scoparius is also found on sane road-cuttings within the

study area, with Hebe salicifolia and other indigenocus specles.

(Cockayne, Simpson, and Scott-Thomson (1932: 39) have vecorded a

similar commnity). Further, occasicnal examples of Pimus radiata

nay be found in the fairly open forest vegetation, daminated by

Nothofagus solandri and Edwardsia miocrophylla, that oocurs on the

mudstone cliff's of some gorges in the Pohangina Plain,

(iv) Active or Unhealed Erosion Features

As recorded by the transects, the active or unhealed erosion
features are also predaminant.y bare, The principal colonizer is

plainly Leptospermum scoperium, which was recorded as an important

species in 8 of the 43 unit areas. (34 of these unit areas are

situated in the soil types on which Leptospermum scoparium is imp-

ortant, the distribution being: 11H (4); 13bH (3); 77bH (14);
118a (13) 122 (5); 124(4)). (Greenall and Hamilton (unpub.:

50, 53) have spoken of Leptospermus scoparium as a ready and rapid

colonizer of the raw subsoil of slips cn the Pohangina Plain).

Paesia scaberula was recorded as an important species on 3 erosion

features, and Pteridium esculentum and Leucopogon fasciculatus

each on tne,

Various introduced and indigenous sward-forming species of
neighbouring pastures were seen establishing themselves on some er-

osion features. Cytisus scoparius was noted on one ercsion feature,

where it was of no importance,

(v) Watercourses and Stream Beds

(f the various types of non-pasture vegetaticn within the study
area, perhaps the mecst favcurable, as far as the entry of introduced
species is concerned. is the vegetation of watercourses and stream
beds. The scil of such areas teids to be unstable, and the vege-

tation open. (Whers the soil is moare stable, suocessianal shrub
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TABLE X, DOMINANT SPECIES CF VEGETATED CLIFFS AND STREAM BANKS

no. of unit
areas

Cyathea medullaris
Pteridium esculentum
Blechmum procerum
Carpodetus serratus
Pittosporum eugenioides
Weinmannia racemosa
Edwardsia microphylla
Hoheria sexstylosa
Melicytus ramiflorus
Leptospermum scoparium
Fuchsia excorticata
Nothopanax arboreum
Leucopogon fasciculatus
Geniostoma ligustrifolium
Hebe salicifolia
Coprosma australis
Coprosma robusta
(Olearia virgata
Olearia solandri
Helichrysum glomeratum
Brachyglottis repanda

OWUWHFEFDODHFEFMLLDWHERELDEHHEWHEELD DWW,
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vegetation is liable to develop, as in ordinary non-pasture.

Thus, a vegetation dominated by Arundo kakaho and Leptospermum

scoparium may be found in places in the beds of the Manawetu,

Pohangina, and Oroua Rivers. The introduced Lupinus arboreus

is frequently a camponent of this vegetation, and is predominant

(often along with the introduced Galega officinalis) in the lower

reaches),

Where watercourses or streams run through pasture, the in-
troducea species of the pasture have free access to them, (Croker
(1955) has described the vegetation of a shingle stream bed ad-
Jjoining pasture, It consisted largely of introduced species common-
ly associated with pastures), Of the 210 watercourses and stream
beds crossed by the original transects, many were found to carry
little or no vegetation, but 131 were observed to contain various
introduced sward-forming speciss, Because of the diffdculty of
determining the principal species among these by inspection only,

a detailed record was not made, but most of the important pasture

species appeared to be involved, with Holcus lanratus posaibly

amcng the most preminent,

Where it was possible to determine the principel species in
a watercourse or stream bed unit area, these were recorded.
Table XI shows the percentage uf thse watercourses and stream beds,
crcssed by the transects, in wich each listed species was foumd to
be important, The only species of any general importance is Juncus
articulatus (a species of doubtful status), which is also a very
fimportant spscies of swam.y pasture (appendix VIII), The open
nature of the vegetation, as compared with non-pasture vegetation
in gensral, is weflected in the virtual absence of phanerophytes

from table XI,

The introduced sward-foming species (and also, of course,
those introdiced species that tend to be confined to watercourses

and stream beds) are liable tc wurk up the stream beds from pasture
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TABLE XI, IMPORTANT SPECIES OF WATERCOURSES AND STREAM BEDS

%age of total
unit areas

Blechnum procerum
Blechnum fluviatile
Arundo kakaho

Mariscus ustulatus
Eleocharis cunnimghamii
Soirpus prolifer
Carex secta

Juncus polyanthemos
Juncus lwaurians
Leptospermum scoparium
Fuchsia excurticata
Gunnera strigosa
Nertera depressa

HEPHMNFEOFEWN N

Ranunculus repens 1
Nasturtium of{icinale IN
Trifolium repens 1
Lotus uliginosus 1
Cirsiwn palustre 4
Rypochoeris radicata 1
Mimdus moschatus 1
Carex leporina 1
Glyceria fluitans 5
Holous lanatus 4

Juncus articulatus 21
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areas into areas of non-pasture, (Zotov (1938a: 261, 284) has class-

ed Agrostis tenuis, Anthoxanthum odoratum, Hypochoeris radicata,

Holcus lanatus, and Trifolium repens as agyressive in riverbeds

within the forests of the Tararua Ranye, and has pointed out that

Dadylis glomerata and Nasturtium officinale are of common oocurrence
in the same habitat, and that most of the other species of nearby
/pasture/ areas also ooccur thers), In covering this habitat,

the extensive examimnation detected most cf the species referred

to by Zotov. The vegetation produced by this type of penetration
is roughly continuous, and is mure praminent near the pastures

from which it originated. However, certain introduced species,

such as Cirsium arvense, C. lanseolatum, C, palustre, Digitalis

purpurea, llypochoeris radicata, and Senecio jacobaea, most of

which are founa scattered through the forests in open places, have
2 similerly scattered distribution in the riverbeds of the forests,

beyond the limits of the sward-forming invaders,
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VIII. DISCUSSION OF RESULTS

(1) PLOUGHABLE PASTURE

The question of sociological relations between introduced and
indigenous plant species hardly arises in the case of ploughable
pasture, Both the economic and the non~econimic species are almost
exclusively introduceds The only indigenous species of any import-

ance are certain species of Juncus.
(1) Cultivation

In cropping areas, and in areas where there is a regular altern-
ation of crop and pasture, cultivation may act directly in discouraging
indigenous weeds, Anmual cultivation is strongly selective for the
annual habit (Wulff (1943:106)), and anmals of any sort are notably
lacking in the indigenous flora. (Accarding to Cockayne (1928: 70,
132, 24),) and Allan (1940:10), annual species comprise about 3% of
the indigenous vascular flora, as compared with about 37% of the
introduced flora), (The relationship between cultivation and

perennial weeds is referred to below in connection with Juncus).

(i1) Intensive Pasture Management

However, in the case of long-rotation and permanent pastures, which
are essentially commnities of perennial species, it would appear that
the virtual absence of indigenous speciss is associated rather with

the dominance in these pastures of [olium perenne and Trifolium repens.

It would seem that indigenous species may be virtually abssnt from
pasture even on uncultivated land if these two species are dominant,
while the introduced weeds (although still appreciably present) tend
to be of lower abundance in uncultivated pastures dominated by Lolium

perenne than in typical unploughable pastures,

Thus the relationship between ploughability and the absence of

indigenous species would seem to be indirect in the case of permanent

. and longe-rotation pastures. Reference has been made previously to
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the higher degree of control over the vegetation that is possible
on ploughable land. Under present oonditions, it is generally
only on such land that it is econpmically practicable to maintain

pastures dominated by Lolium perenne and Trifolium repens. (The

examples given in the present work, of the dominance of these two
species on land that had not been cultivated, refer to land that
was, however, ploughable, and thus was suitable for other measures

of intensive management).

Cockayne, Simpson, and Scott=Thomson (1932:21) have stated
that the absence of indigenous species (other than species of
Juncus) from "artificial pasture of high class" is largely due to
the dense sward, the practice of top-dressing with artificial
fertilisers, good drainage, and constant heavy graging. This

largely summarizes the significance of the Lolium peremne-Trifolium

repens pasture. These species are high-producing and high-fertility-
demanding (Levy (1951: 68-69, 115))s (Fven before the development

of modern high=producing strains of Lolium perenne and Trifolium

repens, a report on British grasslands (Armstrong (1907:304)) stated
that no plants appear to be more capable of producing a dense growth
of herbage than these two species, providing the soil is suitable for
them). Where intensive mesnagement is practicable, a dense sward
dominated by these species can be established and maintained (Levy
(1951: ch. VIII))e Some aspects of this intensive management are the
clearing of the ground (in most cases) before sowing, the maintenance
of the necessary high level of soil fertility, the possible use of
herbicides, and the adequate fencing that permits controlled stocking
and thus ensures that the sward is neitner opened up nor allow to

become rank,

If a volunteer species is present at the time of sowing, it is
only likely to survive in the sward if it is a perennial, with a
growth-rate approaching the growth-rate (under optimum conditions)
of the sown species, and with the ability to tolerate heavy stocking.
(The last point is largely associated with the vulnerability of the

growing=point. As bLevy (1951:104) has pointed out, growth=form is



14

one of the factors that governs persistency in the sward). Further,
it will obviously be wvery difficult for any volunteer to enter the
closed comminity of the established sward while it is properly
maintained. In view of the fact that even the introduced pasture
weeds, with a long history as species of graszing land, are deterred
to a large extent by intensive pastoral farming (Levy (1951: ch.XIV)),
it is not surprising that the indigenous species are in general not

found under such conditions.

Cockayne, Simpson, and Scott-Thomson (1932:21) have also given
as a reason for the absence of indigenous species from high=class
pastures, the usually considersble distance between such mastures
and any indigenous plant-commnity. Certainly this may reduce the
availability of the disseminules of indigenous species, Nevertheless,
even in intensively-farmed regions there are usually some refuges for
the indigenous flora. Further, indigenous species appear to be of

no importance in areas of Lolium perenne~Trifolium repens pesture

(such as those analysed in teble VII) that are bounded by areas of

unploughable pasture,

(1ii) Species of Juncus

It is evident from the conclusions of Merry (unpub,:59=69) that
the control of certain indigenous species of Juncus in pasture is
essentially a matter of the fullest application of the principles
of intensive pasture management that have been referred to in (ii)

above. The ability of these species (notably J. polyanthemos,

J. vaginatus, and J. luxurians) to tolerate management that will

hardly permit the existence of any other indigenous species appears
to be mainly a matter of degree. It is necessary, however, to
consider why these species of Juncus should be so tolerant of
moderately intensive management as to be the only significant

indigenous weeds of ploughable pasture.

A possible factor is the rhizomatous nature of these species.
While cultivation gives a set-back to perennial weeds in general,

it is liable to encourage the perennial weeds that have underground
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stems, and those that can bud from the roots (Levy (1951:274=75):
Brenchley (1920:46<47)). As far as some species, including Juncus
species, are concerned, this appears to be more particularly the case
when the cultivation is only occasional, as on land that is used for
permanent or long-rotation pasture. The conclusions of Merry
(unpub, :59=62), supported by the few observations made during the
present work, indicate that occasional cultivation has 1little or no

effect on Juncus species, whereas repeated cultivation controls them,

Besides the species of Juncus, very few of the important
imignous weeds of unplougheble pasture have the rhizomatous or
radicigemmate habit, the only other example of note being Pteridium
esculentum., However, it has already been noted that the weeds of
ploughable pasture must be able to tolerate heavy stocking, This

excludes Pteridium esculentum, While the tough leafless erect stems

of the Juncus species do not appear to be affected by trampling, and
are hardly ever browsed by stock, the tender young leaves of Pteridium
esculentum are vulnerable both to trampling and to grazing, In fact,

management control of the latter species is based on this weakness

(Levy (1923:284=86)).

The example of the indigenous species of Juncus raises the
possibility that other tough unpalatable indigenous species with the
rhizomat;ous habit may also become weeds in ploughable pastures of the
permanent or long-rotation type. In fact, one member of the Cyperaceae

that has the required characteristics, namely Scirpus nodosus, has

been described by Merry (unpub.:27=29) as being far more important
than the species of Juncus in the pastures of the Manawatu coast,
(In surviving areas of the original coastal vegetation, it is most

prominent in damp sand=hollows). :

Pastures on weiter ground are the most likely places for the
appearance of rhizomatous monocotyledons as weeds, since many such
species occur naturally under swampy conditions. Further, the
establishment of such species may be expected to be associated with

inadequate drainage, since Merry (unpub.: 59, 68) has stressed the
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need for good drainage as an essential prerequisite for the intensive

pasture management that will control the Juncus species.

(2) UNPLOUGHABLE PASTURE

(1) Relationship of Weeds to Altitude

In the interpretation of the general patterm of vegetation for
the study ares (see "The Present Vegetation"),it was concluded that
the possible degree of control over the vegetation decreases with
altitude, as the environment becomes less fawvourable in various ways.
It might be expected that one manifestation of this lessening of
control would be an increase in the importance of weeds with increasing
altitude, This is largely confirmed by the results of the field work
that was carried out in the area of unploaghable pasture, With the

notasble exceptions of Leptospermum scoparium and certain associated

species, and of several large monocotyledons, the indigenous weeds
show a general tendency to be of pgreater impertance at the higher
altitudes and on the soil types derived from greywacke, especially
type 124. (As indicated in table IV, there is some degree of corre-

lation between these environmental factors).

The position is fairly clear in the case of the indigenous
species, which comprise a considerable proportion of the herbaceous
weeds of the sward, and are predominant among the weeds of higher
life-form, It is leas clear among the introduced weeds. The same
general tendencies as for the indigenous weeds may be observed with

some introduced weeds, notably Hypochoeris radicata and (to some

extent) Cirsium arvense and C. palustre. However, Ulex europaeus

and Cytisus scoparius are more particularly species of lower altitudes,

(The behaviour of these two species is discussed below in connection
with that of the indigenous shrubs of lower altitudes), Further, even
though the introduced sward-forming species may be of increased import=
ance under less intensive management, the difference would appear to

be less marked tham in the case of the indigenous species. As indicated

in the account of ploughable pasture, this distinction might be
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expected, in view of the far shorter history of the latter as weeds

of pasture,

(i1) Indigenous Ferns and Bhanerophytes

Many of the ferns, shrubs, and small trees described

as important in the unploughable pastures of the study area have
been discussed by Levy (1923) and Croker (1953) as characteristic
components of successional stages in the regeneration of indigenous
forest. (These "secondary growth" species of unploughable pasture
are referred to by Allan (1936: 192) as the greatest enemies of the

pestoralist).

Relationship to Graszing. There appears to be a general tendency

for species of these life-forms to be associated with relatively light
grazing, In some cases, this relationship may be a straightforward
one, Light grazing my encourage the invasion of the pasture by
indigenous ferns and phanerophytes, through permitting the rank growth
that leads eventually to the weakening of the sward, Further, light
grazing may also mean that there is inadequate trampling and browsing
of the invaders, It is probable that the apparent tendency of meny
indigenous ferns and phanerophytes to favour steep and/or shady slopes
is at least partially due to the lighter grazing pressure on such

slopes.

It is noteworthy that the tendency to favour steep and/or shady
slopes is less marked with some of the phanerophytic species, both
indigenous and introduced, that are important at lower altitudes.

Leptospermum scoparium shows no special preference for steep or shady

slopes, Ulex europaeus; although tending to favour the steeper slopes,

shows no preference for shady slopes, while Cytisus scoparius is

definitely more important on sunny faces. The association of these
species, at least, with light grazing may be the effect rather than
the cause of the invasion, in that the increase of the invaders has
reduced the carrying capacity of the land, In the first place, the

germinetion and establishment ef Leptospermum scoperium is favoured

by close and continuous grazing (Levy (1923: 154,288)), and Ulex
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europaeus also appears to be strongly light=demanding in establishment.
Such species are 1ikely to be more aggressive in a sward that has been
opened up directly by over-grating or fire than in one that has merely
weakened as the result of under-grazing. It is true that heavy
stocking can control these species in the seedling stage (Levy (1951:
279)), but only in conjunction with the establishment and meintenance
of a dense svard, and this combination is very difficult %o achieve
except on ploughable land, Once past the seedling stage, species

such as Leptosspermum scoperium, Cytisus scoparius, and Ulex europaeus

might be expected to be tolerant even of fairly heavy stocking, aince
they are tough, twiggy bushes, which have reapectively, amall

coriaceous leaves, few leaves, and none,

Among the speciea of higher altitudes, Pseudowintera colorata

appears to have no special preference for steep or shady slopes, being
often of most importance on ridges. Although probably enhanced by
the higher rainfall and lower temperature, the aggressiveness of this
species in pastures above about 1750 feet appears to be due in part

to its unpalatability, the leaves having a fiery taste.

Relationship to the Original Vegetation. It has been suggested

above that the apperent preference of many ferns and phanerophytes
for steep and/or shady slopes is due in part to the lighter graszing
pressure on such slopes, and this may oertainly be a contributing
factor. However, it is evident, from descriptions of the surviving
forests of the study area {see "The (Uriginal Vegetation") and from
personal observations, that many of the species that show such a
preference are common, or even important, subordinate species in
these farests within the warm temperate belt (O0=2000 feet), (Species
in this category would appear to include Geniostome ligustrifolium,

Brachyglottis repanda, lelicytus ramiflorus, Dicksonia squarrosa,

Cyathea medullaris, Muehlenbeckia complexa, Metrosideros diffusa,

Puchsia excorticata, Blechnum fluviatile, B. procerum, B. discolor,

Hiatiop_teria inoisa, Cyclosorus pennigerus, and (at higher altitudes)

Polystichum vestitum). Since the natural habitat of these species

is charactarized by reduced light and wind, and high humidity, it is
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only to be expected that when growing in the open they will tend to
occur on the shady slopes and on the (usually steep) sides of the
sheltered gullies, (Croker (1956) has stressed the great climatio
differences between north-facing and south-facing slopes).
Similarly, it is to be expected that they will tend to favour the
higher altitudes, since these are associated with increased oloud
and increesed rain, The shade-tolerant nature of these species
may also explain their apparent ability to germinate and establish
themselves in the still relatively shaded habitat provided by

pastures that have weakened through rank growth.

In the case of the species that are more particularly associated

with the lower altitudes, it is noteworthy that Leptospermum

scoparium is not found in forest at all, while Lsucopogon fasciculatus

and Goprosme rhamnoides are usually only of importance in Nethofagus

solendri forest. (There is considerably more light under Nothofagus
solandri than inside the milti-storeyed podocarp~broadleaf forest.
The same applies to the shady places that the transects suggest are

favoured by Coprosma rhamnoides and Leucopogon fasciculatus). It

would appear from this that Leptospermum scoparium is strongly light-

demanding and that Leucopogon fasciculatus and Coprosma rhamnoides

are moderately so, Further, it has been noted already tha% Lepto-

spermum scoparium has amall coriaceous leaves, and the same applies

to the other two species. (In forest,, the leaves of Coprosma
rhamoides may be larger end almost membranous). In effect, these
would appear to be species of well-1lit, dry places. (Croker (1956:
55=56) has indicated that this is definitely the case with Lepto-

spermum scoparium). It might be expected, therefore, that such

species wuld tend to favour the lower altitudes, which are associated
with relatively 1little cloud and relatively low rainfall, (It might
be expeoted that similar factors would control the distribution of

Ulex europaeus and Cytisus scoparius, which are definitely light-

demanding (as shown by their behaviour in non=pasture vegetation),

and also have reduced leaves).



120

To some extent this may be the case, However, Leptospermum

scoparium occurs on the Pohangina Plain, on s0il types 77bH and 118a,
at altitudes up to and above 2000 feet (while the reference by

Cockayne (1928:359) to the loss of aggressiveness by Ulex europaeus

and Cytisus scoparius with increasing altitude applies more to
altitudes above 2000 feet), Therefore, the reductiom of the
indigenous species, at least, with increasing altitude, would appear
to be related in some way to the soil types of higher altitudes,
namely 122 and 124, rather than to altitude as such. Nevertheless,
soil types 122 and 124 appear to be quite capable of supporting
these species of lower altitudes, which are advancing actively on
to them at some points, It would seem likely, therefore, that the
lesser importance of these species on =0il types 122 and 124 is due
to their absence from the originel vegetation of these soils, and
not to any antagonistic factor in the soils, This is obviously

the case with the introduced species Ulex europaeus and Cytisus

scoparius, which presumebly are simply still moving uphill., Similarly,

Leptospermum scopariupm Leucopogon fasciculatus, and Coprosma rhamnoides

may still be moving in, It is evident that Leptospermum scoparium

could only occur in the original vegetation in welle=lit open places,
such as wide riverbeds (which are only found at the lower altitudes)
and erosion features (which, within the area transected, appeer to
be much less numerous on the soils derived from greywacke than on
those derived from relatively unconsolidated rocks). Leucopogon

fasciculatus and Coprosma rhamnoides may have been largely limited

to similar places and to areas of Nothofagus solandri forest (which

appear to have been more or less absent from soil types 122 and 124).

Another species, with similar growth-form and similar environ-

mental requirements to Leptospermum scoparium, may also 2till be in

the process of advancing into suitable habitats that have been
provided by the removal of the original vegetation, This is Cassinia
leptophylla, Formerly more or less confined to coastal vegetation,
and only found in quantity at the southern (seaward) extremity of

the study area at present, it is known to be aggressive elsewhere.
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Its means of dissemination appesr to be efficient. Only half-a=-
dozen tushes have been located within the area of the tranaecting
survey, but they range over twenty miles in a north-easterly direction

from the south-west corner of that area, Qlearia solandri, a not

very important shrubby species of the lower altitudes, appears to
be another species, formerly more or less confined to the coast,

that is now extending into the hills.

Besides the abovementioned species of lower altitudes, the anly
notable absentees from the surviving forests are Paesia scaberula

and Pteridium esculentum (also Olearia virgata, a not very important

shrubby species found more particularly at higher altitudes). It
would appear that, although the first two species can occur over a

fairly wide range of environment (and although Paesia scaberula tends

to be more important on shady faces) they are not sufficiently shade-
tolerant to occur in undamaged forest. Like the species of lower
altitudes, they mat have been confined to breaks and openings in

the original forest, tut, unlike these species, they appear to have
been present on 211 s0il types. This may have been due to the ability
to colonize small breaks, not sufficiently open to encourage Lepto-

spermum scoparium and its associates, (Oleeria virgata mst also have
been present in hreaks in the forest, particularly at higher altitudes.

(ii1) Large Indigenous Monocotyledons

Although Juncus polyanthemos, J. vaginatus, and J, luxurians
are not confined to wet ground in pasture, they may have been so
confined in the original vegetation (Cheesemmn (1925:294-=95)). Further,
the slight tendency of these species to be associated with smnny slopes
suggests that they are moderately light-demanding species, that would
be more likely to occur in the original vegetation in places where
the soil was too wet to support forest. (Zotov (1938a:297) has

described Juncus polyanthemos as a species of wet open places in the

surviving forests of the Tararua iksnge). Therefore, the tendenoy
for these species to be of greater importance at lower altitudes may
be due to the greater prominence of swampy ground in the lower—lying

areas, A further possibility is that the apparent tendency for these



species to be less important at higher altitudes may be associated
to some extent with s0il type. Soil types 122 and 124, being stony
loams, might conceivably be leas suited to rhizomatous species than
such soils as 11H, 77bH, and 118a,. which are derived from relatively
unconsolidated sediments, However, another rhizomatous species,

namely Pteridium esculentum, appears to flourish on the greywacke

soils,

The three species of Juncus appear from the results of the

transection to be associated with "normal" grazing, that is, to be
of equal importance under relatively heavy graging or under relatively
light graging. This may simply reflect the ability of these species
to tolerate relatively heavy stocking, a point to which reference has

been made in connection with ploughable pasture. However, Merry
(unpub.: 57-58) has stressed the importance of maintaining a close
sward as a measure of control of these species of Juncus, As already
indicated, this is very difficult to achieve in the unploughable
pastures, which tend to beoome weakened imdirectly and eventually by
relatively light grasing, or directly and rapidly by relatively heavy
grazing. If these species of Juncus are really of equal aggressiveness
in under-grazed and over—grazed pastures, it is, presumably, because
they are not so strongly light-demanding as to tend to fawvour the

latter.

The other large monocotyledons that are of some importance in

unploughable pastures, namely Carex lucidea and Arundo kakamho, also

seem to favour surmy slopes. Both would appear to have been species
of open places in the originesl vegetation. Acoording to Cheeseman

(1925:181), Arundo kakaho, was a species of swamps, riverbanks, sand-

hills, etc., while Cockayne (1928:212) has described Carex lucida as

a characteristic species of native lowland grasslands, In the case of
Carex lucida, the apparent tendency to be of greater importance at
lower altitudes might have a similar explanation to that already
advanced for other lightedemanding species. In view of its status

in the original vegetation, Arundo kakaho might also have been
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expected to be of greater prominence at lower altitudes, but this is
not confirmed by the transects. (However, some of these higher-
altitude records were made on the limited areas above 1000 feet

that are occupied by soil types 77bH and 118a, and breaks caused by
erosion may have been a feature of the original vegetation on these

80118) .

The apparent tendency of Carex lucida to be associated with

"normal® grazing is probably due to similar factors to those governing
the distribution of the Juncus species., The possible tendency of
Arundo Kakaho to occur under conditions of light grazing may be
related to the certain degree of palatability that hes been noted in

this species (Buchanan (1880)).

(iv) Indigenous Sward-forming Species

Little attention seams to have been paid in the past to the
indigenous herbs of sown pasture (with the notable exception of
Acaena spp., which can be a serious nuisance to wool-growers, thanks
to its spiny fruits). This is understandable, since these species
are obviously much less likely to attract notice than the species of
higher lifeform (some of which, furthermore, are generally recognized
as serious weeds). The probability that the role of the sward-forming
species has not been appreciated in the past is reflected in a brief
note by Druce (1957:7). This is to the effect that a pasture (similar
to the unoloughable pastures of the study area), on the eastern side
of the Tararua Range, is "remarkable for the large number of amall
indigenous species present". (A list of such species in support
of this statement contains many of the species referred to in the
present work). Cockayne, Simpson, and Scott=Thomson (1932:21) have
recognized that other small vegetatively-spreading indigenous herbs,
besides Acaena spp., do occur as weeds in sown pasture, tut have given

few details,

Relationship to Graszing. There appears to be a general tendency

for the indigenous sward-forming weeds to be of equal importance under

relatively heavy graging and under relatively light graxing, As in
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the case of the species of Juncus, this distribution may be due to the
apparent ability of these species to tolerate relatively heavy stocking.
4 probable factor in this tolerance is unpalatability. Acaena spp.,

Hydrocotyle spp., and Helichrysum filicaule have been referred to

specifically as unpalatable species by Gockayne (4921b:140) (although
Levy (1923: 290, 293) has indicated that cattle will eat Acaena spp.).
Another probable factor is lifeform. Madden (1952:39=41) has pointed
out that the successful weeds of lawns are those that grow close to
the ground, thus escaping pruning by the mower. The ability of the
low creeping indigenous herbs of unploughable pasture to occur under
relatively heavy grazing may be analagous with the success of similar
species in lawns. (In fact, at least two indigenous taxm, namely

Hydrocotyle spp. and Dichondra repens, occur in both habitats). Some

species that are variable in life-form appear to be able to edopt the
low creeping habit under relatively heavy grazing. One example is
Acaena spp. (which can form dense clumps in more favourable environ=

ments). The same may apply to Muehlenbeckia complexa and Metrosideros

diffusa, which are sometimes found creeping in the sward, although
they are more characteristically cushion=forming shrubby species of

pasture,

kelationship to Pasture Management. Reference has been made

already to the lesser importence of weeds as a whole, and in
particular to the virtual absence of indigenous weeds, in the

intensively msnaged pastures that are dominated by iLolium perenne

and Trifolium repens. It has also been indicated that the establ-

ishment of various ferns, phanerophytes, and large monocotyledons in
unploughable pasture may be due to the weakening of these pastures
through the indirect effects of under=-grazing or the direct effects
of over—grazing, This would also appear to be particularly the

case with the indigenous sward-forming species.

Because of their life-=form, these species are subject to
competition from the pasture species at all stages, and not just in

the seedling stage. Therefore, their importance as pasture weeds
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depends on a weak sward, and in general the unploughable pastures are
necessarily relatively weezk. The degree of management that is
possible at present on most of these pastures will not permit the
maintenance of anything better than a pasture dominated by such
low-fertility tolerating species (Levy (1951:115-16)) as Agrostis

tenuis, Anthoxanthum odoratum, i"estuca rubra var. commutata, and

Danthonia spp. These species are low-nroducing (Levy (1951:69-70)),
especially in this environment, and in general it is simply not
possible to establish or maintain a sward dense enough to exclude

even the indigenous weeds.

Even on the easier unploughable country, and with the use of
aircraft, the degree of human control is still mich less than on
ploughable land, The better unploughable land may be more or less

free of "secondary growth", and iolium perenne may fipure as an

important subordinate species in the sward, but even in these paatures
the sward-forming weed species tend to play a relatively important
role., However, as might be expected, the indigenous element in

the weed flora of these better pastures is often of reduced importance.
As a rule, the indigenous sward-forming species share in the general
tendency of the indigenous weeds to be of greater importance at

higher altitudes, that is, under a lesser degree of control.,

Relationship to the Original Vegetation., It is desirable first

to consider the way in which Danthonia spp. came to oocupy its present
position in sown pasture, since the history of the indigenous sward-
forming weeds appears to be related to that of the economic taxdn.
Since Danthonia spp. appears to be generally recognized as a species
of sunny faces, it may well have been a pioneer species in the same

situations that permitted Leptospermum scoperium and similar species

to exist in the original vegetation, that is, well=lit open riverbeds
and erosion features. (Levy (1928: 297, 299), has described Danthonia
spp. essentially as a pioneer of bare soil). ifowever, venthonia spp.
has also been spread deliberately from "danthonia country", either by

harvesting the fruits and including them in "seed-mixtures", or by
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bringing in stock that have been feeding on "danthonia country*

(Cockayne, Simpson, and Scott-Thomson (1932:27)).

It is probable that most of the important indigenous sward-
forming species occured in the originel vegetation of the study
area in a similar environment to that of Danthonia spp. That their
ecological requirements are at least to some extent similar to those
of Uanthonia spp. is shown by the fact that most of the important

indigenous species of the sward (Acaena spp., Hydrocotyle spp.,

Oreomyrrhis andicola, Dichondra repens, Nertera setulosa, Helichrysum

filicaule, Centella uniflora, and Thuidium furfurosum), together with

such lesser species as luzula campestris and Wahlenbergia marginata

var. australis are found, along with Danthonia spp., as subordinates

in natural low tussock=-grassland dominated by Festuca novaezelandiae

and Po@ caespitosa (Cockayne (1923:211-12); Barker (1953)). Further,
most of these species have also been recorded by Cockayne, Simpson,
and Scott-Thomson (1932; 27-30, 42) as present in the vegetation that
results from the burning and grazing of these natural grasslands.

Such vegetation is often dominated by Danthonia spp., the former
subordinate (Cockayne (1928: 362)). (Although inducing the ooccurence
of this (often) Danthonia=dominated grassland mey be roughly equivalent
to inducing the pioneering succession of pre-EKuropean times (Levy
(1928: 297, 299)), there is, of course, one marked environmental

difference, namely the grazing factor).

It would appear, therefore, that Danthonia spp. and the indigenous
sward-forming weeds of the study area may have been among the pioneer-
ing species of well=lit breaks in the original vegetation, and that
they were enabled to spread when a suitsble habitat was provided
through the conversion of forest tc pasture, Purther, if the amount
of Lanthonia spp. in the unploughable pastures has been increased by
the deliberste introduction of this taxon to the area,it is probable
that some of the indigenous weeds of the sward have been inadverteantly

reinforced at the same time.
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(v) Ageressiveness of Indigenous Weeds

For the study area as a whole, the most important indigenous

weeds would appear to be Leptospermum scoparium, Coprosma rhamnoides,

Paesia scaberula, Pteridium esculentum, Blechnum fluviatile, Juncus

polyanthemos, J, vaginatus, Nertera setulosa, Acaena spp.,

Helichrysum filicaule, and Hydrocotyle spp. (Some reference has

been made already to the recognition of Leptospermum scoparium

and Pteridium esculentum as the worst weeds in New Zealand, and of

Paesia scaberula as an aggressive species).

One factor in the aggressiveness of these species would appear
to be the ability to flourish over a relatively wide range of envir-
onment. (In several cases, this would appear to include tolerence
of relatively heavy stocking). Another is the possession of
efficient means of spreading, In the case of Leptospermum scoparium,
the significant factor is the production of vast numbers of seeds
from each plant (Levy (1923:287)). (According to Cheeseman (1925:
588), most of the seeds in any fruit are sterile. If this is so,
there must still be a large viable residue, in view of the great
numbers involved, Even allowing for this sterility, Coprosma
rhamoides does not appear to be nearly as well equipaed, producing

as it does only two seeds per fruit).

As far as the ferns are concerned, Moore (1942) has pointed out
that reproduction by spores is not particularly significant in the

case of Paesia scaberula (and probably Pteridium esculentum), except

in areas of high rainfall, In fact, nearly all of the ferns that
are of some importance in pasture possess the means of vegetative

spread. Pteridium esculentum and Histiopteris incisa are rhizomatous

(Levy (1923:285=86)), while Paesia scaberula is stoloniferous (Levy

1923:282)), as are Blechnum fluviatile, B. discolor, and B. procerum,

and also the tree-fern Dicksonia squarrosa (Cockayne, Simpson and

Scott=Thomson (1932:23)). Only Polystichum vestitum appears to

rely on rapid propagation by spores (Cockayne, Sinpson, and Scott=-Thomson
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(1932:23)), and this species is prominent more particularly sbove about
1500 feet, and is therefore subject to a relatively high rainfall.
(With regard to the relative aggressiveness of the ferns, Moore

(1942:120) has pointed out that Pteridium esculentum spreads

vegetatively mich faster than such other important ferns of pasture

as Paesia scaberula, Histiopteris incisa, Blechnum procerum, and

B. discolor).

It has already been noted that vegetative smread appears to
be a significant characteristic of the indigenocus species of Juncus,

and of most of the indigenous sward-forming species.

A further reason for the apparent aggressiveness of these
species would appear to be the widespread deforestation that amounts
to the creation on a large scale of a habitat suitable for them,
(This has been referred to by Cockayne (1928:188)). The pioneer
species in the regenerative process must be light-demanding, or at
least light~tolerant, and able to tolerate the drier conditions of
the open. Unless they are extremely adaptable, such species will
not tend to be of much importance as subordinates within the climax

forest. (Blechnum fluviatile occurs as a forest subordinate, but

this species appears to have a more limited distribution in pasture
than most of the other species discussed in this section). Conversely,
the subordinate species of the forest will not tend to be of much
importance as pioneers in the open, except in shady and/or sheltered
places, or in the relatively wet and cloudy climates of higher
altitudess Elsewhere, they will be more likely to enter the succession

only in the shelter of the hardier pioneers.

The lesser importance of phanercphytic (but not fern) weeds on
soil types 122 and 124 would appear to be due to the fact that species
of this life-form that are suited to life in the open are still only

in the process of moving on to these soils.

(3) NON-PASTURE

Both in the areas that approximate roughly to their original
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condition, and in the areas that are definitely under human cantrol,
the watercourses and stream beds of the study area appear to be
chaméterized by a fairly open non-phanerophytic vegetation. In
view of the instability of the soil, it is probable that the vegetation
of this habitat has always been of this type. It is the only type
of non-pasture vegetation in which introduced non-phanerophytic

species may establish themselves freely and persist,

With the exception of watercourses and stream beds (and the
possible exception of areas that are subject to heavy gzraxing by
wild animals), the general vegetative tendency on the non-pasture
land within the study area that is not at present occupied by
indigenous forest, is towards the regeneration of that forest.
Even where idle or unused land is far from the nearest indigenous
canminity, the tendency mey be observed. On the roadsides of the
intensively~farmed Kairanga Plain may be seen scattered specimers

or clumps of such species as Pteridium esculentum, Muehlenbeckia

complexa, Arundo kakeho, Cordyline australis, and Leptospermum

scoparium.

In general, the introduced species do not persist in the non-
pasture vegetation, once succession towards forest gets$ under way.
This would appear to be largely a matter of life-form, together with
a tendency for most of the introduced snecies involved to be light-
demanding rather than shade-tolerant. If land adjacent to pasture
or crop land is cleared and abandoned, introduced non-phanerophytes
may be common enough in the early stages of succession, As has
been shown, a scattering of introduced non-phanerophytic species
(particularly those with wind-borne fruits) may even be found in
damaged forest at some distance from occupied land., When the
succession proceeds to the phanerophytic stages, the role of the
introduced species changes, The introduced non-phanerophytes do
not appear to survive the earliest phanerophytic stage., (This is

confirmed by the observations of Croker (1953:14=15)).

As far as the introdueed phanerophytes are concerned, it is true
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that Ulex europaeus and Cytisus scoparius may be important at the first

phanerophytic stage, and may be very persistent in places where few
disseminules of indigenous species are available. (The same applies

to the introduced [upinus arboreus and Galega officinalis along the

lower reaches of the rivers). However, the total number of introduced
phanerophytic species involved is very auall., Further, the species
that are available are essentially nanophanerophytic rather than

macrophanerophytic (with the notable exception ~f Pinus rediata,

which is referred to later). Kven a pioneer indigenous shrub like

Leptospermum scoparium is sufficiently tall-growing to be able, to a

large extent, to overtop the introduced species and shade them out,
and they are certainly hardly able to survive the dewdopment of the
small-tree layers (characterized by the mature forms of such apecies

as Melicytus ramiflorus and Brachyglottis repanda), let alone thst of

the layer characterized by Beilschmiedia tawa.

It is possible, of course, that shade-tolerant introduced species
might be able to persist as subordinates in regenerating forest.
However, they have yet to enter the study area. (Even the few
introduced species that have been referred to as entering damaged
undergrowth in standing indigenous forest, namely the shrubby Solanum

pseudocapsicum, and the herbaceous Arctium minus and Tradescantia

fluminensis, rarely occur far from the forest margin).

Thus, in general, the introduced species would appear at present
to be important only in the earliest stages of succession in non-

pasture vegetation. However, the role of Pinus radiata is of interest.

This species is of widespread occurrence, even if not rumerically
important, in the successional non-pasture vegetation of the study area,
and may be expected to be very persistent. Although it resembles most
of the other introduced phanerophytes that occur in the non=pasture
vegetation, in being more or less light-demanding, it differs from them
in being capable of much taller growth. Fairly open successional
vegetation appears to be necessary for the germination and establishment

of Pinus radiata, but, unlike the introduced shrubs, it is able to
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survive the increasing competition for light as succession proceeds.
By the time that the shrubs are being affected by competition from

the indigenous species, the fast-growing plants of Pinus radiata

have overtopped the successional vegetation. (Thus, “Northlander"

(1%3:5) has spoken of Ulex europaeus being overgrown and killed by

indigenous species in 10 to 15 years. This could hardly happen to

Pimus radiata, which, according to Yeatcs (1948:89), may increase in

height by three or four feet a year after the first yesr or two).

V'here only scattered seeds reach a non-pasture area while it is

at a suitable stage for the entry of Pimus radiata, isolated trees

may be expected, and this is usually the case in the non-pasture
vegetation of the study area, except where such vegetation is close

to a Pinus radiata plantation. (In the latter case, beceuse larger

numbers of seeds are avdilable, the indigenous successionsl vegetation
may be replaced by a Pinus forest. Such a replacement has been
recorded by "Northlander" (1943:4). Further, as predicted by Cockayne
(1928:358), it has been happening on a large scale on the Volcanioc

P lateau of the North Island, where large Pinus plantations adjoin
large areas of successional vegetation). The fate of isolated trees

of Pinus radiata when the regenerasting indigenous vegetation around

them at last achieves the forest climex remains to be seen. (Acoording
to Croker (1953:20), it takes about 80 years to develop a climax

forest daminsted by Beilschmiedia tawa).

(4) CONCLUSION

(1) General Relationships

The paper by Cockayne, Simpson, and Scott-Thomson (1932) which
may be regarded as the principal contribution to the knowledge of
the relationships between the introduced and the indigenous plant
species of New Zealand, tends to place the emphasis on the incompat-
ibility of the two floras. The same approach is used in the

subsequent paper by 21lan (1936), and indeed this is made clear in

the title of Allan's paper., This treatment might be thought to be
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due to the fact that both papers are concerned with refuting earlier
allegations of the innate "superiority" of the introduced species.
However, Cockayne, Simpson, and Scott=Thomson (1932: 15-18, 43) have
claimed that there are "certain fundamental differences" between the
two floras in the matters of life-form and habitat-preference.
Essentially, the position as described in their paper is that the
exotics are mostly anmal species, and the indigenous plants largely
woody or semiwoody evergreen perennials; with the expectable result
that the exotics tend to be restricted to the ground laid bare in
the process of settlement, and can only hold their ground there if
the regeneration of the indigenous woody vegetation is prevented.
(In connection with this last point, they have observed that the
exotics are aided by the grazing and browsing animls that were absent

from the original indigenous vegetation).

As far as life-form is concerned, the "fundamental difference"
is to some extent based on over-generalization. Actually, according
to Allan (1940:10) and Cockayne (1928:128-38), trees and shrubs comprise
about 10% of the introduced flora, semi-shrubs about 5%, perennial
terrestrial herbs about 45%, anmuals about 37%, and others 3%, whereas
the corresponding figures for the indigenous vascular species of the
lowlands and lower hills are approximately 30, 4%, 464, 3%, and 16%k.
(In the latter case, ferns account for more than a fifth of the
combined value for semi-shrubs and perennial terrestrial herbs)., It
is true that the introduced flora may at any rate be regarded as
predominantly herbaceous, even if not "for the most part anmuals",
Further, the results of the present study suggest that only a few of
the introduced woody species are of any numerical importence. However,
except in the case of the annuals, the differences in life-form
classification are hardly sufficiently clear-cut to be described as
"fundamental", Further, although the indigenous flora may have
evolved in the absence of grazing and browsing memmals, it is evident,
both from previous work that has been cited and from the findings of

the mresent study, that some indigenous species are fairly tolerant
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of this envirommental factor.

To some extent the idea of a definite distinction between the
two floras is valid, in that most of the introduced species are
economic species or weeds of long stending, that is, are species of
¢rop or pasture land, while a large proportion of the indigenous flora
comprises forest species, This distinction is perhaps most applicable
to the vegetative esttremes, namely frequently-tilled land and non-
pasture, However, it is evident from the results of the present work
that there is a conaiderable overlap between the indigenous and
introduced floras in the matters of life-form and habitat, and that
this is most noticeable in the areas of unploughable pasture. (In
fact, this overlap may be inferred from observations made by previous
workers, [kven Cockayne, Simpson, and Scott-Thomson (1932), while
stressing "fundamental differences", have recognized that "mixed"
comunities may occur, in which the introduced and indigenous species
occupy equal positions, and indeed have given some emamples). For
this reason, the neutral term "interaction" is preferable to “compet=-

ition" in a discussion of the relationships between the two floras.

(i1) Need for Further vork

The present work can only be regarded as a preliminary study of
the subject of interaction. It would De very much enhanced by further

investigations along at leasttwo lines.

The first of these wuld be a practioal detarmdnation of ohanges
in the vegetation of the study area, through the repetition of the
field work, and in particular of the sampling surveys, after a lapse
of time. 1t has been noted earlier that the sampling surveys were
carried oﬁt in 1954, thet is, at about the time when the aerial
topdressing of unploughable pastures with artificial fertilizers

became a normal practice in the Manawatu district.

In view of the nown effects of the topdressing of unploughable

pastures (Levy (1951:70-71)), it may be predicted that this practice
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(in conjunction, where necesary, with aerial oversowing, and possibly
(Matthews and Maclean (1957:257)) the aerial distribution of herbicides),
will tend to bring about ean increase in the proportion of higher-
producing pasture species in the sward, and a consequent decrease in
the proportion of lewer-producing and weed species, including indige-
nous species, However, this development implies heavier stocking,

and more intensive stock control, which in turn involves adequate
subdivision. The more difficult the country, the more difficult will
this be, even allowing for the distribution of fencing material by

airs In effect, aerial farming may be expected to increase the degree
of human control) over the vegetation in areas of unploughable pesture,

but limlting factors will still apply.

Another possible change of some interest concems the distribution

of certain important shrubby weeds, notably Leptcspermum scoparium,

that are at present more important at lower altitudes. Since these
species appear to Le spreading into the higher-altitude areas, and
since there does uot appear to be any environmental barrier, they mey
eventually be of equal importance at higher altitudes. On the other
hand, the more intensive pasture management just referred to, possibly
in combination with biological control, may result in a considerable

reduction in the significance as weeds of these species,

The other desirable line of investigation is the development of
auiccological studies of the more important species among these
involved in interaction., (This applies most particularly to the
indigenous weeds, The economic species are the subject of studies by
the GrasslandsDivision of the D.S.I. K. (Le%y (1951)), while some
information on the introduced weeds is available from other countries).
2s in the case of the studies of vegetative changes, the autecological.
studies would amount to an experimental, more detailed, inveatigation
of relationships that have only been inferred in the present study.
Such work would also necessitate studies of the systematics of the
species involved, “Aggregate species" are perhaps not quite as

meaningless for ecology as suggested by Cockayne (1926b: 274), but if
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work of a "biological flora" standard is to be carried out in New
Zealand, then a great deal of unspectacular but essential taxonomic

work will have to be done,

From the economic point of view, the need is plain for more
detailed studies of the pasture weeds of New Zealand, Forty years
ago, Cockayne (118:73) was stressing the importance of the
intensive study of the ecology of weed species as a ure-requisite
for their control, GSince then, some investigations have been made
by such workers as Levy (1923), Merry (unpub.), and Moere(1942), but
in general the need for information is as great as it was in
Cockayne's time, If anything, the need has been intensified, since
improved managament teclniques now permit mich more effective action

to be taken on the basis of ecological informatione



IX, SUMIARY

(1) The object of the present work has been to contribute to
the knowledge concerming the soclological relations between the in-
Jigenous plant species of Hew Zealand and those introduced to the
country by man. (Taxonordc literaturc provides an alrost complete

separation of the two floras),

(2) The investigation has been limited to the Manawatu dis-
trict, which contains a fairly wlde range of habitat, Brief accounts

are ziven of the physlography, climte, and soils of this district.

(3) Prior to the coming: of Buropean settlers, the vegetation
of the district was predominantly forest. Since then, large areas
lave been cleared of forest, and sown to pasture with introduced
grasses and clovers, The present vegetation may be divided into
three major categoriss, namely ploughable pasture, unploughable (sown)
;asture, and “non-pas ure" vegetation (that is, vegetation of idle

ar unused land) .

(4) It was expected that few examples of interaction between
the two floras would be found in ploughable pasture or in non-pasture
vegetation, Therefore, cxtensive methods have been used in studying
dhese types of vegetation. 35ince the intensity of interaction was
«pected o be much greater in unploughable pasture, this type of
vegetation has been examined by memns of line transectinz, point

amalysis, and frequeacy qQuadrat measurements.

(5) The transectinz method is described in some detail. It is
Jdrived from the "wnit area" method, but involves sampling instead of
a 1003 survey. A grid of line traansects, spaced at interv:ls of 5000
yards {about 4600 m.), is employel for sampling, each transect being

used to make a continuous record of vegetation and environment.

(6) Indigenous weeds appear to be virtuzlly absent from land

that is frequently cultivated, probably because there are hardly any
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amuals in the indigenous {lor:,

(7) 1In the casc of t.c perennial vegetation of long-rotation
or permancnt ploughable pastures, the relative unimportance of in-
digenous gpecies appears to be due to the factors that make this
habitat unfavourable for weeds from elther flora, namely strong com-
petition from the high-producing economic species Lolium perenne and

Trifolium repens, and heavy stocking, The onl; indigenous species o

any importance are several species of Juncus, whiich appear to be
tolerant of heavy stocking, and in addition belonz to a life-form

class that tends to be encouraged by occasional cultivation,

(8) The unploughable pastures contain a copious weed flora,
Indigenous specles comprise a considerable proportion of the her-
baceous weeds, and are predorminant among the weeds of higher 1lifce
form. (In addition, the pasture contains one indigenous economic
taxon, in the partly volunteer, partly sown Danthonla complex

(Janthonia penicillata (D, pilosa) and D, semlannularis)). The

principal factor that perrits these elements to flourish would appear
to be the fact that,unler present conditions, unploughable land in

general. will not support a hetter pasture than one dominated by the

low=producing species Agrostis tenuis and Anthoxanthum odoratum.

(9) some of th: indizenous species of unploughable pasture
appear to have been subordinate species in the forests that formerly
covered the study area, while others appear to have been confined to
breaks and open places, such as crosion features, riverbeds, and
swampy areas, The specles in the former category are mainly phane-
rophytes and ferns, They tend to occur on shady and/or steeper slopes,
at higher altitudes, and under relatively lisht grazing. The speclies
in the latter category include some phanerophytes and ferms, but also
large monocotyledons, and creeping peremnial herbé. (Little attention
seems to have pald in the past to the role of the fourth group in sown
iasture). Since, for various reasons, they appear to be more suited
to the pasture habitat, the species in this category include most of

the important indigenous weeds of unploughable pasture,
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(10) In non-pasture arcas, there is a general tendency towards
the regeneration of indigenous forest. ince the few important in-
troduced phanerophytes tend to be ligzht—demanding and relatively low-
growing, they are confined to the carlier stages of succession,

(Pinus radiata may prove Lo be imich more persistent),

(11) The need is stressed for stuliles of changes in the "new

vegetation", and of the autecology of the more important species,
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FIG. 6. Ploughable pasture. Dense sward of
Lolium perenne and Trifolium repens.

FIG. 7. Infestation of ploughable pasture by
indigenous species of Juncus.
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FIG. 8. Leptospermum scoparium spreading in
unploughable pasture. Indigenous species of
Juncus in foreground.

FIG. 9. Brachyglottis repanda and Arundo kakaho

replacing pasture on steep slope.



FIG. 10. Brachyglottis repanda and Pteridium
esculentum invading rank pasture.

FIG. 11. Late stage in replacement of unploughable
pasture by Dicksonia squarrosa. The shrub is
Pseudowintera colorata.
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FIG. 12. Cushion form of Metrosideros diffusa.

FIG. 13. Pseudowintera colorata forming thickets
at about 1800 ft.
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FIG. 14. Paesia scaberula under relatively light
grazing.

BIG. 15. Blechnum fluviatile adopting low-growing
form in pasture.




FIG. 16. Replacement of unploughable pasture by
ferns, notably Paesia scaberula (foreground), young
Dicksonia squarrosa (in gully), and Pteridium

esculentum (background). Species of Blechnum also
present.

FIG. 17. Polystichum vestitum at about 2000 ft.
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¥IG. 20. Hydrocotyle spr. in unploughable pasture.

F1G. 21. Non-pasture vegetation. Leptospermum

scoparium replacing Ulex europaeus. Young Pinus
radiata (left of centre) is overtopping the
indigenous vegetation.
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(1) AUIMALS

The species are listed in alphabetical order. The nomenclature
is that used by .Jodzicki (195)), unles: otherwise stated.

’

3os taurus L,

Canis familiaris L, (Balley (1936: 279); no authority given by
lodzicki)

capra hircus L,

vervus elaphus L,
Jquus caballus L,
Lepus europaeus rallas

Oryctolamus cuniculus L,

Ovus aries L,

Rattus exulans Peale

Sus scrofa L,

irichosurus vulpecula Kerr

— o e e o e o O O e EE M mE S R e S e mr e O e me W O e AR e e e e e e e

(2) FLANTS

e classification into divisions and classes is essentially that
of 3Smith (1955: 6=10, 510). The reference after the name of a division
r class i3 to the source of the classification and nomenclature that
mve been used within that division ar class.

Throughout the text, a gereric name followe: by “spp.'" implies
a particular superspecific taxocn, which is described in this species
list. A generic name followed by "species" represents the normal
use of "spp.,", that is, "several species of this genus". The meaning

of "sp." after a generic name is normal, that is, "an unidentified
species”,

The speeles in this 1ist are represented in the herbarium of
Massey Agricultural College.

(1) Indigenous Species

The thanks of the present writer are duwe to lir., 1.5. :iobbins for
the _jdentification of most of the Lichenes and 3ryophyta, namely those
prefixed by "2,

LICILAESS ( Hooker (1367); tatson (1929))



SLADONTIACEAR
R gous Zladonia Hoffmmn
PARMELIACZAE

R gaus armelia Ach.

3RYOPHYTA

Hepaticae (Cvans (1939))
FORZLLACEAD
Re genus Porella L,
MARCHANTIACSAS

genus Marchantia (March.f.)L,

lusei (ainsbwy (1955)
SPHUAGITAC AL

genus Sphagnum L,
POLYTRICHACIAS
Qe Yolytrichum juniperinum iledw,
JICRANACOAS

e Campylopus clawvatus (R.Br.) H.f.& e
.  Campylopus introflexus (lledw.) Idtt.

FOTTIACEAL
Triguetells papillata (i.f.& 'V.) Broth.
BARTRAITACEAL

3. Breutelia pendula (llook.) iditt.

TIUIDIACSEAS
e Thuidium furfurosum (H.f.& Je.) Jaeg.
A'BLY3T33IACZAR

2 Acrocladium auriculatum (Mont,) lMitt,

BRASHYTILICTACEAL

s Zhynchostegiun tenuifolium (iledw,) Jaeg.

L. TOOPIYTA

Lycopodinae {Cheeseman (1925))
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LYCOPOOIACLAL

Lycopodium volubile forst,
PT_ROPHYTA

teferences w hybridism in the indigenous Pterophyta and Spermato-
rhyta are from Cockayne and Allan (1934) unless otherwise stated.
( Jnase references have been restricied to the :ore important species
in th present study). Many of the spccies referred to below should
be resarded as including those hybrids that could not be readily dis-
tinguished from them in the field., 4Again, because of intraspecific
hybridism in the meny compound species, varieties have not normally
been distinguished.

2ilicinae (Dobbic (1951); also Jizeseman (1925), unless otherwise
stated

OPTITOGLG 5 5ACEAD

Ophiolossun pedunculosum Jeisve

CYATHEACZAR

Cyathea medullaris Swartz
Cyathea smithii (Hook.) Domin (iiemitelia smithii look, of
“heeseman

PIERIDACEAR

Dicksonia squarrosa Swartze.

Hypolepis rgrulosa (Labill.) J. Smith (Jryopteris punctata

Ze christen, of Cheeseman)
This species hybridizes vdth other species of [ypolepis,

Paesia scaberula Kulm

Pieridium esculentum (Forst.) Diels (P, aguilinum Kuhn var,
sculenta Hook.f. of cheeseman)

listiopteris incisa J. Smith
Adiantum affine /1114,

ASPIDTACIAS

Polystichum vestitum i'resl
tolystichum richardi J. mith
These Lwo specles probably hybridize.

cyclosorus pennicerus (Forst,) Ching (Dryopteris Ppennigera
Je Cliristen. of Cheeseman

BLuCHITACIAER

Blechnua filiforme Sttingsh,

Blechnuwi pennamarina Kulm

Blecinum procerum (rorst.f.) Labill., (B. capense ichlocht. of
Jhees-,:mni
Blechnum fluviatile 5alom,.
Blechmum discolor Keys

AT RTT AATIA T
-L)LL a4 l.‘l.Lu.w!n.-..n

Asplenium lucidum forst.
Asgieniﬂ bulbiferum Forst.
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1OLY:0D0TACHAS

licrosorium diversifolium (/illd.) Jopeland (Zolypodium Mver-
sifolium viilld, of Cheeseman

Gymospermae (Cheeseman (1925); revised by Cassie (1954))
QUPit35 3ACEAS (Pinaceae of Checseman)

Libscedrus bidwillii Hook.f.

HODOCAIPACTAS (Taxaceae of Cheeseman)
fodocarpus spica&u_.g ReBle
{odocarpus femg%geus JeJoOn,
Podocar dac oides A. RUch.
Podocar totara De.Don,
Podocarpus_hollil T, Kirk

Tus last two specles hybridize.

Dacrydium cupressinum 3olind,
Fhyllocladus alpinus Hook.f.

Angicspermie (Cheeseman (1925))

fiere have been rmeny taxonomic alierations and additions to
chessemznts mnuwal, A revised edition is being prepared at present
(Fudex (1955: 311)). learwhile, the revisions are spread over many
jmblications, so that the amendments shanm are not necessarily ex-
hustive., ileferences to revisions are given after the taxa w which
they apply.

Yonocotyledms
IYPHACTAR

Typha angustifolia L.
PANDAITACTAS

Freycinetia banksii A. Cunn,
GRATTINCAR

1dcrolaena avenacea llook.f.
| e

Agrostis dyerdi Petrie

Jeyeuxia crinita (L.) Zotov (Zotov (1943: 234))
(Uichelachne crinita Hook.f. of Cheesempn)

Janthonia penieillata (Labill.) ralisot (Zotov (1943: 234))
(Q._pilosa R.Br. of Cheeseman)

Janthonia semiannularis R.3r.

Both of thiese pecies are exceedingly compound, and hybrid swarms
re plentiful. TFor practical urposes, it has been necessary to poal
theme A\ reference vo "Janthonia sppl.t in the texi means some part of
this complex,

Arundo kakaho Steudel (Zotov (1943: 233)) (A, _conspicua Forst.f.
o>f Cheeseman
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Poa anceps Forst. f.
Poa caespitosa Sprengel (Zotov (1943: 236)) (2. _cacspitosa
Forst.f. of Cheeseman)

"estuca novaezelandiae Cock,

APARACIEALR

liariscus ustulatus C.B., Clarke

isleocharis acuta 1.3Br.
leocharis cunninghamii Boeck,

scirpus cernuus Vahl.

Scirpus prolifer ilottb,

Scirpus nodosus lottb, '

(Aceording to Hamlin (1956: 34), the section Isolepis of Scirpus
(to which the above three species belong) should be isolated as a
geparate genus).

Schoenus axillaris Poir, .
2choenus apogon loem. & schult,

var, laxiflorus Z.3. clarke

Vincentia sinclairii (Hook.f.) !amlin (Hamldn (1956: 36))(Cladium
sinclairii Hook. f. of Cheeseman)

genus Gehnia Forst.

Uncinia unciniata Kukenth. (Zotov (1938a: 296)) (U, australis
fers, of Cheeseman)

Carex secta Boott
carex geminata Schkuhr (Hamlin (1954: 56)) (C, ternaria Forst.
f. of Jheesemni

Carex Lm:id:m 3oott

carex dissita Sol.ex lHook.f.
carex solandri Boott

PALMAS
thopalostylis sapida ‘iendl, & Drude
JUICACEAD

Juncus Qggus HeBre

Juncus_pauciflorus :.3r.

C

Juncus vaginatus R.Br,
Juncus_polyanthemos 3uchen,

Juncus luxurians Col. (J. luxwrians wos given by Cheeseman as a
synonym of J. lyanthemos Buchen., but it is a very idistinct species,
and has been Justifiably restored by Cockayne and Allan (1934: 15)).

There is much hybridism among the above five species, This toplc
is dealt with further by Merry (Unpub.).

Juncus Q;a.nifolius ReBre
Luzula campestris JC.
LILIACIAG

dhipogonum scandens Forst.
cordyline australis Hook.f.

Astelia nervosa Banks & Jol.ex l{ook.f. (confirmed by Jkottsberg
(1937: 219))




rhormlum tenax Forst, )
Chormium colensol iook.f.

TIDACSAS
Libertia ixioides Spreng.,
U WIIIDACEAL
Cnelymitra longifolia Forst,

idcrotis unifolia Reichenbach f.

Jicotyledms
{Archichlamydeae
PLUARACKAL
Hacropiper excelsum 14q,

FPAGACDAL

othofagus fusca Ocrst.,
lothofagus solandri Oerst.

]o—-o

IO ACEAL

Paratrophis microphylla Cock,

UITICACEAL

Urtica ferax Forst.f.

PIOTSACLAL

Knighiia excelsa [1.Br,
iOLYGONACM
M ar;hlenbcckla. luehlenbeckia australis lMcissn,

I gﬂenbeckia coglexa HMeissn,
These two species hybridize.

LOR’I’ULACAQEAQS
ilontia fontana L.,

ANUNCULACZAR

{lematis pani ta JJF. Gmelin (Allan (1547: 594)) (C. indivisa
311d. of Cheesemn

Rariunculus hirtus Banks § 5ol.ex Forst.f,

VINTERACSAE (Dandy (1933)) (Magnoliaceae of Cheeseman)

Pseudowintera axillaris (Forst.) Dandy (Jrimys axillaris Forst.
aof Cheeseanan)

Psewdowintera colarata (Raoul) Jandy (Drimys colorata Raoul of
Jleesemﬂns

MONTITACEAS
Hedyearya arborea Forst.,

Laurelia novaezelandiae A. Cunn,

N

N



153

TAURAC.ZABE

Beilscimiedia tawa Hook.f. & Benth.ex T.Kirk

SAXTFRAGACE!

Carpodetus serratus Forst.
JITTOSPORACTAL

Pittosparum euzenioides A. Cunn,
JUNIOITACEAR

Jeinmonnia racemosa Linn.f.

itubus _cissoides A. Cunn. (Allan (1935: 229)) (i, australis
Forst.f. of Cheaseman)

Acaena novaezelandiae T. Kirk

Acaena sanmuisorbae Vahl, ‘
These hifﬂfﬁ“; compounrd species hybridize freely, and in any case
are difficult to Uistinguish in the field when in the vegetative con-

dition. 4 reference to "™Acaena spp." in the text means some part of
this complex.’ The introduced A g ovina A. Cunn, hybridizes with both
these species, so that references to "Acaena spp." may include a few
indigenous-introduced hyorids that could not be distinguished readily
rom the indigenous complex,

LGUMINOSAS

sdwandsia microphylla salisb, (Zotov (1938a: 301)) (Sophora
mi.crog.[ycm Ait. of Cheeseman)

SUTACEADR
Ilelicope simplex A. Cunn,
DRIARIACIEAG

Coriaria arborea Lindsay (Oliver (1942: 33)) (part of C, ruscifolia
L, of Cheeseman

ICACINACIAS

Pennantia corymbosa Forst,
APINDACITAS

Alectryon excelsum Gaertn.
LASCCARPACEAD

slaeocarpus dentatus Vahl,

Aristotelds serrata W.2.B. Oliver (Zotov (1933a: 302)) (A. racemosa
ook.f. of Cheeseman]

IALVACEAS

Hoheria sexstylosa Col.

VIOLACZAS
lelicytus ramiflorus Forst.
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IXRTACZAS

Leptospermum ericoides A. ilich,
These two species are highly compound but distinct. There may

be some hybridism,

Leptospermam scoparium Forst.

(genus lietrosideros Banks, leviscd by Oliver (1928))

letrosideros _scandens (Forst,) Druce (M, florida Smith of
Theeseman)

lictrosideros diffusa (Forst.) .2.B. Oliver (}i; hypericifolia
A. Cunn, of Cheeseman

lMetrosideros robusta A. Cunn,

letrosideros forata (Porst.) fich, (}. scandens 5Sol., ex
Jaertn. of Jhecse:mni

Iyrtus bullata jol. ex A. Jumn.

QNAGRACZAS

Zpilobium nummiarifolium 2, Cunn.ex A. Cunn,
Spilobium pedunculare A. Cunn,

Fuchsia excorticata Linn.f.

IALONAGIDACLAL

Haloragis erecta Schindler
iI_n: Eor.:a.gis ricrantha R.Br.ex Sieb.& Zucc,

Gunnera strigosa Col,
ARALTIACDAR

Ilothopanax arboreum Seem,

Schefflera digitata Forst,

Pseudopanax crassifolium C. Koch
WBILLIFLRAE

Hydrocotyle novaezelandiae :C.

Hmcotxie myschata Forst.f,

cheesemn regarded these two species as closely allied but dis-
tinct, and Cockayne and Allan (1934) have mde no reference to hybri-
dization between them. However, what appeared to be intermeliate forms
were found during the field work, for wiich reason it was decided to
pool these species as "Hydrocotyle spp.”,

cantella uniflora (Col.) Hannfeldt (Cockoyme and Allan (1926a:
R)) (C. asiatica Urban of Cheeseman)

-

Oreomyrrhis andicola -ndl,
QOWNASEAD

Griselinia littoralls Raoul

3 etalae
2UICACTEAR

Gaultheria antipoda Forst.f,

ZCACRIDACLAL

Leucopogon fasciculatus A, Rich.



MYRSINACZAL

155

Rapanea salicina Mez (Oliver (195L: 111-12)) (Suttonia salicina

Hook.f. of Cliecseman)
LOGATACEAE

Geniostorn lisustrifolium Aj; Cunn,
AOCYITACEAS

Parsonsia heterophylla A, Cunn,

JNVOLVULACEAL

Dichondra repens Forst.

CLAHACEAZ

Solanum aviculare Horst.f,

Hebe salicifolia (Farst.f.) rennell (Veronica salicifolia
Forst.f. of checseman)
This species hybridizes with many other species of Hebe.

O SRTACEAR

thabdothamus solandri A. Cunn,

S YOFORACZAZ

lyoporum laetum Forst.f,
UBLACEAR

Coprosma australis (A.Rich,) ilobinson (Oliver (1935: 137))
(C._grandifolia Hook.f. of Cheesemn)

Coprosm robusta ilaoul

Soprosm rhamoides A.Cunn,

Coprosmn _parviflora Hook.f.

Coprosma foetidissim Forst.

coprosma_colensol [Jook.f.

Jhere 1s much hybridism in the genus Coprosma,

Nertera depressa Banks & 30l.ex caertn,
Jertera setulosa !Hook.f.

CAIIPANULACTAS

Jjahlenbergia marginata (Thunb.) A.J.C. var, australis Hatch

e gracilis chrad. of Cheeseman

DILS3ITAD

Larenophora 1la Cheesem,

Olearia colensoi Hook.f.

Oleariz rani Druce (Zotov (1938a: 308)) (Q. cunninghamii Hook.
f. of Cheesemmn)

Olearia virgata Hook.f.
Olearia solandri [Hook.f.

laoulia pglabra Hook.f.
oulia tenuicaulis Hook.f.

lclichrysum filicaule Hook.f,




Helichrysum glomeratum 3enth.g: iook.f,
These two species hybridize. In addition, o possible hybrid
between Raoulia glabra and Helichrysum filicaule was found in the

course of thc iicld worke

cassinia leptophylla il.3re

Craspedia uniflora Forst.f.

Sotula coronopifolia L.

Lrechtites prenanthoides DG,

Brachyglottis repanda Forst.

(i1) Introduced Species (Allan (1940)

Rleferences to taxonomic alierations, or additions to Allants
mnual, are given after the taxa to which they apply.

Jcotyledonae

(Archichlamyleae)

RANUACULACEAS

2anunculus repens L,
Ranuiculus sardous Crantz,
Ranunculus sceleratus L,
2anunculus parviflorus L,

3EAB8 TAIDACEAER
Berberis vulgaris L.
FUILAIIACEAS

Fumaria muralis L,

GRUCIFERASL

Brassica_campestris L.

Lepidium rulerale L,
Coronopus didymus (L.) Sme

Capsclla bursapastoris (L.) HMedik.

Sisymbrium officinale (L.) Scope
Sisymbrium orientale L.

Cardamine hirsuta L.

Jasturtium of ficinale .3r,

Healy (19513 23533) hes polnted mut that two species are in-
wlved, namely I, officinale (sensu stricto) and [J, microphyllum
Boenn.ex Rohb,

ARYONTYLLACSAS
sperpula arvensis L,

Polycarpon tetra hyllum L,
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Sazina procumbens L,

—

Cerastium glomeratum Thuill,
cerastium caespitosum Gilib,

stcllaria media (L.) Vill,

Silene gallica L,

tOLYGONACEAT

Jumex acetosella T.,
lumex congzlomeratus lMurray
umex obtusifolius L.

rolygonum aviculare L.,
rolygonum l'ugilrapiger L.

iolyzonum persicaria L,

PETTRYON T Y FATA T
wil LA s L _JI."LU ..:;\-_;

chenopodium album L,

ANASALITHACEHAY

Amranthus hybridus L.
Amaranthus retroflexus L,

Th>se two species are often confused,

text as "amaranthus spp.”
LINACEAL

Linumn catharticum L,

Linum marginale A.Cunnex Hook. (Jheeseman (1925: 1071); no

authority given by Allan)
LRANTIACEAR

Geranium molle L.
Geranium dissectum L,

srodiuwm cicutarium (L.) Le.t'YHer,

LYTHRACHAL

Lythrum hyssopifolia L.

Y SRICACEAR

lypericum humifusum L.

muphorbia peplus L.

YA AATRATY
D3ACEAT

B

2ubus fruticosus L. (Cheeseman

by Allan)

Acaena ovina A. Cunn,

MIMOSACHAT
Acacia decurrens ./illd.

Acacla dealbata Link,.

They =re pooled in the

(1925: 1155); no authority given
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FAPTLIQNACEAS
Ulex curopaeus L.
Lupinus arboreus L.,
Cytisus scoparius Link.

ovhisus proliferus L,

Lathyrus latifolius L.

Viela sativa L.

Vicia anzustifolia L.
Vicia hirsuta iL.i Gray
Hedicapgo lupulina L,

Trifolium dubium 3ibth,
Trifolium repens L.

Trifolium subterraneum L,
Trifolivm pratense L.

L e et it il e S
‘rifolium arvense L.

Galera officinalis L. (Cheesemn (1925: 1)73); no authority
glven by Allan

Lotus uliginosus Schkuhr,

SALICACIAS
salix fragilis L. -

ARALTACLAL

Hedera helix L.
UIDBELLIF RAS

Jonium maculatum L.

Foeniculum vulzare 411,

(etachlamydeae)

APOCYITACEALS
Vinca major L,
WUBIACEAS

Sherardia arvensis L,

Galium parisiense L.
Galium aparine L,

CAPRIFOLIACGAR

sambucus nigra L,

Leycesteric formosa ./all.

J0ITPOSITAS

Erigeron canadensis L.

Bellis perennis L.

\.n
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Gnaphad.ium purpawreun L,
This species hybridizes with 3. luteoalbum L. (& species of
Zoubtful. stitus)

Galinsoga parviflora Cav,
genus Soliva tulz & Pavon (iealy (1953a: 23))

Matricaria Jdiscoidea JC.

Achillea millefolium L.
Anthemis cotula L.

Senecio vulgaris Lo
Seneclo jaeobaea L,

Arctium mdnus Bernh,

Carduus tenuiflorus Jurt,

Cirsium lanc=olatum (L,.) 111l
sirsium arvense ZL.) Scop.

Cirsium palustre (L.) Scop.

Lapsana commmnis L.

Hypochoeris radicata L,

Loonbodun _hisoldus Le

It 1s sometinmes .ifficult to useparate the last two species in

the vegetative conditicn and there may have been som: wrong allocations
for this reason,

elminthia echioides Gaertn,

Taraxacum officinale ./eber

jonchus asper (L,) 41l
sonchus oleraceus L,

Crepis capillaris (L,) l/allr,
MTTVULACISAS

Anagallis arvensis L.
\LANTASTUACBAE

ilantago lanceolats L,

Plantago major L.
BOMAGINACEAD

Ilysotis scorpioides L.em.!li11
OLAMACEAD

olanum pseudocapsicum L.

COIVOLVULACEAS

Ipomoea batatas Poir. (Cheeseman (19253 1074))

CROCIULARTIACIAL

Veronica persica roir, (Healy (1954: 266-63); Bentham (1924 3,9))
(L. _tournefortii Gmel., and most of ¥, agrestis L., of Allan)



Veronica serpyliifolia L.
Vveronica arvensis L.

Odonivives viscosa (Le) Rchb,

Miwlus moschatus Doug.

srunells vulzaris L.

Lunium purpureunm L,

Stochys arvensis Le

llentha pulegium L.

Ibnocotvliedones
COMMELINACEAR
Tradescantia fluminensis Vell,

AMARYLLIDACEAR

Alllum triguebrun Le
JLICACEAS

Juicus tenuis Willd. (Healy (1953b: 9)) (J. macer 3.F'. Gray
(Js_tenuis authe.non /illd,.; J. involucratus T. Kirk) of Allan)
(Cheesemmn (1925: 296) regarded this species as "a very doubtful
native". Cockayne and Allan (1926a: 66) have stated that it should
be rerwved from tie indigenous flora),

SYP RASHAL

Carex glouca Murray

Carex leporina L.em.Good.
(This specles ms been treated by Cheesemn (1925: 263) 'as

"srobably introduced", and by Cockayne and Allan (1926a: 62) as
definitely introduced),

RAVMINGAR
Loilwn verenne L,

Cynosurus cristatus L,

It is someldmes difficult to distinguish betveen the above two
specles In the vegetative condition, unless a close examination is
mde, There may have been some wrong allocations for thils reason,

Bromus mollis L,
Bromus hordeaceus L.

Poa pratensis L.

Poa anuwa L,

It is sometimes difficult to Jistinguish between these two
specles in pasture. A reference o "Poa spp." in the text means
me or both of these species.

Glycerda fluitans (L.) Z.Br.

Vulpia dertonensis (All.) Volk,

(@
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Festuca rubra L. var., commutats Gaud.

The introduced varieties of F. rubra L. may hybridize with the
indigenous varieties (if any) (Cockayne and Allan (1926a: 64=65)).

Pestuca arundinacea 3chreb,

Festuca cepillata Lam.

Agropyron repans (L.) Beauv.

genus Eragrostis Host. (Willis (1948: 247): no autharity given
by Allan)

Holcus lanstus L,

Aira caryophyllea L.

Phleum pratense L.

Agrostis tenuis Sibth,

The complex of forms linking this species with other introduced
species of Agrostis appears in part to be due to hybridism (Allan
(1940: 264)). L.tenuis may also hybridize with the indigenous A, dyeri
in modified indigenous grasslands (Cockayne and Allan (1934: 11)),

Anthoxanthum odoratum L,

(Gymnospermae

PINACEAE

Pinus radieta D.Don.
Pinus muricata D.Don. (Dallimore and Jackson (1923: 424))

Cupressus lawsoniana (L.) Parl.
Cupressus macrocarpe Hartw,

(iii) Species of Doubtful Status

Clessification and nomenclature are as in Cheeseman (1925)
unless otherwise stated. Al]l species in this section were listed
by Cheeseman as indigenous, (He included Juncus articulatus with
some doubt, and indlcated that Festuca rubra and Juncus bufonius
are introduced as well as indigeaous),

Monocotyledons

GRAMINEAE

Festuca rubra L. vars.
See F. rubra var. conmtata (introduced).

JUNCACEAE

Juncus effusus L. (Allan (1940: 309); given by Cheesemen (1925:
295) as a synonym for J. polyanthemos Buchen.)

Allan has treated this species as in psrt introduced, and has
stated that it is now impossible to say how far it is indigenous.

Juncus bufonius L.

Cockayne and Allan (1926a: 65) have cleimed that their field
observstions strongly support the view that this species is introd-
uced only. Allan (1940: 308) has described the species as "usually
treated as indigenous, and poasibly so in some forms",
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Juncus articulatus L. (Healy (1953b: 10)) (J. lampocarpus Ehr.
of Allan (1940) and Cheeseman (1925)).

Cockayne and ;1llan (1926a: 66) have said of this species that
possibly there are both indigenous and introduced varities,

Dicotyledons

OXALIDACEAE

Oxalis corniculata L.

According to Allan (1940: 95,285) this species is in part
introduced, and it is now possible to determine how far it is
indigenous.

CONVOLVULACEAE

Calystegia sepium R.Bc.
Allan (1%0: 198) has suggested that this species is in part
introduced.

SOLANACEAE

Solanum nipgrum L.

Allan (1940:; 197) bas claimed that the forms found in waste
places and cultivated land are, et least in most part, introduced.
It is possible that the "indigenous" parts of the above three species
may have been introduced by the Maoris (iealy (1949: 160)).

(Recent (unpublished) cytological work by Prof. G.T.S. Baylis,
of Otago University, has indicated that Solanum nigrum (hexaploid)
is wholly introduced, and that the forms present in New Zealand
from pre-European times belong to the very similax diploid S.
nodiflorum Jaca. ).

COMPOSITAE

Gnaphalium luteoalbum L.
According to Allan (1940: 295), some of the forms of this species
are almost certainly introduced.

Cotula australis Hook.f.

Cockayne and Allan (1926a: 63) left this species in the indigenous
flora with considerable doubt, and Allen (1940: 152) has treated it
as introduced,

genus ;3onchua Tourn.

According to Cockayne and Allen (1926a;: 67-68) and Allan (1940:
176), it is probable that the only species cf Sonchus in pre-European
New Zealand was S, littoralis (T. Kirk) Cock., and that the earliest
records of other species of Sonchus actually referred to this species.
Heely (1949: 160) has suggested that "Sonchus sp." may have been
introduced by the Maoris.
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APPENDIX I. ENVIRONMENTAL ANALYSIS OF LENGTH=GOUP DISTRIBUTION
OF TRANSECTS

A. ORIGINAL TRANSECTS

Length=group
I II III v \') \'2¢ Total
Orientation
N 50 L3 61 84 65 L5 326
S 18 43 55 69 57 28 270
EW 27 43 59 n L5 28 273
- 39 b2 45 17 14 7 162
114 17 218 241 181 106 1031

chiegquare 77.2 xX&
(without non-oriented transects 6.2 (n.s.))

Soil Type
11H 13 17 15 12 14 3 ILS
13bH 14 23 23 20 13 3 96
77bH 19 37 35 by 32 2 187
118a 15 22 38 32 24 12 143
122 22 21 45 58 34 25 205
12, 2 M 54 68 57 43 287
1 5 8 4 L 1 - 22
1c 1 - 1 - 2 - b
12 1 - 2 - 2 - 5
13 - - - 2 2 - 4
770 - 2 1 1 - s 4L
M4 A7 218 24 181 106 1031

chi-gquare (of data above dotted line) 42,4 #;
without 13bH 29.8 (n.s.); without 11H 32,0 .#;
without 11H and 13bH 16.7 (n.s.)



APPENDIX IA (cont.)

Altitude
0 b Sk Iy 37 33 13 215
5 45 61 82 103 3 36 400
10 35 L5 86 93 65 50 372
15 2 11 6 8 10 7 Ly
M4 171 218 241 181 106 1031
?ﬁ:qu:ﬁrg-gé(.)of::: group 15.6 (n.s); if comparison
is between 0-1000 and 1000-2000, chi-square is
16.8 ==)
Slope
0 50 52 52 25 21 10 210
10 58 106 138 179 1% (& 680
30 6 13 28 7 4 25 14
114 171 218 241 181 106 1031
chi=square 86,7 sxx
(without 0-10" group 11.7 x)
Sheep grazing
0 80 119 143 158 138 68 706
10.1 e 52 75 83 L3 38 325
114 171 218 241 181 106 1031
chi-square 8.0 (n.s.)
Cattle grazing
0 7 114 149 178 141 78 737
2.6 31 517 69 63 40 28 294
14 171 218 241 181 106 1031

chi-sqllare 8.# (n. 8-)
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Bs RE~RUN TRANSECTS
Length=group
I II II1 Iv \'s VI Total
Orientation
N 10 12 18 29 20 16 105
S 6 17 15 26 22 13 99
EwW 9 12 29 35 19 13 117
- 15 17 14 7 6 - 59
40 58 76 97 67 L2 380
chi=-square 47.3 »x=
(without non-oriented transects 7.2 (nes.))
Soil Type
11H - 1 - 2 3 = 6
13bH 5 9 8 3 3 - 28
1T 3 1 6 17 11 5 55
118a 5 3 10 1 7 4 40
122 18 13 28 36 20 12 127
124 9 20 23 24 20 21 117
1 - 1 1 3 1 s 6
1ic - - - - 1 - 1
13 - - - 1 1 - 2
40 58 76 97 67 42 380
chi-square (of dataabove dotted line): with 11H
and 13bH pooled 32.5 %x; without 11H and 13bH
21.3 (nes.)
Altitude
0 6 13 1 13 10 5 58
5 22 21 30 L8 30 10 161
10 1 17 31 30 23 22 134
15 1 7 L 6 L 5 27
40 58 76 97 67 L2 380

chi=square (with 1000-1500 and 1500~-2000 pooled)

164 (nes.);

(with O=500 and 500-1000 also pooled) 12.1 x
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APPENDIX 1B (contd. )

Slope
0
10

30

Sheep grazing

0

10.1

Cattle grazing

0

2.6

22 2 18 12 9 1 83
17 35 50 P by 32 252
1 2 8 11 14 9 45
40 58 76 97 67 L2 380
chi=square 59,9 ==
(without 0=10" group 10.4 )
27 40 50 65 52 30 264,
13 18 26 32 15 12 116
40 58 76 97 67 L2 380
chi=square 2.8 (n.s.)
28 42 57 66 52 33 278
12 16 19 M 15 9 102
40 58 76 97 67 42 380

chi-square 2.8 (fas.)
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APPENDIX II. ENVIRONMENTAL ANALYSIS OF FREQUENCY OF SPECIES ANLU CATEGORIES. Lo ORIGINAL TRANSECTS
soil type orientation altitude slope sheep cattle Total
11H 13bH 77pH 118a 122 124 N S EW - (0] 5 10 15 0 10 30 0O 10.1 0. 2,6
Sethes medgllaris = L 3 6 10 6. 10 6 1 1 6 15 1 1 12 10 22 1 21 2 23
(2) (2) () (3) (5) (&) | (0 (6) (og () | (58) (9) (8 (1) ](5) (15) (3)| (16) 7 (16) (7
8) (0 (7 (11) (10) (1) (18) (&)
Lickeonis a- - - N1 1 5 29 11 5 - 3 26 7 - 26 10 35 1 28 8 36
(3) (3 () ) (D (10) | (1) (9) (10) (6) (8) (14§ (13) (2) | (D) (243 (5) | (25)(11) | (26) (10)
(14) (1) (1) (18) (16) (2) (30) (6)
ABseca scab;rulau 17 25 3 80 | 49 63 46 1 5 59 719 16 102 54 135 2 130 29 159
(11) (15) (29) (22)(32) (44) | (50) (uzg (42) (25) |(33) (623 %57) (7) £ 52) (105) (22) [(109)(50) | (114) (45)
(59) (49) (50) (75) (70) (8) (129) (27)
sgsd scabfrulaj- sh?de 12 8 14 7 19 12 - 2 19 16 1 - 25 13 54 4 32 6 38
(3) (W) (7) (5) (8) (1) (12§ (10§ (10) (6) | (8) (15; (14) (2; (8) (253 §5; (26)(12) | (270 (1)
1S (12) (12) (185 (16) (2 (51) (7
facsie scab. 1- Ve;‘tica19 11 19 1 20 16 - - 25 19 3 - 30 17 IR | 6 36 11 L7
(3) @) (9 (7) (9) (13) (155 (12§ (123 (7) [(0) é18§ é17§ (2§ (10) %31; (6§ (32)(15) (34) (13)
(18) (15) (15 23) (1) (3 39) (8
Rigridiup e;culrgtumjz 24 55 57 69 54 53 7 17 M VAl IN 9 103 71. 169 14 149 34‘ 183
(13) (17) (33) (25§(36) (51) §58) (48) (usg (29) |(38) (713 (66) ﬁs) (37) (121) (25§ (125)(58) | (131) (52)
also soil 1: 2(4 66) (55) (55 (81) (76) (9) (144) (30

GLL



APPENDIX II 4. (cont.)

soil type orientation altitude slope sheep cattli
11H 13bH 77bd 118a 122 124 N S EW - 0 5 10 15 0 10 30 0 10.1 o 2.6 Total
Pteridium esculentum = shade
('5'> (i) (;) (lg) 1(%)(1?) (11 14 (12 (1 2 27 9 - 1 16 21 37 1 32 6 38
12) (10 6 8
03t Gag (Ol B bl el g G0 dad feed(1a) filzo tn)
Pteridium esculentum - vertical
MO W weledm ol & Ol e ol dél|d 20
o 5 7) (1 L 6
CRCRE G (B Wy G @ ©
Histiopteris incisa
P (;) (3) (g) (11+) (lg) ?g) 219 2? 2 1) 2) 1 2 5 2 19 6 26 1 21 6 27
0
BBEY©EmE|on glee|® e
Polystichum vestitum
ST | WS LN S IR B S 27
S 10 8 .
RERURE EREEE R Y R BRA
Cyclosorus pennigerus
D@ O O (g) 1(2) ((; th D o e (7) 16 b BRI IS o 23
L 5
& & & @@ @ B e ]
Cyclosorus pennigerus - shade
PRI NP | - SIS I - Sl IR ISR P 20
& @ @ 1Y de @My g e e ©

TA%



APPENDIX II A. (cont.)

soil type

orientation

altitude

slope

sheep

cattle

{44 13bH 77bH 118a 12212 | ¥ s E¢ - | O 5 10 15 | 0 10 30 o 1041 6 26 ] T
Blechnumprocm; 1 5 1 8 13 6 12 12 - 1 13 12 L 1 25 6 27 3 28 2 30
(2) (3) (5) (W) (6) (8 (9} (8) (83 (5)] (6) (wg Eﬁgm (6)(203 (43 (21) (9) | (&) (9)
(11) (9) (9 (1) (13) (2) (2) (5
Loy pmcm.:a-ihadﬂ 3 8 5 5 5 7 - 1 12 3 1 - 9 8 15 2 15 2 17
(1) (2 (3) (2) (3) (5) &5) (h} (5) 3| &) (73 isg (1) (3)(113 (23 (12) (5) | (12) (5)
6) (5 (9 (8) (7) (1) (1) (3
Elechnin fluviatile 1 9 - 22 84 30 53 by 2 - 12 89 15 2 76 38 38 18 97 19 116
(8) (11) (21) (16) (23)(32) (37; %50) (31) (18) | (24) (45) (2) (5) | (2)(77) (16) | (79)(37) | (83) (33)
(43) (35) (36) (57) (53) (6) (ou) (20)
ST D Gl GG @ ol ®@mménd| b wlene|eE o e
2) (3) (5 (&) (6) (8)] (9 (8 (8 (5| (6) (12) (11) (4 20) (&) | (1) (9) | (1) (9
W A3 T (113 (93 (93 (15§ ﬁu»g (2) (22) (%)
Blechnum fluxiatfle :'ver;ical_ @ i - i % _ - 9‘ 36 6 - 37 10 42 9 40 11 51
(&) (5) (9) (1) (10)(an) | (16) (13) (14) (8) | (1) (20) (18) (2) | (10)(3k) (7) | (35)(16) | (36) (15)
(19) (16) (16) (25) (23) (3) (#2)  (9)
Blechnum diseoloi ) _ _ 5 & 1% 3 - o 2 17 9 19 9 28 = 2l N 28
(2) (3) (5 (&) () (8 (9; (7; (n (W] (8 (113 (103 (1) | (e)(18) (&) | (19) (9) | (20) (8)
(10) (9) (9) (1%) (13) (2) (23) (5

Ly



APPENDIX II A, (cont.)

soil type orientation altitude slope sheep cattle Total
11H 13bH 77bH 118a 122 124 8 By 5 10 15 0 10 0 10.1 2.6
Arndo X - 2 6 4 5 2 3 3 13 4 12 17 3 18 2 20
(1) (2) (&) (3) (5) (5) (3) (83 (7; (4)(15§ (1) (6) | (14) (6)
8lso soil 1: 1(=) (5) () 8) (8 (13
Carex Lucida 2 10 . - 5 12 6 L 24 23 9 2 8 32
(2) (3) (6) (&) (8) (8) (12§ (12§ (7)(21§ (22)(10) | (23) (9)
(9) (9) (9) (8) ( (23
ncus mginatus 23 14 30 15 48 21 19 67 56 42 70 28 98
(7) (9) (18) (mg (20)(27) (26§ (263 (15) |(20) (58% (55g 4) | (20)(65) (67)(31) | (70) (28)
also soil 12:2( (26) (26 (35) (32 (65)
13:2(=)
R R e s 75 5 43 &5 7 9 38 138 88 10 | 50 227 220 100 | 214 76 320
(23)(30) (58) (uk) (64)(89) {101) (84) (85; (50) | (67) (1243(116)(12+ (65)(211) (219001) [(229) (1)
also soil 1: 11((17) 106) (88) (89 (116)(108)(13 (224)
1c: 3
12:  4(2
13: 3(1)
Juncus luxurian:O ¢ . . 1o . 8 16 20 8 7 35 35 14 38 11 49
(&) (5) (9) (7) (10)(14) (153 (13) (8) |(10) (19§ (18) (10)(52; (36)(15) | (35) (14)
also soil 1: 5(1) (13) (13) (14) (13) (35

30

4L



APPENDIX II A. (cont')

2 cattle Total
: altitude o Tiope 30 oo | o e
] orientation _ 0 5 10 15
11H15hﬂ??7]1;;1{:{p8:122124 L. 1 3 15 1 11) (g) N
1 2] (11) (5) | (11
; exa Hold & obh!lbHdah &
fuchlenbecks complete N0, Gl @ wm oo CRCRIN IO IRE
(1) (1) (3 (2 (6% (5) (5) o 5 |7 8 45
R I NN (2) (3)(%; 1(2; (31 (%) [ (32) (13)
Muehlenbeckia 00::2183:8 8 2 };)(fg) 13 12; (12) @ ) ((218/) 89§ (2) (35 (7
() @) @ (@ e g (i SR DU
e ot v e (3)(1?§ @ [dd & |62 )
 smoides 71 - 6) (1
im0 S| @ w @ G| @ @ o | Yl G
(1) (2 (3) (2) (6) (5) (5) P P 192
o0 e o | 22 () f132)(60) f137) (53
ena &HD; 15 40 83 | &4 50 61 (30) | (40) (7h§ (69) (93 (mg (29
Acaena spp 20 15 18 (38)(53) | (61) (50§ (513 (79) () (9
(1u)(18)1(135)1((27§ %66) (84) (55 o 2 a7 IR
s ool ® gy an @ | ®E & |@an |@ ad)
£ [ 2
Melloyws remiflonie ¥ . & Ganlad (:?g (1) © | @ (e § 0a) 3 Gy
(3) (&) (7) (6) (8) (15) (12) (13) % 3 F17 2 19
0| @ ma ] e ¢ an @ |an
G slee N, S @ o & & ® CRORIE It e
(1) (2) (3) (3) (s) (5 (7§ (65 (6)

641



APCENDIX II 4. (cont.)

soil type orientation altitude slope sheep cattle Total
11H 13bH 77bH 118a 122 124 N S By - 0 5 10 15 0O 10 30 0o 10.13 o 2.6

Leptospermum scoparium M

5 83 5 79 14 79 1 93
(19)(e61) (13) | (es)(29) [(66) (27)

27 5 28 IN 43 49 1
2, )
) (73) (15)

8 45 L 32 2 1 -
(7) (9) (17) (13) (19)(26) é ; (2) (253 (15) |(19) (36) (34) (&
also soil 1c: 1(=) 33) (28) (28 (2n) (23) (3

Leptospermum Fr:.um N

b 7 5 59 55 5 10 I§] 98 7 16 143 19 146 32 135 43 178

(13)(17) (32) (25; (35)(49) gsesg é”ﬁ (w; (28) |(37) %69% (64) (5§ (36X117) (%; (122 (56) {127) (51)
also soil 1: 1(4 (»8) (6 (134) (28

Leptospermam scoparium N - shade

- 14 2 2 1 - 5 8 6 - 13 6 - - - 18 1 18 1 17 2 19
(1) (2) (3 (3) (&) (B (6) (5) (5) (| (W) (7) (7) (1) (4)(13) (33 (13) (6) {14) (5)
(7 (6) (6) (3) (3) - (16) (3
Aertromidenes diffusa— 2 - 4L 17 8 7 8 - - 4 11 8 2 16 5 22 1 13 10 23
(2)(2 (&) (3) (5 (6 (7; (6) “’§ W)l ) (9§ (8) (1) | (5)(15) (5§ (16) (7) | (16) (7
(9) (0 (7 (11) (10) (1) 17) (»
Metrosideros di.t‘f;usa: lo% ) - e . ) _ - - 19 7 2 2 3 25 1 19 7 26
(2 (20 (5 (W (5 (D (8§ (7; (7§ (W] (3 (10§ (9) (13 (5)(17) (&) | (18) (8) |(19) (7)
(10) (8) (8 (13) (12) (1 (20) (&)
Fuchsia excorticitai[ 1 _ 2 “ . y _ - 3 15 _ - 10 6 15 1 10 6 16
(1) (1) (3) (2) (3) (&) (5; (&) (&) )] (3) (63 &63 (1) | (30U1) ()| (1) (5) [ (1) (5)
6) (5 (5) (8) (7) (1) (13)  (3)

o8sL



APPENDIX II A. (cont.)

soil type orientation altitude slope sheep cattle Total
11H 13bH 77bH 118a 122124 | N 3 EW - 0 5 10 15 0 10 30 0 10.1 0 2.6
Hydrocotyle spp. '
19 20 20 3 - 7 4 1 5 46 11 4y 18 L6 16 62
(u) (6) (11) \9) (12)(17) (20; (16) (165 (10) [(13) (2%) (22) (5; (13)(u1g (8) | (42)(20) | (44) (18)
also soil 1: (22) (18) (19 (30) (28) (3 (47 (103
77b: 1(-
Centella uniflora
7 & 5 5 10 9 1 8 1 IR 9 22 9 = L 28 8 27 13 28 12 40
(3) (&) (7) (6) (8)(11) (wg (10) (113 (6) | (8) éwg (mg (23 (8)526; (sg (27)(13) | (29) (11)
(13) (11) (11 15) (14) (2 30 (6
Oreomyrrhis andicola
= = Tooo= 312 5 5 5 = f = - 43 2 f = 4k 4 | 1 | 15 2 15
(1) (1) (3 (2 (3) (W] (5) &) &) (2) ] 3 (©6) (5) (1) (3)(103 (2§ (10) (5) | (1) (u)
(6) (5) (5) (7) (7) (1) (12) (3
Leucopogon fasciculatus N
- 10 7 1 - 9 1 3 1 1 13 - - 1 19 N 2 - 21 3 2
(2) (2) (u) (3) (5) (| (8) (6) (6) (&) (5 (9) (9) (1) | (5)(1e) (3) L (16) (8) | (1) (7)
(9 (0 (1 (6) (6) (1) (19) (&)
Geniostoma ligustrifolium N
- 1 3 2 6 6 3 6 9 - 1 12 5 = - 7 11 16 2 13 5 18
(1) (2 (3 (3 () (5| (6) (5) (5) (3) [ (u) (7; (6) (1) (h)(12§ (2§ (12) (6) | (13) (5)
(7) (6 (6) (8) (8) (1) (15) (3
Dichondra repens
1= = = 6 8 30 5 1.1 2 5. 9 - 113 2 12 4 1M1 5 16
(1) (1) (3) (2g (3) () (5; (&) @) (3) | (3) (6; (6) (1) | (3)(11) (2 | (1) (5) | (11) (5)
21s0 soil 1: 1(- (6) (5) (5) (7) (6) (1) (12)  (3)

L3



APPENUIX II 4. (cont.)

soil type orientation altitude slope sheep cattle Total
11H 13bH 77bH 118a 122 124 N S BW - ] 5 10 15 o0 10 30 0 10.1 0] 2.6
Coprosma rhamnoides N
135 L 2 13 3 2 3 17 8 N 46 6 - 9 56 18 80 3 69 14 83
(6) (8) (15) (12) (17)(23) |(26) (22§ (22§ (13) [(17)  (32) gso) (&) (17)(553 (11) | (57)(26) |(59) (24)
2150 soil 13: 1(-) (28) (23) (2 (255 () (3) | (1) (13)
Comprosma rhammoides N - shade
1 15 - 2 - = 5 13 - - 14 IN - - - 18 - 18 = 18 - 18
(1) (2 (3) (3 ) (5] (6) (5) (5) 3)] W) (7) (6; (1) (,4)(12§ (2) [(12) (6) | (13) (5)
(7) (6) (6) (2) (2) (=) (15)  (3)
Nertera depressa
2 2 7 5 6 7 7 % 8 -1 1 15 13 - | =22 7 |2 5 | 2 5 29
(2) (3) (3 (& (6) (8)] (9) (8) (8§ (5) ] (6) (113 (10) (1) | (6)(19) (&) | (20) (9) | (1) (8)
(1) (9 (9 (14) (13) (2) ()  (5)
Nertera depressa - vertical
- = 5 1 4 9 7 9 3 - - 7 12 - - 12 7 12 7 17 2 19
(1) (2 (3 (5 &) (B)] () 25) (5) (3)} ) (7§ (73 (1) | @W(13)  (3) | (13) (6) | (14) (5)
(7) (6) (e) (9) (9) (1) (16)  (3)
Nertera setulosa
1 11 21 17 52 118 80 77 65 9 20 67 128 16 2 17 33 14,8 83 166 65 231
(17)(21) (42) (32) (u6)(es) | (73) (61) (61) (36) | (48) (90) (Bsg(wg (4% 152) (32) [(458)(73) |(165) (66)
also soil 1: 1(5) (83) (69) (70) (103) (96)(11 (171) (36)
Nertera setulosea - vertical
2 - 5 3 7 7 7 7 10 - 1 11 11 1 - 19 5 18 6 18 6 2
(2) (2 (&) (3) (3 (D (8§ (6) (6g &) | 6 (93 (9g (1) (5)(163 (3) | (16) (8) | (17) (7)
_ (9 (0 (7 (11) (10) (1) (20) (»)

(4515



APPENLUIX 11 A. (Cont.)

soil type orientation altitude sheep cattle
11H 13bH 77bH 1182122124 | N s ® =] 0 5 10 15 0 10.4] o 2.6 Total
Olearia virgata N
- « 1 = 4 10| 2 6 7 =11 2 10 2 15 2 1 1 1 15
(1) (1) (3) (2) (3) (») §5§ (ag (&) (2) | (3) ﬁ 253 (13 (10) (5) | (11) ()
6) (5) (5) 7) (6) (1
Qlearia solesndri N
1 4 1 = 8 4l 5 6 7 =1 2 11 4 1 16 2 | 15 3 18
(1) (2) (3) (3 (&) (5)] (6) (5) (53 (3) | (&) (7g (6) (1) (12) (6) | (13) (5)
(7 (6) (6 8) (7) (1)
Helichrysum filicaule
- = 2 - 16 56 26 30 15 3 - 9 42 23 49 25 56 18 74
(5) (7) (13) (10) (15)(21) |(23) (19§ (20§ (12 [(15) é”; (27§ (53 (51)(23) | (53) (1)
(27) (22) (22 36) (34) (&
Brachyglottis repanda M
- = 1 1 919112 9 9 | - 12 16 2 26 L 28 2 30
(2) (3) (5 (4) (6) (8) (9§ (8) (8) (5)] (6) (12g (11) (1§ (21) (9) | (21) (9)
(11) (9) (9) (15) (14) (2
Brachyelottis revande N
- = 1 2 7 1¢ 9 11 9 =1 1 13 12 3 26 3 26 3 29
(2) (3) (5) ) (6) (8)] (9) (8) (8) (5)| (6) (11) (10) (1; (20) (9)| (21) (8)
(1) (9) (9 14) (13) (2
Ulex europseus N
19 14 = 2 12 2} 16 13 17 5 39 18 2 - 41 10 43 8 51
(&) (5) (9) (7) (10)(14) | (16) (13) (14) (8) ] (11) §2°§ (18§ (2; (35)(16) | (36) (15)
2lso soil 1: 1(1 (17) (14) (15) 10) ( 9) (1

1c: 1(=

¢eL



APPENDIX II A, (cont.)

soil type orientation altitude cattle Total
11H 13bH 77bH 1182 122 124 | N S EW - 5 10 15 0 2.6
Cytisus scoparius N
- 2 - 8 7 11 1 5 1 1 1M1 - - 13 18
(1) (2) (3) (3) ) (5| (6) (5) (5) (3) | W) (7) (6) 21) (13) (5)
(6) (5) (9 ) (5) (5) (1)
Pasture
74 95 183 142 204 283 | 323 266 270 160 395 369 L4 725 294 1019
(L)(95)(18h)(1!+a)£20})12_‘§_2) (322)(267)(270)(160) {213) (595)(3683(##) (208)(673 (698(321) |(729)(290)
L g B Tib](322)(267)(270) (395) (368) (44)
(21) (u) (5) (u) (4)
rasture = shade
3. 71 5 77 538 90 {127 131 111 2y (111 172 95 15 305 90 393
28 1 ¢30109) [(124) §o3)(104) (62) (82) (152)(142)(17) o) | (26902s) |(281)(112)
also s0il ic__ 12 13 (138)(115)(116) (138)(129)(15) (298) (62
5 1 2 1
® (@ (2 (2
Pasture-swampy
18 11 29 23 17 1 13 4 9 55 15 70
(5) (7) (13) (10) (m(19) (22) (183 (19) (1) [ (15) }?Ji (25; g (5c) (20)
also soil 12: 1(=) (26) (21) (22 32) (30) (&
Dense phanerophytes
L, 10 2 4 5 #0| 10 9 15 1 9 2 32 3 35
(3) (5) (&) (5) (M(o) (11) (9) (9; ()| (7) kﬂ») (13g(2; (25) (10)
(13) (11) (11 12) (11) (1

3L



APPENDIX II A. (cont.)

soil type orientation altitude slope sheep cattle Total
4111 13bH 77bH 1182 122 124 N S EW - 0 5 10 15 0 10 30 O 10.1 0 2.6 °
Bare - track
12 21 36 30 28 70 3 INR L6 68 66 6 11 135 LO 138 48 17 35 186
(13)(17) (3) (26) (57)(:2) (59) (49) (49) (29) (39) (72) (67) (8) | (38Y123) (25) | (127)(59) [(133) (53)
also soil 1: L4(4) (66) (55) (56) (69) (64) (8) (145) (30)
Bare - stock trampling
7 1 13 27 3 © L9 L 48 10 12 6l 66 9 12 105 Sk 113 38 115 36 151
(11)(14) (27) (21) (30)(42) (wg (40) (uog (24) 1(32) (59) (55) (63 (31X100) (21) |(103)(48) [108) (43)
also soil 1: 1(3) (53) (k) (44 (68) (63) (8 (115) ()
770: 3(1)
Bare - slip
5 L 12 14 3” 8 23 10 13 - 12 2% 2 - 32 14 36 10 1 5 L6
(3) (&) (8) (6) 20(13)| (15) (12) (12) (7) | (10) (18) (17) (2) (9)(30)  (6) | (32)(14) | (33) (13)
(17) (14) (15) (17) (16) (2) (38) (8)
Bare = Log
12 22 65 60 381 148 135 1219 106 28 32 140 191 27 36 303 51 270 120 269 121 390
(28)(36) (71) (54) (73(108) (123)2102%(105; (61) | (82) émg(mgéwg (80)(2573 éssg (269(123) J(279)(11%)
21s0 s0il 11 1E2 (136)(113) (114 175)(163)(19 (293) (61
__B_aﬂe-shade
- 12 3 1 IN L 8 8 7 2 14 7 L = 2 18 5 2l 1 22 3 25
(2) (2) (5) (3) (5B) (M| B) (7) 7) )] (5) (10) (9) (1) BGI7) )| (17) (8)}] (18) (7)
also seil 1: 1(1) (9) (7)) (7) (5) (5) (1) (19) (&)
Bare - greywacke
301 8 38 59| 45 3 33 6 L 38 63 13 7 69 42 95 23 89 29 118
(8)(11) (&) (16) (23)(33) 237; émg -’513 (19) | (25) 211_»63 Eusg 253 (2&)278% 216§ (81)(37) | (84) (3u)
also soil 1: 2(2) 42) (35 235 56) (52) (6 92 19

g8l



APPENDIX II. B. RE=RUN TRANSECTS

soil type orientation altitude slope sheep cattle
11H 13bH 77bH 118a 122 124 N S Ed - 0 5 10 15 0 10 30 0 10.1 0 2,6 Total
Trifolium dubium
5 = 2 3 41 6| 3 4 7 3| 4 6 2 5 313 1 | 10 7 |14 3 17
= (1) (2 (2 (6) (5| (5) (&) (5 (31 (3 (D () ()] W) 2) | (12) (5) [(12) (5)
also soil 1: 2(=) (5) (&) (5 (12 2)
Trifolium repens
2 1 5 3 8 9 12 7 8 5 9 9 10 4 6 23 3 18 14 22 10 32
(1) (2 () (3) (110 | (9 (8) (100 (5 | (5) (14) (1) (| (D(2) (4§ (22)(10) [(23) (9
also soil 1: 2(4 (9) (8) (10 (22) (4
1c: 1(-)
13: 1(=)
Cirsium lanceolatum
1 = 18 11 9 7 12 12 14 1 7 33 6 3 12 30 7 26 23 35 14 49
(1) (&) (1) (5) (16)(15) [ (1) (13) (15) (8) | (D (21) (17) (3) | (11)(32) (6) | (3)(15; |(36) (13)
also soil 1: 1(1 12) (12) (14 (31 (6)
1c: 1(-
13: 1(-
Cirsium arvense
- - 2 6 3 419 7 8 13 4 3 7 18 & L 17 1 18 14 27 5) 32
(1) (2) (&) (3) (11)(10) | (9) (8) (10) (5) | (5) () (11) (2| (N(21) (ug (22)(10) | (23) (9)
also soil 1: 1(1 (9) (9) (10) () (&
13: 1(-
Cirsium palustre
= - 5 7 9 16 L 14 18 2 - 17 16 5 4 26 8 22 16 33 5 38
(1) (3) (58) (4) (13)(12) (10g gwg §12g (6) | (6) (16) (13) (3) (8)(25§ (h; (26)(12) | (28) (10)
also soil 13: 1(-) (12) (11) (13 (29) (5

oeL



APPENDIX II B. (cont.)

soil type orientation altitude slope sheep cattle
11H 13bH 77bH 118a 122 124 N S EW - 0] 5 10 15 0 10 30 0 10.1 0 2.6 Total
Hypochoeris radicata
: 1 2 3 5 33 36 28 2, 2 5 8 15 50 5 10 53 15 55 23 62 16 78
(1) (6) (11) (8) (26)(2u) ﬁzzg §2og %24) (12) | (12) (33) (28) (6) | (17)(52) (93 (58)(2%) | (57) (21)
2,) (22) (27) (58) (10
Holcus lanatus
- 6 2 - 9 6 |14 3 3 301 9 4 9 1 | 51 4 | 19 4 | 18 5 23
(=) (2) (3) (2 (8) (D &6) (6& %7; ()| (&) (10) (8) (2) (5)(15) (5; (16) (7) | (17) (e)
7 (6) (7 (15) (3
Agrostis tenuis
- 13 5. 2 29 32 28 25 23 5 15 20 40 6 7 61 13 68 15 65 16 81
(1) (6) (1) (9) (27)(25) |(22) (1) (293 (13) ] (12)  (34) (29) (o) (18)é54) (10; (56)(25) | (99) (22)
(25) (23) (28 63) (11
)4
1 4 1 = 2, 25 |18 17 19 1 6 14 30 5 L 39 12 414 39 16 55
(1) (&) (8) (6) (18)(17) (153 (14) (17; (9)| (8) (23) (19) (4) (12)(563 (6§ (38)(17) | (40) (15)
(48) (17) (20 (&3 (8
Pagture = shelf
20 @ @ @|e e &le ol min aadnd]| iy e Y
- (1
v %63 (5) %6) (14) (33
Pasture - track
Da—— 3 4 22 18 55 54 |4 50 65 - | 15 68 64 9 -116 40 | 128 28 | 123 33 156
(2)(12) (22) (16) (52)(u8) ?’33 (mg(wg ()] () (66) (55)(11) | (3uX103) (183 (108)(48) | (114) (u2)
51) (48) (57 (132) (24) |

3L
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APPENDIX III. FREQUENCY OF MINOR SPECIES AND CATEGORIES

A ORIGINAL TRANSECTS

N

Cladonia sp.

Porella sp, = greywacke

Marchantia 8Pe

Sphapgnum 8p.

C&m lop-lB intmflexus 00 0000000000 0OCFOCNONOGNOEOEOEONEONONONONOSNONOEPS
ﬁfdium furfurosum = shade

Rhynchostegium tenuifolium - shade

Hco;»gdium volubile

(]

= shade
C_‘fathﬁ mdullariSN 0000°%00000000000000000000000
03 ] - log
" W - shade
) L) - vertical

Cyathea medullaris - vertical
Dicksonia sguarrosa ' 000006000000000060000000000000 L
Dicksonia squarrosa N - shade
- swampy
= vertical
Dicksonia squarrosa - vertical
HYPOI_.PiI ru.gulosa DOP006000000000000000000000000aa L
(] (]

- log
" . - shade
) ) - vertical

Paesia scaberula -~ log
Pteridium esculentum - log 0000000000000 000000000 00
Hintigptaris igciaa - 1log
- shade

Adiantum affine - shade

" = vertical
Pouﬂtichum Veﬁtitum = 8hAde ceceeccccccccccccccces

- vertical

Polystichum richardi
" "

- shade
" < - vertical
Cyclosorus pennigerus = SWAMDY ecccccccccccccccccss
= vertical

Blechnum filiforme MC
Blechmum pennamarina 1
Blechnum procerum = swampy
L) -vu‘tioal 00 0086000000000 00000000
Blechnum fluviatile - log
= swampy
Blechg_xrum disco}_gx_' - shade
. " - swampy
vertical 0000000000000 0000000 00
Asplenium lucidum - vertical
Asplcmium Thulbif erum

-
NAW2A2FT W aaaaanadfuN2 N2 002 W Frum=2~NN=202LWU2U=22FaapfF2=2a=2a2Uu=2FON0=2N0=2

" - shade
" " = vertical
}Licrosorium diversifolium ccecececccorcccccccccccne
W " - shade

Podocarpus dacrydioides M

Podocarpus totara M

Freycinetia banksii

Microlaensa BVENRCEA .e.cccccecvccococccsccccsscosccs
Danthonia spp.
o

- vertical
Arundo kakaho = shade

Poa anceps
Poa caespitoaa ©00000000000000000000000000000000000




APPENDIX III A. (cont.)

Mariscus ustulatus

'_E_'Teooharis acuta

Eleocharis cunninghamii
T 0

- swampy
" . = vertical ecevcccecccccecce
Soi.rins prolifer
" - shade
" " = swampy

Scirpus nodosus
Schoerms mllaris"shﬁde 00 00000 00000CONOGIPOSNOSOIPOINOSOEPOINONEOIOIOPS
Schoemus apogon
" v - shade
Schoenus apogon var. laxiflorus
Vincentia sinclairii
Gahnia SPe ccecescessccosscocsccocscscssssssscccssos
Uncinia unciniata

Carex secta
n

- swampy
Carex geminata
Carex lucida - 8hAde ececccccccccoccsccccccccccccsce
Carex dissita
L] - shade
" L - vertical

Carex solandri
mwpalo’t 113 'apidﬂ-u 0000000000000 000000O0O0O0COCORFOCEOCEOIOTO
Juncus pallidus

W W - swampy
Juncus pauciflorus
‘Juncus vaginatus - shade
Juncus mlxanthems-mdc 000000000000 00000000000

" " - swampy
Juncus luxurians - swampy
Juncus planifolius

" " - swampy
Rhipogonum 808Ndens MC ...ceceeccccccscccccscscccccss
Rhipogonum scandens N
Rhipogonum scandens
Cordyline australis M
Astelia nervosa

o L = 8hade cceoos0cosccscccscccsscccss

Libertia ixioides
Macropiper excelsum M
Macropiper excelsum N

n N - vertical

NOthOfa SOIandri M 00000000000 00COCOOOCEONOIEONOOIEONPOEPOPEPOEONOIETPOCOPO
No thofggg solandri N
" w - shade

Paratrophis microphylla M

Urtica ferox N

Urtica f°mx 000 00000000 OO0 000000 CTOEOOONOOEOEONONOONONEEOIONONOIDS

Knightia excelsa M

Muehlenbeckia australis MC

Muehlenbeckia australis - shade

Muehlenbeckia complexa MC

Muehlmec‘(ia wmplexa NC - log ec00000000000000000
" = - shade

= swamgy

vertical

" "
(] L

Muehlenbeckia complexa N
n L]

-log 0 000 O0OOEOOEOEOEONOEOIEPOEPOETPOO
Muehlenbeckia complexa - greywacke

n " - log

W . = ghade

" " - vertical
Clemmtis panioulataNC 0000000000000 00000000000000
Ranunculus hirtus - vertical

Pseudowintera axillaris M

-

-

- =h
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APPENDIX III A. (cont.)

Paeudowintera axillaris N

Pseudowintera colorata M

Psﬂldowmtem 001_0_mtaN 0000000000000 0000c00000000
W 0 - log
" - shade

Pseudowintera colorata

Hedycarya arborea M

Bailsomedia tawld M ccccccocvcccccccccscscscncocnce

Carpodetus serratus M

Cmodetus serratus N
”

1 - swampy

Carpodetus serratus

Weinmannia racemo88 M cceccceccccccscccsccccccccccne

Weingannia racemosa N
) Ll -~ swampy
. L) - vertical

Weinmannia racemosa
"o "

-log ©00000c0000000000c0000e

Rubus cissoides MC

Rubus cissgides NC - log
L]

- ghade

Rubgs cissoides N
]

-ﬂmde 0000000000000 00000000000

Rubus cissoides

Acaena spp. = log
= shade
" = vertical
MeliOOpe 3iIﬂPIQXN ©0000000000000000000000000000000

Coriaria arborea M

Pemantia corymbosa M

Pennantia corymbosa N

Alectryon excelsum M

Aleotmﬂ exCelsum N .ecocccoscococsacccsoscsccssonee

Elaeocarpus dentatus M

Aristotelia serrsta M

Aristotelia serrata N

Aristotelia serrata

Hoh‘ria smtylo.a M 000000000 0000000000000 00000000

Hoheria sexstylosa N
L "

- vertical

Leptospermum
]

Leptospermum

scoparium N - swampy
u - vertical

scoparium

Leptospermum

ericoides M

Leptosperrum
”"

Metrosideros

ericgides N
L = shade
scandens MC

Metrosideros

scaﬂ_g_ens Nc 00 0000000000000 00000OCOCFCOOCTS

Metrosideros

" - log
scandens N

Metros}iieros
[]

scandens - log

Metrosideros

" -~ shade
diffusa MC ..ccoccvococcocccccccccocos

Metrosideros diffusa NC

) o - shade
Metrosideros diffusa N

(] ] - log

" L -Bhﬂde 00 00 000OOCOSIEPOSIEOEOEPOLEOSEONTOIO
Metrosideros diffusa - shade

W

Metrosideros

. - vertical
robusta M

Metrosideros perforata MC

Metrosideros

PerforataNC" ].Og 000000000 c000000000

Metrosideros

perforata N

1

St VFanpFatarFaargEsFanoonrtaaacaunFaaovoodNaFgy>

W FaFouapOa2ppFaprnaDu=san
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APPENDIX III A, (cont.)

Metrosideros perforata
" " - log
" % - vertical
tus bullata M ecececccccvcccscscccsccccocscsscscce
Myrtus bullata N
Puchsia excorticata N
L W

- shade

Haloragis erecta N

H&lom&iﬂ m’cx‘;‘ntm ® 000000 00000COCPOOOINONOEONONONONONOINONONONONONOPO
" b = vertical

Gunnera strigo&

(] ] = log

L) L) - shade

. . - mmy 000 0000000000000 0C00CCROCEOOFODS
= L - vertical

Nothopanax arboreum M

Nothopanax arboreum N

Schefflera digitata M

Pseil_dom cm‘s%rOIiMN 00 0000000000000 000C0O0CFOCOCFOTS
”"

- shade
Hydrocotyle spp. = greywacke
" - log
" = shade
. = SWAMDY oecccceccccccccccsscccccccs
" - vertical

Centella uniflora - shade
Griselinia littoralis N
Gaultheria antipoda N
GaUIthQria mti@dﬂ 00 0000 000000000000 O0CFCFOONOSEOSIONONONONOSNOOS
Leucopogon fasoiculatus M
Leucopogon fascioculatus N - log
W W - shade

Leucopogon fasoiculatus
Rawa ulicim M 00000000000 0000000C0O0CCOCEOCEOEOEONEOINOCIEOEOINONTOCIO
Geniostoma ligustrifolium M
Geniostoma ligustrifolium N = shade
L L - vertical

Geniostoma ligustrifolium

Parsonsia hetero 1la BC 000000000000 0000000000000
Parsonsia heterophylla N
Parsonsia heterophylla

Solanum aviculare N
Hebe salicifolia M
H.be SaliCifOIj.a N 0©0000000000000000000000000000000
Hebe salicifolia - vertical
Rhabdothamnus solandri
Myoporum laetum M
Coprosma australis M
Co_msm austIG.JiSN 00000000000 000OCOCFOGNOGNOGIOEONOGOIONONOIONEOIOS
Coprosma robusta M
Coprosma robusta N
Coprosma rhamnoides M
Coprosma rhamnoides N - greywacke

" L) -log ©c000000000000000000000

" W - verticsl
Coprosma rhamnoides - vertical
Coprosma perviflora
Coprosma foetidissima N
Coprosm wlenwi u 0 000000000000 OPOCEOONONOONONONOIEONOIEONONONOODO
Nertera depressa - greywacke

” "

= log
" " - shade
" " - awampy

Nertera setulosa - log

m\N\N'F'-“'“A-‘—5NN-—‘-‘-‘\NNU\N"-‘\N"N—“-“PN-‘\J\“-‘\NO\-'\ON‘“"F‘F"NN@-D-'-‘G)\”"U‘\"N—“O-“P“-“‘—“N-"‘-'
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APPENDIX III A. (cont.)

Nertera setulosa - shade
W L) - swampy

Wahlenbergia mrginat! var. australis
Olearia rani M

018&1’1& rarli N 000 000000000000 0C0CONCEONOONOINOEOEONEEOCIEPONOINONOIEEOPOOEOS
Ulearia virgata M

Olearia virggta N = swampy

- vertical

Olearia %ggta
Olearia solandri N = vertical cccccceccccccccccccee

Olearia solandri
W (]

Raoulia glabra
" = vertical

Raoulia tenuicaulis cccececcosccvcsccoscecccccccccce
Helichrysum filicaule =~ log
" " - shade
" " - vertical
X Helichrysum filicaule-Raoulia glabra?
_I‘LG_!J.G_JEIZIM Elommtumn e0c000ce000000000000000000e
[] []

- vertical

- vertical

Cassinia leptophylla N

Erechtites prenanthoides
L " = ghade

Brachyglottis repanda N = 3hade sccecccecsccccccces

Berberis wvulgaris N
Kubus fruticosus N
- L - shade
Ulex europaeus M
Ulex eumpmN-smde 00 000000000000 OCOOGEONOGNOONOGONONOINOPS
Cytisus scoparius M
Salix fragilis M
Cerex leporina
Pinus radiata M
Pinus mriwta M 00 0 0000000000 0C00COCOCNONONOONONONONONOONEONEONONONONONODS
Cupressus lawsoniana N
Cupressus mecrocarps M

W e wE S e E SR G R W es W ee R M S WS e W S S wm mm mm wm e

Juncus effgsus 10
(L]

L] - swampy

Phanerophyte b:ses
Bare = turrow entrance
- vertical

= gully

Slump 000 00000000000 0000000000000 0000000O00O0
wind erosion

greywacke gravel

mudstone

sand

sam'tone 000000 000000000000 00NOCONOCIOIOIONOGIONIOGOINOGOLGIOL
silt

T = 3 3 3
L D O I I

P

U=2W=al2ag=2aaUgyi=a2apnp=2=aauynfw==0

=2 gunNE S

2 NDNOWWNOWwW=0WnF
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B. RE-RUN TRANSECTS

Nasturtium officinale
Geranium molle
Trif_glium dubium - swampy

= - track
Trifglium rcal_ﬂ-smpy 0000000000000 000000000000
" - track

Lotus uliginosus

Achillea millefolium

Carduus tenuiflorus

wcheori’ mdicata- t!‘aok 0000 00c00000000000000O0
Leontodon hispidus

Digitalis purpurea 1
L - vertical

Mentha pulegium
Ca-rex %Eum 000000000000 0000000000000 0000000000000

Carex leporina
lolium perenne
Dactylis glomerata
Ly U - shede

-trQCk 00 000002000000 00000000
Poa spp.
Festuca rubra var. commtata 1
Festuca arundinacee
Holcus lenatus - swampy

" -track 00 000000000 00000 000000000 ONT
Agrostis tenuis - shade

" % = vertical
Anthoxanthum édoratum

L w

NE 22 F U2 pg=rtawW_rO0O0=2FFuuwun—=a2nn=2

= track
Juncus bufonius = swampy 1
Juncus articulatvs - swampy 4
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APPENDIX IV. MEAN ABUNDANCE OF SPECIES AND CATEGORIES, BY

LENGTH=GrCUPS. A.

ORIGINAL TRANSECTS

(Total
Tohel hos o6 ansscth Gh)  GR) (a8 () (i8) iy § e
Cyathea medullaris - 13.2 (2) 6.6 (2) 17.7 (8) 6.6 (5) 1.5 (6) 23
Dicksonia squarrosa N - 5.6 (4) 2.5 (&) 2.6(15) 2,0 (6) 0.7 (7) 36
Paesia scaberula 5.0 (2) 20.3 (9) 17.1(23)  7.8(49)  L4eB(42} 343(34) 159
Paesia scaberula - shade - 5.0 (4) 3.1 (3) L.1(12) 0.7(11) 0.6 (8) 38
Paesia scaberula - vertical - - 4.0 (3) 3.1(13) 1.4(12) 0.9(17) L7
Pteridium esculentum 11.5 (7) 17.2(15) 17.5(33)  9.7(61)  5.9(37) 5.0(30) 183
Pteridium esculentum - shade be3 (1) 3.6 (1) 2.2(7)  7.5(13) 1.8 (9) 0.4 (7) 38
Pteridium esculentun - vertical - - - 1.5 (6) 1.1 (6) 0.4 (8) 20
Histiopteris incisa 36.4 (1) 2.1 (1) L4e8 (5) 3.4 (3) 1.0 (7) 0.8(10) 27
Polystichum vestitum - 12,6 (2) L4e3 (2) 1.6 (6) 0.9 (9) 0.6 (8) 27
Cyclosorus pennigerus - 2.2 (1) 4.2 (&) 1.2 (7) 0.6 (7) 0.3 (&) 23
Cyclosorus pennigerus - shade - - 2.1 (2) 8.4 (9) 4.0 (5) 1.9 (&) 20
Blechnum procerum 6.4 (2) 2.5 (2) 32.4 (3) 1.1 (5) 1.0(11) 0.6 (7) 30
Bleshnum procerum - shade 100.0 (1) 2.8 (1) 1.5 (2) 2.6 (5) 0.l (&) 0.4 (&) 17

6!



APPENDIX IV A, (cont.)

Length=group I II III Iv v VI f(‘f':;ai
Total no. of transects (114) (a7 (218) (241) (181) (106) (1031

Blechnum fluviatile 5.0 (3) 33 (4) 4.1(12)  2.5(30)  1.9(35) 1.0(32) 116
Blecknun fluviatile - shade - - 4.8 (&) 1.1 (6) 0.6(11) 0.4 (9) 30
Blechnum fluviatile - vertical - 4.0 (2) 3.2 (7) 1.8 (1) 1.3 (15) 0.5 (13) 51

Blechmm discolor 506 (1) 2.8 (2) 9.3 (&) 2.1 (6) 3.0 (9) 1.6 (6) 28
Arundo_kakaho - 11.9 (5) 1.3 (2) 15.7 (4) 4.7 (7) 2.3 (2) 20
Carex lucida - 2.2 (1) 2.9 (5) 1.0 (8) 0.7(11) 0.3 (7) 32
Juncus vaginatus be3 (2) 3.1 (9) 1.7(11)  1.5(22)  0.6(32) 0.6(22) 98
Juncus polvanthemos 9.6(12) 5¢5(25)  3.7(42) 2.0(75) 1.6(98) 0.9(68) 320
Juncus luxirians - he2 (2)  2.4(10)  1.8(14)  0.5(19) 0.7 (&) 49
Muehlenbeckia complexa NC - - 6.6 (5) 1.0 (3) 1.1 (&) 0.5 (6) 16
Mawhl enbeckia_comolexa - 2.4 (1) 2.0(3) 1.3(9) 1.0(18) 0.4(14) b5
{ubks cissoides NC - - 3.1 (20 50(7) 3.2 (3) 0.7 (5) 17
Acaena spp. 8.6 (6) %.1(13) 2.3(30)  1.4(37)  0.8(66) 0.5(40) 192
Melicytus ramiflorus M 100.0 (1) 24.1 (1) 7.1 (8) 506(13) 3.8 (8) 1.4(10) 44

Melicytus remiflorus N - - 2.2 (2) 1.0 (5) 0.6 (6) 0.4 (6) 19

Sol



APPENDIX IV A (cont.)

Length=group I I 111 v v VI 5»3-‘23‘;‘1
Total no, of transects (114) (171) (218) (241) (181) (106) (1031
Leptospermum scoperium M 1.3 (6) 22.7(11) 15.7(23)  1hu(25)  7.6(20) 3.2 (8) 93
Leptospermum scoperium N 16.8 (9) . 9.8(25) 7.2(37)  4.8(s3) 2.5(45) 1.4(19) 178
Leptospermum scoperium N - shade - 5.0 (&) 1.2 (&) 1.1 () b3 (&) 3.1 (2) 19
Metrosideros diffusa - - 2.4 (3) 1.8 (7)  0.7(10) 0.6 (3) 23
Metrosideros diffusa - log - - 2.5 (&) 1.7 (5) 1.1 (9) 1.0 (8) 26
Puchsia excorticata M 5.7 (1) 145 (1) 1.2 (1) 3.0 (&) 1.9 (5) 2.6 (L) 16
Hydrocotyle spp. - 4.7 (&) 1.8 (9) . 1.0(12)  0.5(17) 0.4(20) 62
Centella uniflora b9 (1) 2.8 (1) 2.6 () 1.(12)  0.5(17) 0.2 (5) 40
Oreomyrrhis andicola - - - 0.8 (3) 0.6 (7) 0.5 (5) 15
Leucopogon fasciculatus N 8.9 (2) 6.5 (&) 1.9.(4) 2.2 (4) 0.7 (6) 0.9 (&) 2,
Geniostoma ligustrifolium N - 3.8 (2) 3.1 (3) 1.8 (5) 0.9 (2) 0.2 (6) 18
Dichondra repens - = 0.8 (3) 0.6 (3) 0.5 () 0.k (5) 16
Coprosma_rhamoides N 20.8 (L) 5.8 (7) 7.5(17)  3.1(25)  2.4(19)  1.0(11) 83
Coprosma rhamoides N - shade 4.3 (1) 662 (3) 4ol (6) 3.8 (5) 6.0 (2) 7.8 (1) 18
Netera ssa - 2.5 (1) 1.7 () 0.9(5)  0.9(11) 2.7 (1) 29

%Ll



APPRNDIX IV A. (cont.)

(Total
Thia o ot transesta R W) (181)  (106) (ion
Nertera depressa - vertical - - 2.2 (3) 1.1 (6) 0.5 (4) 0.4 (6) 19
Nertera setulosa 6.3 (2) 14.B(13) 2.6 (25) 1.3(67)  1.1(78) 0.8 (46) 231
Nertera setulosa - vertical - 3.6 (1) 1.6 (3) 1.2 (4)  0.5(12) 0.3 (&) 2
Olearia virgata N - 5.2 (2) - 0.6 (&) 4.5 (2) 0.k (7) 15
Olearia solandri N - - 2,0 (2) 1.2 (&) 1.3 (6) 0.3 (6) 18
Helichrysum filicaule 21,2 (1) 502 (5) 1.3 (6) 2.0(15)  1.9(25) 1.0(22) h
Brachyglottis re M 5.6 (1) 2.9 (2) 5.9 (4) 121 (9) 6.1 (8) 2.0 (6) 30
Brachyglottis repanda N - - 2.2 (5) 1.6(10) 1.2 (7) 0.8 (7) 29
Ulex eurcpaeus N 13.6 (3) 13.8 (6) 8.3(12) 3.0(10)  L4e8(11) 1.2 (9) N
cytisss seperiws N N 2J§ (2) 2.5 @)  3.3(5) 3 W) Ok (3) | 18
Pasture 91.0(111) 88.8(169) 87.0(215) 87.1(237) 87.3(181)  89.4(106) 1019
Pasture - shade 29.1(22) 17.8(45) 12.1(82)  7.5(1G4)  4.8(85) 2.6(55) 593
Pasture = swampy - 10.6 (2) 1.4 (5)  8.0(10)  3.7(25) 1.9(28) 70
Dense_phsnerophytes 2.9 (1) 23,5 (1) 28.8 (5) 11.7(11)  7.4(10) 1.0 (7) 35
Bare - track 6.0 (1) 7.2(17)  5.0(28) 1.9(41)  1.0(56) 0.5(43) 186

L6l



APPENDIX IV A. (cont.)

Length=-group
Total no, of transects

(Total
freq. )
(1031)

Bare - stock trampling

Bare = slip

Bare - log

Bare = shade

Bare = greywacke

6.1 (28) 3.5 (68)
8¢6 (3) 33.4 (5)

151

390
25

118

261
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B. RE-RUN _TRANSECTS

- _ Total
e o) (8 (30) G (6 (s2) %_3;33)
Trifolium dubiwn - 2.1 (2) 1.7 (1) 0.9 (1) 0.8 (9) 0.8 (4) 17
Trifolium repens 6.3 (1) 2.9 (2) 2.8 (4) 1.0(10) 0.5 (9) 0.4 (6) 32
Cirsium lanceolatum 5.9 (1) 7.1 (&) 3.8 (5) 1.2(17)  0.6(10) 0.5(12) 49
Cirsium arvense - 3.9 (3) .3 (4) 1.6(9) 1.0(7) 0.6 (9) 32
Cirsium palustre - 2.2 (1) 1.6 (5) 0.7 (7) 0.5(17) Osk (8) 38
Hypochoeris radicata 6.6 (2) 3.8 (5) 1.6(11) 1.7(16) 0.9(21) 0.6(23) 78
Holcus lanatus 9.1 (1) 2.4 (3) 1.9(3) 0.7(6) 0.5 (7) 0.5 (3) 23
Agrostis tenuis 39.3 (3)  5¢8(11)  3.4(11)  1.7(43)  1.8(22) 1.4(21) 81
? 6.0 (1) 2.3 (2) 2.0(11) 1.3 (8) 0.8(18) 0.4(15) 55
Pasture - shelf - - 7.2 (2)  3.9(5) 20(7) 1.4 (3) 17
Pasture - track 7.3 (2) 6.5 (8) 4k(28)  3.0(46)  2.3(39)  3.5(33) 156
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APPRNDIX V., MEAN /BUNDANCE OF CERTAIN SPECIES AND CATEGORIES, FOR DIFFERENT ORIENTATIONS AND SOIL TYPES, BY LENGTH-GROUPS

Length=Group I II III IV v Vi

Paesia scaberula

. N - 23.6 (3 14.8 (9 8.551#) 5¢3 (9; 2:9(14
§ s 45 (1) 15.0 (4 14.5 (8 7.1(22) 5.4(18 2.3(10
n B - 37.3 (2 23.5 (6 8.4(13) 3.8(15) 5.1(10
o - 5.5 (1) - - - - -
11H 5.5 (1) - - - 0.9 21) -
15bH - L) L 100 (2 2.2 1) 103 (1
~ 77vH - - 33¢5 (3 3.9 és Le2 63 0.5 (3
§ 118a - 30.7 (2 8.1 (5 6.4 (9 5.1 (7 12,2 (2
122 - 32.3 22 141 (3)  10.2(14 4o5 53 3.5 (7)
12 45 (1) 12.8 (5 18.7(12 9.8(19 5.3(22 3.3(21)
Pteridium esculentum . N 12.5 (2) 546 (4) 11.6(12 1.7(19 6.1é16) L.7(16)
§ s 6e5 (2) 6.9 (ug 18.4 (6 9.7(23 5¢1(13) 2.1 ﬁsg
o EW 16.6 t1) 22.6 (7 17.5(13 8.9(16 7.0 (8) 8.5 (8
° - 14.0 (2) - - 61el (2 3.7 3) - -
11H 21.8 (1) 2.8 (1§ - 1.0 (1) - -
13bH 6.3 (2) 2.9 (1 6.7 (2 2.6 (4 1.7 (1g -
77bH 14.2 (1) 1.9 22) 6.5 26 16.5(13 6.2 &7 1.5 (3
9 118a - 2.5 (4) 14e9 (& 2,5 (8 2.2 (7 0.6 (1
? 122 13.7 (2; 49.8 (2)  19.2(11 9.u217 2.9(10 6.9(13)
12, n7G) 3G Bt0) k(g 15002 4. 7013
1 - = - 3.9 (2 - -



APPENDIX V (cont.)

Length=group I 11 III IV Vv V1
Blechnum fluviatile
. N - - 2,1 Esg 2.8§1o 2.9 (5) 1.0(12
§ s 43 (2§ 3ol (23 6.3 (7 2.8(15 1.8(18) 1.4 (9
B B 6.7 (1 5.2 (2 1.3 (1) 1.3 (5 2,0(11) 0.6(11
°© = - 1.3 (1) - 0.3 (1) -
13bH - - - 0.8 (1) - -
a 6.7 (1) 2.5 (1) 1.3 E1 - 0.6 2;) 0.2 (3
3122 - - 2.8 (1 1.4 (8) 2.2 g 1.2 (6
12 43 (2) 3.6 (3) 4.5(10 3.4(21) 2.1(25 1.1(23
Juncus vaginatus
= « N - L.6 (zg 1.7 (1) 1.7(10) 0.5(14) 0.6(12§
g S 4e6 (1) 3.1 (2 1.3 (2 0.9 (1 0.7 (7) 0.2 (4
" EW - 3.2 22; 1.9 (& 1.3(10 0. 6 83 0.6 26g
0 = 4,0 (1) 2.1 (3 1.6 L L4e2 (1 0.5 3 0.5 (3
11H 4.0 (1) - - 7.4 (2) 0.5 (& 0.7 (1
13bH - 2.6 &1 - - 0.6 (1 0.2 (1
~ T7PH he6 (1) 3.6 (5 2.3 (3 0.9 (9) 0.5 (7 0.6 (8
4 118a - 2.5 (1 1.3 (b 1.7 ézg 0.7(10 0.9 (6
2 422 - 2.6 (1% 2.1 (1 1.0 (6 Ol 243 Ools (L
12, - 2,0 (1 1.6 2; 1.4 (2) 0.7 (& 0.2 (2
12 - - 1.3 (1 - Ok (1; B
13 = S - 4.2 (1) 0.5 (1 -

Loc



APPRNDIX V (cont.)

Length=group I 11 III IV v VI
Juncus polyanthemos . ) 6 7; 4,213 w8 22) :.3(12?; 2):17(&2
§ 3 2.2 12+) ?g I; ;? ::.) 12:2(;7% 1:2§26; 0. 7(20
'-‘ { ] ) [ ]
] EW 12.1 63 1.7 7% 6.2 (8 1.9 (6 Le2 (7 1.1 (4
Ok
114 9.2 (1) 2.3 5_? bt 2 gg (gg 5138;) 0.1 8)
Hgg ;g ?2) l%? 173 3'27’(115 5:6(12) 1.8(17) 1.7221)
[ ° o ) .5 9
6.6.(3 2.9 (1 6.4 (8 1.0(11 0.7(11 0 9
% :i 14,3 21§ 6.7 gui 1.5 (& 1.1 (9 0.22223 0-5(23)
@ 1 17.6 (3) 16.6 (4 55 (3 1.9 (1 @) -
1c 56 (1) - :g (12) . 1 B -
I - N : 1.7 (2) 6. (1) -
Acaena spp. e N 5.1 (2) 2. (;g 12; gg :2(1(53 g):ggg 828%
g ?m 5.5 (1) lz::g gs) 2:5(12; 1:0(133 o.7(2og 0.4(10
° 11.8 (3) 5.8 (2) 2.4 (7 2.8 (3 0ol (2 -
.3 (2
11H 11.6 (2) 2.8 (1) 2.2 (3 1.3 (3 ;)Z ; ?g 1)
) - 2.1 (1; 361 (2 :zz. 12. 0:7 / 1220
o 77H 8.7 21) 2.5 (1 361 8 1-2 2 SO o1
e 12.3 : 6 ; (2 ;g (7 1:0(123 0.8 éa 0.5(10
:iz 4:9 é u:6 E7§ 2,2(13) 1.50(13) 0.2(26 0.2(2}
9 CJ 2.6 1 - -

coc



APPERNDIX V (cont.)

Length=group I 1L III IV i VI
Leptospermuam scoparium N . 0.5 (8)
N 3.9 (2 7.2 (8 1.7 (8 4.8(11 2.2(22) )
R
] BYW 14, 4 ° ° De . °
s 2 5.’3 é ) 7.0 (5 2.8 (5; 3.0 (13 0.5 (1) 3.8 (14
11H - 6.3 (3 7.6 (7) 11.8(7) 4.8 (9) 3.5 (2)
13bH 25.5 (4) 7.4(113 7.7(12 4e2(12) 3.0(1?3) 10.6 E}_)
~ 77 17.0 (2) 140 (3% 2.9 (5) 2.2(8) 1.1 (8) o (Z)
2 118a 96 (2)  13.5 (8 10.6(11 ke5(12 2.4(15) . g
? 422 = = he2 (1) 5.6 &5 0.5 §1) 1.2 (2
e ) o.li- (2)
124 4.0 (1) 1) 0.4 (1)
1 - - 1.6 (1) L - L2
Nertera setulosa : 7(13)
+ N - 5.,6 ([1.) 3.0 ’3 1.2(30 1.1(25 Ool\
L B B
~ 6. 2 02 ° ° ° °
e fw 3 ( 10.4 (13 5.'; é1 2.1 (2; 0.8 (43 0.2 (1§
- - 2.7 (3 1.2 (3 0.9 (5) -
:;%H - 4.5 ézg 1.8 (2 12 35} 0.9 (2) 0.6 (2
IS B R R R 4
8 - - . . o L
1122a 509 (1) 6.5 (3 2,2 (4 1.2(11.3 0.8(18 0.6(12)
12, - 3.9 (6 2.8(13 1.3(37) 1.5(38 1.2(2)
1 - 10.4 (1 - - - -

¢oe



APPRDIX VI. MEAN PEHCENTAGE COVER, MEAN PERCENTAGE TOP COVER,
AND MEAN PERCENTAGE FREQUENCY OF SPECIES AND
CATEGORIES.,
Species or category % cover % top % freqcy.
cover
Cladonia sp. - - - (1)
Parmelia sp, - - - (1)
Porella spe - (1) - - (2)
Polytrichum juniperinum - (1) - 6.2 (8)
Campylopus clavatus - (3) - (1) 6.&(15;
— " = track - - - (1
" " - vertical - (1) - -
Iriguetella papillata 1.1 (8) - (1) 8. 7(14)
Breutelia pendulea - (&) - 8.4 (6)
L = = track - - = (1)
Thuidium furfurosum 2.7(25% 1.5 (5) 52.6(56&
# W = track - (2 - 6.2 (5
Acrocladium auriculatum 3.1(&; 1.1 (6) 19.6(28%
o g = track - (2 - - (&
Ophioglossum pedunculosum - - - (1)
Paesie scaberula 4.3 (5) | 2.4 (5) | 12.3 (6;
" W = track - - - (1
Pteridium esculentum 2.0 (7) 2.4 (5) | 11.6(15
& n - track - - - (1
) " - vertical - (1) - (1) -1
Polystichum richardi - (1) - -
Blechnum pennainarina - (1) - -
Blechnum fluviatile - (3) - (1) - (4)
Deyeuxia crinita - (1) - (1) -
Danthonia spp. 13.2(40 7.9(39 6L4.0(41
" - shade - (2 -1 - (1
n = track 1.7 (9 1.3 (7 9.5(14
" - vertical - (1 -1 - (&
Scirpus cernuus - - - (3)
Schoenus apogon - (1) - (1) -
Schoenus apogon ver. laxi-
florus - (2) - (1) |12.1 (6
L] - track - - - (1
Carex lucida 1.8 (5) | 1.2 (5) - (4{
y " - track - (2) - (1) - (1
" 1 - vertical - (1) - (1) -

Carex dissita




APPENDIX VI. (cont.)

Species or category / cover % top % freqcy.
cover
Juncus vaginatus N = = (1)
Juncus vaginatus - - - Eh;
" " - track - - - (2
Juncus polyanthemos N 1.2(10) 7.3(12)
Juncus polﬂathemos 1.5 (7) 1.5 (7) 8.5 (5)
L - shade - (3) - (3) -
Luzula campestris 1.0 (6) - (3) 11.9(13;
W W - track - (1) - - (2
Thelymitra longifolia - (2) - (1) - (4)
Microtis unifolia - (1) - bl (14)
Muehlonbeckia complexa - (3) -(2) |11.3 55;
" = track - - -\
Montia fontana - (1) - - (1)
Ranunguius hirtus - - - (1)
Carpodetus serratus - - - (1)
Acaena spp. 1.6(13) - (&) [10.1(29)
W - track - - - (2)
Leptospermum scoparium N - (1) 4.0 (5)
Leptospermum scoparium - (%) - (1) - (3)
Metrosideros diffusa - (2) - (2) - (1)
Epilobium nummilarifolium - - - (&)
Ega.lobmm pedunculare - (1) - (1) 6.8 8;
W < vertical - - - (14
Epilobium spe. -~ a - (1)
Haloragis micrantha - (2) - 2546 (5)
Gunnera strigosa - - - (1)
Hydrocotyle spp. 3.1(12) 1.0 (5) | 38.8(25)
" - shelf - - - ?
" - track - (2 - - &
Centella uniflora 3.0 (8) - (3) |23.9(11)
L ( = shelf - o - (1
" " - track - -4e
Oreomyrrhis andicola - (2) - (2) 1.8 8;
" < shelf - - - (4
ucogo;g;on fasczculatus N - (1 - (1)
- shade - (1 -
Loucogyon {fasciculatus
W= shade - (1) - (1) -

[

95



APPENDIX VI (cont.)

Species. or category % cover % top % fregcy.
cover
Dichondra repens - (4) - 1641 &9)
SR L apere . . - (1)
Coprosma rhamnoides N - (1) - (2
Coprosma_rhamnoides - 223 - (13 - (4)
w " - shade - (1 - (1 -
Nertera depressa - (1) - (1) - ih;
L " = track - - - (1
Nertera setulosa 5.2(26) 2,2(12) | 37.7(3
o " = ghelf - - - (1
- track - (2 - 6.5(10
Wahlenbergia marginata var.
australis - ?1; - 10.3 (9)
Rl eck s ol
L) "= vertical - - - (1
Lagenophora pumila - (3) - (1) 3.7 (6)
Olearia virgata - (1) - -
Olearia solandri N - - (%)
Olearia solandri - - - (2)
Raoulia plabra - - - (1)
Helichrysum filicaule 3.2(15) 1.8 (9) | 32.0(18)
" " < track - - - (2)
Craspedia uniflora ~ - - (1)
Erechtites prenanthoides - B - - (1)
Ranunculus repens . - (4 - (2) | 1644 (5
W " - track - (2 - (1) - (2
Sagina procumbens - (1) - 9 0(21,.3
" " = track - - - (&
Cerastium glomeratum 1.8(16) 1.3 (5) | 19.9(36
" - shelf - - - (1
" " = track - - 4.8 (9
Cerastium caespi tosum - (3) - (2) - (3)
Silene gallica - - - (1)
hRumex acetosella - (&) - (2) | 14.0(12)
L " - track - (2) - (2) -
" g - vertical - - - (1)
Linum catharticum 1ol (7) - (3) | 19.6(27
0 0 - track - (1) - (1) | 74 56
L " - vertical - (1) - (1) - (1
Linum marginale - (4) - (3) 15.7(11;
L . - track - (1) - (1) - (3

206



APPENDIX VI (cont.)

Species of category % cover #4 top % freqcy.
cover
Geranium molle - (2) - (2) - (3)
Brodium ciocmtarium - - - (1)
Hypericum humifusum - - - (1)
Hypericum sp. - - - (1)
Lupinus arboreus N - - (1)
Cytisus scoparius - - = (1)
Vicia angustifolia - (1) - (1) - é‘lg
» " = track - & - (1
Trifolium dubium 6. 7(35) 3.1(27) | 64.3(39
w " - shelf - - - (1
" " = track 1.8(12) 1.1 (6) 7.1(16
" " - vertical - - -(2
Trifolium repens 71 (39§ 3.6(33) | 61.4(4h)
L " - ghade - (1 - ) -
" " < ghelf = - - (1%
" " = truck 1.8(13) 1.3 (7) 5.8(18
" " - vertical - - - (2)
Trifolium subterraneum - (1) - (1) - (&)
Trifolium arvense - (1) - (1) - (1)
Lo tus sp. - . - (1)
Sherardia arvensis - (1) - (1) - (1)
Galium parisiense - - - (1)
Bellis perennis 2.5(15) 1.6 (9) 27.1;(25;
L ) = track - - - (3
Gnaphalium purpureum - (4) - (1) | 6.0(14
" * = shelf - - - (1
" " < track - - - (1
Soliva sp. - - - (1)
Achillea millefolium 2,2 (5) - (3) |17.8(10
w " = track - (1) - - (3
Senecio jacobaea - - - (1)
Carduus temuiflorus - (1) -{1) 4Le0 (5)
Cirsium lanceola tum 1.2(14) 1.3 (8) 6.2(22§
" " - track - - - (1
Cirsium arvense - (4) - (3 12,5 (9%
g " - track - (1) - (1 - (2
Cirsium palustre - (3) - (3) [|11.8 (9)
W W - shelf - - - (1;
" ) - track - - - (1

207



APPENDIX VI (cont.)

7

Species or category % cover 7 top % freqay.
cover
Hypochoeris radicata 1343(45) bo1(41) | 80.3(45)
" " = shelf - - - (1
" " - track 1.5(13) 1.1 (6) 9.5(18
" " < vertical - - - (3
Leontodon hispidus 1.8(10) - (&) |16.8(20
" " - track - - - (3
" " - vertical - - - (1
Taraxacum officinale 1.6(12) 1.4(11) [ 15.7(42
" " - track -~ - %2 (9
" " - vertical - - - (1
Sonchus asper - - - (1)
Crepis capillaris - - - (3)
Anagellis arvensis - - - (1)
Plantago lanceolata 1.8(13) 1.2 (8) 21.1(253
" " = track - - L9 (7
Plantago major - (1) - - (1)
Myosotis scorpioides - - - (1)
Myosotis sp. - - - (1)
Veronica arvensis - - - (3)
Dicitalis purpurea - = - (1)
P runella vulgaris 1.3(23; 1.0 (9) 20.&-%58;
:5 " = track - (2 - 5.6(13
Mentha pulegium - (2) - - (2)
Juncvs tenuis - (1) - (1) - (3)
Carex glauca 362 (D; - (3) |17.6 (5)
n r - track - (1 - - (1)
Carex leporina - (3) - (2) - (1)
Lolium perenne 6.4(25) | b.7(23) |[26.6(29)
" " - shade - (1) - (1) -
" n - shelf - (23 - &1} - (1;
" " - track 1.3 (5 - (4) 6.0 (7
Cynosurus cristatus 2.9(32) 2.6(26) |31.2(40
" - shelf - = - (1
» " = track 1.7(13) 1.5 (9) 7.5(12
" * - yertical - - - (1)
Dactylis glomerata 5.5(29g 2.7(26) 35-0(54g
W " = track - (3 - (3) 6.2 (9
" " - vertical - - - (2)
Broms mollis - - - (1)
Poa spp. 3.6 (6) 2.7 (5) [15.9(16)
" - shelf - B - (1)
" - track - (1) - (1) - (3)

208



APPENDIX VI (oont.)

Species or category % cover % top % freqcy.
cover
Glyceria fluitans - (2 - (1) - (1;
. " = track - - - {4
Vulpia d&mmil - (2) - (1) - é33
" L) - track - - - (1
Festuca rubra var. commtata 28.6(31) 22.2(29) | 67.8(31)
- shade - (3) - (2) -
" ] - shelf - - - (1;
" J - track 2.5(10) 1.8(10) 9.3(13
Festuca arundinacea 46 (6) Le5 (5) | 19.9(11)
" = shade - (1; - (1; =
" " = track -(3 - (3 - (1)
Eragrostis sp. - - - (1)
Holcus lanatus 8.2(41) 5¢2(35) | 56¢2(4k)
W W - shade - (1) - -
" " - shel? - - - (1
J " - track 1.1(13) 1.0 (8) 6e4(17
L g - vertical - - - (1
Aira caryophyllea - - (1)
A@atia tenuis 58.5( 5 25.5(45) 86.8(45)
- shade (& - (&) -
L = shelf 1; - (1% - (1
) - track 3.3( 20 2.9(19 8.8(21
" - vertical - - (&
Anthoxanthnm;odoratum 21, 1(a5; 12.0(45; 89.6(45)
- shade - (2 -1 -
" " - ghelf - (1
" ® - track 1.8(17) 1.5(15; 8.8(23
" " - vertical - (1) - (1 (&
Juncus bufonius - - - (};
. " = track - -(3
Juncus articulatus - (& -(2) |10.2 (7
K " - track - (1) - - (1
Oxalis corniculata - (1) - - (2)
Gnaphaliun luteoalbum - - - (3;
" < track - - - (1
Gnaphalium sp. - - - (2)
Dung = cow 1.2 (9
" = track -1
Dung - horse - (1)
Dung = sheep - (1)
Bare = unqualified 2.3(27) -
Bare = track 1.3 (6) - (1)
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APPENDIX VI (cont.)

210

Species or category % cover # top % freqoye
cover
Bare - stock trampling - (2 -
Bare - slip - (2) -
Bare - log 1.1 (7) -
Bare - greywacke 1.4 (5) -
Microhabitat - shelf - (1) - (1)
Microhabitat - track 7.3(23) 8.7(22)
Microhabitat - vertical - (3) - (&)



APPENDIX VII. ENVIRONMENTAL ANALYSIS OF MEAN PERCENTAGE COVER (UPPER LINE) AND MEAN PKRCENTAGE FREQUENCY (LOWER LINE) OF
CERTAIN SPECIES., A. SOIL TYPE AND ORIENTATICN.
soil type orientation
11H 13bH 77bH 118a 122 12, 1c 13 N S EW -

Thuidium furfurosum

2.0 (1 - 1.0 (3 2.2 (5 2.8 (9 Le6 (6 1.0 (1
1640 (1; - 27.0 (ug 25.9(10§ 51.7(11§ 47.6 (9% :

- 2.6&103 5.5510& 1.6 (Lg 1.0
- 24,0 (1) 32,1(15) 37.4(13) 34.0

Acrocladium auriculatum

1.0 (1) - 1.0 (1% 301 3.7 26) - - 5.2&11% 3.6{(10) 1.6
5.8 (2) - 19.4 (2 27.7 (6) 17.6 (9) 4.0 (1) - 19.9(13 25.7(105 14.3

Danthonia spp.

11.5 ng 13.0 (1) 154 §u) 14.6210; 11.8211) 1649 (93 1.5 izg 11.0 é1) 14.2(16) 13.8(1ug 21,6 (5) 3ok
80.6 (2 4.0 (1) 67.6 (4) 60.0(10) 68.4(11) 67.2(10) 16.8 (2) 84.0 1) 65.0(17) 64.3(14) 87.0 (5) 32.2
Acaena spp.
2.0 (1§ - S 15 25; 1.5 (3; 1.7 (b; - 1.0 (1) e (5% 1.9 (&) 1.0 (2; 1.9
9.9 (2 - 4,0 (2) 8.2 (8) 10.4 (6 13.,5(10 - 8.0 (1) 12,6 (9 8.0(12) 9.0 (5) 13.6
Hydrocotyle spp.
- - 3.0 (1; - 2.5 (&) 3.6 (7) - - 2.3 (&) 3.9 (7) - 2.0
- - 40.8 (4) 15.7 (3) 27.4 (7) 52.9(11) - - 37.4(11) 47.4 (9) 23.9 (4) u0.0
Nertera setulosa
6.5 (2 - 1.0 (2 3.9 (6) 4.8 8.7 (8 - 1.0 (4 4.7(10)  4.5(11 9.4 (3) 5.4 (2
30.3 §2§ - 25.0 223 e %8; b1.1 ég; u1.0($og - 48.0 E1; 34.s§1;§ 32.8%12; 42.8 éa? (

LLe



APPENDIX VII A. (cont.)

soil type orientation
114 13bH 77bd 118a 122 12 1c 13 N S EW -
Helichrysum filicaule
= & 1.0 (1; 2.0 (1) 2.6 (5) 42 (8; - 2.5 (8) 3.7 (sg 5¢7 (2) =
ka0 (1) - 16.3 (2 5.8 (2) u6.5 (6) 39.9 (7 - - 38.6 (6) 19.9 (9) 59.1 (3) -
Trifolium repens
3.0 (1) 40 (1) 1.0 (7) 4.7 (93 7.9 (8 6.7(10) 9.8 (2; 6.0 (1g 7.5(14; k.5(15) 8.1 (4) 13.3 (6;
9.9 (2) 56,0 (1) 8ok (7) 51.6 (9) 58.1(11) 67.6(11) 50,0 (2) 76.0 (1 59.3(17) 57.2(16) 62.4 (5) 76.6 (6
Hypochoeris radicata
7.9 (2) 2.0 §1) 5.5 (7) 11.1(10; 18.5(11; 20.5(11) L8 (2) 26.0 (1; 1u.8(18§ 11.7(16) 16.7 (5) 10.4 ée;
68.3 (2) 44.0 (1) 52,3 (7) 79.0(10) 88.7(11 91.5(11) 78.3 (2) 96.0 (1 83.,0(18) 73.7(16) 89.0 (5) 85.3 (6
Lolium peremne
- 4.0 (1) 15.5 (7) 1.0(5) 6.9 (6; 1.8 (ug 7.0 €1g 20.0 (1) 5.1(12) 3.8 (7) 1.0 (2) 244 (4)
- 64.0 (1) 48.9 (7) 7.0 (4) 26.5 (7) 13.6 (7) 23.5 (2) 56.0 (1, 25.4(11) 22.4(10) 10.7 (2) L43.1 (6)
Festuca rubra var. commtata
53,0 (2) - 6.9 (3) L6.5 ﬁa) 28.5 (7) 16.7 (9) 46,0 §1) 31.0 (1; 22.4(15) 50.22103 48.9 (3) 36.9 (3)
86.1 (2) - 37.7 (3) 89.6 (8) 57.0 (8) 47.8 (8) 96.0 (1) 9e.0 (4 67.7(13) 49.8(12) 9.3 (3) 97.2 (3)
Agrostis tenuis
3345 &25 42,0 (13 36.2 (7) 4649(10) h3.6(113 28.4(11) 43.2 (2) 29.0 (1) h0.6§18§ 58.3(163 3949 (5% 31.8 (6%
84.3 (2 88.0 (1) 89.2 (7) 92.6(10) 92.7(11 67.4(11) 97.7 (2) 80.0 (19 88.1(18) 85.6(16) 78.3 (5) 9.7 (6
Anthoxanthum odora tum
22,9 (2) 32,0 (1) 15.1 (7) 18.6(10) 23.2(11) 27,4(11% 7.0 (2) 22.0(1) 21.3(18) 24.5(16) 25.2 (5) 10.0 (6)
86.1 (2) 84.0 (1) 77.2 (7) 91.6(10) 91.3(11)  95.9(11) 52.1 (2) 100.0(1) 91.6(18) 88.8 (16) 93.5 (5) 81.1 (6)

cLe



APPENDIX VII. B. ALTITUDE, SLOPE, SHEEP GRAZING, AND CATTLE GRAZING.

altitude slope sheep cattle
0 5 10 15 0 10 30 0 10.1 0 2.6

Thuidium furfurosum

1.5 (3) 2.2(13§ bl (93 - 1.0 (1) 2.6(19; 3.2 (5) 2.5%17) 3¢5 (6; 2.5218; 32 §7§
15.0 (45 32.4(19) 39.7(12) 32,0 (1) 1.4 (4)  37.3(25) 3063 (7) 29.1(25)  40.8(11 31.7(28) 35.7 (8
Acrocladium auriculetum

1.0 (1) 3.3(15) 3.2 (8; - - 5.6é183 2,0 (6§ 2.7(16) 4.0 (8; 3.1(19) 31 (5;

hed (4) 27.0(14) 18.7 (9 8.0 (1) 4.0 (2) 23.5(20) 144 (6 18,4(18)  20.4(10 20.8(23) 14%.7 (5
Danthonia spp.

7.1 (8) 14.2(19; 15.8(12) 17.0 (1§ 2.9 ée) 12.6(2h§ 23.9(10) 1u.7(29§ 9.4(113 12.5(32) 1.1 (8)
50.3 (8) 66.7(19) 64.0(13) 100.0 (1 18.4 (6) 67.2(25 75.2(10) 65.0(29 61e4(12 62.6(32) ©68.5 (9)
Acaena Sppe

1.5 (2§ 14 (4) 1.8 (7; - 1.9 (2) 14 (7) 149 (ug 1.8(10) -~ 1.0 (3; 1.6 (9) 1.8 (ug

7.8 (& 7.3(12) 13.8(13 - 13.6 (3) 9.5(20) 10el (6 11.5(21) 6.7 (8 10.9(22) 7.7 (7

Hydrocotyle spp.

- 1.5 (3) 3.8 (9) - 2.0 (13 3.0 (8) Let (3) Le6 (7) 1.5 (9) 5.4(10% 2.0 (2;
- 2. 7(10) 49.4(14) 40.0 (1) 40.0 (1) 35.2(19) 523 (5) 37.8 (15) 40.3(10) 34.9(21)  59.5 (&
Nertera setulosa |
Lo 3.8 (12) 5.8(10 27.0 (1 Sl (2 5 5(20 3.3 (& Le6(15 6.0(14 5.0(1 5.6 (7)
27.2 %iﬁ 58.6($u)) 35.6512g 88.0 513 52,2 23% 38.322hg 24,0 gu% 30.32193 49.9212§ 3a.3(233 49.6 (7)

¢Le



APPENDIX VVI B. (cont.)

altitude slope sheep cattle
0 5 10 12 0 10 20 0 1041 0 2.0

Helichrysum filicaule

- 205 (6; 3.
4.0 (1) 30.2 (9) 29

(1) - 3.7(13) 1.0 (2) 3.1 (6) 343 (9) 3.6(11) 25 (u;
(1) - 37.3(14)  15.6 (&) 24.1(10)  42.5 (8) 3. 7(14)  23.1 (4
Trirolium repens

10.7 28) 5.2(17) 6.8(13% 22,0 (1% 12.6 (7)  6.4(23) 5.1 (9; 6.9&283 7.5(113 6.5(50; 9.3 (9;
59.2 (9)  53.4(20) T1.6(14 77.7 (7)  64.9(27)  39.4(10 59.1(30 61.5(34) 61.2(10

Hypochoeris radicata

9.0 (9) 10.9(21) 20.5é1u) 140 213 11.2 (7) 1).2§28; 15.1(10) 1343(31) 15.1(1u§ 12.0(35) 17.9(103
72.0 (9)  77.0(21) 90.0(14) 92.0 (4 85.7 (7) 80.3(28 79.2{10) 81.1(31) 80.6(14 80.4(35) 82.8(10
Jolium perenne
17.1 (6) u.7§11; 3.2 (8) - 2.9 &5% 3.9 (16) 1.8 ﬁug L.7(19)  13.1 (6) 4.8(19) 12.6 (63
48.2 (7) 20.9(11 20.1(113 - 43.8 (7 26.0(16) 11.6 (6 22,7(20)  35.8 (9) 23.4(21)  35.4 (8
Festuca rubtra ver. commtata
2943 () 38.9(15& 13.3 €9g 32.0 E1g 29.1 éu) 29.2(21) 26.3 (6) 25.2219; 34.3(12) 31.1(23) 22.0 (8?
72.7 (6) 82.3(15) 33.1 (9 G2.0 (1 67.C (&) 62.C (22) 749 (5) 5509(20)  86.3(11) 69.9(2) 60.3 (7
Agrostis tenuis
331 (93 4545(21) 34.5(14) 7.0 é1§ 33,5 (7)  42.2(28)  29.5(10) 58.3(31% 39.0(14) 40.9(33)  30.5(10)
85.9 (9 93,0(21) 80. 7(14) 8.0 (1 91.8 (7) 92.0 (28) 61.9(10) 8l k(31 90.9(14) 89.0(35)  78.1(10)

Anthoxanthum odoratum

18.5 (9)  19+5(21) 25.3(14) 22,0 §1; 13.2 §7) 21.1(28; 27,4(10) 22.5(51§ 18.1(1%) 21.8(55§ 18.7(10)
80.2 (9) 89.0(21) 9he3(14) 1068.0 (1 7)) 91.5(28 87.7(10) 88.8(31 91.3(14) 89.9(35 88.7(10)

e
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APPENDiX VIII, PERCENTAGE COVER AND PERCENTAGE TOP COVER FOR THREE
AREAS OF SWAMPY GROUND.

% cover % top cover

Area no. 1 2 3 1 2 3
Breutelia pendula 3 1 - - - -
Acrocladium auriculatum - 1 - - 1 -
Scirpus cernuus - 1 - - 1 -
Scirpus prolifer 15 19 - 10 12 -
Schoenus axillaris 3 - - 3 - -
Schoenus apogon var.

laxiflorus 12 1 - N - -
Carex lucida - 6 - - 4 -
Juncus polyanthemos 1 5 - - 5 -
Juncus planifolius 1 - 10 - - 8
Luzula campestris - 2 - - 1 -
Epilobium pedunculare - 8 4 - 2 -
Ranunculus repens 6 - - 2 - -
Sagina procumbens 1 7 - - 2 -
Cerastium glomeratum - 1 - - - -
Stellaria media - - 10 - - 6
Trifolium dubium 12 6 2 2 B 2
Trifolium repens 9 12 5 1 6 4
Gnaphalium purpureum - - 7 - - 4
Hypochoeris radicata 5 - - 2 - -
Taraxacum officinale - 1 - - - -
Myosotis soorpioides 1 - - 1 - -
Mimilus moschatus - - 5 - - N
Prunella vulgaris 1 1 - - -
Juncus tenuis 1 - - 1 - -
Lolium perenne N - - 3 - -
Cynosurus :gristatus 2 - - - - -
Dactylis glomerata - - 3 o o 3
Glyceria fluitans 1 5 3 1 3 3
Featuca rubra var,

commutata 1 1 - - -
Festuca arundinacea 1 3 - 1 2 -
Holcus lanatus 12 13 29 6 L 14
Agrostis tenuis 1 2 2 - - 2
Anthoxanthum odoratum 26 15 12 16 53 7
- e ® ® ® e e e e e o o ®fm = = w W e w® @ = - - e e e o e s s o
Juncus bufonius - 13 2 - 12 2
Juncus articulatus 67 56 45 46 35 33
- e .. @ B @ e ® @ @ w e - - - ® e ® e e e - - -, - - e e w e - - -
Bare 1 1 8
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