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INTRODUCTION. 

The object of the present work has been to investigate, tor one 

district ot� Hew Zealand, the sociological relations between the iDdig­

enoua plant species and those introduced to the countr;y by man. 

The result of the invasion of Nc;,w 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 revolutiona.:ry change in the 

character of a region, which oocurred in a period of less than two 

centuries". From the botanical point of viow, Oookayne (1928: 361) 

has said of the present situation: ''There are two distinct areas, 

the one dcminated 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 iDdigenous flora 

and vegetation". 

Cook:ayne's "two distinct areas" have been studied in SC�Jlf' detail 

by New Zealand botanists. A great deal has been written about the 

indigenous communities on the onB hanu, and about the artificial (eoon­

anic ) canmunities of introduced plants on the other. However, much 

less attention seems to have been paid tu the c CllBequenoes of the con­

tact between the two floras and the two vegetations. 

Darwin (1859: 172-73) and Hooker (1867: 757) touched bri.tly upon 

the subject when they inferred from the alleged "superiority" at the 

plant species intrcduced into New Zealand fran Europe that, in the 

"struggle for existence 11, these species were capable of displaoing the 

indigenous species withcut man's aid. Travers (1869: 312), Kirk (1878: 

362-63), and Che eseman (1882: 272-74-) were influenced by Darwin's vina 

en natural selection into expressing similar opinions (which were �­

tied sanewhat in the cases of Kirk and Cheeseman) . Since Trawrs, Urk, 

and Cheeseman are imluded among New Zealand's most important botanioal 

explorers, it would seem that a preconceived idea led them to undereat� 



ato the role of human activities in the replacement ot native species 

by aliens. 
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The ccmprehensive studies of the vegetation of New Zealand b7 

Cockayne (192la), and of the introduced flora by Thanson (1922) invol­

ved a closer consideration of the contact between the alien and the 

indigenous species. This led Cockayne (1921a: 283) and Thanson (1922: 

eh. XIV) to oppose the views of earli er workers on the �ssiveneas 

of the alien flora. Cook:a,yne claimed that no exotic species has gain­

ed a foothold in N6W Zealand without the assistance of man or his 

intrcxluced animals, and this view has be6Il supported by Allan (1936: 

191). {Wulff (1943: oh. VII), dealing with the relatior.ship ot man' 

activities to world plant di stri buti on , has cited evidence fran various 

countries, including Allan's New Zealan:l paper, to show. the error ot 

the view fonnerly held that aliens may crowd out an indigenous vegetat­

ion withrut man's aid). 

Cocka,yns devoted 10 pages to a section on mrhe New Vegetation• 

(originally entitled "Displacement and Replacement ot Associations and 

Species") in the first edition of his monumental work (OocktqDS 192la: 

28.3-292 )) 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 o.bservations on the "new vegetation" have been am.plitied in 

a pap�r by Cockayne, Simpson, and S�ctt-Thanson (1932). 

In recent years, thd role of the introduced species has been ret• 

erred to in a number of studies of areas of predaninantl,y illdig•DPWJ 

vegetation, particularly in studies of successional communities (e.g. 

Allan (1926),; Oroker (1953); Vlilliamson (1953)). Further, inte1"8Dt• 

ion is directly involved in those studies of pasture establishment 

(notably the classical work of Levy (1923) and of Guthrie-Smith (1926: 

oh. XIX)) that treat the regeneration of indigenous communities as an . 

agricultural problem. However, the paper by Allan (1936) on c�tit­

ion between indigenous and alien plant species appears to be the only 

modem. contribution on the vegetation of New Zealand, be ides those by 

Cookayne (and his co-workers ) and by Thanson, that is concerned with 

the subject of interaction as such. 
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Aa Smith (1957: 135) has pointed out: "Whether botanists wish it 

or not, the proper study of the native botanist now is the stuQ;y of 

that amalgam of indigene and aliAn • • • that covers now mainly all of 

New Zealand emept :fully and i.Iitens:i.ve1,v cultivated areas on the one 

hand, and l arge traots of National Parks and Scenic Reserves cm the 

other". It wcul.d appear that the ffiW workers who haw given apeoitic 

attention to this subject of interaction have tended to make gen.ral 

observations covering the country as a whole. In the pr�sent work, 

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

·-



I. INl'RODUCED AND !I'IDIGENOUS SP.I!niES 

(1) DEFINITIONS 

Introduced species are defined for this study as those that hav• 

been imported into New Zealand by man, whether deliberatelY or aooid«n• 

tally. It would se� that very few of these wre introduced by- PolY­

nesians ( ?5150..1.350 A. D.); sane were introduced by- European explorers 

(1769 onwards), sealers, whalers, and traders (1792 omrards), and misa,.. 

ionaries (1814 onwards); and most have been introduced sime o� 

European settlement began in 1840 (Thanson (1922: part Ill); HeaJ.T 

(194-9: 160-62)). 

Ind.igenous species are defin6d as thas6 that were present in New 

Zealand prior to the arrival of mtm, an event which probably ooourre4 

about 1000 years ago (Te Rang:i. Hiroa (1950: 4.-21); Dutf (1956)). It 

is not impossible for s01116 speo�es to have arrived since then tbroogh 

agencies other tha.."l'l man and his activities, but the present geograph­

ical isolation of New Zealand 1nus t be a barrier to natural distribution. 

(2) CRITERIA FOR DISTINCTION 

Cheesemsn (1925) separated the introduced and indigenous vasoular 

floras almost canpletely, and there have been very few subsequent cor-

rections of his allooationa. (These corrections are ref'err d to later). 

He did not give a spooitic account of his criteria for distiwtion. 

Thoy were probably similar to those suggested below. The criteria 

given are not inconsistent with Ch8eseman's viEJWS on th«:� aggressiveness 

of the introduced flora. Frc.m the point of view of mare recent workers, 

another criterion for ngarding a species as intrcduoed has been that 

"it has never been found in r«:�al1y virgin country" (Cook83J18 and Al.lan 

(l926a: 65)). 

(i) There is no doubt about the allocation of the endomio 

speoios, nor about the eoonc:mic species that have been imported 

deliberate� by Po�esian or European settlers. (!he few del• 
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iberate introductions b.1 the Maoris are well authenticated (Tha.­

son (1922s part III); Te Rangi Hiroa (1950: 89-91) ) . In the 

case of the highly canpound Festuoa rubra L. , certain econ<Dio 

varieties have definitely been introdooed by Europe8llS , but some 

wild varieties � possibly have been represented in the indigenoua 

flora). For the rest, there is adequate evidence in the., cue of' 

all but a few species. 

(ii) Botanical explorers began to study the vegetation and 

flora oi' N@'W Zealand in 1769. Organized European settltlr.D6nt · 

began only in 1840. From tht� locality records made by visiting 

botanists before 1840 and by resident botanists since 1840, it 

has been possible to build up soma sort of picture o£ the distrib­

ution of nearly every plant species in different periods , and 

roughly to determine the correlation of that distribution with the 

distribution of areas of European settlement in the same periods. 

A species with a consistently high correlation with areas at Eur­

opean settlemen t may fairly safely be regarded as introduced, and 

one with a cons istently low correlation � be regarded aa iDdig-

enous. Indigenous species which have becane weCJds in Europ•an 

settlements mas be distinguished as indigenous because of an i.Dit­

ially low correlation with settlement. (A few species which -" 

well known as cosmopolitan weeds of' arable land were rocordecl by 

the earliest botanical explorers. He aly (1949' 160) has sugge•ted 

that these may we ll have been species accidentally introduoed by 

the �oris rather than illdigenous species). 

(iii) Che�seman (1925: xiv) pointed out that, ot the 1763 

vascular species that he regarded as indigenous, only 4.34. are 

found els ewhere , o£ which 369 extend to Australia and 112 to temp­

erate South America. Of the 369 also found in Australia, 82 ex- · 

tend to temperate South America, sane being tropioal as wll, and 

35 to tropical but not temperate South America , while 35 species 

are found in New Zealand and ·in sc:me country other than Australia 

or South America. In the case of' those non-cultivated species 
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that he regarded as introduced, Cheeseman (1925: 1053) stat•d �hat 

4.63 had come from the north temperate regions, 4.5 from tropical 

regions, 21 fran South Africa, 20 from South America, and 28 fran 

Australia. Therefore, if a species cannot be classifi� ad quate-

ly in tenns of (ii) above, a record of tha OOWltries in wbiDh that 

species appears to be indigenous may give some suggestion at the 

category to which it belcn,�s. 

Thus, the principal criteria .t'or allocating a species to the intro­

duced or to the indigenous flora would appear to be: (i) Ia it an G­

demic or a known introduction? (ii) U ne ith er , how does its distrib-

ution at different periods compare with the distribution of European 

settlements at the same periods? 

pear to be indigtmous? 

(iii) In what countries does it ap-

(3) PUBLICATION3 ON 'l'IIE NEN ZEALAID FLORA 

The basic manuals of the New Zealand flora used in the present study 

have been those by Cheeseman (1925) for i.migenous vascular species, and 

A1lan (194-0) for introduced species. New editions of both are becoming 

necessary. Th�re have been maxlJ' taxonanic alterations, and additions 

of species to the flora, in both cases. In the case of the indigenous 

flora these are spread over many publications. (0ee '1dst of Speoiea•). 

In the case of the introduced flora they are largely oonoentrated in a 

series ofpapers by Healy (1943, 1944-, 1946, 1948, l953a, l953b, l9.5lt.). 

There has been little disagreement with Cheeseman•s allocationa ot 

species to the indigenous or to the introduced flora. The principal 

corre.otions and comments are those by Cockayne and Allan (l926a), while 
. 

a few more have been made by Allan (1940) and by Healy (194-3-54). let-

erence is made to these at the appropriate points in the "List of Spec-

ies ", notably in s ection iii. (This section ( "Species of Doubtful 

Status") covers the fuw case a where there is .doubt o:r disai:roement over 

the status of a species, or where a species appears to contain both in-

traduced and indigenous elements, and th�se are not readily distinguish-

able). 
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The last manual of the indigenous flora tha t imluded non-vaaoular 

cryptogams was that of Hooker (1867). There have been many publicat­

ions since then dealing with sections of the indigenous non-vuoular 

cryptogamic flora. 

Sainsbu� (1955). 

The mcst recent manual of the mcss�s is that ot 

Allan (1940: 314) has made brief reference to the i ntrod.l»ed non­

vascular cryptogams, about. which littl" is known. His manual mentions 

five species of Musoi that may bt:J lntrodwed in part, and one that ap­

pears to be introduced only, while of the Fungi "there are probably 

many" int roduced spooies, as in the� case of the rusts, of' which 33 apeo­

ies, or about 2y;, are introdooed. 

(4) HIBRIDIZATION 

In addition to those spec ies , the allocation of which is in doubt, 

there is the other sp ecial category of hybrids between introduced and 

indigenous species. This has been mentioned by Cookayne and Allan (1931.), 

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

Intraspeoifio crosses must also be considered. It is possible 

that some species in the "doubtful" category have both indigenous and 

introduced sections. In such cases there ma:y or may not be inter-

breeding between tho se sections. 

,,. 



n. THE STUDY AREA 
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(1) CHOICE OF AREA 

It was intended to work f'rom Palm<' rston North as base. One 

practical factor in d6tennining the limits of the stud;y area about 

this centre was the amount of ground that could. be studied adequately 

by one person. On this cOWlt, it seemed that the Manawatu district, 

as described below, would. be a convenient area for investigation._ 

'.i.'he portion o£ the oatohJ:ntjnt o£ the Kanawa.tu River that lies to 

the west of the crest of the Ta.rarua-Ruahine Range was chosen the 

basis of the s tudy ana (tig. l). This area forms the central part 

of IVellington Provir..c� and carr�spo:rrls roughly to the s ooial geograph­

er's concept of "the Manawatu district" (Pownall (1953)). Hiator1o­

all.Y , this district is the region of ..t!.'uropean settl6ment that first 

was o p�ned up by scatt6red pion6ers along the Manawatu River and sub­

sequently devtJloped from Palmerston North as centre. In tezms of 

the present day, it is the tributary district of the town of Palmer­

ston North, with the qualification that motor transport and sea16Cl roada 

have brought an area. on the eastern side of the mOWltains into the 

tributary district (Pow.nall (1955: 12)). 

It was decided to exclude certain specialized habitats from the 

study ar ea . These were the subpolar region, namel,y the land above 

4000 feet or 1200 metres (Zotov (1938a: 264,-66)); the coastal sand­

dune country; and the swamps nlilar the mouth of the ·Manawatu Biver. 

The last two exclusions were lare�ly achieved by �liminating the true 

right catchment of the Manawatu River between its mouth and the entry 

of the Oroua River, and the true right catchment of the Oroua River 

above that point, together with the true lett c atchment o£ the Kanawatu 

River betwee�l its mouth and Shannon. A wide range of plant habitat 

remained after the exclusion of tll� speoialized habitats. (i'his range 

was not reduced by t he exclusion (in the eliminated catch!oonts) of scmo 

areas that are not occupied by sand or swamp). 

• 



The study area thus arrived at (fig. 1) covers about 600 squ.a.:r. 

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 81Dployed the English system of linear measurement. 

This syst� has therefore been retained by the present writer. However, 

at least the first refere.noe to any English unit is aooompani d by 

the metric equivalent). 

(2) PHYSIOORAPIIY (fig. 1). 

The main physiograpbio features of' the study area are the Range, 

the Pohangina Plain (P), the Fitzherbart Plain (F), the Kairanga 

Plain (K), and the lower t'loodplain of the Manawatu River (L). (The 

"Plains" 8.I"6 named by the present writer after the districts to which 

they correspond ) . 

( i) The Range 

The Range runs approximately N.N.E.-s.s.w. It takes the form 

of two elongated danes, the southern dome being the Tara.rua Range (!) 

and the northern the Ruahine Range («ellman (1948: 124) ). Acoardini 

to the latest n�ps, the highest trig. stations of the Tararua Range 

just exceed 5000 ft. (1500m.), and those of the Ruahine Range Just ex­

ceed 5500 ft. The lowest 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 Nanawatu River flows 

westward through the saddle into the study area) is about 200 ft. 

The dcme of the Tararua Range is aissected into a canplex reotangular 

pattern of longitudinal and transverse ridges {Adkin (1�9: �)), and 

the Ruahine Range has a similar 1'orm. The country may be described 

as st eep , the s ides of most of the valleys ha·ving slopes of }0° or 

moro, and thB rid.go-tops being narrow. The steepest slopes tend to 

occur on the sides of the transverse ridges. {As AdKin has pointed 

out, the transverse reaches of the streams usually run in narrow gorg•a). 

The rocks of the Range are indurated. sandstones and mudstonea (gre,­

waokes), which are probably of lCM•er Mesozoic age {Wellman (1948: 123)). 
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FIG. l. PHYSICAL MAP OF STUDY AP..EA (FROM NZMS l9A) 

Lambe� Conf'o� Conic Projection. Pa.lmerston North is located 
at 40 22'S, 175 37'E. Scale about 11 miles to the inch. 

Boundary af study area. -----



11 

(North of the Jdanawatu Gorgo, in the sag between the Tararua and 

Ruahine Ranges, the greywaoke is overlain by an arch of softer Ter­

tiary rocks (Lillie (1953: 66 & maps ) ) , similar to those of the north-

em part of the Pohangina Plain). The �astern boundary of the study 

area runs along the main divide of the Range, crossing the Manawatu 

River in the Mana'Natu Gorge just balm7 Te Apiti railway stati.:m. 

(ii ) The Poh.angina Plain 

The Ruahine Range is flanked to the west by a plain that slopes 

downwards to the s.s.�. (that is, parallel to the Range). It has 

an altitude of about 2200 ft. towards the northern boundary of the 

study area, and about 200 ft. ·where it mt�rees into the Kairanga. 

Plain. Tr..e surface of the Pohangina Plain has been much dissected 

by tributaries of the 1Wlawatu idver, owing to regional uplift in late 

Pleistooene times, very little of the original surface being lett 

(Greenall and Hamilton (unpuu.: lo-17 ) ; Speight and Wild (1924: 222)). 

(The pr:UJ.Cipal tributaries involved are the Oroua and Pobangina Riv­

ers, which arise in the Ruahine 'rlange, and flow roughly s.s. . through 

the Pohangina Plain. '.Che dastern tributary, the Pohangina River, 

enters the Manawatu River at t he western end of the Manawatu Gorge). 

\Vhile downcutting by ri vera and streams has produced IIl8J\V gorges and 

cliff's, wide terraces have also been formed, and there are broad 

rolling ridfeS as well as those that are narrow and steep. ThePo-

hangina Plain proper cousists of Pleistocent:J gravels, sands, and 

clays in the south-west, and Upper Pliooene sands, siltston�s, mud­

stones, and conglomerates in tho north and east, while the river 

terraces consist of Upper Pleistocene and Recent gravels and alluvium 

(Greenall and Hamilton (unpub.: 7-14) ). 

(111) The Fitzherbert Plain 

The Tararua Range is flanked t·:> the we�st by a plain that slopes 

down in a north-west directicn (that is, roughly at right angles to 

the Range ) towards the Kairanga Plain ( e:xcept at the southern end, 
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where it slopes down towards the lower floL-dplain of the Jdanawatu Riv­

er). There is also a slight slope to the south-west, the highest part 

of' the plain ( about 800 ft. ) be1ing near the north-�::�ast corner. Aa 

with the Pohangina Plain, the Fitzherbert Plain has W'ldergone a con­

siderable degree of' dissection, am"'t some steep valley walls and ter­

race faces are to be found. Howeve� , many of the divides are 7T.l..de 

and more or le ss flat-topped, particularly at lowar altitudes. These 

represent little-modified remnants of the fonner surface (Adkin (1919: 

108-11)). The Fitzherbert Plain has been described by Adk:in (1910: 

507, 520) as consis ting of Pleistuoene to Recent sandst.,ne and clay. 

(iv) 'l'he Kairanga Plain 

The Kairanga Plain is a triarli_,TUlal· area thnt lies roughly south­

west of the :Pohan�ina Plain and north-west of tlw Fitzherbert Plain. 

It is bounded t0 the west by the coastal dunes and by the low hills to 

the west of the Oroua River (bcth of which regions have been excluded 

from the study area). It slopes evenly doi•mwards frcrn about 200 f't. 

at the north-east edge to about 25 ft. at the south-west corner. 

The surface of the plain is virtually flat. According to Mr. C.C. 

Rich of Victoria College, 1"/ellington, (private COOliil. ) , the Kairanga 

Plain, which consists of Recent alluvium, may represent a �o�er 

joint t�stuary of the Manawatu and Oroua f-d. vers, wl-.ich has be en filled 

in by their deposits. These rivers now flow :1-lor...G t�e south-east 

and western �dges respectively of the plain, below the surface of which 

th�ir prt�sent floodplains are slightly entrenched. Palmerston North 

lies near the eastern corner of the Kairanga Plain. 

( v) The Lower Floodplain 

The Oroua niver enters the Manawatu at about the south-west coJ­

ner of the Kairan�a Plain. .Bt1low this junction, the floodplain of 

the Manawatu River is about f.:,ur miles wide. It is bounded to t� 

west by the coastal dtmes ( tlu·uugh which the river fin ally passes to 

the se a), and to the south-east by the Fi tzherbert Plain. The height 



or this floodplain above sea level ranges from 25 feet down t o about 

ten feet or less. Until it was drained and stop-banked , most of 

the floodplain was swampy. A low-lying portion of this floodplain 
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to th� east of the river (that is, within the study area ) is still 

oalled t hB Makerua "SWsmp ", although of its f o:nner 14, 000 aorea (.56. 7 

sq.km. ) (Miller (1917: 25)), all but about 500 acres have been reol�· 

ed. 

(3) CLIMATE 

Most of the! available infonnation on the climate of th8 study 

area is based on the dailY records of the c�atological stations of 

the New Zealand Meteorological Service. There are two stations 

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 Bchcol. Besides these stations , 

which carry on a full recording service, there are about 20 rainfall 

stations within the study area, of waich five use non-standard gauges. 

The year's rec ords from both classes of station are �ublished in 

"Meteorological Observations", the annual publication of the New Zea-

land Meteorological Service. (The most recent number available is 

that for the year 1950 (published in 1953)). Apart from the work ot 

these stations , the only regular observetions on the weather in the 

study area appear to have been same made on wind and fog in 1932 and 

1933 by Zotov (1938a: 260-62). 

Recording began at the Clirnatological Station at the Grassland& 

Division in April 1928. The observations from that date to April 

1953 have been analysed by Schwass (1953). 

(i) Temperature 

Sohwass 's figures. show that the mean air temperature at Grass­

lands is .54.6�. (12.6°0), the warmest month being January, with a 

mean of 62.4 °, and the ooldest July (46.1 °). The mean miniJ!IIm graaa 

temperature is 40.2°, the warmest month again being Jamary (4.7.4-0) 1 

and the ooldest July (32.3°). i'he equivalent air temperatures tor 

higher parts of the study area may beestimated by subtracting 2.1.or. 

' 1 



for every added 1000 ft . (5°0 for every lOOOn. ) (Kidson (1931: 142) ). 

(This correction has been accept ed by Zotov (1938b : �77) and by 

Gamier (1950 : 88-89) as a prac tical basis for climatic studies ) . AJJ­

cording to the rout(1 maps of K.ids ou (1932 ) , the number of frosts is 

low except on t he Range , vrhere they occur on 25-75 days in the year, 

while ground frosts occur on 5o-100 days over mo st of th� s tudy area. 

(ii ) Rainfall 

The me an a1m.ual rainfall at t;.rasslan:ls is 39.44 in. ( lOO cm. ) 

(Schwas:; (195.) ) ) . This rainfall is spread fairly evenly through the 

year , the wettest month being J·uue with a me an of 4. j5 in. , and the 

driest mon '. hs I;�arch ( 2 . 1+1 in. ) anO. Seut ember (2. 38 in. ) . However, 

the re is great vari a t i on in th� rainfall for each month. The great est 

monthly rair£all rec orded in 25 ye�rs is 10. 34 in. (June 1947) , and 

the lowest 0.45 in. (February 1939) .  Aocording to Greenall and Hamil-

t on (unpub. : 24-26) ,  the re is a similar pattern uf di stribution, and 

a s imilar variation in monthly rainfall ,  in the northern part of the 

study area. 

The me an number o.t' days >dth rain per y eax at Grasslands is 

173. 5 , while the monthly means rar,ge l'rom 17. 0 da_y s in June to 10.3 

in March .  Here again there i s  wide variat ion , the difference between 

maximum and minimum values fur �ach wonth be ing of the order of lS dayw . 

''Meteorological Obst#r'V'-'ticns f'or 1950" gives the m�an annual rain­

fall (and,  in most cases , the we an nt.lllloer of days with rain) tor 13 

of thQ 19 rainfall stations within the study are a , and for six stations 

just outside the boundaries of tlw are a .  (Thsoe are lioted in t ble I. 

S-tations outside the study a rea a r� marked � . ) Although the records 

are insufficient to give a clear-cut c orrelat ion of increase in rain­

fall with altitude or with noarness t o  the. Range , the tendencies are 

obvious. 

Seelye (1940) has calculated tha t the percentage variability 

in the annual rainfall for the stations in the Manavratu district r&Dgea 

fran 10]4 t o  �. 
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(iii ) Snow and Hail 

According tc the rough maps of Kidson (1932 ) ,  snow falls in the 

study area on less than une day in the year belOH about 1000 ft . 

The number of days with snow incr<?asi�S witb. altitude to 15-30 da3s 

above about 3000 ft . Days with hail are rarer. The rang� is from 

2 • .5-5. 0 days ne ar  sea. level t u  mort> thfln 7. 5 day�:; above about 1000 ft . 

(iv ) Sunshine 

The moau annual number of huurs oi.' bright sunsLin� at Grasalands 

is 1845 , while tnonthly means ranee 'rom 208 hours in January to lOO 

in June. The maximum value rec orded for a month in 25 years is 300 

hours (Dec ember 1 934) , while the; minimum is 59 hours (June 194.7). 

(v) � 

The UI�J an 24-hourl.y wind run at Grasslan.:ls is 150 miles (241 km. ) , 

tht� high<'st munthl.:,r mGan b<.dng l?G uiles in January and. the lowest U8 

miles in June . Aa Zotov (1938a: 260) has �ointed out , wind veloc-

itids must be muc h higher in the mount ains . 

According to  Sohwass , Wdsterly ru.c.i north-wf:l s t  winds predGllni.Jlato 

at Grasslands i n  spring and summer, but in 11utuznn aud. winter ,  winds 

from an east erly or south-east <lirec ti on are of nearly equal frequ noy 

to those from tre \Ve st and north-we st . Zotov ( 1 938a: 26o-62 ) has 

rec orded a simila r seasonal varia tion in wind U.irec tion in the northern 

part of the Tararua Rang e .  

A scuth-�ast wind of abnm�1al v� loo ity �l Pebruary 2, 1936, has 

been desc ribed by Zotov (1938a : 270 ) . In two hours it caused groat 

d.ai:Jat.;e Y:l thin t h·) stUdJ area,  and in partic ul:1r levell6d whole hill­

sides of indigenous fore s t .  

(vi) Fog 

There is frequent cloud fonna tion in the air-gap between the Tara-

rua and Ruahine dome s .  This has been m�nti oned b y  Elder (194.9: 4) 

in connection wi th the vegetati on of tht� sout he rn end o£ the Buahin• 

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



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

Stat ion Mean· annu.aJ. Mean no. uf Altitude Shortest distance 
rainfall rain days (feet ) from main divide 
(inches ) (miles ) 

• Foxton 33 119 10 1.5 

Kairanga 35 120 51 10 

• Glen Oroua 36 109 63 16 

* Fei1ding 36 159 235 14 

Palmerston North 38 162 1}6 7 
(average of 5 stations ) 

Lint on 4£; 156 155 7 

Colyton 4£; J40 800 10 

..., Paiaka 41. not stated 10 8 

Tiritea. 47 165 272 ' 

Mangaore 50 180 360 ' 

Apiti 51 201 1500 10 

Kcma.ko 52 14.7 600 5- . 
Arapeti 88 not stated 1190 . 1 

• )(angahao Dams 1.24. 225 U85 1 ..... 
(average ot 2 atationa) {1 station) "' 



17 

the Tararua Range may be fog-bound as frequently (200 mys a yeer) aa is 

the higher c entral part of the range . 

(4) sons 

The soils of the study are a have been surveyed by the New Zealand 

Soil Bur�au in the c ourse of' a general survey of the soils of the 

North Island. 

The results of this s�y are depic ted on a ma �  on the scale of 

four miles to the inch, which was published in sections between 1� 

and 1948. The introduction to the bulletin describing the soils 

(N. Z.  SL'il Bureau (1954: 12) )  gives warning that the infonnation has 

been published wi t h  maqy imperfecti ons , in order t o  1nake it availabl• 

without delay. 

The list that follows c ontains the c ode numbers �md names of the 

soil types of the study area,  as gi ve n  in th<:� bulletin and. map (fig. 2 ) ,  

togethe r wi th the l ocation of' each soi l  type within the area. 

( i ) Recent Soils from 1Uluvium 

1 .  Manawatu l o run ,  sandy loam ,  s ilt loam ,  and c l ay  loam. 

The principal soi l of the pru sc:r.t fl ocx1;:;lains of the rivers . 

le . Tukituki sandy loam , stony grave l, etc . 

along the rivers . 

On stony flats 

2 .  Kairanga silt loam and clay loam. The principal soil of 

the Kairanga Plain. 

2a. Kairanga loam etc .  - str�ngly gl�yed. Its primipal lo-

cation is the lower f'loodplain of tha Manawatu River. 

2b. Opiki complex (peaty loruns ) . A b6lt of thi s  soil en­

circles tht� Makerua "Swamp " ,  ann there is another example near the 

southern end of the Kairanga Plain. 

(ii ) Organic Soils 

107. Makerua peaty loam. 1'he soil of the Makerua "Swamp ". 
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FIG. 2. SOIL MAP OF STUDY AREA (N.Z .  SOIL BUREAU) 

Sc ale about 8 miles to tha inc h. 

Boundary of study area 
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(111) Yellaw-se!Y Soils 

(There appears t v  be a c orrelation bti!tween these soils &Q4 the 

Pleiatooene sediments of th� study area) . 

11. Raumai sandy loam. On the s uuthern part of the Pohang-

ina Plain. 

llH. Ral.1111ai sa.ndy loam - hill soil. This oocurs on steeper 

ground than dues 11. There is an area of this soil t owards the 

middle of th� .Pohangina .Plain, and a strit? along the eastern edge of 

t he c entral part of th;J Fitzherbert Plain. 

12. OhaKea loam. The s�il or mo st of the terraoes in the 

immediate vicinity of the Ma.nawatu and Pohangi11a Rivers . 

13. Tokomaru silt loam. The principal soil of the Fitzherbert 

Plain . 

13a. Milson silt loam. At the southern extremity of the Po-

hangina Plain. 

13b. Halcanbe silt loam. On the s outlwrn part of the Pohal1g-

ina .Plain. Also on the northern port of thtJ Fitzherbert Plain ( ex-

oept fur the north-east c orner) . 

13bH. Halcombe silt 1� - hil l  soil . On the northern part 

of t he Fitzherbert Plain, t o  the east of the area of 13b. 

13c . Marton loam . un the s outhern part ot' the Pohangi.na Plaiil. 

(iv) Sec ond!£Y Podzolic Soils 

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

towards the northern end of the Pohangina Plain. 

(v) Brown Loarns . SUbgroup Yellow-brown Loa.rns 

(Within the study area these svils appear to be correlated with 

Tertiary sediments ) .  

76a. KiWi tea loam. At t he southern extremity of the Pitzher-

bert P lain and on terraces in the northern part of the Pohangina Plain. 

76aH. Kiwi t ea loam - hill soil. The priooipal soU ( other 

than on the teiTaces ) of the north-west part of the Pohangina Plain. 
I 
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76b. Ka.whatau stoey silt loam. On sane terraces in the middle 

of the Pohangina Plain. 

77b. Matamau heavy silt loam. Un the c rest of the Tararua R.nge 

for about two miles s outh\� from the Manawatu Gorge . 

77bH. .Matamau heavy silt loam - hill soil. On the aroh of 

Tertiary rocks just north of tho Manawatu Gorge ; also theJ soil at 

most of the eastern part of the Pohaneina Plain. 

(vi) Skeletal Soils ( of �t�ep hills ides ) 

(These are more influenced by the parent material and less by 

olimate and vegetation than are the soils on easier slopes . The 

parent mat erial of llBa is soft sandstone ( lat e Pliocene ar early 

Pleistoaene ) ,  while that of 122 and 124 is greywaoke ) .  

118a. Pohangina sandy loam. The principal occurrence of this 

soil is in the middle of the Pohar.gina Plain . It also occurs in the 

north-east c orner of the Fitzhe rbart Plain. 

122 . Makara st oey loam. Deve loped under rainfall 40-60 in. 

This s oil occupies a belt 1-2 mil?s wide along the western �· of 

the Tararua Range behind the Fitzherbert Plain. 

124. Ruahir.e stcny silt loam. Dev�loped under rainfall 

50.1 00 in. The soil of the Tararua and Ruahine Range s ,  up to about 

3500 feet , above whioh alti tude are '�nountain s oils ". 

(A s oil map of New Zealand , on the sc al e  of 32 miles to the 

inc h ,  was ,published by the l-lew Zealanii. �oil Bureau in 1948, that ist 

after the four mile s t o  the inch 1naps but before the bulletin that des­

cribes thP same . Because Gf the �naller sc�e · of th� 1948 map , it 

only shtNfs major c ategories ( e . g . "Reo6nt scils from alluvium" ) . 

The c lass ificat ion of these c at e gorie s differs in s ome respects 

from that used for the fc;.ur mile s to the inch map. An appendix t o  

the bulletin (N.z .  Soil Bureau (1954: 275) ) c ompares the two classif­

ications .  



III. TEm ORIGINAL VEGETATION 

( 1 )  FOREST 

It would ae001 that in pre-buman time s thero was forest owr the 

whole of the study area, w1 th certain exceptions that are discuas•d . 

later. 

Most of the study area below about 2000 ft . is now in pasture , 

but it is c lear from the historic al rec ord of Buick (1903) that the 

early Il.'uropean explorers and s e t t le rs found the d istrict to be oover­

ed by dense forest , with the exc epti on of the c learings made by th 

Maoris alongside th� rivers . �'urther, Coc kayne ( 1928: 148) has atat•d 

c ertain o • .,nditi uns of' thc: peysic al environment that appear to gov•rn 

the occurrence of indigenous forest be low about 800 m. (2700 t't . ) , 

and these c vndit i ons are fulfilled in the study area. 

The nature of' the fCL'J:Jer i'urest . ..; ... ver be low bout 2000 rt. may 

be deduc ed from forest reserve s  and forest remnants .  The problem 

of rec unstruction is relatively much aasi�r in the case of the vege­

tation ab ove about 200C ft. , most of 'Vhich is st ill in a roughly 

primeval condition. There are two forest res erves be low 2000 tt. , 

namely T ot ara Reserve , an area of over 600 acres alongside the law.r 

cow·sf.l of the Pohangina. River,  and. Tiritea Reserve , an area ot' about 

8000 acres on the Tararua Ranga. In addition · to the se reserves , 

forest remnant s of vari ous sizes occur below 2000 ft . throughout the 

stud_y are a ,  mostly Oil private property. (Jiaey' of these latter areas 

ttre not prutected from dome s tic grazing animals , while all forest 

areas in the dis trict are liable to have been modified s ince the arrival 

of Europeans by wild herbivorous marucuals , and , in many cases, by 

fire as well.  (�ee (IV)  Hi�turical) . The cyclone of 1936 also mod• 

ified the remaining forests in certaiu areas ) . 

ThB reconstructi on that follows is based on descriptions of sane 

of those surviving forest areas by Zotov (l938a) ,  Greenwood (194.9) , 

Greenall and Hamilton (unt>ub . : 27-31) ,  Allan (1924) , and Cook113D• (1928: 

176 ) ,  together with observati ons made by the present writer in t he c ourse 



of an extensive rec onnaissance of the vegetation of the district. 

'I'he principal type of forest was that described by Cookqne 

(1928: 161 f'f. ) as "podocarp-broa.d.leaved dicotyledonous forest ot dr.Y 

ground". The dominant podocarp was Daorydium cupressinum. (Podo-

carpus totara , P, hallii, P. dacrydioides , P. fez:rugineus ,  and 

P, spicatus were all present , but of less importance than J?!Pzzdi• 

cu.pressinum) . The principal dicotyledonous species wa re  �-

sohmiedia tawa ( e specially belo�'f about 1000 ft. ) ,  1Ve1nmannia raceJDOJa 

(espec ially above about 1000 ft. ) 1 and Metrosideros robusta. Knightia 

exc els!,. Elaeocaryus dentatus , and Aleotryon exoelsum were praninont in 

places , and there was a great variety of other tre es . (Coo�e 

( 1928 :  148 ) has listed 108 spec i e s  of trees for the lowland-lower 

hills 1 forest of New Zealand ) . Tree-ferns were also important , esp-

ecia1ly Cyathea 1nedullaris (or , at higher altitudes , C .  sm1th11) . 

The f1oodplains (including tho drier part of the swamp ooUDtr;y) 

anl the lower-.lying part of the Ka.irtmga Plain were occupi tJd by "semi­

swamp forest " (Cockayne (192 8 :  174-75) ) ,  daninated by Podooa.rpus"'. 

§;_acrydioides and Laure1ia novae- zelandi ae . There was a gradual trana­

i tion between s end-swamp fo!'E:'St u11d poaooarp-d.ic otyled.onous forest 

of dry ground. Dri�r river flat s t ended to be dominated by Podocarpus 

tot ara. Below about 1500 ft . ,  the crests of rid.g�s and spurs , and 

also faces with t hin grave lly soil , vre :ce often occupied by a forest 

domin..-:ted by Notho:t'agus solandri . (N. solandri may have be n oon-

fined to the Pohangina Plain an(� the north8rn end of the Fitzherbert 

Plai n ,  whic�1 are tht:' only places within the study area where it ooours 

today) , 

Abov1..• about 2700 ft , , th�re tended to . t:l a shift in dcminance. 

DaO£Ydium oupressinum and Motrosideros robusta fell out . The prin-

cj_p, J l  spec ie s inc lucled. Wdnmannia racemosa, Griselinia littoralis , 

Podocarpus hall.ii, Libocedrus bidwillii , and Phyllocladus alpinus. 

Cert ain sptJcie s of Nothof'as,us_ we -...·e pres ent above 2000 ft . in the ex­

tre� north und extrewtJ �uuth of the stUdy area (see below) .  and wre 

dominant in places . 

(A notable feature of the study area is the absence , except at 
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ita northern and southEJrn extremities, of c ert ain Spk 

i'a.gus (notably N. fusca),  wtich elsewhere on the western s1., 

Range are important constituents of the forests above about 2� 

Acc ord ing to Elder (1949 : 4) , the cau:Jative factor wvuld appear to t. 

the reduction in sunlight that is associated with the frequent foma-

tion of cloud in the air-gap between t he Tararua and RUahin dcmea) . 

Zotov (l938b) has observed that , in the latit ude of the t� 

are a ,  1200n. (4000 ft . ) is a critical climatic level above whioh in-

digenous trees never gr�..w. It is the stru·t of his nsubpolar" region, 

and the altitudinal li;;,i t m' the stuciy area. 

(2)  llOUNl'AIN OORU".B 

The pr·obable role of fog as a f act or oontrolling the distribution 

of Nothofagu.-; speoie a  has baan referred to already. In some parts of 

the study area above about 2000 ft . ,  it would appear that localized 

frequent fogs reduc e tht) illumination below the lowest level required 

by any indigenous tree species (Zot ov (1938a: 265) ) . It may be ob-

served in th� roughly primeval vegetati on of the higher parts of the 

Tararua Range that in such cas � s  scrub , usually c1oodnated by Olearia 

colensoi , occurs between the timberline (upper limit of forest )  and 

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

The av rage height of the ti.ruberlili� in the part of the 1'araru.a 

Range t hat lies within t lw st 't'iy ar�a is about 2500 ft . In the south-

ern Ruahine Range ,  t he averag� heig 1t is about 3000 ft . , but it is . 
higher t owards  the northern limits of the study area. In the higher 

parts of t he Ruahi.ne Range , there is als o sc:r'Ub , usually dominated by 

Olearia c olen�, between the timbvrline and tnt1 4000 ft . level . 

(3) SWAMP VEGb�ATION 

Where permanent water was present within the limi ts of the orig-

inal forest , not even semi-swamp forest would occur. The .Makerua 

Swamp was in this category (Millt�r (1917 : 28 ) ) .  Such areas would be 

domina ted by tall and medium sized monoc otyledonous herbs suoh as 

Typha a.ngustifolia, Phormium tenax, and Carex secta (Cookayne (1928: 



197);  Poo1e and Boyce (1949: 16 ) ) . 

(4) MINOR COMMUNITIES 

'l'he other examples of non-forest c OIDmWlities wi thin the original 

forest would lte of li·;:;tle im!_.)ortanc e . One such group of' c amnmi tie a 

would inc lude those of wate.roonrses ,  riverbanks , riverbeds • and 

cliff s .  Another would c onsist o f  those i n  succession from bare 
. 

ground t o  forest (as on th6 new subsoil exposed by the changing 

course of a river on a plain or by s lips in hill country) . Previoua 

st on11s vf t he magnitude of the 1936 gale may haw felled areas of 

fure s"t and thus induced successional c O!'Illnunities. 

(5 )  ENVIR0fat£.NT OF 'HiE ORIGINAL VZGETATION 

The general features of the c limatic , adaphio , and phyaio-

graphic envix�nment of the s t udy  area have been d iscussed already. 

Perhap s the most tmportant feature of the biotic environment of the 

original vegetation was tr� Bbsence from pre-human New Zealand of 

any mamnals othe� t han t wo spec ies of Cbir optera (Button and Drumm� 

(1923 ; 38) ) . 



IV .  HISTORICAl, 

This is a brief account of pa st human activit ies �thin tho 

study area in t erms of their effect on the ve get at i on. With looal 

variations , it is a well-known national st ory in Nnr Zealand. 

(1)  POLYNESIANS 

Maori traditions mentioned by Buick (1903 :  ch. I ) indicate 

that the Manawatu distri<.; t I'Yas inhabited at least fran the time ot 

the sec onu ?olyne sian settlen�nt pe ri od , that is , from about 1150 

A . D .  (Te Hanei Hiroa (1950 : book I ) . 

When the first Europea.n.s reached the district , the lAaori popu­

lation was estimated at 3400 (Buick (1903 :  153 ) ) .  They livea in 

villages al ong the river banks . It appears from Buick' s account 

(p. 161 ) that there were no vi llaees on the Oroua River north ot the 

Kairanga Plain, n0r vrore there any on the Pohangina River. 

Maori agriculture in Hew Zealand was limited to the cultivation 

of a few intro uced PolJnesian plant species. Of these species , it 

is probable that only kurnara ( Ipcmoea batatas ) was grown as far 

25. 

south as the s tudy area (Te Rangi Hiroa (1950: 89) ) .  Healy (19491 

160 ) suggested th' t su.ch c osmopolit an weed species as Oxalis o orniou­

lata, Calystegia sepium, Solanum ni0rmn, and "Sonc hus sp. " may hav• 

entered New Zealond with the Maori s as "stowaways " , perhaps in tho 

soil about the root s of useful pl .. ults . (However ,  Guppy (1906: 29, 

416-17 , 539 ) c ons idered tha t s omt� of these rtet1ds zuay h.avo b en spread 

through tho Pacific by nJturul means ). 

More important as a s curc o  of food than the Polynesian introdno­

tions ·,vas the rhizome of t h"' iruligtmous brac ken (pteridiw eaoulent\lll) 

(Te Ran� Hiroa (1950 : 93 ) ) . It wou.lii appear that the Maaris olea.red 

are a.s of bunh in order t o  induc e the growth of' this plant . According 

to Best (1942: 96 ) ,  such are as  were re-burned every 3-5 years to prev-



ent the succession from proceeding t o  scrub (and eventually forest). 

It seems most probable tl�t the veg6 tati on  of the distriot re­

mained largely pz·imelval Wltil the c alling of the Europeans . 5iooe vir­

gin New �ealand forest does not nonnally burn (Cockayno (1928: 353) ) ,  

it is unlikely that fires set by the Jnaoris in preparing gardsns or 

bracken grounas on t he riverbanks spread far into t he  surrounding 

i'orest . In any case , great c are \vas undoubtedly taken t o  prevent 

this £rom happening. Siro e the Maoris were a stone age pEI Ople , 

relying largely for fooil antl raw m.aterials on naturally-occurring 

plant s and animals , tlwy had a s trong traO.ition of conservation (Best 

( 1942 : 1-3 ) .  

The only mammals that were int roduc ed by the Maoris wer a breed 

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

Rangi Hiroa ( 1950 : 64) ) . 

( 2) EUROP3ANS 

The principal rec ord of Europt�an activitie s in the ana tu dis-

tric t unt il about 1900 is t hat of Bui.c k  (1903) . It appears that 

t he first Eurr.-'Pean resid:JL ts ,ve1.·a tra<.lers ·.vllo <mtablished thomselve 

in the !ilaori villages and exported timber and flax (Phormium tcmax). 

By 1868 th.,re were 32 European settl�rs in the neighbourhood of the 

:Manawatu P.iver bEhve�n thv mouth of the Qroua ftiv<;�r and t he Uanawatu 

Gor,�.�e . Thsir agrioultur� l aotiviti� s were limlteu t o  subsistence 

cultivation and the rearing of a few c at tle . 1871 saw the b6ginning 

of' trw first organized agricultural settl�wont of the district , and 

after a railway was built from the c oast to  Palmorst on North in 1876 

the dis t rir.: t was ra?,idly settled in u1 1 d.irvotions frcn the railhead. 

Until about 1890 the t imbe r  industry was sti11 the chie f s ource of 

loc a l  wealth. Howeve :-, the int roduc t ion of refrigere1tion in the 

• eighties gave a great im� tus t o  pastural :I:'anning , and ·by 1903 

Buick ''mS able to say that . w:i �.h o;.1o:;� or two exotlptions , the district 

was s t:�ttle d  11to ths best advant age " . 

The se events represent a great change in the vegetation of the 
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Manawatu distric t .  The principal effect of European settlement was 

the I'�h.oval of most of tht! original fores t c overing be low 2000 ft . 

by cuttir..g a�ld burning , ar.d its replacement by a sown pasture of 

Engli sh grasses (Levy (1951 : 203-lu) ) . (At thtl same tiroo , an alien 

flora of non-cultivated specie s was s own in th� form of impurities in 

the import ed "grass-st;�ed " . Allan (l).4.V: 10) has estiJ11ated that at 

least 56{6 of the alien non-cultivated flora was imported into New 

Zealand , anU. i'urtht:?r spru ao , in this 'ITay ) .  

One important ecoloz;ic A l  aspect of t�is conversion t o  p a  ture 

c onc erns ��Le c \an�:As in th ... s oil th>)t have been brought about by 

burning , t'e rt i li zing , an trampling bj' s t oc k ,  and , in some plaoea , 

by cult ivati on and d.rainin=: . not to ment i on tho e ffec t on s oil fol1D-

ation of th ' rarUc al chnnr,e in the type of vegetati on. Much work re-

mair,s t c..· be done in V in fit• lci. ,  Some of these points have been atud­

it!Li by Jdill�· r, ::;·..:; out , anc1. I.e (l ( 1�55 ) ,  and. s ome have been c onsidered in 

the c ourse of th� S t. il survey of tho North Isla<:.d of l�ew Zealand (N,Z. 

Soil Bureau ( 1954) ) . One gros s effec t ,  namely accelerated e rosion, 

is discussed la t e r  in cormect i on with i. i:w prvsent vegetati on. 

Settlt1ment also broup)lt a new fauna, which included not only 

the sheep (Ovis aries )  and cattle (Bos tau. uFJ) to graze the pastures , 

Wld such other dome stic ated anUl�ls as horses (Equus oaballus) � goata 

(Capra hircus) , and pigs (Sus scrofa ) , but also a varied collection ot 

wilcl mammaln , notably rt�d deer ( Gervus elaphus ) and opossums (Trioho-

surus valpecula) . The wild species were loosed deliberately into 

the native ve getation, into wluch some domestic animals also esoaped. 

(Acc ording tu Wodzicki (1950 : 227-28) ,  wild pigs in particular must 

have bec ome established in the (ii stric t at a very early date) . The 

acc ount by Zot ov (1949) of the c hange s in the forests of the Tararua. 

Range indic ates the result . Rabbits ( Oryotolagus cuniculus) and 

hares (Lepus europaeus) were also re leased, but did not spread int o  

the forest (Zotov , ( l93Sa: 280 ) ) . 

Thus � the part of the original vegetat ive c over that survived 



the establishment of pastural farming was still modifi�d indJ 

by man's  activities.  It was modified also by fires. Vir�� _ 

land forest may not norr.nally burn , but , in dry summers , i'ires laid 

t o  destroy scrub or te lled fo1·est , or else started aocidentally, are 

quite liable to spread intu damaged forest which has been opened up 

by timber extraction and/or by animals. Sinoe dry summerc ar e  also 

the most suit able t'or burnin;� felled fore st ,  such fires were a 

fe att4re of t1w se ttlemt?nt pe1·i-..u. . C1 .. e uotable example within the 

study ::- rea is the great fire of the dry sum;r.er of 1897-98 (Ohristeneen 

(1950 : B ) ;  La.'"lds ar;d Survey Department ( 1898 : 11 ) ) .  

Prom its appe arruwe , i t  is evid.tmt tr.ttt much of the present tand­

h.L.t; forest m' t:L0 ::;tuJ.; ...u·e a Las be <m affected by tht.> se fir�s. 

Many of tlw rt7maiuin,; foJ.·,: .:Jt are as c unsi:; t  larg11ly of young tre e s ,  

above -.vi:i.uh rise a .roil l i  vir1,.� survi vu.rs of the original cano.py, among 

many st anding ske le t ons . 



V. THE PRESENT VEGETATION 

(l)  PREVIOUS WORK 

(i ) Vsget ation 

At the pre sent time , smvn pasture is the predominant vegetative 

cover uf the Manawatu <lis tr:i..ct . The principal kinds of pasture , 

and ( in less detail ) of other vegetation, have be en described and 

mapped (on the scale:: of 16 J •lil�s t o  th� inch) by Madden (1940) as 

part of a pasture survey of t he Horth Island. In addition t o  this 

general survey , ::>ucklin� ( 195�-) has s tuclieu the relati on of manage­

ment t o  pasture c anj,>osi-L i on at 'l'e Awa on the we stern side of' the Po­

hangina Plain , while Me rry (wtpub . ) lVorkir;.g in t he M.:mawatu dis tric t ,  

has made an �;cological study of rus hes (JWlCus srt:Jc ies ) in pasture . 

Gre en::>ll c...nd. Ha.'Ililtun (Uilf-U0 . :  32-.34-, 52-54) have given an account 

ot the pastura s of part ui' t he Pohanr-,ina Plain . 

( ii ) Environment 

Information on tht:' envi ronment may bo obt ained f'rora several 

other s our c es besides ' ht> acc utmt s uf Vc>ge tation. Ref'erenc e  has been 

made alreaU.y to public ati ons t; ;u.t contribut e to a kno.vle df.;e of the 

physiography, litholugy , c limat� ,  anu s oils of the study area.  (Fur­

ther, the soil survey of tlw North Island (N. Z . Soil Bureau (1954.) ) 

inc ludes refe renc e s  t o  the avel'ae,e actual ruid possiblt� stook-carrying 

c apacity of eac:h s oil type ) . �he que sti on of' accele rated soil erosion 

has bt�en c ove red for 'the .Manawa.tu di strict as a whole as part of a 

survey by G-range and Gibos ( 1948) . (Greenall and Hendlt on (unpub. ) 

have given special attention tu soil erosion on t he Pohangina Plain ) .  

Land-use and fannine prac t i c e s  for th� higher part of t he Fitzherbert 

Plain , an<i t h� portion o"' the �'ararua Ranc�e behind it , have been dis-

cussed by Gibson (unpub . ) . F'or the district as a whole , these last 

fac tors have been mentioned briei'ly in vari ous national surveys of 

some aspect or aspects of' prii1iary produc t i on (e . g. Levy (1951 ) ,  Depart­

ment of Agriculture (1948 ) ,  Belshaw et al. (1936 ) ) .  Similarly, wild 



mammal s  of the district have been ment i oned by Wod.zioki ( 1950) u 

part of the introduc ed fatma ef 1 ;ew Zealand. 

(2 )  VEGETATION PATTERN A S  � FUN �TION OF MAN' S AOTrviTIES 

( 1 )  The pa ttern of Vegetati on 

Alt hough it deals primarily with pastures , the map made by 

Madden (1940) may also be regarded as a map of the presont v�getation, 

as far as the Mruu�watu district is c cnc erned (fig. 3) .  

Tr.o Kairant;a Pl;tin, t o�_;ether with -;;he suuth-\vest part of t he 

Pohanr:;in:J Plain and the lm.JCJX' flooiiph•i!, of the Manawatu River, is 

shown as oeeupied by a hi.::h-�ror1'.lr: :i.nz; pasture ( type 3 of Madden's 

cla.ssific ,•tion) , d0111in�t ed by Loliur.1 perenne , Trifolium rep_ens , e.nd 

Dact�li s  glomerat�, vvit h  s omr; tv much Holcus lc.watus , C.xnosurus oristatus , 

Poa .erat t: ns i ::; , a::1J Trifolium J.ubium. 

As the Pohrmgina Plain rise s ,  type 3 is succeeded to  the east 

and north-eas t by a zonE! of pasture (type 4) dominated by Daotylis 

gl omerata and/or Cynosurus Gri st�, with much Holcus lanatus and 

T �·ifoliuru repens , and some Lolium perenne , Pea pratensis, Trifolium. 

dubium , and Anthoxanthum od oratum, also Agrostis tenuis and Dantbonia 

!EE.· ,  tlw last bcir:.[ . indigorwus . (Throu£hout the present text , a 

generic name followed by 11SPt-' • " implies a particular superspeoific 

taxon, whic h is desc ribed in thQ species lis t ) . 

As the Kairanga Plain and t ht:� lcNfer f' lvodplain of the Manawatu 

River giw way to the Fitzherbert :Plain tv the south-east , the type 3 

pasture gi vas way to a lowe!"-proouoing pastw:·e ( type 8 ) ,  daninated by 

Danthonia spp. (indigenous ) an�or Agrostis t�n�s, but generally 

c ontainir: ' s ome bet ter species such as Cynosurus cristatua , Dactyli& 

glomer�, Trifolium dubium, Lotus uliginosus , Trifolium subterraneum, 

Lolium pe renne , and Tdfolium reDens . Type 8 pastures are also found 

on the Pohangina Pla in  in t he vicin:ity of the Oroua River. 

- Types 4 and u may be regarded as transitional pasture s .  They 
are succeeded on the higher parts ui' the Pohangina Pl4in and on the Range 
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by a low-producing hill-country pasture (type 9) , daninated by Agrostis 

tenuis, with scme Anthoxanthum odoratum, Holcus lanatus , Trifolium 

�ubium, and 9ynosurua cristatus . Danthonia spp . may very largely re-

place Agrostis tenuis on drier �..::1.0. '.'rarmo r slope s . There are traces 

of Lolium pererme and Trii'olium re o ens on stock c amps and higher fertilit.f-

Finally , the higher parts of the Range do not can-y pasture . 

Above about 2000 ft . ,  the rtrult� is shown as o�c upied by type 16 (For­

est , dens t�  scrub , and eroded. c ountry) . · (The south.;;;rn boundary of 

type lG on the Ruahine Range ,as been cc.rrt>�ted in fig. 3 .  It is 

actually at about the 2000 ft.  c untuur , or about four tlli les north of 

the Mana��tu Gorge . It itot� s  not �:xtend acrose t.he Gorge as shown on 

Madden' s  origir�l hlap) . 

(ii ) Intel)2retati�l,l 

Tho natu.n: of th.: :_)aoture u t-, a .. '1�' plac e  within the stu<iy area 

may ,).; r<-'ga.cdeJ as 3r. indi� ator r-f tr.e d.egre e of human c ontrol CJVer 

the vt>geta.tion tha t i s  p�nni.t tt:Jd by tlw envlrorment of that place .  

Ti;.us , on ·c:1e Kaira!1ga. Plain (anCl ad j ac ent areas ) , t h <OJ  presence of high• 

p1·oducing pasturt�s shows that a hi�h degree of c ontrol is possible in 

that �-•. re a .  If(]l..;�var, a s  th<> sti.Ld.Y ar·u a ril:ie:J t o  t he north and east , 

pasture chang�s show that limitln;� fac t ors are reiiuc i.ng man ' s  role 

t owards t.hc> lt!Vtll .rher6 no p,_,:;; �"..L.� o·� all c ::t:• be maint aine d. (Boonanio 

imprac tic ability w.ay o£' course 0 sb.bli:Jh a barri() I' be fore t he envir­

onme ntFd limit s for t he lllcl LTter, .�nce cf l)asturc are r�eched) . 

T'ne s i 1::nificruwe of several of the s e  l:i.mitine factors may be 

c unsiLie:t·eO. ::>t� pa:>:·a 1ldly for a ac!-1 i'ac to r . ( In  t:1.:dr cri�in and in their -

effec t s  the factors are , of c ourse , interrelnted ) . 

C limate .  The imrease i n  rainfall with altitu<ie ruust tend to 

be a l:imit inp fac t or in a region wr:ic h was formerly in forest.  Th• 

original bush-burns were less efficient in t he higher rainfall areas , 

where they have left plenty of logs an,: stumps tD prottict the sec ond-

ary growt h of indigenous species (Levy (1951 : 20, 221 29) ) .  Further, 
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the reduction in temperature with altitude may begin to have some 

effect on the length of the growing season 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 telrraces of the Poba.ngina Plain) permits the optimum use of mech-

anization and subdivision (fig. 5) . (Although many other practioea 

besides actual cultivation are involved, it is convenient to symbol-

ize such lam as "ploughable " ) .  With increasing altitude , the land 

tends to became steeper and more broken, thereby reduc ing the effect-

iveness of management (even though the situation has been improved 

since World �ar II by the uge of aircraft for such purposes aa spread-

ing fertilize r ,  seeds , and weeild.llers , and by the inareased use of 

track-laying vehicles ) . 

Natural Soil Fertility. (Thl.s has been defin�d (N. z. Soil 

Bureau (1954: 62 ) )  as the ove1-all c untent of plant nutrients) . 

The lower natural fertility of the s oils of the higher parts of the 
arpa 

study/may also act as a limiting factor. The f�rtility of the recent 

and organic � oils of' th� lCM country is hi.gh to very high, emept 

for some of t he  peaty and stony soils , where fertility tends to  be 

lov. er. The yellow-grey soils of' the Fitzherbert Plain and the low-

er parts of the Pohangina l'lain are of medium to high fertility. 

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

of the Range (and o:t' the steeper slopes of the Pohangina Plain) , 

are in general mediwn in fertility. Ruahine stony silt loam (124) , 

the least fertile of the skeletal soils , is low to medium in fertility. 

On this soil type , the vegetation grades fron1 pasture into non-pasture 

(Madden 's  type 16) .  (To the extent that the present pattern of vege-

tation is determined by soil fertility,  it is liable t o  be modified 

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

ilizers , but it must be str�ssed that soil fertility is on� one of 

a complex of factors ) . 



Soil Erosi on. 

a limiting factor. 

Erodibility of the s oil must be c onsidered as 

Here aga in  the flat to undulating groo.nd of the 

study area is in the most favour.,,ble positi on, and the situa tion tends to 

deteriorat e with altitude . The maps of Grange and Gibb (1948) show no 

erosion of the recent soils of the flat c ountry nor of the yellow-grey 

soils of the lower, l ea st dissected, parts of the Pohangina and Fitz­

herbert Plains . However, some s lips oc c ur  on the hill soils of the 

yellow·-grey group , while s ane of the brovn loams of the PohangU.. 

Plain (together with the small area on the Tararua Range ) exhibit slip 

or wind erosi on. Finally , the skeletal soils of the Range , and of 

t he steeper slopes of the Pohm1t:;ina Plain, are shown as subject t o  

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

it was found that e rosion se�ms t o  be less seri ous on the soils der­

ived from greywacke than on thos e derived from unc onsolidated rooks ) . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Thus , the vegetation of the study area may be divided roughly 

int o three categories in terms of land-use . "Ph>u ghable " pasture oc­

cupies the land on which man can attain a relatively high degree of 

c ontrol over the vegetation.  �on-pasture " vegetati on occupies the 

land on whic 1 it is impossiblt1 or impracticable to maintain pasture . 

Betwe en tht' Se extreme s ,  "unploui_hable " pasture occupies the land wheN 

the degree of human c ontrcl will depend. on the efficiency of manage­

ment and the status of thti limiting fac tors . At the first extreme , 

introduc ed economic sp ee ies , an t  at the other extreme , indigenous 

specie s , may be expected t o  predominate ;  and interaction between 

indigenous and introduc ed species may be expected to be most int ense 

in the region of unploughable pas ture . (The role of introduced non-

ec onomic species may als o be expected t o  be most significant in the 

unplouFpable pasture 1 where man' s activitie s are not sufficiently in­

tense t o  control them. ) 

There is (.,ne c ouplicating factor in this assumpti on. In g n-

eral , human efforts are directed t uwarO.s maintaining ec onomic pasture 
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species and suppressing non-ec onomic species . Economic species in 

the study area are almost exclusive ly introduced , so that the policy 

is in effect one of rnaintaining introduced species (other than weeds) 

and suppressing indigenous species. However, it is important to 

note the role of the indigenous Danthonia spp. , which has been ad­

opt ed by European settlers as a pasture species and i s  now sown in 

s ome "seed-mixtures "  (Levy (1951 : 176-n ) .  



VI. FIELD EXAMINATION OF THE PRESENT VEGETAi'ION 

(1) BASIS 

The met hods used in the field examination of the p resent vege-
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t at i on ware based on t he land-use interpretati on of the vegetational 

pattern. The vegetation of t he study area � divided into pasturt 

and ncn-pasture . Any area on \Vhich man ' s  activities are directed 

t owards maintaining pasture was tre at ed as pasture . Any area on 

Which t his is not the case was treated as non-pasturt� . (This latter 

is equivalent to Madden' s  type 16; it does not include examples of 

vegetation other than p asture that are under human control, such aa 

plantat i ons and gardens ) .  In genaraly, the distin� t i on was clear 

because of adequate fcmo ing. The whole of any p addock t hat is used 

for grazing was regarded as pasture for the purpose of thi s  exam-

inati on . 

The pasture vegetation was regarded as c onsist ing predominant-

ly of introduced species. Examples of indigenous species were then 

s ought for in pasture and the habitat of such examples was examined. 

Convers e ly ,  the- non-pasture veget at ion was regarded as consisting 

predominantly of indigenous species . Example s of introduced species 

were then soucht for in non-pasture vege tati on and their habitat wa� 

examined. 

The nature of th�> actual methods for studying indigenous 

species in pasture and introduc ed spec ies in non-pasture was affected 

by several prac tical con�ideratiuns. 

The first of' the se was tte intens ity of inte raction between in-

digenous and introduced speci e s .  As indicated in the conclusion 

of t he last secti on ,  this might �Je expected h .  be great est in unp1ough-

able pasture . It was decided t o  make a systernatio examination of un-

ploughable pasture , since it seeme d  likely that suoh a method woUld 

produce enough posit ive rec ords t �  justify the work involved. lt 

se�ed less likely that this would apply either where man had a rel-

atively high degre e of c ontrol over the vegetation or in the case of 

the non-pasture vegetation. 
- - In the se cases a systematic examin-



ation would probably have meant a great deal of work t o obtain very 

few positive rec ords . It was ther efore decided to c over these 

latter kinds of vegetation as thoroug� as possible , but not t o  a 

set plan. 
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Boundaries had t o  be set betW6en the areas which it was prop­

ose�d t o  e::camine sys temat ically and thos e  in which the examination 

would be extensive . First , it was assumed that cult ivation would havw 

been c arried out , at some time ne arly everywhere that it was pract• 

icable , so that a rough division into ploughable and unplougbable 

pasture c ould be made on this basis . Therefore, t owards the extreme 

at which man has a high degree uf c ontrol , the distinct ion was made 

between land .-.hich appe ared t o  have becm p loughed or disoed at sane 

time and that which had not . ( It was po,;slble normally to make 

this distincti on by inspecti on .  Ground which ha s  be tm cultiv ted at 

some timtt looks much smoothe r . In doubtful case s where it was sus-

pected that an area had been cultivated at some t ime , a check with the 

�cupier showed tha t it had been) . To simplify mat t ers , enc laves 

were me rged wit h the ir surroundint• s so as t�.; produce a continuous 

boundary, corresponding very roughly wit h  the 500 foot c ontour. 

Towards the extreme at which man has no direct control over the 

nature of the vegetation , the dis tutction, as mentioned earlier in 

thi s  sec ti on , was often c lear-c ut , in tha t  the boundary betwe•n pasture 

and non-pasture vegetation was a fer� e . 1fuere no fenc e existed , the 

seccnd prac tical considerati on opdrat ed. 1h� wss freedom of move­

ment . It was largely c ontrolled by the nature of the vegetation 

and was a ncther reas on w� a syst�tic examination was dec ided ag­

ainst for non-pasture vegetati on. Nhere the vegetation graded through 

fran pasture to non-pasture without a cultural boundary in the form 

of a fence , the apparent limit of penetrati on by domestic grazing an­

imals (the presenc e of their dung being the principal criterion) waa 

taken as the boundary. As with the other boundary ,  enc laves were 

abandoned so as to give a continuous lir.e , c orresponding very roughly 

wi th the 2000 foot cont uur. 



Drawing t he se boundaries (figs. lt-, 5 ) divided the study area 

into three regi ons .  The ploughable pasture region below the lower 

boundary (consisting of the Kairanga Plain, the lower floodplain of 

the ldanawatu River , and the lower parts of th e lt'itzherbert and Po­

hangina Plains ) ,  and the non-pasture region above the upper bouu.dary 

(consisting of most of the land above about 2000 ft. , together with 

some forest reserves and remnants ) were to  be studied extensive� . 

The unploughable pasture region between these boundarie a  {consisting 

of the high�r parts of the Fitzherbert and Pohangina Plains , and the 

lower parts of the Range ) was to be stuc.ied sy$tematically. (The 

area that actually was examined systematically was further limited by 

otaer practical c onsiderations . 

of this method). 

These are niscussed in the account 

The questions asked in tho field examina tion were : -

(a) ·flhat indigenou.s spec ies occur in pasture? What intro­

duced species occur in non-pasture? 

(b ) Under what environmental c onditions does each species 

ooaur? 

(c ) What is the relative significru<ce ot each spec ies within 

its range of environment? 

(2 )  m_ENSIVE EXAMINATIO!i 

The extensive examination rt�ferred t.;  in the last section con-

sisted uf a note-takir� rec onnai ssru1ce . It was decided to include in 

this rec onnaissance the area that i t  was proposed t o  examine system­

atically, in order t o  give an overall pic ture of the study area. 

(Further, sinoe a portion of the are a  that it was proposed tu examine 

systematically was in fact not s o  exrunined, the extensive record was 

needed for this section) . 

This rec onnaissance thersfore involved travelling by oar, cycle , 

or foot , at le ast onc e over every road or track in the study area , 

except on the we ll-roaded Kairanga Plain, where about half the roads 

were covered. Further, air rec onnaisswlCes were made over the area 
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that subsequentlY was to be examined systematically. 35nm. photo-

graphs were made on the se flic,hts for reference purp oses. 

In the c ase of plougha ble pa sture , t he results of the exten-

sive exarninat�on were amplified by a small amount of more detailed 

work. This is refeiTed to in th6 appropriate section of (VII ) "Results 

of the Fi� ld Examination". Again , a certain amount of informa-tion 

on non-pasture vegetation was obtained during the systematic survey 

of unploughable pasture . 

(3)  .Mli:l'HOD POR STUDYING UNPLOUGHABLE PASTURE 

( 1) The Unit Area Method 

The situo.tic.n enc ountered in plan: Jing the systematic examination 

of t he r�gions of unploughable pasture was fairly similar to that 

enc ount ered by Greenall and Hamilton (unpub. : 78) when they set 

about c ollecting , rec ording , classifying , and interpreting p}\Ysioal 

tacts re lated to land use and cultural erosion in Pohangina County, 

"At the outset it was apparent that , so many factors influenced land 

use and tJrosion, {Jhafj' special methods of symbolising, reoord.ing, 

and classifying these factors would be essential. An examination ot 

relevant survey practice in New Zealand failed to discover a satie­

factory precedent and so it was dec ided to modify a survey technique 

developed by the Soil Conservation Service U. S.D . A . t o  suit the 

c cnditi ous peculiar to this country. 'l'he technique used was ti:lo 

unit area me thod, the boundary being closed when aQY one factor map­

ped changed". (A lat�r acc ount {Greenall and Hamilton (1954) ) iD­

olud�s a photograph showing the manner of subdividing an area of 

land into units ) . 

As used by Greenall and Hamilton ,  the unit area method. appears 

t o  lead to an adequate c lassification of the c ombinations of faotora 

relevant to land use and erosior • •  It seemed , therefore , that it 

might also provide a suitable c lassification of the c ombinations of 

factors relevant to vegetati on, or, in oth�r words , of the kinds of 

plant habitat . If this method were t v  be used, the area unier oonsid-



eration would be divided int o  units , within e ach of which the habitat 

appeared t o  be relatively uni.J:'crrn. (The expression "relatively 

un:if orm" is used advisedly. In determining the boundaries o£ suoh 

unit anas , there is the problem of deciding on the degree of sub-

divis ion of each factor. �he decision as t o  what c onstitutes 

"change " in a factor which varie s quantit atively must tend t o  be 

arbitrary and to be affected by expedi ency) . 

(ii ) Trans eot Sampling of Units and of Vegetation of Same. 
I 

Greenall and Hamilt on (unpub . ) prepared a unit area map of 

t he whole of' the ir stud.! area. However ,  it was felt that in 

the present study it would have been impractic able t o  oarry out a 

similar 100� survey. Greenall and Hamilton ' s  survey had required 

a team of worker� . A loo% survey might have been practioabl� 

wi th a much-reduced are a ,  but it was desired to c over as wide a 

range of habit at as po� sible . �he que stion of sampling then 

arose . 

It might have been possiblt! t u  employ sane scheme of randcm 

sampling tc  obtain uni t  areas f'or study. Howc:tver, the amount of 

travel involved in a system of randan sampling would pz:robably have 

be � far too great for practical purpose s .  It was d�c ided , there-

fore , to use non-randan sampling. Thi s vrculd detec t ,  and loo ate 

acoura tely, various uni. t areas , the environment al characteristics and 

vege tation of which would be rec orded. While such a sys t em might 

have its limitati ons , it might be expect ed at least to indicate 

ttmden4ies in the mutual relationsl:ips of introduced species , indig-

enous species , and environment .  

ThtJ obvious system t o  use was line transac tin�, which would pro-

vide maximum (continuous ) recording of informati on for the distance 

travelle d . As the trunseot line was measured out , a rec ord ·would 

be made when any environmental factor c hanged. In this way the 

positions of the unit areas thrc.,ut.:::h which the line passed would be 

fixed, and the environmental characteristic s of those areas would be 

determined . 



There remained the manner of investigating the vegetation of 

the unit areas thus detected. Sane objective nwthod was desirable. 

Separa te sampling of the vegetation i.n each unit would require extra 

time and labour. Therefore , it was c onsidered whether the tranaeots 

used tu detect the unit areas might be used also tu sample the vege­

tati on of the unit areas through which they passed. 

If the transects were used :in this way , it would mean that , in 

each such urut are a ,  th� veget3tion would be sampled by one line 

transect , nnmely the port i on of the gfintlral transect line that loy 

within the unit a rea . This line trrui.Sec t  co ... ld be used to eat :im lte 

the abundanc e of different species , in terms of the arooWlt of cover 

provided by e ach speci es on th: line . ( It would be nece ssary t o  

make the estim�te of abundanc e in terms of c over , since pre lim,nar,y 

fie ld observatioP� had made it clear that few of the plants in un­

ploughable p3ature c o�ld be treated �s individua ls , and that suoh in­

dividuals (mainly phaneropbytes ) t - nded to vary gre atly in sise , even 

within a species ) . A one-transect sample might not give an adequate 

aoc runt of the vegetation of the unit 1rea in which it was takm , but 

a m.mber of _ uch sample s ,  e ach frcrn a diff€1rent unit area o-f eane 

given type , would be more li kely to give a reasonable piotu1•e of the 

overall vege tati on of thc: ir c ombined unit areas . The� sampl(Js c ould 

be used to est i1r.3.te f'requen..;y , in terms of thtJ proportion of trana cts 

in which each species occurred , and nl::>o mean abundance ,  in terms of 

the mean c over provided by each species . 

The� method as describeu above bears s�ne resemblance to a vari­

ation of the point me t hod of analysis {Goodall (1952 : 12-13) ) that 

involves restricted randcmizati .... n . Goodall ' s  me thod is t o  sample 

the vegetaticn of a given aro a ,  by subdividing the t otal area into 

small plots of equal size , anO. taking a random one-point sample in 

eaoh subdivision. The method that was proposed for the present work 

was to sample the vegetation of a given combination of unit areas by 

taldnc?; a ainf,h transect in eac h  unit artta. 

It was not expected that the �e sulta would be particularly ac-



ourat• . The unit areas mtre not .going t o  be of equal size,  nor 

were the line t ra nsects going t u  be a gi v en hmgth and randomly 

plao ed in the unit areas . lbe sizes of the unit are as would be 

determined by the m tural variatie;x.s of t h� physic al 6nviro.llln6nt ) 

and t he placin� of the transects would be determined by t he arbitrary 

placing of the general t rans ect lir.es of the survey. Further, it 

was obvi ous that t he lengths of the t ransacts within t he units wou.ld 

Varj' c onsiderably . Howevt!r ,  i t  seem<ld prcbable tbat thi s last ob­

jection might be partly met by classifying the srunpling transeots 

into groups uf similar length btjfore deriving results fran th• 

sample s .  The probabl e acc uracy of such results i s  discussed below 

iD ( vii ) "Treatma nt of Sampling Data " . (Of o ourse , one way of ach-

ieving unif onni ty of' transect length (although not randan p lacing) 

wculd have been to use non-continuous rec ording of' vegetation in the 

Ill 
f'ield mt�t hoci. . •his wc,uld have involved ignoring all unit areas in 

which tlw t rans ect was of le ss than a giwn lengt h ,  and rooording 

only thb given le ngth of' tra.'1.sact in eac h of the rtm�aining unit 

areas. However, the whole point of the fie ld me thoa was to provide 

the maximum inforn�B tion for the distance travelled) . 

Whi le this proposed mdhod of veget 1tion sampling had i ts draW'-

backs , nevertheless it had the advantage that it would permit a 

large area t o  be covered. Further , it miLht be expected t o  give a 

more objective acc otmt of the vegetation than would the extensive 

survey. However , in view ot' s ome r�ogni zsd defioienoies of the 

transeot ing scheme , separate sam�ling of th� vegetation of certain 

aelected unit areas was in fact c arried out after the transooting had 

been c ompldE:Jd, in order t o  am_ulify the iru' onnat ion that had been ob-

tained. (See (vi ) below, '�oint Analysis and Frequency Measurements�) . 

It was further decided to attempt tu  obtain some indic ation of 

the relative int ens j ty of grazing wit:dn each uni t  area, by using 

the t ransects t o  esti mate the abundance of a.ung. 



{iii ) Maps Used in Systematic Examination 

The 1 :63 ,360 topographical map of Nn Zealand (Lands and SurY.,­

Department map series N.Z.M. S . l )  was of great assistance in the sya­

tematio examination. This map is divided by the "National Grid" 

into squares covering 1000 yards by 1000 yards (about 900 m. b7 900 •• ) . 

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 locations of interest cotll.d be fixed b7 means of 

grid references. FUrther, th" presemce of contour lines lll6ant 

that such environmental factors as slope , orientation , and looal ph,ya­

iography could be checked on the map. 

The 1 :25 ,000 map of New Zealand {N.Z .M. S . 2 ) ,  with 50 ft.  oontc:ura 

instead of the 100 ft. contours of N,Z.M. S. l,  would have been eTm more 

useful , but the sheets c overing the :Mana.wa.tu district have not yCJt 

been prepared. However, aerial photographs or "mosaic maps 11 

(N.Z.M. S. 3 ) ,  each equivalent to one sheet ot N.Z.M. S. 2,  are available 

on the sca le 1 : 15,840. They are "semicontrolled" ,  in that the 

National Grid is sup�rimpos ed. Th�se maps of course show far mare d.-

tail than N. Z . M . S. l, but have three disadvantages for field work, 

namely their high cost (.£3 per sheet) , the abseooe of c ontour lines, 

and some inevitable distortion. (It is noted an each sheet that 

grid references are sub jeot to errors of lOo-300 yards � . These dia-

advantages do not coour with th6 "controlled" N.Z • .M..S . 2  sheet.s , but 

in the absence of this series it seemed preter�ble to use N. Z.M.S.l 

rather than N.Z.M. S. 3. 

The Manawatu district has not yet been mapped completely even in 

the N.Z.M.S. l  series. This map is issued in sheets covering 30,000 

yards (north-south) by lt-5,000 yards (east-west}. (The sheets are 

oriented on true narth) .  Some sheets have not yet been prepared, 

and others are incomplete , in that either they are not contoured at 

all or else the contours cover the lowlands (i. e .  th$ ploughable 

c ountry) only, and end between 200 and 500 .ft . In fact , the on.J..7 

fully ccntoured shoets that were available in 19.54 were the P8.lme:-



ston North (N. J.4.9) and Dannevirke (Nl45) sheets. 

A s  far as the tmploughabl<J country of the study area is oonoemecl, 

sheet N. l49 (fig. 4) includes almost all of' the uppc::tr Fitzherbert 

Plain , togeth�r with the portion uf the Tararua Range to the east 

at the Plain. It also oov...;rs t he southern end of the .Buahine 

Range for about five miles north from the Manawatu Go rge , together 

with the portion of the Pohangina ::?lain lying between this section 

of the Range and the Pohangina River. Although the upper Pohangina 

Plain and the rest of the Ruahine Range are not yet covered by 

N.Z.M. s . l ,  a large portion of Pohangina County between the Pohangina 

and Oroua hivers hRs been mapped by Grettnall and Hamilton (unpub. 

and 1954) on th� scale 1 : 15 , 840. Their unit-area map of land 

classification and major exist in;� erosion features is not c ontoured, 

but it is almost as  useful a s  a mosaic map (being on the same seal• 

as N. z . • �1 . S . 3 ) , and it i s  possible t c  achieve "semi-c ontrol " by super­

imposing th<> National Grid and t he spot heights from the Ruahine map 

(N. Z .M .d .  7�, a map on the scale 1 : 100, 000, without contours , but 

showing roads and streams, and the 10, 000 yard lines of the National 

Grid) . 

Becaus e of tha posi tiou with respect to maps , it was decided to 

restrict the systematic examination t o  the regions of un-ploughable 

pasture that are covt�red by the portion of N. l49 that lies within 

the study area (:figs. 4, 5 ) ,  and by the Pohant;ina map of Graenall 

and Hamilton. ('l'he small section of N. l45 that is within the study 

area and in pasture was not sampled b�cause a fielci examination had 

shown the area to be ploughable in many places ) . 

The shLrtage of maps was one of the practical considerations 

referred to earlier as further limitint:; the area to  be examinc::td sys-

tematically. The other was that it t ook three months to cover 

even this limited area by transacting. The area of N. �9 involved 

represents about 45 square miles ,  an.:J. the gridlines used represent a 

total length of about 38. 5 miles .  The area mapped by Greenall and 

Hamilton covers about 50 square ndles .  Because their map is leas 



PIG. Jt: .NZM5 1, SHEET N. l.49 (PALMERSTON NORTH) 

Scale auout thre e miles to the inch. 
Boundary of study area ------

Boundary of area examined systematically - - - - - -



FIG. 5. NZMS 3, SHEET li.llt9/5 ( .rn:AKARONGO) 

Soale about one mile to the inch. 

Boundary of study area ----­
Boundary of area examined systematically 
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accurate than N.Z.M. s. l ,  and was found t o  be les s satisfactory to 

use in the field, the grid equivalent of only t hree ulilas was trana­

echd . ( 'l'he grid line invulved wns the e ast-west line lying 10,000 

yards north of the northern boundary of N. l49) . 

N. Z . M. S . 3 ,  shoet N. llt-9/5 (the c entral sl::a e t  of the nine , each 

c overing lO,OuO yards by 15,000 yo.rd.s , ·t- hat are equivalent to  N. Z ••• S. l ,  

sheet N. l49) ,  was purchased to amplify N. l49, which is centred on 

unploughable c ountry (figs . l�o, 5 ) .  

(iv) Tranaoctin& Prooedure 

Each transect run along a gridline of the• map was started frc:m 

a rec ognizable lar.dmark. The line was maintained by compass and 

landmarks . The transact s  were tied t o  the maps by giving the grid 

references of any mapped faaturt.! s (stre ams , roads etc . ) vhat they 

crossed. A rec ord was made of as many landJn..q_rks as possible (gates , 

strainer post s , distinc tive plant s ,  rock outcrops , waterfalls , etc. ) ,  

on or near the line , t o  permit a recheck later where required. (It 

was obviously necessary to make as full a recurd as possible of the 

c ourse of each l ine , sinc e t he posit ion on the eround of each line 

was determined s anewhat arbitrarily. The degree of accuracy in lo­

cating each gridline in the fielu nas controlled by the fact that the 

princ ipal map used is on the scale 1 : 63 , 360 , so that , e . g. , o. o6 inoh 

on t he map represents lOO yards in the fie ld . ) 

The line. was measured out by h�;� tl l  t o  toe pacing, or by a gradu­

ated measuring stick, whichever was the mor� appropriate at any place. 

The unit of m�aaurement was th� foot , namely the length of a boot 

(checked) . (Preliminary trials had shown tl�t the foot is short 

enough t c  separate out microhabi tats ( see below) 1 while the yard 

(thrt'e feet)  is not . Further , the trials had shown that the foot is 

sufficiently short to allow the dominant veget ation to be determined 

by eye wi thout difficulty ) . The main difficulty was a tendency to 

underestimate distances , presumably because of' failure to place the 

heel firmly against trw t ou of the other b oot in pacing (especially 

in rough c ountry ) , and similarly because of leaving gaps when meaaur-



uring with the stick. The tot al leugth of transect recorded was 

about .38 miles , although the distanc e covered as shown by tho map 

was about 41.5 miles (without allowing for slop e ) , so that the un­

derestimation was of the order of at least � 

Where progre s s  along the line was not possi l:Jle , an accurate 

de tour was laid off , and a not e made of the� nature of the obstruction, 

This refers essentially t o  clif.:.'s awL impenetrable th ickets , both 

of which amount to non-past1u·e . A brief description of the non-

pasture vegetation was noted in such case s ,  to  amplify thtl result s of 

the extensive exami�� tion. (The te1�1 "impene trable " is used in a rel-

ative s�ns e .  It includes t hicke ts thrcugh which a heavy cattle beast 

might be able t c  force its way, but which do not offer anything like 

free dom of movement ) . 

The fe et were counted off along ti1e line (a mec hanic al counter 

being used for long runs )  until a recorci was ��18.de . Each record 

was prefaced by the total number of fed since the pr6Vious record, 

the last fo ot of that total bein,z that in which the rec ord occurred. 

(Where the rec ord was of a b oundar,1 t1etween two unit are as , the foot 

in which the bound<! ry occurred was allooated t o  the unit area that 

was be ing left ) . 

For each foot of t he tral•sect (which was regarded as a fore and 

aft line (having no t hickness ) al ong the centre line of the boot or 

stick) , rec ords were made as follows . 

Boundaries Based on PhY�i9al Environment . A roc ord was made of 

any chanif,e in slope , orientati on, soil type , or a1 titude . (Obviously 

these chan:�es are often gradual , and the choic e of the actual boundary­

foot tended to be somtJWhat arbi trary in such c ases ) . 

The s l ope divisions were those whJ. ch personal expe rience sugg­

ested would be c onvenient . namely : flat tu gently rolling (up to 

about 10°) ; strungly rolling t o  1noderately steep ( about 1o-30°)J 

and st eep ( over about 30° ) .  (The N.Z.  Soil Bureau (1954: 62) employs 

a similar olassif'ioat i un) . Categories of this magnitude oan be est-

1mated, and in many oases oan be checked from the contour map. The 



three slope divisions were symbolized as "O" ,  "10",  and "30" reap•otive-

ly. 

Originally it was propos ed that the orientation categories 

would be north- ,  south- , east- , and west-facing, while if the orien• 

tation of a unit area was almost exac t ly between two c ardinal potnta 

it would be recorded as N.E. , S . E . , s. w. ,  or N. w. (OWing to irre g-

ularities in the groUnd , i t  was found that it was not possible to 

determine the orientati on of a uni t  area more closely than t o  the 

nearest sixte enth point . '.i'hus su�h orientations as N. E . would 

actually c over an arc of about 22. 5° ) . However ,  it seemed probable 

that the important dist inct i on would be between "slll'lDJ' " and "shaq" 

fac es ,  tha t is , between north-facing and s vuth-facing slopes • 

. 
Therefore , the category "north-facing" was taken to include N.E .  and 

N. W. ,  and "sout h-facing "  t o  inc lude S . E. and S. lt . (each of' these 

major c at egori es thus covering roughly 112.5° ) .  The east-taoing and 

west-facing categori�s (each c cvering roughly 67.5°) were pooled in a 

third group. l'his group c ons ists in e ffect of thll slopes that are 

in neitht'!r the "sunny " nor the "shady "  category, but in a roughly in-

t enuediate tJ Os i t i on. �·his grou�) is somewhat artificial , since while 

the lifpt relati ons are similar for east-fac ing and for west-facing 

slopes , the peri od of maximum li d ht is associated with higher t� 

eratw:-�s in the c ase of � he west-:fac ing slope s . (For t his reason, 

&n alt�rnative classification of orientation would i ..ave been into 

north-and-we st ana south-and-east ) . It was c onsic.�red that the wind 

faotor woula not differ muc h betwe on e ast-facing and west-facing 

slope s .  (See "Climate " ) . A fina l group ( "no orientation") con-

tained the flat land ( e . g .  terrace t ops and floodplair� ) .  The 

four orienta t ions were symb oli zed. as "N" , "S " ,  "E'.V " ,  and "- " res-

pective ly. 

( It was rec ognized that the general pattern of climate is liable 

t c  be modified by local physioeru[Jhy , a;1 example being the redlwtion 

of light and of wind at any point by the shadowing effect of neigh-

bouring ridges. Howeve r ,  it did. hot seem t o  be possible t o  oaDbine 
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detailed estimates of these fac tors with this general survey ) .  

Soil type boundari�s we re dehrmined from the four miles to 

the inch s oil map .  This was d c ne by projecting a c olour slide of 

the s oil map on t o  the N.Z .M. ;:,. l .  ma · , the projt>ctor being arranged 

so that the image of the soil map was four times natural size. 

Roads and rivers shown on both maps wt;re useu as guides in making 

the projected image and the c ont uur map c oincide . It was not 

possible t o  ubtain a completely acuurate regis t e r ,  because both in 

making and in projtJc ting the photograph it would have been very dif­

ficult to mak� the object and th..J image truly parallel. {Further, 

the soil and the c ont our maps ma; have betm drawn on slight ly diffliJz-

It was L)Oss �blo t o  make some check on the mapped 

soil boundarie t3  if two adjacent s c ils were described as formed from 

different parent materials , or on dif'ferent slopes ,  and the contract 

between these could be observed in tht' fie ld. { Rec ords of rocks ex-

posed as outc rops or by erosion we re of value in this c onnection ) .  

The soil type s were symboli zed by the code numbers referred to under 

"Soils ". 

The ranee of altitude was divided int o 500 ft . belts.  �his 

division was partly arbitrary , but was partly derived from ths claim 

of Zot ov ( 1938b : 477 ) that in t he indige .. ous vegetat ion of the Tara.­

rua Range ea.oh 300 m. {1000 ft . ) c ont our represent s an important level 

of floristic chanl,Si:l • Altitude> can be determined fairly accurately 

from the contoured N. Z.M. S . l ,  but less so fr�n the spot heights of 

N.Z .M. S . 74. The altitudinal be lt 3 were symb oli zed in tenns of the 

lower boundary of each, that is , e.s "O ",  "5 11 , "10" ,  and "15 " respect­

ively . 

Boundaries Based on Land-use , Pencelines were regarded as 

representing pos sible c hanges in environment ( e . r,. in grasing in­

tensity) , and therefore as bounda :d es , so that aey f'enceline crossed 

by the transect was rec orded. (Relatively few fcmo eline s were in tact 

rec Grded, since the areas of the paddocks are of the order of 100 

acres or more ) . Natural features that are impassible t o  stock, such 
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as cliffs or impene trable vegetation, may form pnrt of the bQlndarie s 

and thus be the e quivalent of fcuc eline s .  1Vhere natural features 

thAt were rec orded by th line ��13J etl the part of fencelines , this 

was indic ated. 

Unless othtirwise statetl , it was t c· be asstuned from the rec ord 

that tlw furm d land-use was grazing ._u unploughable pasture . 

Therefc-re , whe ther or .11ot they were Hmrked by a fenceline , the boundar­

ies wo:;1re recorded uf : plot.li.hable land ( that is , lc.tnd which appeared 

to h.avo b-:JQU plouc;hed at S u1He t .i.m ; ) ; roads or fanu trac ks ; plantat­

ions , hom-: stt:acis , u.li...:i stock:yarus ; erosion feature s (as listed below) ; 

waterc:ourses (ir.cluclir� ditclws) and stream be<is ; and stream bank& 

(which vte re gi·uupeu >.vith clifl's ) . (The vegetation was sampled in 

unploughable �'asture o 1ly. In t b..-· c ase of the ct.ht"r categories , aa 

with c li ffs anG. imp�ne t rabltl Vq::,etation ,  a brief descripti on of the 

vegetation was noted tc a.m�lify the result s  uf the extensive examin­

at i on ) . 

The n�1 ture of each active or unhealed erosi on fe ature was noted 

(e . g . slip , slump ,  mudflow, gully , winci. erosi on, scree ) . Where the 

subsoil was exposed , this was named (to amplify the soil r�oord ) .  

Minor erosion i'eatures (those vccupying isolated dngltJ feet ) were 

not separ8ted out fran unploughable pasture , :Jut were treated as 

mio rohabit at feature s . (See below) . 

As sessment of MS!l�ement . The principal f�ctor to be exam-

ined urui.e r  t his headitlt"; waa th�C� relative int tmsity of graz:i.ng wi thin 

each tmi t �rea. In Lrder to obt ain some estim:xte of this factor , 

a reo urd was 111aue o.::' tlw .>resence of �my dun;:; on each foot of line 

transect ,  anJ of the animal or aniJuals involved. (For all prac-

tic al purposes , t his meant sheep and cattle ) . Thi s t ec hnique was 

suggested by th,� "pellet count " method used by Hew Zealand wildlife 

inve.�stigators in e stimating J) opul ti uns . (Riney (1956 : 462-64) has 

describc:td a form of pe l le t  count method used in 195.3 during a survey 

t o  assess th� relative abundance of several spec ies of grazing and 

browsing ru1imals on different secti ons of a drainage sys tem) . 
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Cortain deficiencies are obvious in the dung-coWlt method used 

in the present work . The most seri ous l i e s  in the attempt to class-

ify unit areas in terms of grazing int ens i ty by means of estimates 

based on single nun-random s ampling transects of varying length. 

Again , the c orre lati on between dunging and grazing may be upset in 

the case of :.;ha e p  by the aninl[lls c .·ffii)in[ on the high ground at night 

(Guthr � e�Smi th (1926 : ch.Xx) ) . There is a ls o  the problem of dung 

decaying at dii'fe N nt 1·ates in uiffertJnt environml7nts. Further , 

while t he dung c ount for any unit area wi ll , presumably , be relative­

ly c ons t a Ht thruu•)1 th�::� y�a.r w1 : a1· s e t  stocking � it may not be so 

under rot ati onal or s easonal grazing. (Ac tu�lly ,  both Gre enall and 

Hamilton ( unpub. : 60) and Gib�un (unpub . ) P�ve ointed out that set 

stoc king i s  usual but not universal in th� areas that they c overed) . 

Another }:)Ossi :)le fault wi tn t he c orre lat i c L  is thzt  dif:t'erent breeds 

t;f the s ame spocj_e s ,  or c1iffer;;;!nt c ategories of' tho same breed , me_y 

differ in the effici ency of uti l i zati on of .Lead . .J.'he importance of 

this )O:.; :.;i bl a fault i s  lessened by th.;; f'act t hat most of the sheep of 

the ar�a trallli ec ted are bre eding ewes (mainly Ramnay ) , and that most 

of th� c a t t l <�  are bet:>f c attle (mainly Aberdeen Angus ) . 

It was asswned that all unit areas were grazed both by sheep and 

by c attle. ( In prac ti c e , thi s  is largely , but not inYariably , the 

c ase ) . On the b aei � of the trans ect srunple , e ach unit area was then 

cl assif ied as b e ing subjected tc 11 ._ ht or he avy sheep grazing and to 

l i g ht ur heavy c attle grazing . �heep grazing wa s al'bitrarily regard-

ed as heavy if' she ep dung occ urred in more than lafo of the feet in 

the s arr:ple , while cattle grazing was regarded as heavy if cattle dung 

occurred in mure th<m 2 . 5% of the' fe et  i n  the s amf le . In both oases 1 

about 30;� of the samples we� in the "heaVy grazing " category, ( It 

was rec ognized that the peroenta�es woula vary in precision with 

the lengt hs of the t rans ec ts on which th�y were basad, so that the 

c lassif ic ati on woul d  be a VtJry rouzh one ) . The term "he avy 

grazing " i s  rather relati ve , �articularly in the c ase of cattle . 

Sheep , at the overall rat e of ._.ne t o  two ewe s per acre :plus young 

stuck) , are the predominant grazing animal s ,  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 she ep (Gibson (unpub . ) ; Greenall and 

Hamilt on (unpub. : 55 , 119 ) ) .  Light ana. heavy sheep grazing were sym-

bolized as "O " and "10. 1 "  re spectively, and light and heavy cattle 

grazing as "O " and "2 .6"  re sJ_)ec tive ly .  

The effe c t s  of horses ,  rabbit s ,  and oposstnns were disregarded, 

since the dung o f  e ach of' these sp�cie s  occurred only i n  about � 

of the transe �ts , and then always at ratas of less t han 2 . !7;"&. 

It ditt no t se ern possible tu ma Ke any cla.s:.df'ication of unit areas 

on the basis of fert i l i z er tN ,Ylr:l•mt . A�rial distri bution (and, to a 

much smal ler extent , blowe r or s rre ade r distribut i un ) of phosphatic 

fertilizer (usue1lly 2-3 cwt . of supt:Jrphos phate per acre (25Q-375 kg. 

per hectare ) )  �as a general pract ice in the unploughable country of 

the .Mana .. atu distric t in th,-;) e tlrly part of 19.54, and que stioning of 

fannEn·s on this c ountry suggested that the use of phosphatic fertilizer 

had been very limi ted prior to tha t se ason. On an overall basis ,  

the pre st:mt ·.;or!< c an b e  regarded a s  carried out at the onset of aerial 

topd regsing j n  the Manawatu hill c ount ry ,  and there fore lik:ely to 

.l.Aa0. tL. sc:i�C .inte::-e:;�i� c ompnris ons if repeated on tht� same area in 

. the future . 

A watch was keot for indic ati vns of svraying with herbicides , 

but the only observed ::>igns oi' ptx3si bl e sprayin,:; were two or three 

individual plants of u�ex europaeus in a moribund condi t ion. 

Plant reo ords . The vecetuti on was rec orded in terms of the 

dcmi:nunt ve gutative c over on e ac h  foot of the line trans�o t. (I£ 
the records oJ' s.l l tbcJ fee t  in a sAmpling transtlct of a unit area are 

c001bined , the result will not n�c ess arily be quite as accurate as 

th. � t  obtaintld by me asurint.: t o  tiJ.e neare st foot the c over given by 

eac h  spec ies or category tu the same trans ec t . The latter rne thod , 

however, would have been more laborious than the me thod oi' c ontin­

uous recording t ha t  was used) . 

If bare ground occupied more than 5CY� of a foot of the transect 

) 



line , that foot was rec orded as "bare ". If more than so-t" of the toot 

of transect was cove red by one indigenous non-phanerophytic specie s ,  the 

spec ies wa s rec orded for th<:-< t  foot . If more than 50fo of any toot was 

c cverod bJ one introduced non-phanerophytic species , the height ot 

or c;k-ots 
the le ave sl'\or which permant>nt Ly ·x<.; a t! <.ls 10 inc htls , the species was 

rocorded for that foot . (The effective h�ight of such species is 

above the l ower level of phanero, Jhyt e s , oven though the hi..;he st 

perennatinz buds are not . It W;) S felt that such sp ec i es were in a 

di fferent category from the id:roduc ect nun-phanero:;::hyte s  that occupied 

most of the 11J:>asture " feet , as described below) . In prac t ic e ,  the 

only spclC i <'! S  rec orded in this way were Carex lepo:cina and Junous c:�ftusua. 

( The lat t e r specie s is of cioubtf'ul status . Tte few spec ies of doubtful 

status that ·«t�re det ec t ti!d by the- transet.: t .i. ng we�re c l assed with the in-

troduc ed species for s ampling purposes ) . 

If more than 50/� of th.;; foot was ;..: ov.;�red by non-phane r ophytic 

vegetat icn that ci id not fulf il t ho above c c.udit i ons ( except in the 

case of e o-dominanc e by two indi.:._en�...·us s pecie s , as described below) ,  

the V6ge t at i on oi' tbe foot was c lassified as "pasture " .  :.t:hi s was be-

c ause reconnaissance in c onnection wit h  the plan..11ing of the sampling 

me t hod had indic ated tha t such fe ei.-- ,{are U:.>Ual ly dominated by intro-

duc ed gras ses and/ or c lovers , and alsu that i t  was unusual for any one 

of these int roduc ed pastw.·e species to show domi:n.rulC e , that is , oover 

moro than 5�'"'' in a fuot . �h� latter obs ervat i on was borne out when 

an amended S ::ml)lint: method \vas tried.  ( sQ e  (v) l>t>low, "Re-run ot 

Some Transac ts " ) . 

If the �f ount� 1 'YC' r ( non-phant� rot>r.yt c s )  W<.lS itself laye red , 

"cove r " in the a L)ove rec ords was -L aKe11 t r, H•toan "t �.,..p cove r ". It was 

felt that t lw ra w a s  .. o time for a more de tai l �d examil1a tion O.uring 

the transecting survey. ( "Covered " implies t hat the ground { or 

lower layer) was c oncealed by the aerial pn rts of the plants involved) . 

If the na.ture of the phanerophyt e layer or l ayers prevented examina t i on 

of the ground laye r ,  this was indic 3ted by the not e "dense " (as part 

of the descript i on of the phanerophyte layer( s ) ) . Also phanerophyte 
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bases sooetime s occupied more than 50,� of a foot , and this was noted. 

Where mortt than twl.. out of ull the abov..:: c a t egvries yrore present 

on a foot and none occupied m or� :.cian 50iu of t he:: line , it was intended 

t ha t  tht> large st occupivr ( i . t: . c:atego:cy) should be named ,  wi th an 

indication th.:1t it was in a minori ty . It was thvut::ht that , if the 

fo(.,t is a suf.f'icieutly small unit , .. hb ::;itu tion should not occur 

often, and in practice it W'.:JS not enc ountered at all . Occasionally 

a foot �vas oc� upic:d bJ two Vt!�e tati ·: ely spre adi n�: indigenous species 

of similar life 1'urm , whic · _  '!rare sv int imat�ly mixed that it was not 

possibl� t o  d.ooiue .l!·ac h was the domin<m t . In suc h a c as e , both 

s pec ies we re recon.i.eG. for the fo ;:-; t . ( In assess ·i.n:� abtmdanc e ,  such a 

record f 0r a svr;;c le s  VIas rat ed ;fith the rec ords of sole daninanc e ,  

th3t i s ,  of oo ..: ul; at i cn of' mor e  t hsn 5Cffo of the foct , thus givinE: totals 

of over lOOi"' of ground c ove r for tho sam�ling transects in which such 

rt�c �.-1·ds w.a 1·e mac::;.e ,  Ho,·,ever ,  s ince th-J c a lctiht i ons of abundance were 

only approximat<il at be s t , it WD S  r .ot thou,e:ht t ha t  this tre atment 

would result in sericus error ) . 

(The method of s amplini the non-_phanerophyt ic layer is biassed 

in favour of thos e species that tend tv oceur in aggregations either 

bec ause of ve6etative reproduc ti on or bec aus e of l�nited range of 

aeed dispos al . It seer.wd probable t hs.t some indi3;enous species might 

be quite prcmine;.,t in t he Vtlgdation cf the area transac ted although 

they rare1y 1 if eve r , dominui 0 d  wore than 50;u of a foot ol' trans�c t 

line . It was t hou�!:ht , however , t b  . t  thtl role of such species , if 

t ruly important . WOttld appear durin;-; the separate sampling of' chos en 

unit s ) . 

A rvc ord was made of a ll  :->h-J ; , e rophyt ic species ( including in­

troduc ed 9:•anero�>hyt e s ) that provi<l ed any c over to a foot of tran­

sect line ( t�is be ing chec ked with a vertical stick ) . "Any " 

c e;ver WG.S sp ecified in thi s  c ase bec ause t he degree of c over c ould 

not be estimated as < •Ccurat ely as in t he non-phanerophytic vegetation, 

wr.ich was trodden on. Th" :,.>h:me r·o[;'b..yt es were annot at ed N (nano-; 
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highest perennating bud lQ-80 inches above th� ground ) or M (macro-; 

highest perennating bud more th�� 80 inches above the ground) . (This 

is based on Raunkiaer ' s  life forms (Braun-Blanquet (1932 : ch.XII ) ) . 

An interosti.ng feature of this ,·· i stin; t ion is that the upper limit of 

the nan ophanerophyte layt..' r i s  comp.:1rable with the hi1_,hest le vel 

that c an be browsed by a large cattl� be ast on . level ground) . If 

the s ru.ne s pec i i:i s was repres et1teii by separate M and N plants in one 

foot of trans11ct t�lane (the plane t raced out by the vertical trans­

lation uf one foot of' the line transect ) it was sti ll recorded as N. 

Climb<�rs also had the suffix C att ac hed . 

1/.icrohabitat . .!!'or each foot , records wers made of special fea-

tures of' tho environment that mi0ht be re levant t o  the vegetation but 

were not indic s t ed by the Len�ral r�cord of environment . Thus , aQY 

foot that lay on wate rlogged soi l ( that is , soil Khere the water lay 

on the su:·f,ce 0 c  appeared in f ovtpri nts ) was noted as "swampy" .  

Again , where ,.hanerophytio veget a t ion was recorded for a foot , the 

note 11 sLade " \/aS nclded t o  the non-phanerophyt ic or ground rec ord. 

(Where both M .  end N layers were present , the rec ord of the lattor was 

also annctat�d "shaU.� ' ' ) . 

Minor erosicn fe atures , clas�il'i�;jd in i he s ame way as the larger 

feature s ,  were trtlated as mic rohabitat . A mic rohabi t at rec ord was 

als o  made fur those feot Vihu re , in::�t ead of �oil , the ground consisted 

of a rode outcrop or of stcnt3s ( tho roc k being named in such cases 

to amplify the s oil record) , or w • •  ere the ground was occupied by a 

tree-stump or a fallen log ( ei the r ueir1g recorded as "log" ) . 

Th� othd r  recurds of Inicrohabitat were tho se for �hich animals 

are r� �pont.i . l� . 'l'hesa bio tic mic .:·ohabitats were not noted in the 

case  of the �pasture " feet in tl.:.s oric:inal ti•ansecting , but they were 

in the amended method, (See below ) . 'fhe most important category 

recorded was stock tracking, di vi• ! et":l into track treads (recorded as 

"track" ) and uprights or L'isers .  (The note "vart ic al " was used to 

cover any $uall vertical place but referred e ssent i a l ly to the se up­

rights ) . The other categories were "she lf "  (sleeping shelves being 

. ' 



areas trodden out on slop e s  by she ep; they are sanewhat similar 

to tracks , but wider and not c ontinuous ) ; "stock trampling" {other 

than on trac ks ancl sbel ve s ) ; and an occasional "burrow entr!UlOe ". 
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The date was noted on e ac:-: day ' s  transect rec urd. Transecting 

was carried out in tht� thre e months F'ebruary-Apri l 19.54 (late summer 

and aut·...unn ) .  It might have bel:!n desirabld to make seasonal repet-

itions of the t rc1usects to cover· pos sible varLtt i u n6 in vegetation, 

and in the ext ent of swampy grounu. However, by the tim;} "tb.at the 

other ::..;urve :; s  ha.S. been c cmpl etod ( sse  (v) and (vi)  below) , it was 

felt ·t,;� 1t tLis was out of t he que stion in terms of time and labour . 

In any case , most of the spec ies rec orded ;vere p erennials . 

(v) Re-run of Some Trans ec t s  

A n  amendl3d method of s 3m)ling wa s  d evis ed after the original 

trans e c t s  had been rec orded . l,'ainly bec ause the introduced pasture 

spec i e s  did not appear likely t u  lend t hemselves to  the method, 

the emt)h&s i s  in Lw oricinal tre:u J.S ec ti ng was on r1ati ve species in 

pasture . It was int ended that the rt.le of the in troduced non-

phane r opbyt ic s pecies wo .ld bt7 de t(;;l rmined lr.. t er whe ! .  the vege tation 

of selec ted units was s�npled s epara Loly .  However ,  it was felt sub-

sequen r.ly tho t a fuller acc ow1t of' t. h.J v�get ·1 t i on ;nd its environment 

mieht have been ubtai n6d from the ori1:;inal trans ects if a ll non-

pha.nero:_:>hytic vo,�etation hnd b e <:> , .  recorded. The i'"'atures in which 

the ameno.ed me thod O.iff'ered frolll the oric;ina l .<ere as follows . 

If more than 50/6 of any f o ot was c ov�red by one non-phanero­

phyt ic spec ies ( indigencu�, l;r iJ,trcduc ed ) 1 th<' spec ies was recorded. 

If more than 5�o uf < my foot wa s a:rovtored by non- phanerophytic vege-

tatic.n that l1id . .  ot fulfil tl.l.i s -.: lmdition (with the excer)tion of 

e o-dominanc e by two spec ie s , . s  in t he ori�>;ina l  trar.sacting) J  (a )  the 

foot was recorded as "!' " ( forbs ) i f  specie s other than grasses and/ 

or c l overs c overe <1 more than 501" of the foot ; (b ) th� vegetation was 
11 cl assified as "pasture if gras s es ana/or clovers c overed more than 

5ofo of tht! foot. 
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The recording of miorohabitat was also am�nded to give a more 

complete rec ord. Biotic miorohabitat was recorded for all feet , in­

c luding "pasture " feet , emept that , to save tilll6 , the uprights of 

stook tracks were not recorded where these were in "pasture " feet , 

their presence on steep sl ope s being inferred from the rec ords of the 

treads . 

Some sections of the ori ginal transect lines,  comprising 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 

rec ords were carried ,  and it was normally possible t o  keep to the 

line of the original transacts by using the landmarks that had been 

noted.  (It should therefore be 2ossible to re -run the transeots 

at soiJl6 time in tht! future , it desired,  in order t o  look for evid.;, 

ence of' changes in the vegetation) . The methcxi of re�aording ns to 

note amendment s tu  the original records of' "pasture 
11 f'Eh�t \vhere this 

was necessary. 

Because cases of dominanc e by ind.ividual species were rare , 

most of the original "pasture " f'eet were l(;j ft in that category. 

Nevertheless ,  the amended transecting method did detect some cases 

of damirmnce by introduced ec onomic species , and also by introduced 

non-economic species (the latter being mainly of seasonal importance ) . 

The sections of' the t ran sect lines chosen for re-c�cldng com-­

prised thos e lying within t he uni t  areas that were selected f ar  sep­

arate sampling , together with adjac�nt units. It was , therefore , 

possible that comp.;risons between thtJ infonnati on cm introduced species 

th�t was obtained by trans acting , and that obtained by separate s� 

pling , would be c loser than would have been the case if all transeots 

had been re-run ) . 

(vi) Point Analysis and Frequency MeasureiD6nts in Chosen Unit 

Areas . 

The transacts of' the vegetation of unit areas indic ated oases of 

definite daninance by phanerophytes or by native nun-phanerophytes 



(and, in the amended method, by introduced non-phaneroplzytes as well).  

In the case of non-phanerophytes , this was measured in terms of more 

or less exclusive cover of a foot of t. ·ansect line by one ( or  two ) 

species . Most of the non-phanerophytic species recorded in this way 

were perennia.l vegetatively-spreading indigenous ferns and herbs , 

the dominance of whic h was easily recogniz ble . Most of the remaining 

feet , for which no individual dominant species c ould be rec ord•d, 

appeared to be dcminated by introduc ed pasture species (as might .have 

been expected frcrn Madden ' s map ) , and were therefore classified as 

"pasture ". 

The main purpcse of the analysis o£ the vegetati on of chosen unit 

areas was to oLtain some idea of the frequency and abundance (in terms 

of cover area) of those species that c ould not be detected adequately 

by the transecting method. This referred mare part icularly to the in• 

traduced non-Jhane rophytes , but it was also likely t hat the ana!yais 

would pick up a few 1nore indige nous non•ph.anerophytic species , or 

modify the results for specie s whic h had already been detected by the 

transects. 

It was decided to e liminat e ,  or at least reduce ,  the c omplications 

assoc iated with the shading effect of phanerophytes and tall non­

phaneropeytes , by select ing unit are as in which the vegetation, as 

sampled by tr.e transect a ,  was predominantly non-phaneroplzytic and award-

like . ( It was thought possible that this restriction would bias the 

results , which would not necessarily apply to the non-phanerophytio vege­

tati on of unit are as where phanerOflhytes were predominant . However, 

in the c ase of the veget atively-spre ading indigenous herbs , a check was 

available from t he transects , and iu fact the resul ts for those species 

at le ast have tun1ed out to be much the same for e ither method) . Th• 

unit areas were chosen frcm as wide a range of environmental types as 

possible . (This range is indic ated in Appendix VII) .  

Point Analxs is . Once the unit areas had been s elected , it was nec-

essary t o  choose a suit able method of sampling to determine the abmda.me 
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of' the various species in the vegetation. The point method at analysis 

�waa indicated, since the choice of' the sampling unit had to take :l,nto 

c onsideration the na ture of' the plant s that appt!ar to predominate in 

the unplougb.able pastures , namely perennial grasses . 

In relation t o  s ampling , one important characteristic of' such 

species is that vegetat ive spread makes it difficult to distinguish in­

dividual plants,  so that c ount s  c annot be made . The othe r is that 

the intermingling at the leaves of different species makes it difficult 

t o  find examples of s ole dominance by any one species , even owr very 

small areas. That i �  in any hori zl,., nt a l plane w:i.thin the vegetation 

( other than through the bases at ground lev�l ) , the average si ze of th 

are as t hat are oocupied by a si!li;le species tends t owards a point . In 

view of this circumstance ,  it is  not usuallY possible to estimate abun­

dance of species in such vegetation by using dimensional sampling units. 

(This is reflected in the unsuitability of the transecting method for 

the introduced pasture spec ies ) . It was , presumably, t he recognition 

of this problem by New Zealand pasture ecologists that led th.tml to devel­

op the point sampling method (Cockayne (1926a: 352 ) J  Levy and Madden 

(1933 ) ) .  

In the present work , the object of the point methcxl was t o  estimate 

abundance in tenus of the proporti on of point s on the ground for wbioh 

each species provided cover • A species was regarded as providing oover 

. over a point if it. was touched by a 'l!ertica.J. stael _pin thrust do1ln through 

the vegetation to represent a pe i�endicular line passing through the 

point . Some pasture ec ologist s ( e . g. Crocker and Tiver (1948: 5) ) have 

tried to obtain a bet ter indicati on of th� relat ive importance of eaoh 

species by recording not cnly tht� species t ouched by the pin in e ach 

thrust but also the number of times that each spec ies is t ouc hed by the 

pin in that thrus t . However, in a dense tangle. of herbage, it is often 

much easier to det ermine me re ly <1"hether or not a pin touc hes a species 

than to decide how many times it doe s so (although Goodall (195.2: 2ltro-31) 

(1953)  has shown tha t ,  if it is pos s ible to dete rmine the numbers of' 

contacts with a c ertain species for an adequate proportion of a g:1. ven 
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number of points , it will be found that th�se data can then be fitted 

by a the oretical distribution, frcm wh ich an estimate c an  be made of 

the mean number of c ont acts per point f or all the point s ) . Purther, 

even where it is practicable , the method of c ountix� all c ontacts is 

far sl ower (Levy and Madden (1933 : 269) ) . 

In making point analyses , Levy and NLS.dden (1933) used a frame on 

legs which carried a single rr:m of 10 steel hatpins in vertic al holes 

spaced two inc hes apart . Howaver, Blaekman (1935 : n2) has pointed wt 

that inlividual point samples should be preferable t c.  randan frames 

of t en points , pa rt ic ubrly l'lhe re there is st rong over-dispers ion 

(aggreg8.tion ) (which is the normal condition in permane nt pastures) .  

Goodall (1952 : 38)  has supported Blao�1 wi th statist ical finding s ,  

hut , on the grounds that "the scope for subc onsc ious choice of plao ... 

ment i s  gre ater wi th :individual points than with frames " , �1as pr�osed 

a . random dis tributi on of frames , in each of whic h  only one point is 

rec orded , the positi on of that pdnt in the frame be ing chosen randomly. 

However, after field trials , it was decided to  use a dart . This con­

sisted of a sailmaker' s  needle 10 inches l ong and with a diameter of 

about 0. 07 inch. It was realized tha t ,  although the latter dimension 

was necessary for rigidity , tht: rel:mlt s y,iven by a pin of this diameter 

may t end significantly to ove re stima t e  perc entage cover as compared with 

those given by a true point (Goodall (1952: 5-7) ) . Streamers were 

threaded through the eye of the needle tc ensur e a vertical fall and 

to  mark the fall . 

This dart was t hrown at random within a c hos en unit area, and the 

speci6s t ouc hed by the s tandine ne edle were recorded. The use of a 

10 inch nee d le me ant that a laye r was sampled between ground »Tel and 

approxima te ly 10 inches above the ground ( the upper limit of per6DD&t-

ing buds of non- phaneropcytes ) . (Norma lly, only the very point of 

t he n6edle pene trat ed the soil , s o  that lit tle error •.vas expected fran 

varia ti ons in penet .cati on. In any c ase , the hei�ht of the non-phanero­

phytic vegetati on was usually well be low 10 inches ) .  

The method of recording i n  the fie ld notebooks was that used by 
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Gate s (1949 : 17) .  The species ��re listed , and, as each point was 

taken ,  the number of the point was placed alongside the names of the 

species that were touc hed by the ne edle . (The number al ongside the 

highest specie s ,  that is,  the first one hit by the descending needle , 

was underlined to indic ate top cover ) . 

Where the needle did not t�uch any plants in the o-10 inohes �er , 

a rec ord of bare grcund or dung wa::> made as appropriate . 

point lay within a microhabitat featur� (as defined for the transeoting ) 

this was rec orded. 
or shoots 

Where phanerophytes were prt:Jsent , or 1\hsre leave si\ 

of non-phanerophytes rose more than 10 inches above the ·ground, a record 

was made � the species that would probably have been touch-a by an \,lp-

ward projection of the point above '10 inches . (Observations made dur-

ing transecting had suggested tb�·Jt such estimates could be made by eye ) . 

'l'he phaneroph.yte rec ords were annotated as in the t ransacts. (there 

records were made of parts of non-phanerophytes more than 10 inc�B 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 waa 

decided t o  accept the claim of Levy and Madden (1933: 269) that , for 

the estirn:1 tion of parcentage cover (number of points in lOO that touch 

a species ) , 100 points per paddook are sufficient t o  give information 

on the dominants. (Presumably Levy and Madden were working with 

paddocks that �ere equivalent t o  unit ar�as ) . (Goodall (1952 : 39) has 

pointed out that th.:· degree oi' pn�cision att aiwd in an est imate of 

percentage c over (using random points ) may be d<'termined from first prin-

c iples.  "The s tand.ard deviation of values obtain.;�(!. by us e  of k points 

will be v'i)q/'k where p is the pe rcentage cover and q its canpl.eent 

(loo-p) . If, for instanos , a s tandard error of ten per cent. of the 

rne an were c ons idered satis factory , this would be attained for a spec-

ies occupying half the area with the use of 100 randcmly distributed 

points ;  but for a species occupying only one-tenth of the area, 900 

point s would be nocessary, and far one occupying o\e-hundredth, 9900 

points " ) . Field trials indicated that lOO points _represant about one 
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hour's work. 

Although th� point method was a suitable 

means of e stimating the amount of cover ( or of top cover) provided by 

each speo ies in the pasture v�ge tation, informati on was required also 

on the nature of the distribution of each species. (Goodall (1952: 13) 

has suggested that an indication of di stribution could be obtained with 

point analysis , but only if "the location of the points in t he area and 

their relation to adjacent points is c .Jnsidered" ) .  Separate frequency 

measurements were marie therefore in each selected unit area. These 

were made in the usual way by takiw a number of randomly distributed 

small quadrats , and listing the species in each, in order to detennine 

the proporti on of such quadrats in which each species ooc urred. (Both 

point analysis and the quadrat cawnt are frequency dete�inations of a 

kinc'i . The first is used to .;. otimate tho percentage of ran.dan points 

in whic h a sp�c ies may be expected to oocur, and thus t o  give an estim­

ate of cover. The S 4'0ond is used to estimate the percentage of random 

small quadrats in whic h a species may be �xpect�d to  occur, and thus 

to give an est iiM h of distribution.  The "frequency" that is est imated 

from the transects of the syst�matic survey is different again, being 

an estimate of the number oi' transecta ( one t o  a unit area) which may 

be  expected to ®tect a given species. It is important to distinguish 

between th�se concepts of transect frequenoy, OF distribution over a 

number of unit areas , ru1d quadrat frequ�ncy , or distribution within a 

unit area) .  

It was decided to  use a square quadrat , since a rectangular one 

would probably have reduced the:� e ffects of over-dispe rsion (Clapham 

(1932 : 196-197 ) ) . It was thfill ne� essary to determine the minimum 

are a for the plots tha t would "still obtain satisfactory statistics 

concerning the composi ti on and struc ture of the community" (Cain (19431 

242-43 ) ) .  The usual me thod of plottir.�g number of species against area 

of quadrat , and taldng as the nrninimal area" the area co-ordinate of the 

point at which the curve appc:�ars to flattem, oan hardly be reg&rded aa 

objec tive. �be relation between number of species and quadrat area is 
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usually logarithmic (Williams ( 1944: J-11 ) ;  plotting the untransformed 

values therefore gives a characteristic curve , whic h  continually lessons 

in slope ; and, as Cain (1943 : 242-43 ) has pointed out , t he optical sel­

EJction of the point on t he c urve which indic ates the minimal area will 

depend on the ratio between the axes .  'l'he m<:! thod of detttrmining mini-

mal aroa ' by plotting the number of "c onstant speJci8s " ( that is , species 

which oocur in ove r � of the quadrats examined) against quadrat area, 

also lacks ob jectivity (Pearsall ( 1 924: 135-39) ) . 

Pearsall (1924: 1.39 ) has c onc luded that nothing of value will be 

los t by the arbit rary standardization uf minimal areas . For the present 

work , it was d ec ided t o  use a quadrat of side 30 cm. , that is , with an 

area of about 900 sq. cm. (approxim· tely one square foot ) . (Cain (19�3 : 

243 ) , determining frequency in fell-field veget ati on, UH ed a plot 

area of 1000 sq. cm. ) . It was necessary to real i ze that th� inforrna-

ti on that could be obtained by thtl use of thes e quadrats ,  na.IMly the 

probability that a giveri species would occur in a random plot of this 

si ze , would be empirical only . 

It would s eem that the rrumber of quadrats must also be chosen arb-

itrarily. ( 'rhe conc ept of the ''minimal number cw·ve " (Cain (1943 : 2Jt.3 ) )  

is analagous with t ha t  of the 'hlnilnal area curve " ) .  It ·R8.8 decidod t o  

use 25 quadrats per uni t  area to dete11mine percentage frequency. Thi s 

number may be c ompared with the 2 C  used by Cain ( 1943 : 243 ) at each 

"station " ,  and t he 30 to 50 per "community " of Weaver and Clements 

( 1938 :  21 ) . (The degree of prt�cisiun a ttaiaed in an est imate of percent-

age frequency (using randcm quadra ts ) may be det�rmined as in the case 

of point analysis . Thus , for a specie s having a fre quency of 501', the 

standard e rror of the mean fol" aamples of 25 quadrats wuuld be ..;'SOxS0/2.5, 

namely lQ%, or 2Q% of the mean) . 25 quadrats were foynd to reprea•nt 

about one hour ' s  work. 

In the present work , a square wooden frame was used which had a 

side of 30 cm. (internal measurement ) .  J:'o assist examin: tt ion ot the 

vegetation ,  the int ernal area of thtl frame was divided by lines into nine 

squares of lOO sq.ca . . This frame was distributed at random. The 
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frame itself was not thrown about , bec ause it would have tended to slide 

on steep slopes. The dart that was used in the point analyses was 

thrown t o  obtain the random locations of the frame , t he framo itself 

being placed so that the centre c oincided wit h the point on whioh the 

dart fell. The frame was ori�nted randomly when b� ing thus placed in 

posi ti on. 

The recording was carried out as for point analysis , in that the 

species we re listed and the number of each sample was placed alongside 

the names of t he species that occurreu in tr�t quadrat . Phaneropb_ytea 

were annotated as in the point a nalyses . (A non-phanerophytic species 

was annotated with N for a given quadrat if s one or all of the plants 

or �h()ors 
of that sp�c ies within t hat quadrat had le avesAthat permanently exceeded 

10 inclw s  in height ) . 

If a frame fell in a mic1 ohabitat feature ( defined as for the 

transacts ) this fac t was rec urded. Dung was not recorded within the 

frame , but such r$cords might have served as a check of the transect 

records had they been made. 

�eneral . 4.8 unit areas were sarnpled by point analysis and frequency . 

(This number inc lude� three unit areas of plough-

abl e  pasture , which W6re sampled t o  ruuplifs the result s of the extensive 

examin,.t ion ) . Three furthEJr areas of swampy grrund. were sampled by 

point analys is alone . It was rec o:ni zed that there was a theoretical 

need for s �asonal checks , but , as in the c ase of trans act ing ,  time and 

labour were the limiting factors. The sampling was carri ed out in 

Oc t ober-Dec ember 1954 ( spring arrl e8rly summer) , when the vegete.tion 

was mo.,;t like ly to inc lude annuals and die-back perennials. 

(vii ) . Treatment of' SaJl!l?ling Data .  

Efficiency of Transect Samples . The original line transects 

covered a total length of 199, 193 feet ( about 38 miles ) ,  and passed 

through 1608 tmit areas . Table II gives the c lassification of these 

1608 unit areas in terms of land-use ,  and the t otal lengths of the sam-

pling transect s  (that is , sec tions of the gene ral transect lines ) �ng 



within each class of unit area. 

1138 s ampling trans ects , t otalling 163,180 fe et , were recorded 

in unploughable pasture . (Of these 1138 transec t s , 412 were later re-

run acc ording t o  th� �nded sampling method) . These sampling 

transact s  range in length from 1 to 1675 fee t ,  with a mean length of 

about 145 feet and a standard deviation of about 165 fe et. The disad­

vantage in having sampling units of varying lengths has been mentioned 

in c onnec t ion with the planning of the fie ld method. An attempt was 

made to meet thi s difficulty by dividing the transac ts int o length­

gr oups . Comparisons of estimates of frequency or abundance wculd be 

more likely to be va lid it' based on sets of trans ac t s belonging to the 

same length-group or having similar length-group distributi ons . 

(The opinions of two bianetricians , namely Mr. A.c .  Gbndq and 

Dr. B. I. Haymm , were obtained on the validity of comparing est imates of 

frequency based on s ets of sampling unit s of varying size , when suoh 

s e ts of sampling unit s  have s imilar si ze-distributi cns. 'l'b.ey c ons id­

e red that t�re are no apparent object ions t o  making such comparisons , 

other than the additional wo.ck involved in detezmi.ning th� simil arity of 

the s ize-distri buti ons , and the difficulty of determinir� the reliabi l-

ity of the result s . Neithe r  of' tLt� a e  ob jections would , of c ourse , have 

arisen wi th sampline units of uniform si ze ) . 

It was proposed t o  de limit thG length-group s in s uc h  a w� that the 

midmark of e ach grou9 was roU£hly twic e the preceding midma.rk. In view 

of the value of t he mean lenLrth of the transec ts , th{:l basic length-

group was t aken as 101 - 200 feet . (This range c ontains 241 transec t s ) . 

The le sser groups were therefore takan as 51-100 fe e t  (218 transocts ) , 

26-50 feet ( 171) , and 13-25 feet (114) . (It was decided arbitrarilY 

t o  disregard the 107 trans ec ts le s s  than 13 fe et in lengt h, since lllaJV' 

of these repre sent ed fragment ary unit are as ) . The transacts greater 

than 200 fe et in len6th were subdivided in a s] ightly different �' so 

that the numbers of transect s  in the groups would bt� roughly of the same 

order as t hose in the groups of lesser leneth. One grou._, was taken aa 

201-350 feat ( 181 transects ) , and t he othe r  as 351-1675 feet (106) .  In 
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TABLE II. CLASSIFICATION OF T�TS OF UNIT AREAS 

Classification Number o:f Unit 
Areas Transeoted. 

Unploughable pasture 1138 

Impene trable vegetati on 
(non-pasture ) 1.45 

Cliff's and. stream banks 34 

Watercourses and 
stream beds 210 

Erosion features 
(active or unhealed) 4-3 

Plougb.able land u 

Roads and fann 
tracks 22 

Plantations , hcmesteads , 
atookyards 5 

Total 1608 

• Includes 3 units totalling 1209 feet . 

Total Length 
of Transeota 

(tt, ) 

163180 

26700 

1n2 

3208 . 

181.5 

706 

972 

199193 
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spite of the greater relative width of the final grrup, the mean 

length of the 106 transacts is about �35 fe et , and 75 of them lie with­

in the range 351-550 feet . 

To obtain some assessment oi' the rebti ve �fficiency of sampling 

transects from different length-groups ,  the 1nean and varianc e were 

determined for the numbers of species detected by the original tran­

sacts in each length-group (table III ) .  There i s  a roughly equal 

increase in the me an number of species for e aoh (approximate ) doubling 

of the midmark . Thi s indicat �s a loe;arithmic relationship , which is 

c onfirmed by c alc ulativn, ThtJ c orrelation coefficient for the mean 

number of species and the logarithm of the midmark is a highly sigD:if'­

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

In view of this cleai'-Cut relationship between length of transect 

and number of spec ies detected , it was to be expected that there 

would be s ignificant differences between the me ans (and variances ) for 

different length-groups . Thi s was c onfirmed by deterruir.ing t (diffeJ­

ence of me ans/ standard error of difference ) (:Moroney (1954: 220-21, 232)) 

for cont iguous length-groups. The rc: sults are indic ated in table m . 

This test is not c ompletely Nliable in the pre sent case , since the 

given levels of signifioru-x:e for t (Mather (1949 : 258) ) are based on 

t he assumption of random sampling, an.:t also of nonnal , rather than 

skewed, distribut ions . 

It was des irable tu test the internal consis tency of the groups , 

in view of the marked diffarEmc es · etwe en c ontiguous groups . t'his waa 

done for two of the wider-range groups , namely 101-200 feet and 201• 

350 fe et , by uividing them into two and t hree So-f& et classes respect­

ivelj' 1 and c omparing these classes within groups in the same W83 aa the 

length-groups 'vere comparEtd. A within-group c omparison was also made 

in the 351-1675 fe et group , the classes c ompared being 351-550 feet 

and 551-1675 feet . The forme r c l as s  was also c ompared with the 20].,..350 

The rEtsult s of the se c cmparisons are shown in table III. 

The only inconsistency is a probably significant differenc e between 

the first two c lasses of the 201·350 feet group. However, it was dec1d.a. 



TABLE III. RELATION CF LENG'l'H OF TRANSEC'l' TO :rmMBER OF SPECIES • . 

- 2 t (with significance )  Length-group n X 8 

13- 25 ll4 o. n 1 . 12 l 3. 1 *i 26- .50 171 1. 24 1. 97 

5 1- lOO 218 2. 38 5. 22 
� 6. 0  o•• 

! 4.2 •
• 
i 

101- 200 24J. 3.44 9. 09 

201- 350 181 5.00 12. 12 � 4.. 9 •
•

• l 2. 9 • •  
351-1675 106 6.56 22. 30 

101- 150 154. 3. 34. 8.56 l 0.7 n. s. 
151- 200 87 3. 63 9. 98 

-
201- 250 78 4..4.2 8. 99 l 2.2 • 
251- 300 63 5. 71 14. 75 ) 0. 9 n.s. l 0. 9 n. s .  
301- 3.50 4!) 5.00 12. 65 

201- 350 1.61 5.00 12. 12 } 1. 9 ..... 
351- 550 75 6.07 18 • .\4. l 1.5 .....  

0'\ � 

551 1.675 31 7.74. 29.67 

- .. . 



to sustain the 201-350 feet groups since there is no discrepancy 

betwe en the and classes, and since th6 t ests are only approximate 

in any case. 

The le�h-group W9re symbolized as "I " (13-25 feet ) ,  "II" 
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(26-50) ,  "III " (51-100) , "IV " (101-200) ,  "V" (201•350 ) ,  end "VV " 

(351-1675 ) .  The sampling transects of the re-run were classified 

arbitrarily int o the same length-groups . 32 transects were di sregarded 

as being less than 13 feet in length. The rest were c l assified into : 

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

Estimation of Frequen::y f'ran Transects . The transeots hav• been 

used t o  t1stima te the distribution ( "frequency" )  of a species or cate­

gory over a given c ombination o1' unit are as ,  in tenna of the number 

of sampling transacts  (one in e ach unit area) in which the species or 

category occurred. For example , the "tot al " column of appendix II 

gives the numbers of transacts in w ich C�ach speci es or category was 

detected out of the 1031 original transects or th� 380 re-run transeota. 

(In all appendict�s baa�d on the tran.s ooting, the species  are separated 

into the categories "in:ligemous ", "introduc ed" ,  and. "status doubtful ", 

in that order. Within eaoh category , t ho species are giv� in the 

order in which they appear in the "List of Species " .  The lists of 

sp6cies are followed by the other categori es referred to in the accounts 

of transacting procedure. Species are subdivided acc ording to life 

form and to microhabitat , as in the same accounts ) .  The apparent rela­

tive importance of the larger f"' s t imates is not greatly affected by break­

ing down the result s by lellf:;th-groups (appendix IV) . (This is in order, 

s inc e th� apparently logarithmic increase in the efficiency of the 

transect samples wit h inc1·ease in length may be expected to apply fair!¥ 

equally to all species ) .  There is , of course , less obvious agresment 

between length-groups in the case of the small er estimates. 

(Sime there :is a variation in transect l"'ngth within e ach length­

group , and since the transect samples were not plaoed ran:loml..y, it is 

not possible to make a valid determination of t h6  probable accuracy ot 
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t hese frequency est ima te s . If ti.tlse c ondi tions had be en fulfilled , 

then th ... s tandard error of the m," an c vuln have been c alc ulated as for 

frequencies detenuined b:y point ur quadrat sampliiJL uni ts . Thus , if 

t he f'reqL.ency of a 3pec i es as .. . e tenuin �d by transects af a given length 

were 25% ( equivale11t t.o �C trans eets o u L  of 200 , t'or example ) 1 then the 

standard error ui' thc4 re sults obtained by the use of' 200 trarlSeots 

woulcl bo i25x75/200 , that is 1 about J)'o, or J21fo oi' the mean). 

In apr;enclix I I ,  thtl estimated fre�ue ncy of t'lach s;;ecies or c at egory 

i s  s l:o;m i'or VarJin�: e nvi ronnent al c o: 1ditions � 'rho envi.ronment a l  fac-

tors c cnsiuered in t .es e  tabl es are orientation, s o i lfl , altitude , 

s l ope , sheep grazine , an<l c:attll1 r ra zing , subdivicled 3:� in the account 

of th • transac ting me th()<'i . ':-:ac h e nvi ronment a l  f'r1otor is d ealt wit h 

sepnratt:ly . It ·,m,. ld. have bt�en more desirable to deal 'Ni t h  environmen-

t a l  c ombina tiomJ , but in such c ase i t  wcu ld have been nec essary t o  re­

duce t lle many possible c ombin� ti ons to a workable number by grouping. 

This was done succ e ssfully by Gre enall and Hami1 t ml (unpub. : 84-87 ) 

(19.54: 511-1 5 ) , in order t c  ootain a satisfactc;.ry ilterpretati on of the 

varied and complex physical fac tors influencing land use and e rosi on. 

Howeve r, i t  ci id not appear to be pos::>ib le to devis e  sue h a grouping 

for th� present work. 

Soil type mi["h t have beer! <>x.>ec t e.d t o  �we 1 hi e  a basif:, f or grouping. 

(It wculd Lave been necessary t· �  subdi·: lde th� s dl ty.p es in terms of 

orientat i on a t  lt:>ast ) . Howevt- r, ·:h�m the -+; otals -:;.L t!:3 origina l  tran-

sect samples t'or e ach impm·tant s oil type ar·e :;;L<b<.i.iviued according to 

altit uue , slop�:> , s heep grazing , an d  c attle grazing re spootively (table 

IV; tlw fiL>;ures j_n parentheses art! th; oqui·JaleJ , t  p erc en tages , to the 

neare st integer ) , it appears t. ,at , whil� s ane c orrt!ln t icns may exist 

bt�t �> tl . n  s c i l  ty pe and oth r fac tors , few of t' ,• s e  :1ppar, nt ccrre lat i ons 

are at a ll c l ea.r·-cut with t he E:Jxc e pt i on, t o  s ome extent , af' t hat in­

volvir� altitude . 

In dealin,�� wit . the enviroriffi�nta l factors se ;?ara t e ly ,  it is nec essary 

to rec ogni ze that some of these fac t ors may be c urre la ted . Besides the 



apparent c orrel ati on between suil type and altitude 1 the original 

transects also appear to show s ome rel a Li onships �. etween intensity 

of grazing and orientati on or s lopo . �.l'hus , t�1e re appears t o  be a 

c orrelati or1 betwoen sunny fac es a11c1 h€' avy grazi ng by she ep, the 

rat i os of heavy to lieht grazine f or north , s outh and east-west oz-

i ent ati ons respec t ively being 112/214, 63/207, and 74/199. Cattle 

grazing doe s not show such a re>l ati onship , tr.,� equival ent ratios 
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being 80/246 ,  69/201 , and 78/1?5.  AcaiL, t here is a.n apparent oorrel-

ation between flnt (nor!-oriented ) transccts c.nll iwavy grazing in the 

oase of both she e L and catt le , t.'1e :::-8-tics of \c avy to light grazing 

for oriented nu non-ori ented t r :mse,.; ts r�sp,· � ti vdJ ueing 249/620 

and 76/86 for she e p  atJli 227/61t2 aJ:..6 67/95 fur c attlo . (It is neo• 

essary t o  t re at all tl 1o se oat a  wi th c �uti on , in view of i.;L::· varying 

prec i s i on of the dung pe roent a· p s , tosethc r .d th the po::>sibility 

that th<0 apparently hi . .  he r. rate Gf' c'lun,).nw un the flat units is due 

in vart to stoc k  c amping at night rather than to differe2 tial grazing 

only ) . 

The (.;)Stirna.ted froquency 01� a speci es or category (appendix II ) 

for e ach subdi vl s i on of an environmental fac t or ( e .  g . , s oil type ) is 

based on the t ot al number o1' t ransec ts lying wit hin thut subdivi sion, 

regardless er uif'i' erenc es in length . (The frequ.e�noies of certain im-

portant species fer the differen t c.r·ient ati ur:s a11d � uil types are 

given separa tely i'or each length-grou.p in appendix V) . In order to 

obtain some indicati on of the valid ity o.f c anparing fre quencies of 

thi s sort (for a givt!n species or c ategory ) from differen t subdivis­

i ons of thG! same environment al fac t or ,  t l1e ltmgt h-gr .... up disti"lbutions. 

of tht! transec ts lying wi thin t : 1 ese  subcivisi ons have been c anpared by 

c a lcu l a ting chi-square (Mo:coue.Y· ( 1954:  e n. 15) ) . The results are 

'l'h� t D t  i3 nut <.: unplete l;y r v l iable in the pres-

ent c ase , becaus e the i ven ldV�ls of signil'ic ance r' � c hi-sqll8.re 

(Mather (1949: 259) ) are baseQ on th� assumption of random sampling. 

Further , a fe >T of tht. expec ted fre quencies are less than 5 {Moronsy 

(1954: 258) ) .  



TABLE IV. ENVIRONMEN.rAL ANALYSIS OF NU:MBim 01'' TRANSJ_;x;··-'S IH EACH IM.;.?O:;:r.I';\lfr SuiL TYPE. 

Soil tys>e j AJ.titude Slope Sl1eep 
0 5 10 15 0 10 30 0 10. 1 

llH I 613(92)  6(8 ) - - 18(24) 49 ( 66) 7 ( 9) 3e (51 ) 36 (49 ) 

l3bH- I 70( 73 )  26 (27) - - 20 (21 ) 73(76)  3(3 )  78 (81 )  18(19) I I 

TlbH I j3 (18) 102(55 )  52( 28)  - 27(14) 136 (73)  24 ( 13 ) 139 ( 74) 48(26) 

118a I 14(lu) 108(76 )  21 (15) - 28 (20)  111 (78 )  4(3 )  91 ( 64) 52 (36 ) 
I 

145(71 ) 
I 

122 I 2 (1 )  118(58)  85(41) - 36 (18 )  118(58 )  51(25 )  60(29)  I 
124 I - 33(11) 210(73 )  44(15) 42(15) 193 ( 67 )  52( 1 8) I 188 (65)  99(34.) I 

C attle 
0 2. 6 

46(62 )  28(38) 

77(80) 19(20) 

130(70)  57( j0) 

92 (64) 51 (.36) 

11�(72 )  57(28)  

217(76 )  70( 24) 

I Total. 

I 74. 

I 96 

l 187 

I 143 

I 2o5 

I �87 

...., \.I< 
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The first point that appe ars f'ron this c omparis on is that the non­

oritmted t r anaects aro highly s ignific antly s horter en the whole than 

the ori ent ed trans ac t s .  It ; s  not surprisint; , t h  roi'ore , that the 

transacts it• the lv ast stee1) of the sl ope groups (o-10°) are als o highly 

significantly s ho rt . The ot her im�wrtant f" )int is tna t 1 in the origin­

al transc:�cts only , tLe trcu mec t s  in tht! l owe st altitude group (o-.500 

i'ee t )  art� l liLi:..ly s i ��uif ic ant ly short . In al l these cases , the trans­

acts m.w Ut! 1:-lXlJtlcteJ t c  nnci.e ra � tirnD t e  frequency as c anpared with the 

set s of trni.s ec t.3 i!: othe r subdi vi ::.d ons of the same factor . Less im­

port ant _ _,oint s ;: re : a. possiblfl t endency t owards shcrtne ss on the part 

of t:·�e tra; . .:h"ds in ::: oil ty'Jes lllt and 13bH ; and on tlw part of the 

tran�;v�ts tn t:w -r.i.; Ja slo oe r· rou:> (relat ive to th� steepest group)J  

t orethe r  with the nu eJ. t o  pool t : : l? re-run trttns ec ts f e- r  soil types 13bH 

�ld llH, and als o for a lt itude Eroups 1000-1500 feet ��d 1500-2000 feet , 

in order to  inc J.ucle the latter cat egories in e a.cl1 cas e in the compari­

sons . 

Iu a1;;)l'lH1ix II, t he es t i.J n·) ted frequerx:ies are accGmpanied by "expoo-

ted ·· fre •..; :.W!lCi es in parentheses . The sa have been o btained bJ distrib-

utinz; t!1t: total observed freqt1ency for the spec ie s or c at egory among 

the :.... ii'fer0nt subd ivi:::J ions of a D, iven environme nt al fac t o r ,  in propor-

ti on h �  tl:.,, numbers of unit are as in the subdivis i on s .  Thf'se are the 

fre qu enc ies tl�.at might 1-:ave be en expec ted :5.f vari oti uns in the environ­

ment had '1C• ef f'ec t on the ve." .:•t at i on. 

Th<J c al c ul · , .',ion .:.,f t:1e  "ax";oc ted " i'req uenc i� s · . s s umes t hat the 

trt-mseois in each subdivisi c;.c ha-;e a simila r  lengt h-group distribution. 

This may not opply tc the trans 1:1cts in minor soil type s ,  but these are 

numeric n lly insignifican t- . •  It i s  i,1t..:.ch rrl()re irn�; ortant t hll t the "expeo-

ted " frequenc ies , unlike t:1e ol>s ervt�d fr�quenc i es , d . .  not reflect the 

ten.denc.)' tu t:..Illtere s t i wati on en t l  .. c .... u .rt u( t :J.,. L lvn- Ol'ielitod transc:�cts 

and those in sl ope group o-�0° , nor ( in the orie;irw.l trans eots only) 

ou t he part o1' a lti tude grc..up o-500 I'ae t . To c cmpe m:ats for this 1 

fw-th Qr calculat.iL,no vf "ex.Al·:; �  e(l. 11 fre c;uency r.ave been made for t he  en-

vir lJnm� ntal f ac t or s  t hus affec t t?d. 'i'hose sec ondary estimates of "ex-
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pected " frequency , which are placed bel ow the primary estimates in 

appendix II , are obtained in tho swne way , but with thtl exc 1 us ion of 

the groups tha t c untai n  the si<91i1' ic n . .  tlJ short t:-ru" sects , ani of' the 

portions of t he total obs erved fr<J tf .. •uc,/ "�"1c. t :.re o Gn t ribu tt)d by thos e 

groups (Since the " ex:> oo ted'' frequerJC i � s  have been rounded off to the 

nearest integer , and al s o  b ecaus \:1 ti.IO! ' 'oxi>ect ed "  :frequencie s f'or minor 

s oil ty �)es are givti , ,  oul.y ix-;. v (.mjunc tl.;.a · •. i. th positive rac ords , the 

values f ur ..1 tJi V t'l1 u 1 :V .i..t'l , llou�.; ut ..... i fac � �· (k l ! O t  :1 lway::J adcl up to the 

same L.gurl:! as ti:1e t ut al  i'reqJtJ . ..oy u t 1  ::. ich th""Y ore based ) .  

Si,  c e  soma estima te s of freque ncj . . .  ay be sub ject to c onsiderable 

error , no att mpt has btHW mad�' t c.  c ompare. estima ted and "expected " 

frequenc ie s  by c alcu latine c hi-s q1...n re . Boferences to environment al 

ass oc :Latic.r.s uf ::Ji:jtl•.: i es in th�' ClCc: uunt of the re sults ,  are based only 

en ins pec t i cn of t: .e data as shc;wJ ; in the appendic e s .  

Gnly spe c i e s  C c  c :·.t r:.:gori �'s w i : h .�n uvorall fre c:uency of 15 or 

more ( wt Gf lC13l c,�· 3£>0 ) haw been analyzed , s ince the enviro:mnental 

e nalysis vl' lc;wor valu>3s produc es fraf�1ltm tary result s .  Species and 

c a tegorie s wi th c..v erall freque nc i e s  of less tr..an 15 &re listed separ­

ate ly , .:md withcut environme nt8 l  ·1nalysi s ,  L .  appendix III . (Listing 

is iu t' . <" sa; .. e order as in ap:;enClix II) .  

Esti.Lation of Abunianc� fru.1 'h·rulStlcts . 

e st imated meru1 abuudance i'cr (:)ach spec ie s  or category wi th an overa ll 

llt:Jar.s are bast�u ;.ll' � tho::.;e e:btaintld .i.'.ccu e ac h  trar:s ect in tenns of the 

percent age c.·f the fee t  w it hln tlw tran soc; t in whj_c�i t ha t  species or 

categ01:�· l-l·ovicled .cover or OCGU�;.<U.LL ( as desc 1·ioeu in the account of 

the transac ting me tboli ; . The I;l,:· ; , ns have b;;J E' ll calculated separately 

transec t  depends partly on the number of fec>t in t ht> transec t .  Further, 

the variance uf :m estimate of a �roport ion p de l.Jtmds on the magnitude 

of the proporti un j_t self as 1'i0l l  as e-n t; e size of the s ample (in 

thi s c ase , number er' fe e t ) . Before c arryi z� cut simple averaging for 
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each length-group, it was necessary, therefore , to transform the 

percentages to angular values (/J = Sin -l fi) , subsequently re-oODYert­

ing the mean ot thCJ transformed data to the original scale (Bartlett 

(1�7: 40, 45) ;  Kather (1949: 2�35) ;  Fisher and Yates (1953 : �. 

66) ) . The tables of Snedecor' (1946: 449-50) were used. 

In appendix IV ,  th� mean abundanoe is g:i ven for those tranaeots 

within a length-group in which the species ar category occurs. Th• 

number of transeots involved (i . e . , tht;J frequency) is given in �n­

theses after eaoh me� 

In the oaae of the moat important species,  the mean abundance 

has been calculated in addition for different orientation& and soil 

types (appendix v).  In this appendix, the mean abu.ndawe is given 

for those transects within eaoh length-group subdivision of an orien-

tation or soil type in which the species occurs . The JUiber of tran-

sects involved is given in parentheses after each mean. The 

estimates of abundance in appendix V show little tendenoy toward clear-

out variations with environment , 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 "smoothing " the violent jump on the 

transformed scalet between 0 and l/n and (n-1)/n and IV'n, by the em­

pirical correction of writing 0. 25/n wherever 0 occurs , and (n-0.25)/n 

wherever n occurs. ThUs , in the present work, 100}& has been treatod 

fur the purpose of averaging as lOO(n-0. 25)/n, n being approximated 

to the midmark of the appropriate length-group ) .  

Point Analysis and Frequency Quadrat Measurements. 

The results of these measurements are given in appendices 

VI-VIII. In these appendices , the species are listed as in the 

appendices based on the transacting , that is , they are separated into 

•indigenous " , "introduced", and "doubtf\11 " , and given in the ord•r in 

which they appear in the "List of Species".  The lists of speoiea are 

followed by the other categories referred t o  in the accounts of the 
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field methods . The species are subdivided according to miorohabitat , 

and t o  life form, as in the same accounts.  (The records have also 

been used to give an estimate of the o'¥8rall importance of certain 

miorohabitat features ) . 

In appendix VI, the mean percentage cover, mean percentage top 

cover, and mean percentage frequency are given for eaoh species or 

category. A mean is giwn 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 number of unit areas involved is given in parentheses after each 

mean. In oases where the number is less than five , it is still 

indicated for the appropriate species or category, but without an ac­

ccmpa.DJ'ing mean). The means have been calculated by simple averaging 

of angular transfonnations ,  followed by re-conve;rsion, as in the estim­

ation of mfifan abundance fran the transeots .  

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

species , and also Lolium perenne and Trifolium repen.s, the mean per­

centage cover and mean percfifntage frequency have been calculated in 

addition for varying environmental condit ions (appendix VII ) .  The 

environmental factors ( orientation, soils , altitude , slope , sheep 

grazing, and cattle grazhte ) are dealt with s eparately , and are those 

recorded for the unit areas in question by the transects. As in 

appendix VI, the means refer only to thee e unit areas in which posit• 

ive records were made , and are followed (in parentheses ) by the num­

bers of unit areas involved. 

Appendix VIII gives the percentage cover and percentage top 

cover f'or three areas of swampy ground. Areas 1 .and 2 are in the 

altitude range o-500 feet , area 1 being in the o-10° slope group and . 

area 2 in the lo-30° group (and south-facing) . Area 3 is in the 

altitude range looo-1500 feet , and in the o-10° slope group. 

(As ihe estimates are to the nearest � in the case of percent­

age frequency, a "smoothing,. correcti on has been made for the purpose 



of averaging by treating frequency est imates of loo.% aa 9� 

(84.. 26° on the transformed scale) . 

78 



VII. RESULTS OF THE FIELD EXAMINATION 

(1) F.LOUGBABLE PASTURE (figs. 6 ,  7 ) .  

79 

Cookayne , Simpson, and Scott-Thanson (1932 : 21 ) have stressed 

that "as far as we can gathe r, indigenous weeds are altogether ab­

sent (excepting species of Juncus) in artitioial pasture of a high 

c lass ".  Kadden (1940) has not included any native econanio or weed 

species (other than Junous spec ies ) in his desc ripti on of high­

producing type 3 pasture , such as occupies the Kairanga Plain, al• 

though there is a refercmce to indigenous Danthonia spp. in his aoo­

ount of transitional type 4- pasture . Similarly , rushes (J\moua 

species ) are the only indigenous species mentioned by Lev.y {1951& 272) 

in a list of the pri.noipal weeds of lowland pastures. The findings 

of the extensive examination of ploughable pasture within the study 

area are in agre6Illent with the s e  observations by other lvorkens . The 

rol� of indigenous species, other than species of Junous, appeara to 

be negligible . (Scattered indigenous trees, relics o� the �ormer vege­

tation ,  are s ane time s preserved in plougha.ble paddocks , but thesCJ c an  

hardly be regarded as iniigenolU3 weeds ) . 

ThrEH1 aspects of this state of affairs were studied in a littlCJ 

mare detail than was provided by the extensive examinati on. Firstly, 

since the most obvious environment al factor associated with plougbable 

pasture is the actual cultivation, it was thought desirabl e to pay 

some attention to the role of indigenous spCJcies in the weed flora ot 

land that is under frequent cultivation, nsmely land that is cropped 

only. Secondly, the role of indigenous species was examined in pas-

ture s on land that , although ploughable and of high or relatively high 

natural soil fertility , had not in fact be en sub jected t o  cultivation. 

Finally, it was necessary to c onsider the special c ase of indigeno� 

species of Junous in plougbable pasture . 



(i)  Weeds of Frequently Cultivated Gramd 

80 

General observations within t he study area have indicated that 

the role of definite� indigenous weeds is mare or less negligible 

under conditions of frequent cultivation. 

tended t o  confirm this.  

Cne or two cheolcs have 

One scurce of oonfinnatory information is the data t aken from 

some weed c ollections that were prepared by horticultural students at 

Massey College in 1950 and 1951. The majority ot these weeds were 

collected from cultivated ground , but same were trom waste ground, 

hedges , paths , or lawns . 29 c ollections were presented, each c<ntain­

ing single specimens of about 50 species . The elimination of s.pecies 

not taken in the vicinity of Massey College leaves an average number 

of about 36 species in each c ollection. As t he standard dniation 

of the numbers of species 1n the amended col lect ions is about 7 (the 

extremes being 20 and 4-7) ,  the c ollec-t;ions may be regarded as samples 

of very roughly equivalent size , which may be e xpected to g:l. ve sane in­

dicati on of the relative importance of the varioas weeds of cultivated 

ground in the vicinity of Massey College . �able V gives the results 

of this sampling , the species being grouped according to the numb r of 

c ollecti ons in which e aoh was found. (Indigenous species and t hose ot 

doubtful status are underlined) . 

21 s}>6cies occur in more than halt of the oollectic:os . None ot 

these is definitely indigenous , but one (Solanum n;&rum) is in the 

"doubtful " category. A f"urther 38 species occur in more than a quarter 

but less than a half of the c ollections . Of these , one (Fteridl es­

culentum) is indigenous , and three (Calystegia sepium, C otula australie, 

Oxalis c orniculata) are ot doubtful status . 29 species occur in more 

than a tenth but less than a quarter of the collec ti ons. These inolude 

two indigenous spec ies (Acaena sanguisorbae, Haloragis erecta) , and one 

"doubtful " species (June us bufonius) . 51 species occur in less than 

a tenth of the collecti ons , that is , in ooe or two c ollections onlJ'. 

(The se are not listed in table V) .  This group includes five indigenous 



TMLE v. J'!:l§UOOY or OOOURRENOE or SPBOIES IN HORTICULTURAL 

WEED COLIBCTIONS 

No. of 
collections 
(out of 29) 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 

14 

13 
12 

ll 

10 

8 

7 

6 

5 

4 

3 

2 
1 

-

Species Present in Given NUmber 
of C ollecti ons 

Achillea millefolium 
Capsella bursapastoris 
Galega officinalis 

Solanum nigrum, Euphorbia peplus , Spergula arvensia, 
Chenopodium album, Plantago lanoeolata 
Ana.gallis arvensis , Erigeron oanadensis , PolygonlD 

avioulare , Pol.ygonum persioaria, Pru.nella wl.garia 
Fumaria murali s ,  Matricaria discoidea 
Belli& perennis , Plantago major 
Crepis capillaria 
Kentha pulegium 
RanUllOulus repens , Senecio vulgaris 

Agropyron re pens , Amarant hus spp. , Lepidium ruderale , 
Lim.ml margi:nale 

Polygonum eydropiper, Rumex obtusifoliu.s 
C!Y,yategia a!pium, Anthemis c otula, Ceraatium 

glanerattm, Cirsium arwnse , Conium maoulatum, 
C or on opus didymus � t,apsana ccmnunis , Rumex 
aoetosella, Silene gallica, Sisymbrium oftioinale , 
Taraxacum officina le 1 Vinca major 

Galium aparine , Pol.yoarpon tetrapeyllum, Trifoliua 
dubium 

Cirsium lanaeolatum, .Foenioulum vulgare , Lathyrus 
latifolius , Sherardia arvens i s ,  Sonohus oleraoeous 

Cotula australis, Cxalis o arniculata, Fteridium 
esoulentum, Cytisus scoparius, lqthrum 
l'zy'ssopifolia, Poa annua , Trifolium pratense 1 
Trifolium repens , Vt1ronica persioa 

Geranium dissectum, Lamium purpureum, Vioi aativa 

Junous bu:fonius , Cardamine hirsuta, Hypoohoeria 
radioata , Lupinus arbort�us 1 Senecio jacobaea, 
Staobys arvensis 

Cytisus proliferus , Ge>raniwn molle , SttJllaria 
media , Ulex europaeus 

Galinsoga pa.rviflora, Hedera helix, Rubus frutiooaua ,  
Sagina prooumbens 

Aoaena sanguisorbae , Halaragis ereota, Allium 
triquetrum, Helminthia eohioides ,  Leont odon 
hispidus , Odont ites visoosa, Ranunculus sardcus ,  
Rumex oonglomeratus , Sonohus asper 

Brassioa oampestris , Erodium cicutariun, Ra.nunoulua 
soeleratus , Sisymbrium orientale , Veronica 
serpnyllifolia , Vioia hirsuta 

16 species 
35 speoiea 
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species (Ooprosma. robly!ta, C otula c oronopifolia., Marisoua ustQlatua, 

Muehlenbeolda australis. Paesia soaberula) , but no "doubttul " epeciea. 

ot the five species of doubtful status on the list , 

four (JWlCus bufonius, Calystegia sepium, Oxalis oornioulata, 

Solanum nigrum) are cosmopolitan species of cultivated ground. To 

the knowledge of the present writer, none of the definitely indige� 

ous species in the c ollections occurs on regularly cultivated ground 

in the vicinity of Massey Collegf.l . All are rather species of UIICul­

tivated ground { as arown hedges and trees ) or of waste grouad. 

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 soil type 13, had been ploughed in 

the autumn ot 1955, and left Wltowhed through the winter. By spring 

there was a dense growth of weeds . In September, 16 square quadrate ,  

each of 900 sq. cm. , were t aken at random in the area and the Dl.lllbers 

of individuals of each speoies were determined for eaoh quadrat , The 

results of the analysis are given in Table VI .  (The species are 

listea as in the appendices that deal with point ana�is) . 

Of the species listed, only H,ydrocotyle spp. is detinitely 

indigenrus, and this taxon is of little n'UIIlerical significance • . ot · 

the two species of doubtf'ul status , Juneus buf'onius is both ot high abund­
ance and of high 
frequenoy , while Cotula. australis is of relatively lovr frequency and 

of low abundance. 

(ii) Anal.yses of Pasture an U!1Plg1ghed Land 

Point analyses and frequency quadrat measure.m8nts were made tor 

three areas of ploughable , but unploughed, pasture in the o ourse of 

the present work (table VII) .  These analyses may be compared with 

three point analyses of similar pastures recorded by Merry (unpub. a 

40-41, 43-45) (table VIII) . In tables VII and VIII, the species are 

listed as in the appendices th� deal with point analysis . 



TABLE VI. .FREQ�Y AND ABUND.Al'DE OF WBED SPEOIES ON CULTIVAfiR 

GROUND . BASED ON 16 QUADRATS. 

Species Frequency Total No. Kean No. 
of Indivs. of :tndivs . 

!fldroootzle SEJ2• 2 3 0.2 
Ranunculus parviflorus 3 3 0. 2 
Coronopus diqymus 14 57 3. 6 
Capse11a bursapastoris 10 20 1.3 
C ardamine h:l.rsut a 1 1 o.l 
Spergula arvensis 15 181 11.3 
Sagina prooumbens 1 1 0.1 
Cerastium glameratum 16 166 10.4. 
Ceraatium caespit osum 1 1 0.1 
Stellaria media 14. 188 11.8 
Rumex acetosella 1 2 0.1 
Polygomn avioulare 2 4 0.3 
Trifolium dubium 11 59 3. 7  
Trifolium repens 13 38 2.4 
Trifolium subterraneum 2 4 0.3 
Erigeron oanadensis 1 1 o.1 
So1iva sp. 1 1 0. 1 
Senecio vulgaris 2 2 o. 1  
Cirsium lanceo1atum 4 4 0.3 
Helmintbia echioides 1 2 0.1 
Sonchus ole raceus 2 2 0.1 
Crepis capillaria 5 6 0.4. 
Plantago lanceolata 1 1 0.1 
Veronica persioa 16 310 19.4 
Veronica arvensis 3 9 o. 6 
Daotylis glamerata 4 5 0.3 
Poa annua 16 560 35.0 
Agrostis tenuis 2 6 o.�eo 

Juncus bufonius 15 1145 71.6 
Cotula australis 5 15 0. 9 
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Table VII shows t he following values for each of three uni.t 

areas : (1) percentage cover of e ach species , that is , number o� 

points in lOO at which the species occurredJ (2) percentage top 

c over of each species ,  that is , number of points in lOO for which 

the species provided top cover; (3)  �rcentage frequency, that 

is , four times the number of 900 sq.cm .. quadrate ( out of 25) in whioh 

the species occurred. 

Unlike the figures given for the present work , Merry ' s  tisur-s 

for "percentage cover " are not based on direct detenninations. 

They are derived fran 30Q..point analyses of the "total sward", by 

means of a fol1J1Ul.a of Levy and Madden (1933 : 269-70) , and thu.a re­

fer rather to the relntive 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 significant� different from 0.01 in. ) , there seems to be no 

reason why a general comparison should not be made between �erry ' s  

figures and those for the present work. To assist the canparison, 

Merry 's  analyses for th� month of December are shown , since t.::> 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) . Wh•re 

a species was detected by Merry ' s  monthly analyses at acme time , but 

not in December, the maxirmJD value for that species is given in par­

entheses , tog�ther with the month nearest December in which that max­

imum was recorded. 

None of the unit areas ir! table VII had been cultivated prior to 

the analysi s .  Each is bounde{1 by unploughabla pasture , and in no 

case does the unit area appear to be large enough to justify the pro­

vision of aooess. Several soil typas ar� involved. In unit area 1,  

a stream floodplain, the soil type is  l (Manawatu loam , eto.) . In 

unit area 2, a damp flat , t oo  soil appears to be a peaty loam, possib­

ly type 107. Unit area 3, which aeems t o  be a remnant of the origin­

al surfaoe of th� Fitzherbert Plain, is in the area mapped as oarrying 

soil type 13 {Tokomaru silt lo�). 
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The domjnant species in the analyses shown in tabb VII are 

Lolium perenne and Trifolium repens . The other .important species are 

Holous lanatus, Agroatis tenuis, and Anthoxant}lum odoratum, while 

cmosurus oristatus is of variable frequency but low abUDdance. 

Th� dominants are thosE� expected in high-producing pasture (Madden' s  

type .3 ) .  The presence of Agrostis and · Anthoxanthum indioatea that . 

the pastures are not of particularly high quality, be ing somewhat 

allied t o  Madden's type 4, and this is not surprising in view ot 

their status as uncultivated fragments. Neverthele ss , species other 

than grasses and c l cv  ers are of low abundance ,  although a ffl'ff, sucb 

as RanWlCulus repens , Cerasti'LIIl glomeratum, and ltn>ochoeris radioata, 

tend to be of fairly high frequency. (Madden has cited Banunculwa 

species and Junous species as typical weeds at the wetter parts et 

pasture type 3, and plantago lanceolata, Hypoohoeris radioata, 

Leont odon his2idus , .  and Prunella vul&aris as typic al of type 4) . 

Th�:J only indigenous species rec orded are small amounts of Junous 

polyanth�os in two unit areas and Triqu.tella papillata in one unit 

area .  

Merry ' s  analyses were made on unploughed land of soil type 13 , 

under varying c ondit i ons of drainage . Pasture 1 had been mole drained, 

pasture 2 was on a knoll , and pasture .3 was undrained and seaso� 

wet . Although the varying environment may be reflected in the compoa.i­

tion of these pastures , and although hare ground tends to be prominent , 

there is a general resemblance to the pasture sampled during the present 

work. Lolium perenne and Tritoliwn repens are ltJ&s important, each 

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

grasses and c lovers are Cynosurus oristatus, Holous lanatus, A.grostia 

tenuis, Anthoxanthum odoratlJ!!l_, and Trifolium dubium. The only im­

portant speoies other than grasses and clovers are ijypoohoeris radioata 

and Leontodon hispidus. It is noteworthy that these species are un­

important in thE� pasture in which Lolium perenne is a clear-cut daain­

ant . Records of indigenous species aro limited t o  traces of Kusoi 

(almost certainly indigenous ) , and of Danthonia t;pp . , Junous yaginat ua ,  
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iABLE VII.. PEipENTAGE OOVBR, PERl�"TAGE TOP COVER, AND �INJ.'AGE 

F!lEQUENCY OF SPIDIES IN UNPLOUGH.li:D PASTURE TJNITS •. 

% cOTer 
% top 
oover % f'Nquemy 

Unit area no. 1 2 3 1 2 3 1 2 3 

Triquetella papillata 4 -
Junous polyanthemos 3 3 - .. 4-
Juncus Eolzanthemos N - 16 -
Ranunculus repens 4 2 1 - 1 60 20 8 
Sagina prooumbens - 4 - -
Cerastium glaneratum l - 8 20 32 
Rumex aoetosella 4 -
Rumex obtusifolius 12 
Medicago lupulina 4 -
Trifolium repens 45 59 43 5 29 14 lOO 100 100 
Bellis perennis - 4 • 

. Cirsium 1anoeo1atum l 3 3 8 - 8 
Cirsium arvmse - ... lt. -
Hypoohoeris radicata 1 4 1 3 � 24 ' 60 
Leontodon hispidus lt. lt. -
Taraxacum offioinale ... q. 
Crepis capillaria l • - ,. 
Plantago lanoeolata lt. 12 4 
Plantago major 52 -
Prunella vulgaris 12 -
Mentha. pule gium 2 1 ,. - 8 
Junaus tenuis ... - - 4 
Lolium perenne 79 47 70 62 36 61 100 lOO lOG 
Cynosurus oristatus 4 2 1 1 4 . 1.2 56 
Daotylis glamerata 2 1 e -
Branus mollis 4 -
Poa spp. - - .52 
Festuoa arundinaoea 2 2 e • 

Holcus lanatus 27 30 21 8 15 9 80 96 40 
Agrostis tenuis 28 17 10 11 13 3 .56 72 36 
Anthoxanthum odoratum 22 7 9 3 6 5 60 4Jt. 48 
Juncus artioulatus 1 .... 1 -
c ow  dung 1 1 
sheep dung 1 1 



TABLE VIII . "l'.El(:ENTAGE COVER" m THREE PASTURES IN Dll)llr1Bilt 
(MERRY) .  

Pasture no. 
l 2 ' 

Musoi �Aug O.lt,� (Aug 2,0) 
Da.nthonia spp. Jan 0. 3 0.4-
Junous vaginatus � (Sep 0.2) 
Acaena SJ2,!2• (Nov 0. 2)  - � 

Ranunculus repens �Nov 0.4� (Aug 1,4-) � 

Cerastium glomeratum Aug 0.4 0.4  (Feb 0#4) 
Trifolium dubium 8. 9  4.4- 11. 7  Trifolium repens 4. 6  0.4- 22, 8  
Bellis perennis 0 . 2  �Aug o. 6� 1. 2 
Cirsium lanoeo1atum (Jan o.s )  Sep 0.4-
I�oohoeris radicata � 
Leontodon hispidus 17. 1  1. 7 17.3 

Taraxacum off'icinale (Oct o. 7)  o. a  
Plantago 1anoeolata � 1. 0 1.5 Plantago major 
Veronic a sp. (Nov 0.2 )  0.4 
Prunella vulgaris 0,9 
Mentha pulegium 1. 7  (Jun 1. 7) 1. 9 
Lo1ium perenne 9.2 47. 3 6, 6 
C,, nosurus cristatus ll. 9 0,8 11.5 
Daotylis glomere.ta 0. 2 s.o 
Brcmus hordea.ceus 0.2 0, 2 
Poa annua 0. 2 0. 2 
Festuca capi11ata (Sep 0. 2 ) 
Holcus lanatu.s 5, 6 9. 6 1. 7  
Phleum pratense 0. 2 �Nov 0. 2 � 0,4-

Jan " 
Agrostis tenuie 22 . 1  6.7 8, 8 
Anthoa.a.nthum odoratum 12. 5  1. 3 5.3 
Juncus articulatus (Sep 0.4) 
Bare ground 4.5 21.2  7. 7 
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and Acaena spp, (Determinations of frequency might , of course , have 

detected more indi genous species ) .  Al though t here is hardl.7 any 

rec ord of indigenous Junous species in the analyses , Merry haf referr.a. 

to rushes as being present in pasture 1, and important in pasture )• 

Although · the se two sets of analyses are too fragmentary to pelmit 
� 

definite c onclusions to be drawn, t:'ley do suggest that , even on unoW.-

· tivated ground, a pasture t hat in its general composition tends to 

resemble Madden 's type 3 pasture (which is , presumably, equivalent to 

the "artificial pasture of high class"  of Cooka3ne ,  Simpson, 8M So ot t• 

Thanson) , will als o  resemble that pasture type in the virtual abaeme 

of indigenous species other than Juncus species. 

(111 ) Indigenous Species of Junous in Ploughable Pasture. 

Healy (1953b : 2) , in discussing Juoo� species as a tarming problem, 

has pointed out that �roup I,  leafless species , is the group of great-

est s ignificance to far.mers , comprising six perennial species which 

ooour as major pasture weeds throughout N.w Zealand •, Five of these 

species (June us polyanthemos , J. luxurians , J. pallidus, J, vagi natus, 

J, pauoiflorus ) are indigenous . 

tul. status . 

The sixth (J. effusus) is of doubt-

All six of these species ooour in the plough ble pastures of' the 

Manawatu distric t , Thes e  aN high-produ::ing pastures , whioh are us-

ually of the long-rotation type on the Kairanga Plain, but are liable 

to more frequent cultivati on on the lower floodplain of tho Jlanawatu 

River, where there is often an alternation of pasture and oash orops. 

The pastures cons i;;;t predaninantly of Lolium perenne and other rye-

grasses, Trifolium rept"ns, and Cynosurus cristatus . 

To obtain an indication of the relative importance of the above-

mentioned . Junous spec ies in these pastures , an examination was made et 

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 DUmbers of paddocks 

\ 



examined were 262 and 100 respectively. 

on the Kairanga Plain, 37 (ll$) were occupied by new]J.p.oughed land, 

crops, hcmesteads , or orchards ; 168 (�) by rusb-free pasture ; 53 

(2�) by pasture with light rush infestation (rushes appearing to 

dcm:i.nate less than lO)b of the paddock) ; and 4- (2%) by pasture with 

moderate rush infestation (lo-25';1& of the paddock ) . The o arrespond-

ing figures far the lower floodplain were 28 paddocks (out of lOO) 

not in pasture ; 64. in rush-free pasture ; and 5 lightly, and 3 moder-

ately , infested with rushes. (The visual impress ion of the species in-

volved was that the princ ipal species was JUI¥'us po1yanthemos. while 

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

. All of these spec ies are indigenous ) . 

These figures SUJgest � there is a higher degree of rush inteat-

tation in the long-rotation pasture s of the Kairanga Plain than under 

the more frequent cultivati on of the 10\ITer fioodplain, the ohi-aquare 

of the ratios of infested to  non-infested grassed paddocks being about 

6.5 (probability about �) (Moroney (1954: 2�55) .  (i'hertt was , of 

course , some variation in the size of the paddocks , but for the purpoaea 

of thi s V6ry rough eetlmate they were regarded as equal in size ) . 

This c onclusion {if c orrect ) t ends t o  confirm the c onc lusion of Merry 

{unpub . : 62) that adequate cultivation (combined with the sowing of 

high-grade straie1s of pasture speci es ) eliminates Juncus species . 

(2 ) UNPLOUGHABLE PASTURE. 

This secti on is based large ly on the results of the sampling sur-

Tey (appendices ll-V!ll) ,  together with SOID9 additional gensral in• 

f'oJ:mation obtained t'rcm the ext ensive examina tion. In maqy respects, 

the results of the samplin�:; survey are in aocordame with the observations 

made ciu.ring the E�xtensive examination ,  and with relevant observations 

of other workers (which are referred to at the appropriate points ) � 

To this extent , the 86J14>linw survey might seem to give acme point to 

"that old jibe whic h defines ecology as ' the painful elaboration of 

the obvi�us 1 " .  (Ellison (1957: 64.) ) . On the other hand1 Gal ton 



ha8 pointed out that •general impressions are never to be trusted • , 

(Mat her ( 1949: 2 ) ) .  The use of more objeoti ve methods to check 

the general observati ons is surely desirable even where the result s  

t urn  out to be purely confinnat ory , and much more so where they dp 

not . 

( i ) Intrcduced Species as an Environment al Factor 

The stated object of the syst�tic examination of unploughable 

pasture has been to determintil what indiednous spec ies are present . in 

such paature (and the relative importai�e of such species ) , and und•r 

what enviromnental conditions . One fao tor of that enviroruent , name-

1y th� assemblage of introduced economic and non-economic species ,  

is relatively uniform. They nre mostly species of the sward , and 

that SWU'd does not vary greatly in compositi on as far as the intro­

duced c omponents are concerned. 

With the exc eption of the ind.igenous economic taxon De.nthonia spp. 

and the intrcduoed weed Ilypochoeris radicata (which are discussed 

later) , the dominant species and also the chi el subordinate speci•s of 

the sward are introduc ed econoodc sp ec ies (appendices VI, YII) .  

Agrost is tenuis and Anthoxanthum odoratum (the former being tho more 

important ) are ·the ohief sward-forming spec ies , being of high fre­

quaooy and high abundance in nearly every unit area sampled. Pestuoa 

rubra var. c cmnut ta has a more limited distribution, but also tends 

to b� a daninant where it does ooc ur. The principal expression ot 

this species would oppe ar to be on soil type ll8a, and under relatively 

heavy sheep grazing. (The analyse s made by Suckling (1954a 252, 2,.,_ 

55) app�ar t o  confirm that Festuca rubra var. commu:tata is an import­

ant species of some unploughable pastures , although 1 t is not shown 

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

The economic &pecies of lesser importance are Holcus lanatus, 

Trifolium repens , T. dubium , Lolium perenne, Cynosuru.s cristatus, and 

Daotylis glomerata. All are widely distributed, and of relatively 

high freque ooy and abundanc e ,  although not in the same class as the 

\ l 
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In 'tetrms of environnernt , Lolium perenne and Trifolium 

repens tend to be more prominent on eas ie r slopes and under rela­

t ive ly heavy s� ep and cattle grazing . Lolium perenne does not 

appear t o  have any special signific ance on stook trac ks , but the 

relative importance of Trifolium repens may be increased in this mio­

rohabitat . 

All of the se econanic species are perennials ,  with the e:zx:ept­

ion of Trifolium dubium ( annual ) .  

As far as the introduced non-ec onanio species are concernt.Jd, 

most are subordinate species of the sward. The re are few ex-

c epti ons ( appe ndices 11, IV) . The only important introduced pban•-

rophyte is Ulex euro.:g_aeus , which tends to form thick6 ts at l01t'er al­

t itudes , particularly on ste eper slop�s and under relatively light 

grazing. (Gibson (unpub. ) has noted the relative tmportanc e  of 

Ulex etn"opaeus o:•1 the lower fcot hillg of the Fit zherbert distric t ) .  

The less important Cytisus sc oparius eonns a few locali zed thickets, 

more particularly on north-facing slopes and &t lower altitudes .  

(Oookayne (1928 : 359) has pointed out that both Ulex europaeus and 

Cytisus scoparius lose the ir aggressive powers with imreaaing alt-

itude ) .  Further, three non-phanerophytio species with a somewhat 

different life-form frcm that of t he speci es af the sward , llDillel.Jr 

Cirsium lano eolatum, c. arve�, and c. palustre , occur over a wide 

range of habitat . Such importance as they have is large ly seasonal , 

since the first is an annual and the others are die-back perennials . 

The most important int roduced weed in the sward is lfypochoeris 

radicata ( appendic es VI,  VII) . (This i s  supported by tr.e analyses 

made by Suckling (1954: 255 ) ) . In tenns of abundance and :frequency 1 

it ranks next to the dominant economic species. The principal er-

pressi on of tlYpochoeris radicata tends to be on soil types 122 and 1�, 

and at higher altitudes.  Several other introduced non-phanerophyte s ,  

namely Sagina pz:ocumbens, Cerastium glomeratum, Linum c atharticum, 

Bellis perennis, Leont odon hispidus, Taraxacum officinale, Plantago 

lanceolat a ,  and Prunella vulgaris ,  are widely distributed, and often 

of relative ly high freque ucy within the unit areas in which they oo.our. 



In tenns of abundanc e ,  ho.v-ever ,  none is as important as the lesser 

ec onomic spec ies , le t alone tlYPochoer�s radicata. 

Most of t hese non-eoonCJDic sward-fanning spec ies are perennials , 

the exceptions being Cerastium glomeratUI'Jl and .Linum catharticum. 

( ii) Indigenous apecies 

The indigenous spec ies of unploughabl e pasture are treated in 

this section in tenns of general life-i'orm, being c lassified into 

phanerophytes , terns , large monoootyledons , and sward-forming species . 

The first thre6 classes are covered esa6ntial� by the results of 

the transecting survey (appendices IIA, iliA, IVA , V) . They tend 

t o  be minimized in the results of the point analysis and .frequency 

quadrat measurements (apptmdioe� VI, VII ) , since these latter are 

based on unit areas in whic h the veget ation is predominantly swardlike. 

Conversely , the fourth class i s  c overed essentially by appendices VI 

and VII . However, the results of the transec ting survey are rele-

vant also in the case of those indigenoas sward-fonning spdAIB that 

tend to ooour in aggregations. Many of the important indigenous 

sward-formers do tend to ooour in t his way; and thus are sub ject t o  

a double check. 

Phaneroeqytes (figs. 8-1 3 ) .  

The mos t important phanerophytic sp�cies , both as nanopbaneropbfte 

and as a maorophanerophyte ,  is Leptospe rmum sco,parium. Within the 

area of t he systematic survey, it tends t o  be associated more partio� 

ularly wit h s oil type s llH, 13bH, and 118a, and. with the lower altit-

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

relative importance of t his species on the lower foothills of the 

Fitzherbert district ) .  However, it oocurs on the Pohangina Plain at 

all altitude s up t o  2000 f'eet and highe r. Although Lept ospermum 

scoparium is at present of lit tle relative importance on the soils 

derived from greywaoke (types 122 , 124) ,  it appears to be c olonizing 
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these s oils at several plac�s . It is certainly an important spec­

ies in pastures on g;reywacke s oils in som6 other parts of New Z.aland, 

for example at the s outhern end of the Tararua Range (Oroker (19.53 : 

12-14) ) .  

Croker (1956 : .5.5-56 ) has desoribed L!ptosperm\Q aooparium :1n 

pasture as a species o£ sunny slo�es ,  but the analyses made in the 

present work do n ot  show thi s distincti on. Again, while the entry 

of Lmtospennum scs>arium int o pasture may be enc ouraged by close 

and cont inuous g:ra.zing (as stated by Levy (1923 : 1.54) ) ,  the presence 

of established plants of the species (more particularly the maoro­

phanerophytio examples ) may ten:l to be assoo i ated with relatively 

light she ep and cattle grazing. 

(Cookayne , Simpson,  and So ott-Thomson (1932 s 18) have claimed 

that no weeds in the exotic flora can c c:mpete in aggressiveness 

with Pteridium eoculentum or Leptos2ennum scoparium, and this ia sup­

ported by the classical account by Guthrie-Smith (1926 : oh. m) ot 

his forty-year struggle to replace the se speci es by pastu�e . Since 

then , the tmportance of �ept osper.mum so oparium as a pasture weed 

has be en reduc ed in some parts of New Zealand by the "manuka })light • 

disease (Muloock (19.54.) ; Hoy (19.54-) ) ,  but it should be pointed cut 

that this diaease appe ars to be rare in t he at�� �re a ,  in spite of 

attempts to establish it . This is borne out by a dis tri bution map 

for the caus ative i nsect that was prepared by Hoy (19.54.: 4.7.3 ) )  .. 

N6xt in importame to Leetospermum sc oparium is C oprosma 

rhamnoides , essenti ally a nanophaneropQytic specie s. Like Leptos­

permum sc oparium, it is a species of lower altitudes , arid tends to be 

associated with soil types l3bH and ll8a and with relatively light 

sheop and cattle grazing , but , unlike Laptospennum, it shows a slight 

t endeooy t o  favour steeper slopes and shady fac e s .  Probably assoc­

iated with this latter tendency is the relative importame of O oproama. 

rhamnoides in t he shade miorohabitat provided by maorophaneropbytea 

(notably Leptosper.mum scoparium) . �her largely �banerop�io 

species ,  Leucopogon fasciculatus , ooours in similar enviroJIDints to 

'· 



Coprcema rhamnoides , but is less important numerically. {Another 

less important speci es, Geniostorna ligustrifo�, a lso tendo to 

occur at lower altitudes on s t e eper sl ope s and shady faces , and 

under relatively light sheep grazing, but has not the s ame tendency 

to be associat ed with soil types 13bB and 118a).  

{Allan (1924: 404) has referred t o  the oocurrenoe of three af 

these shrubby species in pasture at the western edge of the atudy 

area. LeptospenJ�.Um sooparium is classed as a "serious weed " , while 

Coprosma rhamnoides. and Louoopo;:on fasciculatus are classed u "plen­

tiful " ) . 

Although there are only a few �cattered specimens within the 

area of the syst6Inatio survey , Cassinia leptophy�la is of S OGlfJ  import­

anc e, along with Leptospermum sc oparium , at lower altitudes at the 

southern extremity of the s tudy area. (This species is an aggressive 

weed in the pastu.res of the coastal regi ons of Wel lington Provin::o 

(Cookayne , Simpson, and Sc ot t-Thomson (1932: 18) ) ,  and according to 

Croker (1953 : 12 ,  14) , it tends to occur in s imilar situati ons to 

Leptospe:xmum sooparium) . 

Shrubby species tend to be l ess ilnportant on s oil types TlbB, 

122 , and 124, until an altitude of about 1.500 feet is re·aohttd. (Gib­

son {unpub. ) has observed that the shrub vet::etation of the Fitsbe�rt 

foothills ( on s oil types llH, 13bH, and ll8a, and characterised by 

Leptospermum scoparium and Ulex auropaeus ) appe ars to be more imp­

ortant than that on the higher parts af the Range ( s oil types 122 and 

124) ) .  However, several characteristic species are of same importanc e 

below this altitude . 

:sracb.yglottis repanda and Melicytus ramiflorus are fairly im• 

por·tant , both as :nanophanerophyte s  an�.i as macropbanerophytes. They 

occur more partic ularly on soil typ es 122 and 124., on steeper slopes, 

and under relatively light sheep and c attle grazing , and show a poss• 

ible s light tendctnoy to favour shady slopes.  (Croker (1956 : 55-56) 

has described thes e species as more characteris tic of sha<IJ' slopes). 
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The tree-ferns Viokaonia squarroaa and Oyathea m•dullaris are also of 

acme importance .  (The�ir a&_reaaivenes in pasture is mentioned by 

Allan (1936 : 191 ) ) .  They occur more particularly on soil type 124, ' 

at higher altitudes, under relative ly light grazing , and on shady faces 

and steeper slope s. (Croker (1953: 12 , 14) has referred to these 

species as occupying gullies and damper slopes in pasture).  

Two othe r  shrubby spacit�s of note are not always technically 

phanerophyt es . These are Muehlenbeclda c c.mplexa and JletrosiclAros 

diffusa, w'r.ich are characteristic oushion-fonners in open pa ture 

(although th�y are climbers when ot hur phaneropeytes are present ) . 

Both specie s ter� to favour soil type 1� and higher alti tudes , and to 

occur under relatively light sheep grazing. The miorobabitat pro­

vidEJd by thtt upri ghts of stock tracks and by logs and stumps appear 

to encourage the establish.ment of MuehlEJnbeckia oomplexa 8lld M tro­

sidei·oa U.iff'usa. 

The shrubs Olearia virgata and ulearia solandri , the former being 

found more particularly at higher altitudes and the latter at lower 

altitudes , are le ss tmportant numerically, although Ol•aria solandri 

is quite aggressive in at l� ast une valley . Both species tend t o  

be associated wi th relatively light grazing. 

It is evident that , as far as the soil type s derived from grey­

wackie ( 122 and 124) are c uncerne d ,  phanerophytes bec ome mortt im­

portant at higher altitudes, and the same thing is found t o  apply t o  

s oil type 17bH a t  the northern end of the study area. Besides the 

spec i e s  ment i oned already , several other spec ies b ec omB  prominent to­

wards the upper limit of unplouehable pasture . (Because they occur 

near t he bound,:�ries ,  these spec ies <J.L. not figure largely in the results 

ot tr..e transecting) . 

P.se.udowintera colorata appears as a pasture shrub at about 1500 

feet , and is often the most o oomon phanerophytic species abov about 

1750 feflt , particularly on ridge t ops . Fuchsia exoartioata, whic h is 

rec orded in appendix IIA as a species of higher altitudes and shaqy 
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feces , tends to b e  prood.nent in s imilar situati cns t o  P!!udo!r1J!te3 

oolorata , and to ooour inste ad  of that species in the vicinity of 

watercourses. ( Jones (1947 : 3) has referred to t he eatablislment of 

Fucr�ia axcortioata along watercour ses in grassland in the �bBence of 

grazing) .  Finally ,  there is c opious regeneration of Nothofagus f'usoa 

in pasture at about 2000 feet at the northern extremity of tho study 

are a. (Cookayne , Simps on , and Scott-Thanson (1932 : 33) have pointed 

out that , whereas many successions l tJ ad t o  the c limax in the regen-

E�rat ion of podooarp-broadl.eaf forest , Nothofa,gus forest usually pro­
' 

duces its like e it ht� r  frcm the s t art of the new growth, or from an 

early stage in s uccession ) .  

Fe rns  (figs . 10,  �1 7) • 

.A.""l important feature of the indigenous fern species that ooour 

in unploughable pasture is that they are not mere ly of a�asonal signit-

icance . While they may suffer some damage from heavy frosts , their 

occupation of any area is essentially continuous. 

Paesia scaberula and Pt eridium esculentum are the most import-

ant ferns , and inde ed rank among the most important indigenous speo-

ies , in the unploughable pastures of the s t udy  area. (The aggroaa-

iveness of Paesia scaberula has been ��ntion3d by Allan (1936 : 191).  

while t he views of s ane ot he r  workers on the great aggressiveness r1 

Pteridium esoulentum have alrrady been menti oned in oonnsction wi th 

Lept ospennum scoparium) . Although both spec ies ocour over a wide 

range of environment ,  they tend to be associated more particularly 

with steepdr slope s , with the s oil types derived from greywacke 

( l2J .. in the case of Paesia , and 122 and 124 in the case of Pt;eridium), 

and with relat ively light she ep and c attle grazing. (Levy (1923 a 

148, 151 , 282-86 ) has pointed out t hat both these species tend to be­

cane established under li�t stocking, and are damaged by heavy stook-

ing . However , Levy has also obse rved that , once established, 

Paesia soaberula is enc ouraged by close grazing of the sward by sheep 

alone {a practice that is not nannal in the st� area ) ,  and that a 
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good growth of grass is required if this spftci.es is  to be c cntrolle4 

by h�avy stocking ) .  Pteridium tends to be slightly more important 

at lower altitudes, and Pae ia at higher altitudes (although both have 

wid� altitudinal ranges ) , while another distinction is the apparent 

tendency of Paesia tc be associated with shady faoes. (Greonall and . 
Hamilton (unpub. : 33 ) have referred to Paesia soaberu.la ( "hard fern") 

as a spttC ies or sh� slopes , while Moore (1942: 122-23) has pointed wt 

that steop cold hillsides in high rainfall areas are particularly 

favourable for this speci�s ,  although its range of habitat is wid•)� 

N�xt to these species in importance is Blechnum fluviatil , which 

occurs in similar environments to Pae.,ia soaberula, but with a trcag-

er t�ndenoy towards high altitudes .  (This species does not a em to 

have boen recognized elsewhere as an important fern species in pa ture ),  

All three species are proninent on the microhabitat provided by the 

uprights of stock tracks and by other vertical places .  

Seve ral  othel· species of ferns , namely Hist1oeteris inaiaa, 

Polystiohum vestitum, Cyclosorus pennigerus, B1eohnum prooerum_. and 

B. discolor, while of less importance than the three foregoing .speol•• • 

are als o of some significance in pasture. (Allan (1936 : 191) hu r•t-

erred to the aggressiveness of Histiopterls inoisa and Bleohnum 

procerum, while Cookayne , Simpson, and Sc ott-Thans on (1932 : 36) and 

Dobbie (1951 : 232 ) have mentioned the aggressiveness of Pol,ystiohum 

vestitum) . All the se species tend to be associated with soil type 

124-, and with relBtively light grazing. Histiopteris incisa tends 

to be a species of higher altitudes. (Levy (1923 : 148, 286) baa 

referred to this specie s 01s one that. beocmes established under light 

s t oc king, and spreads at highe r altitude s ) .  Bleohnum procerum and 

B. disoolor tend to be associated with shady faces , while the latter 

tends also to be a species of higher altitudes and steeper slopes. 

(Levy (1923 : llt-6) has desoribed Blecbnum prooertlll as a spooies ot 

steep shady places ) . 

Pol,yst!=ohum vestitum. te n:ls to be associated with slw\v' faces , 
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steeper slopes , and higher al tituiies.  As in the ease of certain 

phanerophytes menti oned above , Po6Yst1chum vestitum becomes import­

ant towards the upper limits of unploughable pasture. It is o Cl1 

in the northe rn part of the s tudy area at altitudes above 1500 teet,  

particularly on shady faces where the frost lasts through the day in 

winter. Cyclosorus pennigerus als o  t enas t o  be a species of steeper 

slope s , higher altitudes, anu shady faces. It is large� associated 

with the shade rniorohabitat proVided by phaneropbyhs. 

Large Monocotyledons (figs . 8 , 9 ) .  

The main species oonsh1 ered under this heading are three indig­

enous species of JWlCus , namely J. poJ.yanthemos ,  J .  vaginatus, and l• 

luxuri�. Tlw first of these is among the most important indigen­

ous s pecies irr t he unploughable pastures of the study area, the 

other tw�... being of les s iru.flO ·tanc e  but st ill not eworthy. All three 

are more particularly sp ecies of lower altitudes , and all have a 

sli�ht t e ndency t o  be assoc iate:i with sunny slopes .  Furthor, all 

thre e species appear to oocur under "normal " grazing (that is, 

wi t h  no special ·tendency t owards  either heavy or light grazing) 1 ex­

cept for possible tendenci�s t�ards relatively he avy sheep grazing 

in the c ase of Junous V!&inatus , and relatively light cattle grazing 

in the caso of J. poJ.yanthemo� anc1 J. luxurians. J. polyAnthemos and 

J, v�tus tend to be more import ant on soil typ es TfbB and ll8a, 

and J. luxurians on soil tYPe llH. 

(No species besides Junous polyant hemos and J. vaginatus appears 

to have particular as soc iat i ons vd th soil type T'ftiH. However� the 

primipal specie s  of lower alti tude� , name ly Lept ospe� acoparium, 

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

Fteridium esoule�, wh i le s everal other species of high overall fre­

qutmoy , notably Pae�sia �c aberula , Aoaena spp. , and Nertera setulosa, 

are wel l  represented). 

Although the:: swampy microhabitat is of' some importance within the 



area of the sys tematic surrey , these spec ies or Juncus are not aasoo-

iated wi th it to any great degre e . (Merry (unpub. : 7) has pointed 

out that Juncus polyanthemos is a spec ie s both of �t swamps and of 

dry uplands , although it has a prefe:.:-enn e for t he former) . 

The other largE' monocotyledous that require ll18ntian are Oarex 

lucida and Aru.nUo kakaho. Like the species of Junc us mentioned abOYe, 

C arex lucida t encls t o  be associate�d with lo.v alt itudE's ,  S'tlllnl' slope s ,  

and "normal " grazing. Tllis speoifls appears t o  favour soil types 13bH 

and 118a. Arundo kakaho also tends t o  be a species of S\ll1D1 slopes,  

but appears to  be associated wit h highe� altitudes and with relativelJ 

light grazing. 

Sward-for.mir� Species (figs . 18-20) .  

iJndoubtetlly the mos t important indigEmous sward-former is Danthonia 

spp. , the one indigenous ec onanic t axon of s own pastures. It ranks 

next in nUD16 rical importance in the swar4 after A_grostis tenuis , 

Anthoxanthum odoratum, and Fastuca rubra var . c ommutata (and is 

present in more unit areas than the last-namod) . Danthonia tends to 

b e  more important numerically on steeper slopes . There appears t o  

be general agre��nt among oth�r work6rs that Danthonia spp. tends to 

replaoe wostis t enuis on SUllllY faoes (Levy (1928 :  301, 309) ;  Maddq 

(1940: 30) ; Greenall and Iiclmilt on (unpub. : 52 ) ;  Gib�on (unpub. ) ; 

Suckling (195�: 255) ) . However, the analyses made in the preaent 

work (appendix VIIA) show ve ry lit tle diffe rence in the relative 1m-

port ance of thes e t wo spec ies a s  between north- and south-facing slopes . 

Mos t of th,;1 important indigenous swax·d-fonning species are of 

similar life-form t o  the introduced ec onomic spec ies , in that they 

are low vegetatively-spreatlin.g pe rennials . Nertera setuloaa is the 

most important of these spec ie s ,  both in the results of the tran-

seoting survey (in whic h it ranks among the ohie:f indigenous spEJciea 

of the unploughable pastures of th · study area) and in the results at 

the point analysis and frequency quadrat measuremsnts (in which it 

ranks numerically with the l esser economic spti!Cies ) . Nertera setu-

.•· .3Sf ·  ' G �'ICULT U R AI .  CC '· f-G 
�. ,., . t''• : :,; . . "(' ' G I �· 
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!£!.!.. tends to be;) of more importance on soil types 122 an::1 124., and at 

higher alt itudes . There is s ane association with relat�.vely heavy 

grazing by sheep , and possibly by cattle as well. 

Three other perennial herb t axa are als o of' importance , accord-

ing to the results of both sampling method s .  

H.ydrooutyle spp. , and Helichr.ysum filioaule . 

These are Acaena spp. , 

All three (especiallY 

the latter two ) tend to  be assoc i8 ted more particularly with soil 

type 124 and with highe r altitudes ,  wi .ile Hydrooot;rle_ spp. and 

Helicp:ysw filicaule show s aue tendency to be more important on ahae\7 

faces. (Oookayne (l92lb : 140) has referred t o  the increasing import­

ance of these three taxa in sown pasture with increasing alt itude ) . 

In t he mat t er of grazing, the res��lts of the point ana lysis and fr.­

quency quadrat measurements ( app<Jndix VIIB) are not very conclusive 

in relati on t o  the se species (but s ome  of the sub-totals are based on 

very few unit a1·eas ) . On the basiB of the results of the transeot ing  

survey , it would apt)ear t hat all three speci<='s tend t o  be associated 

with "nonnal " s he ep ani cattle grazing. (Levy (19?3 : 148, 290) has 

stat ed that Aoaena spp. is normally found in c los ely grazed turf, and 

tends t o  spread if grazed by shee� only. As has been pointed out in 

c om1ec ti on with Paesia scaberula, the lat t er stoc king practice is 

not normal in thd study area) . 

Ment ion should be made of four othor species of small perennial 

herbs whi.o h have a more scattered distribut ion rut are s cxueti.mes of 

l oc al importanc e .  These are Centella uniflora, Oreanyrrhis andicola, 

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

lower altitudes and under "norma l "  she ep and c attle grazing. 

D:t.chondra repens also appears t o  occur under "normal n she ep and oattle 

grazing, whe reas OreOAlrrhis andicola may be assoc iated with relat­

ively light sheep grazing . Nertera depres� appears t o  favour sha<"zy 

faces and tc  have S O!ile asso cb tion with ve rtical microhabit ats. 

The results of the point ana lysis and frequency quadrat measure­

ments shows that certain indigenous spocies are of importalJ)e in the 

sward although not detected, ar rarely detected, by the transeoting. 
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( The most notable example is Danthonia spp. ) . 

oampestris and Wahlenbergia marginata var . australis are found to 

be of minor · looal importance. :Y:uch more important are the 

mcsse • {The analyses made by Suckling (1954.� 2.54.-55) also show 

"moss " t o  be important on some sites ) . Thuidium turf'uros and 

Aorooladium auriculatum appear to be among the most important in-

digenous species of the sward. Thuidium furfur.£!!:!! tends to be 

aas oo iated 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 assooioted with "normal" 

or with relatively heavy sheep and c ttle grazing. {Sainsbury 

(1955 : 415 ) has referred to Thuidium turturos\111 as occurring espec-

ially in open pasture) . Triquetella papillata and C!ffiPYlgp� 

clavatus are also fairly widespread, although much less important 

numerical ly. 

It is als o necessary to consider th6 role of the indigenous 

sward-forming species in pasture on the specialized environment of 

swampy ground (in tenns of the results of the point analyses boa 

in appendix VIII) .  The dominant species in this mi.orohabitat 

would appoar to be Junous articulatus , a species of doubttul status. 

Of the introduc ed species that are dominant in the normal pasture , 

Agrostis tenuis and Festuca r..1bra var . oamxutata are of no signif'i-

oance , while Anthoxanthum odoratum is reduced to subordinate statua, 

which it shares with Holuus lanatus , followed by Trifolium dubi 

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

ing importanc e ,  are Soirpus prolifer, Scho6nus a�ogon var. laxitlorua, 

and Jumus planifolius. 

(3) , NQN=PASmp (fig. 21 ) • 

Non-pasture has been defined (VI(l ) )  as arf¥ area on which man ' a  

activities are not d irected towards maintaining sown pasture . 

Exampl�s of vegetation other than pasture that are under human control 

(auoh as plantations and gardens) are not included. It is reoognia-
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ed that thtl se excluded categori es may provide examples of inter­

ac tion, such as : th6 mtry of indigenous shrubs and small trees into 

exotic plantations (Cockayna , Simpson, and Scott-Thomaon (1932 : �) ; 

Hannken (195�) ; the occurrence of Muehlenbeckia co�plexa in hedgea J  

and the appe aranc e of indigenous shrubs (e. g. , Coproam� speci es ) in 

gardens (Cockayne , Simpson, and Scott-Thomsan (1932 : �-25)).  

However, the present work i s  c oncerned with the predominant types of 

vegetation, namely sown pastur6 on one hand and the vegetation ot 

idle and unused land on the othe r. 

The pri noipal c ategories of non-pasture vegetation are remnant 

forest (more or less modified ) , and vegetation that appears to be 

in succes si on back t owards forest following ccmplete clearing and 

sowing to pasture. ( The shrubby spec ies of unploughable puture 

tend ,  if not controlled, to form a continuous cover, whic h  gives 

:t i�w to �. dense vegetati on of shrubs and small trees. This type 

of vegetati on (on normal slopes ) acc ount s for most of the non-pasture 

unit areas detected by the original transecting) . The other cat.­

gorles are : c liffs and stream banks ; active or unhe aled erosion 

features ;  watercourses and stream beds . 

(i)  R�t Fore sts 

There has been 1i ttle penetration of introduced species into 

remnant forests , even where th(;;l:::-e has been considerable modification 

of these forests . (Zotov ( l938a : 261) has pointed out that almost 

the only plac es sub ject t o  invasion within t hese romnants are the 

riverbeds . These are discussed below ) . The few introduc ed s pec-

ies that are found in the forest s  themselves within the study area 

are nearly all non-phanerophytic . One shrubby inv·ader, Sol&nllll 

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

an Wldergrowth species in a forest remnant t o  which st oo k  have aocess . 

(Allan (1940: 197) has racorded similar occurrences or· this species ) . 

The he rbaceous specios Areti�_minus and Tradesoantia .f'luminenaia 

occur in damaged forest adjacent t o  pasture at several places in the 
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study area, the former being a species of hill c ountr,y and the lat­

ter of easier countr,y. {Allan (1940: 165 , 216 )  has referred t o  

t he  occurrence of these spec ies in damaged forest ) .  

A few herbace ous specie s ,  suc h as C,!rdUus tenuiflorus, 

O irsium lanc eolatum, Crepis capillaria , Digitalis pwpurea, 

}lypoohoeria radicata, and Senecio jac obaea, m113 be found on the 

Range in open plac e s  within the forests {particularlY an ridge s ) , 

where the original vegetation has been destroyed by ti re or hurri­

cane . The charaotariatic vegetati on of these open places is daa­

inated by the indigenous Microlasna avenaoea, the introdu;,ed speoiea 

always beir� in ver.r limited numbers . Sane of these open places 

are grazed by deer, and in one such "deer pasture " were foun3 .. also 

Holcus lanatus, Ste llaria media , and Veronic a s erpyllifolia. 

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

by Microlaena avenacea grass land through the agency of wild animals 

alcnf'l .. Thi s grassland contained scattered introduced species , suoh 

as Anthoxanthum odoratum and Prunella vulgaris ) .  

Few of the se examples of introduced species of open places 

appear to oocur more than a mile or so frcm the ne arest pasture vege­

tation, or at altitudes muc h above 2500 feet , with the exeeption of 

Ciraium lanceolatum, which penetrat e s  somewhat further , and � 

choeris radicata ,  whic h extends into the mount ain vegetation at 

altitudes above 4000 feet . (Zotov (1938a: 261 ) has also referred 

t o  ijypoohoeris radicata as the only species t o  bd found in the Tara­

rua Range above the upper limit of forest ) .  

( i i )  SUcc essi onal V&getat i on 

The records of the unit areas of �pe netrable vegetation 

that were made during the original transecting are tabulated in 

table IX. This table lists , for each s oil type , the numbers of 

such unit areas 1'or which e ach species i s  daninant. As might be 

expected, many of these dominant species are among the principal 
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ahrubby species or the adjacent unploughable paJSture. fhus , 

Leptospermum so opa rium is the principal species in suooessional 

vegetation on s uil types 13bH and 118a, and also (with the intrcduoed 

Ulex europaeus) on soil type llH, while Brach,yglottis repanda and 

Melioytus ramiflorus are the principal species on the ot�r soil 

types (in assoc iati on with Fteridium esoulentum on soU type TlbB, 

with Ulex europaeus on 122 , and with Cyathea medulla� a on 12Jt.)'. 

As in Wlploughable pastur e ,  the only introd.uoed phaneropb.Jtes 

of any importance are Ulex europuus and Cytisua scoparius. It 

would appe ar that both of these species are charactitriatio only ot 

the earlier s t ages of succession , and that they tend to be over-

hadowed and eventually replaced by those indigenous species that 

are capable or taller growth. Even in tht� denser thickets of Ulex -

europaeus and cztisus scoparius ,  indi genous species aay be found 

dr-t jring th� communities where breaks or folds in the ground provide 

an opening . Most of" the im�,ortant indigenous suocessior£8.1 sp.aies, 

such as Lept osponn1.m1 scoparium, Drach,yglot t is reoanda, Melicytus 

ramiflorus, CyatMa m�dullaris , a"ld goprosma robust&, appear to be 

capable of replacing the introduced species . Even Pteridium 

esculentum will overtop Ulex europaeus and Cytisus scoparius by 

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

ment of Ulex europaeus by such indigenous phaneroph,ytes as those list-

ed above have be$11 rec orded by Cock:ayne , Simpson, and So ott-Thanson 

(1932 : 41),  "Northlander" (1943 : 5 ) ,  and Crok:er (1953 : 16 ) ,  while 

t he first-named have also rec orded the replacement of Cytisus 

scoparius, and the lianoid behavi our of Phridium esc ulentum) . 

Two other introd.uoed shrubby species , namely Rubus rrut!Doaua 

and Cytisus proliferus , were detected by the systematic survey. 

The extensive examina tion shows that th ese two species , together with 

such othe r introduced species as Berberis vulgaris, Foeniculum 

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

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



TABLE IX. • ])()MINANT SPECIES OF UNIT AREAS OF IMPENETRADLE VEGBTATION1 :BY SOIL TIP� 

soil type 

no. of unit areas 
Cyathea medullaris 
Die k:s onia squarrosa 
pteridilDD eaculentum 
Pseudowintera oo1orata 
Beilscbniedia tawa 
Carpodetus serratus 
Coriaria arborea 
Melicytus ramiflorus 
Leptosp.;rmum se oparium 
Leptospennum ericoide s 
Schefflera digitata 
Leucopogon fasoiculatus 
Geniostoma li�trifolium 
Hebe salicifolia 
Coprosma auatralis 
C oprosma robusta 
Olearia rani 
Brao�g1ot tis repanda 
- - - - - - - - - - - - - - -

Rubus fruticosus 
U1ex europaeus 
Cytisus scoparius 
Cytisus proliterus 

llH 

18 
-
-

2 
-

-

-

3 
-

12 
2 
-
-

-
-
-

-

-
-

- - - - -

-

14 
-
-

13bH 
35 

-

-

-
-

-
-

-
-

32 
-

-
-

-

-
-

-

-
-

- - - -

-

3 
-

-

TlbH 
12 

-
-

5 
-

3 
-
-

5 
3 
-

-

3 
3 
-
-

3 
-

8 
- - - - -

-

-

-
-

ll8a 
27 

3 
-

3 
-

-
-

4-
7 

16 
-

-

-

-

4 
-

9 
-

8 
- - - -

1 
-

6 
l 

122 
14 

3 
-

-
-

-
-

-

6 
-
-

4-
-
-

-

3 
-
-

7 
- - - -

-

5 
2 
-

• 

1.24 
38 

16 
12 
6 
9 
-

7 
-

15 
-

-

-

-

1 0  
-

4 
7 
5 

29 
- - - -

-

-
-
-

l 
1 
-

-

1 
-

-
-
-

-I � -
-

-

-
-

-

-

-
- - -

-

-
-

-

Total 

145 

- - - -

� 
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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 cztisus sc oparius .  (Croker (1953 : 14) has 

recorded the occurrence of Leyoesteria formosa in the early stages 

of succession, while Cockayne , Simpson, and Scott-Thanaon (1932 : 

4J.)  have recorded the replacement of this species by indigenous 

species in tht� same way as � and O;rtisus) . Although all these 

species fonn localized thic kets , and some are prominent in vacant 

town sections , none appears to be of any overall importance. 

Oytisus proliferus, which tends to grow taller than the other intro­

duced species , appears to be more persistent . 

The extensive examin:.-.tion also detected Pinus radiata in are u  

of indigenous successional scrub or small treos at scattered points 

throughout the study are a. 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 the indigenous forest dominants. 

(Uertain other tree species used on farms, such as Cupressus macro­

oarpa, Acacia deourrens, and A. deal.bata, may spread into open non­

pasture areas if planted adjac ent to such areas ,  but they appear to 

be of much less overall import anc(;l i.."l non--pasture than Pinus radiata) . 

( iii ) Cliffs and Stream Banks 

The cliffs and stream banks recorded in the original trans­

acting 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 dominant. Most of the species in table X are 

shrubby species of unploughable pasture (and o� non-pasture on 

normal slopes) , notably the three principal species (Braoh.ygl.ottia 

repanda, Oyathea medullaris ,  and Melicytus ramiflorus) . 

No introduced species was recorded by the syst8matic survey. 

However, Cytisus sc oparius is a member of a limestone cliff coomun­

ity at the eastern end of the Manawatu Gorge {actual� beyond the 
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e astern boundary of the s tudy are a) , the principal indigenoos 

members of which are Hebe salic ifolia and Phormiurn colensoi. 

Cytisus scoparius is also found on sane road-cut tings within the 

study area, with Hebe salioifolia and other i!W.igencus species . 

(Cockayne , Simpson, and Sc ott-Thanson (1932 : 39) have �.aord•d a 

similar o onmnni ty) . Further, occasi onal examples of P1nus radiata 

may be found in the fairly �en forest vegetat i on ,  dominated by 

Nothofagus solandrl and Edwardsia miorop&lla.. that ooours on the 

Jnudstone cliffs af' some gorges in the Pohangina Plain. 

(iv) Active or Unhealed Erosion Features 

As rec orded by the transeots , the active or unhealed erosion 

features are also predani.nant .. Ly bare . The principal colonizer ia 

plainly Leptospe nnum scoparium, which was recorded as an important 

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

situated in the soil types on which Lept ospannum scoparium is imp­

ortant , the distribution being : llH (4) ;  13bH (3 ) ;  TTbH (14) J 

ll8a ( 13 )  122 (5 ) ;  124(4) ) .  (Greenall and Hamilton (unpub. : 

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

colonizer vf the raw subsoil of slips on t he Pohangina Plain) . 

Paesia scaberula was recorded as an important spec ies on 3 eros i on 

features , and pteridium esculent tun and Leuco;pogon fascioulatus 

each on one . 

Various introduc ed and indigenous sward-forming species ot 

neighbouri ng pastures were seen est ablishing themselves on some er­

osi on features . Cytisus scoparius was noted on one erosion feature , 

where it was of no importance. 

(v) Watero oursea and Stream Beds 

Of tht� various types of non-pasture vegetation within the study 

area, perha ps the most favourable , as far as the entry of introduced 

species is concerned , is the vegetati on of waterc OUI�es and stream 

beds. The s oil of such areas te1rls to be unstable , and the vege­

tati on open . (Where the s oil is more stable , succossicnal shrub 



TABLE X. 

Cyathea medullaris 
pteridiwn esoulentum 
B1eohnum proo erum 
Carpodetus serratus 
Pitt osporum eugenioidea 
Weinmannia racemosa 
Edwardsia mioropQ111a 
Hoheria sexsty1osa 
Melicytus ramiflorus 
Leptospermum sooparium 
Fuchsia excortioata 
Nothopanax arboreum 
Leuc opogon fasoioulatus 
Geniostoma 1i.gustrifolium 
Hebe salioifolia 
C oprosma australis 
Coprosma robusta 
Olearia virgata 
Olearia so1andri 
Helichrysum glomeratum 
Braoeyglottis repanda 

no. of unit 
areas 

5 
2 
2 
1 
1 
3 
1 
1 
lt. 
2 
1 
1 
3 
2 
1 
1 
2 
1 
1 
3 
9 
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vegetation is liable t o  develop , as in ordinary non-pasture . 

Thus , a vegetation dominated by Arundo kakaho and Leptospermum 

scoparium may be found in p laces in the beds of tho Manawe.tu, 

Pohangina, and Oroua Rivers . The introduced Lupinus arboreus 

is frequently a c omponent of this veg�tation, and is predominant 

(oft en along with the introduced Galega offioinalis) in the lowr 

reaches ) . 

Where v1at erooursea or s tre ams run throUBh pasture , the in­

troduced spec ies of the pa sture have free access t o  thu.m. (Oroker 

(1955) has described the vegetati on of a shingle stream bed ad­

joining pasture . It consis ted largely of introduced species commo� 

ly associated wi th pastures ) . Of the 21 0 waterc ourses and s tream 

beds crossed by the original tranaecta , many were frund t o  carey 

little or no vegetation, but 131 ware observed t o  c ontain vari ous 

introduc ed sward-forming species . .Because of the diffioulty of 

determining the principal spec ies among the se by inspection only, 

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

species appe ared t o  be involved, vr.i.th Holcus lanatua poosibly 

among the most pr�ent . 

Where it was possible t o  detenniiW the principal species in 

a watercourse or stream bed unit area, these were recorded. 

Table XI shows the percentage of the watercours es and stream beds , 

c rc :>sed by the transacts,  in wd. c h  each listed s peci es was fou.nd t o  

be important , The only �pecies of any general importance is Junous 

artioulatus ( a  sp eoies of doubtful status ) , W.1 ich is also a very 

important species of swam ,y pasture (appendix VIII) .  The open 

nature of the vegetation, as compared with non-pasture vegetation 

in gener31,  is •eflected in th� virtual absence of phaneropbytes 

from table XI. 

The introduced sward-for.ming spuc i e s  (and also , of c ourse , 

thoae introduced species that tend t o  be c onfined to watercourses 

and stream beds ) are liable to Vlurk up the stream beds from pasture 
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TABLE XI. D&PORUNT SPOOIES OF WATEroOURSES AND STRJWf BEDS 

B1echnum prooerum 
Bleohnum f1uviati1e 
Arundo kakaho 
Mariscus ustulatus 
Ew ocharis cunninghamii 
Soirpua prolifer 
Carex s6cta 
Juncus polyanthemos 
Juncus lu.xurians 
Leptospermum scoparium 
Fuchsia excortioata 
Gunnera strigosa 
Nertera depressa 

%age of total 
unit areas 

1 
1 
1 
1 
2 
3 
4 
8 
1 
1 
1 
1 
1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ranunculus repens 
Nasturtium offioinale 
Trifolium rep ens 
Lotus uliginosus 
Cirsium palustre 
�oohoeris radioata 
Mi.lnul!ls mo:Johatus 
Oarex leporina 
Glyceria fluitans 
Ho1ous lauatus 
- - - - - - - - - - - - - - - - - - - - - - - -

Juncus art iculatus 

1 
4 
1 
1 
4 
1 
1 
1 
5 
4 

21 
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areas into areas of non-pasture . (Zot ov (1938a: 261 , 2&..) has class­

ed Agrostis tenuis, Anthoxanthum odoratum, H,ypoohoeris radioata, 

Holcus lanatus, and Trifolium repens as ag�ressive in riverbeds 

within the forests of the Tararua Rane" , and has pointed out that 

DacfJllis glanerata and Nasturtium officinale are of ocmmon coourrence 

in the same habitat , and t hAt most of the other species of nearby 

/iastur�7 areas also occur t here ) .  In c overing this habitat , 

the extensive examu1ation detected most of the species referred 

to by Zotov. The vegetation pr oduced by tlrls type of penetrati on 

is roughly c ont inuous , and is more praninent n"ar tht� pastures 

from which it originated. Howe vt!r ,  c.;ertain introduced spooies , 

such as Cirsium arvense, c .  lana e olatum, c. palustre , Digitalis 

purpurea, Hypochoeris radicat a ,  and Senec io jacobaea, most of 

which are found scattered through the fore sts in open plaoes , have 

a similarly scattered distribut i on in the riv�rbeds of the fore sts , 

beyond the limits of th& sward-f orming invaders. 



VIII. DISCUSS ION OF Rli3ULTS 

( 1 ) PWUGHABLE PllSTURE 

11.2 

The question of sociological rela tions between introduced and 

indigenous plant species hardly arises in the oase of plougbable 

pas ture. Both the economic and the non-econimic species are almost 

exclusively introduced. The only indigenous species ot any import­

ance are certain species of Juncus. 

· (i) Cultivation 

In cropping areas, and in areas where there is a regular al tern• 

ation of crop and pasture, cul tivation may act directly in discouraging 

indigenous weeds. Arumal cultiva tion is a trongly selective tor the 

annual habit (Wultt' ( 1 94.3 : 1  06) ) , and annuals of any s:>rt are notably 

lacking in the indigenous flora. (According to Cockayne ( 1 928 : 70, 

1 321 244) and All.an (1 91.0:1 0) ,  armual species comprise about � ot 

the indigenous vascular flora, as compu-ed with about J7fo ot the 

introduced flora) . (The relationship between cultivation and 

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

( ii) Intensive Pasture Management 

However, in the case of long-ro tation and permanent pastures, whioh 

are essentially communi ties of perennial species, 1 t would appear that 

the virtual absence of indigenous sp ecies is associated rather with 

the dominance in these pasture s of Lolium perenne and Trifolium repens. 

It would seem that indigenous species may be virtually abelmt from 

pasture even on uncultiva ted land if these two species are dominant, 

while the introduced weeds ( al though sti ll appreciably pre ent) tend 

to be of lower abundance in uncul tivated pastures dominated. by �lium 

perenne tmn in typical unploughable pastures. 

Thus the relationship b etween ploughability and the abaence ot 

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

. and long-rotation pastures. Reference has been made previously to 
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the higher degree of control over the vegetation that is possible 

on ploughabl e  land. Under present oondi tions, i t  is generally 

only on such land that it is econbmically practicable to maintain 

pastures dominated by !Dlium perenne and Trifolium repens• (The 

examples given in the present work, of the dominance of these two 

species on land that had not been wl ti va ted, refer to land that 

was, however, ploughable, and thus was sui table for other measures 

of intensive management ) . 

Cockayne, Simpson, and S co tt-Thomson ( 1 932 : 21 }  have stated 

t hat the absence of indigenous species (o ther than species of 

Juncus) from " artificial pasture of high class" is largely due to 

the dense sward, the practice of top-dressing wi th artificial 

fertilisers, good drainage, and constant heavy grazing. This 

largely sun!IIArizes the significance of the Lolium pererme-Tritolium 

repens pasture. These species are high-producing and high-fertility• 

demanding (Levy (1 951 : 68-69, 1 1 5) ) .  (Even before the development 

of modern high-producing strains of Lolium perenne and Trifolium 

repens, a report on British grasslands (Armstrong ( 1 907: 3�) ) stated 

that no plants appear to b e  more capabl e of producing a dense growth 

of herbage than these two species, providing the soil is suitable for 

them� . Where intensive management is practicabl e, a dense sward 

domina ted by these species can b e  es tablished and maintained (Levy 

( 1 951 : eh. VIII) ) .  Some aspects of this intensive management are the 

cl earing of the ground ( in  most cases) before sowing, the maint manoe 

of the necessary high level of soil fertility, the possible uae of 

herbicides, and the ad quate fencing that permits controlled stocking 

and t hus ensures tha. t the sward is nei tner opened up nor allow to 

become rank. 

If a vo lunteer species is present a t  the time of sowing, it is 

only likely to survive in the sward if i t  is a perennial, with a 

growth-ra te approaching the growth-ra te (under opti.JD.un condi tions) 

of the sown species, and with the abil ity to tolerate heavy stocking. 

(The last point is largely associa ted wi th the vulnerabili ty of the 

growing-point. As Levy ( 1 951 : 1 04) has pointed out, growth-form is 
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one of the fac tors that governs persistency in the sward) . Further, 

it  will obviously be very difficult for any volunteer to enter the 

closed community 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 grazing land, are deterred 

to a large extent by intensive pastoral farming (Levy (1951 a ch.XIV) ),  

it  is no t  surprising that the indigenous species ar e  in general not 

found under such conditions. 

Cockayne, Simpson, and Scot t-Thomson (1 9}2: 21 ) have also given 

as a reason for the absence of indigenous species fro higb-claaa 

pastures, the usually considerable dis tance between such puturea 

and any indigenous plan t•colllllUni ty. Certainly this may reduce the 

availability of the disseminules of indigenous species. Nevertheless, 

even in intensively-farmed regions there are usually some refuges tor 

the indigenous flora. Further, indigenous species appear to be ot 

no importance in areas of I.Dlium terenne-Trifolium repena pasture 

( such as those analysed in table VII) tha t are bounded by areas ot 

unploughable pasture. 

(iii) Species of Juncus 

It  is evident from the conclusions of .Merry (unpub. z 59-69) that 

the control of certain indigenous species of Juncus in pasture is 

essentially a natter 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 

hard� permi t 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 mnagement as to be the only significant 

indigenous weeds of ploughable pasture. 

A possible factor is the rhizomatous nature of these species. 

Whil e 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 t he roots (Levy ( 1 951 & 274•75) : 

Brenchley (1 920:46-47) ) .  A s  far as some species, including Juncus 

species, are concerned, this appears to be more partioularly the case 

when the cultivation is only occasional, as on land that is used tor 

permanent or long-rotation pas ture. The conclusions ot Merry 

(unpub. : 59-62) ,  supported by the few observa tion made during the 

present work, indicate that occasional cultivation has little or no 

effect on Juncus species, whereas repeated cultivation controls them. 

Besides the species of Juncus, very few of the important 

i.g indjnous weeds of unploughable pasture have the rhizomatous or 

radicigemmate habi t, the only o ther example of note being pteridium 

esculentum. However, it ha already been noted that the weeds of 

ploughable pasture must be able to to lerat e heavy stocking. This 

excludes P teridium esculentum. While the tough l eatless erect atema 

of the Juncus species do not appear to be affected by trampling, and 

are hardly ever bro-wsed by stock, the tender young leaves ot Pieridium 

esculentum are ·wlnerable both to trampling and to gt"azing. In tact,  

management control of the latt er species is based on this weakness 

(Levy (1 923 : 2�-86) ) .  

The example of the indigenous speciea of Junaus raises the 

possibili ty that other tough unpalatable indigenous species with the 

rhizoma tous habit may also become weeds in ploughable pasture• of the 

p�nent or long-rotation type. In fact, one member ot the Cyperaceae 

that has the required characteristics, namely Scirpus nodoaua, haa 

been described by Merry (unpub. : 27-29)  as being tar more important 

than the species ot Juncus in the pastures of the .Ma.nawatu coast. 

(In surviving areas ot the original coastal vegetation, it is most 

prominent in damp sand-hollows ) . 

Pas tures on wetter ground are the most likely places tor the 

appearance of rhizOim tous monocotyledorus as weeds, since many such 

species occur naturally under swampy conditions . Further, the 

establishment of such species may be expected to be usocia ted w1 th 

inadequate drainage, since Kerry (unpub. ; 59, 68) has tressed the 
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need tor good drainage as an essential prerequisi te tor the intensive 

pas ture management that will control the Juncus species. 

( 2) UNPLOUGHABLE PASTURE 

(i) Re lationship of weeds to Altitude 

In the interpretation of the general pattern of vegetation for 

the study aroe. (see " The Present Vegetation� ) , it was concluded that 

the possible degE"ee of control over the vegetation deer ea with 

altitude, as the environment becomes less favourable in various ways. 

I t  might be expected that one manifestation of this lessening of 

control would be an increase in the importance of weeds with increasing 

alti tude. This is largely confirmed by the results of the fi eld work 

that was carried out in the area of unplQ:Lghabl e  pasture. With the 

notable exceptions of Leptospermum sooparium and certain associa ted 

species, and of several large monoco tyledons, the indigenous weeds 

show a general tendency to be of gr-eater importance at the higher 

altitudes and on the soil types depi ved from greywacke, especially 

type 1 2.4.. (As indicated in table IV, there i s  some degree ot corre-

lation between these environmental factors) . 

The posi tion is fairly clear in the case of the indigenous 

species, -..bich comprise a considerable proportion of the herbaceous 

weeds of the sward, and are predominant among the weeds of higher 

life-form. I t  is less clear among the introduc ed weeds. The same 

general tendencies as tor the indigenous weeds may be observed wi th 

some introduced wee1la, notably H,ypochoeris radicata and ( to  some 

extent) Cirsium arvense and c.  palustre. However, Ulex europa.eua 

and Cytisus scoparius are mor e particularly species of lower al titudes. 

( The behaviour of these two speci es is discussed below in connection 

with that of the indigenous shrubs of lower a lti tudes) . 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 than in the case of the indigenous species. As indicatecl 

in the account of ploughable pasture, this distinction might bo 
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expect ed, in view of the far shorter his tory of t he latter as weeds 

of pas ture. 

(ii ) Indigenous Ferns and �werophytes ·· .. . ·. -' 

1 � Ma.n.y of the ferns, shrubs , and small trees described 

as important in the unploughable :tastures of the s tudy area have 

been discussed by Levy ( 1 923) and Croker ( 1 953) as characteristic 

components of successional stages in the regeneration of indigenous 

forest .  (These " secondary growth" speci es of unploughable pasture 

are ref erred to by A llan ( 1 936 : 1 92) as the greatest enemies of the 

pe.s tor a lis t) • 

Relati onship to Gnzing. There appears to be a general tendenoy 

for species of these lite-forms to be associated with relatively light 

grazing. In some oases, this relationship may be a straightforward 

one. Light grazing rsay encourage the invasion of the pe.sture by 

indigenous ferns and phanerophyt es, through permitting the rank growth 

that leads eventually tx> the weakening of the sward. Further, light 

grazing may also mesn that there is inadequat e  trampling and browsing 

of the invaders . It is probable that the appl.rEilt tendency of l1lln.Y 

indigenous f erns and phanerophytes to favour s te ep and/or shady slopes 

is at leas t partially du e  to the lighter grazing pressure on such 

slopes. 

I t  is not eworthy that the tendency to favour s teep and/or sbad.y 

slopes is less marked with some of the phanerophytic species, both 

indigenous and introduced, tha t are important at lower altitudes. 

Leptospe:rmum scoparium shows no special pref' erEil.ce tor steep or shady 

slopes. Ulex europa.eusj a1 though t ending to favour the steeper slopes, 

shows no preference for shady slopes ,  whi l e  Cytisus scoparius is 

definit ely more important on SUIUlY 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 increas e of the invader• haa 

reduced the carrying capaoi ty of th e land. In the first place, the 

germination and establishment of Leptospermum scoparium is favoured 

by c lose and continuous grazing ( Levy ( 1 923 : 1 54, 288) ) ,  and .!!!!! 



118 

europaeus also appears to be strongly light-demanding in establishment. 

Such species are likely to be more aggressive in a sward that haa been 

opened up directly by over-grazing or fire than in one that baa merely 

weakened. as the reaalt ot under-grazing. I t  ia true tlat beayY 

stocking can control these species in the seedling stage (Lny ( 1 9.51 : 

279 ) ) ,  but only in conJUDCtion wi th the establishment aD4 ainten.anat 

ot a dense sva.rd, and this oombination is very ditticult to achieYe 

except on ploughable l.aDl. Once past the seedling stage, apeci ea 

such as Leptoeapermum aoop&rium, Cytisus scoparius, and Ulu europaeus 

might be expected to be to lerant even ot fairly heayY stocking, aince 

they are tough, twiggy bushes, which have respectively, small 

coriaceoua l eaves, tew leaves, and none • 

.ADDng the speoiea of higher al titudes, Paeud.owintera oolora ta  

appears to have no apecaal preference tor s teep or shad3 slopes, being 

often ot most importance on ridges . Although probably enhanced by 

the higher rainfall and lower t emperature, the aggressi'ftlleaa ot this 

species in paa turea above about 1 750 feet appears to be due in part 

to ita unpalatability, the leaves having a fiery taste. 

Relationship to the Original Vegetation. It has been suggested 

above tha t the apparent preference of amy ferna and planerophytea 

tor steep and/or abaA:1y alopea is due in part to the lighter grazing 

pressure on such alopes, and t hie l'DAY oertainl.Y be a contributing 

factor. However, it is wident, trom desariptiona ot the surviving 

forests of the study area ( see "The Original Vegetation" ) and from 

personal o bsena. tiona, tha t  many of the a peci ea that ahcnr auoh a 

preference are ooJIIJIOll, or even imp:>rtant, subordillate apeoiea in 

these forests within the warm tempera te belt (o-2000 feet ) . (Species 

in this ca..tegory would appear to include Geniostoma llguatritoli� 

Brac!qglo ttis repa.nQa, Melicytus ramiflorus, Uicksonia aquarroaa, 

Cyathea medullaria, Muehlenbeckia complex.a, Metrosideros dittuaa, 

Fuchsia excortioata, Bleohnwn fluvia tile, B. proc� B. discolor, 

Hiatiop�eris inciaa, Cyclosorus pennigerus, and (at higher altitudea) 

?ol.yatichum vestitum) . Since the natural habitat of these species 

is charact�U"ized by reduced light and wind, and high hundcU ty, it ia 
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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 (1 956 ) has stressed the great climatio 

differences between nort�facing and south-facing slopes) . 

Similarly, it  is to be expected that they will tend to tawur the 

higher altitudes 1 aince these are associated with increased oloud 

and increased rain. The shade-tolerant nature of these species 

may also explain their apparent abili ty to gennina te and establish 

themselves in the sti ll 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 a1 ti tudea, it is noteworthy that Leptospermum 

scopariwn is not found in forest at all, while .Leuoopogon tasciculatua 

and Coprosma rhamnoides are usually only of imp»rlance in Nothotagua 

solendri forest. (There ia considerably more light under Notb:»tagu.a 

solandri than inside the Dlllti-storeyed podocarp-broadleat forest. 

The same applies to the shady places that the transects suggest are 

favoured by Coprosma rhamnoides and Leucopoaon tasciculatua) .  It 

would appear trom this that Leptospennum acoparium is strongly light­

demanding and that Leucopoepn fascicula tus and Co;prosma. rbamnoidea 

are mcxlera tely so. Further, it has be en noted already tba tepto­

spermum. scoparium has small coriaceous leaves, and the same applies 

to the other two species. (tn foresth the leaves of Copro--. 

rbamnoides may be larger and almost membranous) .  In effect, these 

would appear to be species of well-lit, dry places. (Croker ( 1 956' 

55-56) has indicated that this is definitely the case with Lepto­

spermum scoparium). It might be expected, therefore, that such 

species would tend to favour the lower altitudes, which are associate d 

with relatively lit tle cloud and relatively low rainfall. (It  might 

be expeoted that similar factors would control the distribution ot 

Ulex europe.eus and Cytisua scoparius, which are definitely light­

demanding (as shown by their behaviour in non-pasture �getation) ,  

and also have reduced leaves) . 
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To some extent this may b e  the cas e. However, Leptospermwn 

scoparium occurs on the Pobangina Plain, on s:>il types TfbH and 1 1 8a, 

at altitudes up to and above 2000 feet (while the reference by 

Cockayne ( 1 928:359) to the loss of aggressiveness by Ulex europaeua 

and Cytisua scoparius w1 th increasing altitude applies more to 

altitudes above 2000 feet) . Therefore, the reducti011 ot the 

indigenous species, at leas t, wi th increasing altitude, 110uld appear 

to be relat ed in some way to the soil types of higher altitudes, 

namely 1 22 and 1 241 rather than to altitude as such. N evertheleaa, 

soil types 1 22 end 1 24 appear to be quite capable of supporting 

these species of lower altitudes, which are advancing actively on 

to them at some points. I t  would seem likely, therefore, that the 

lesser importance of theae species on soil types 1 22 and 124 ia due 

to their abs ence from the original vegetation of these soils, and 

not to aqy sn tagoniatio factor in the soils. This is obviously 

the case ri th the introduc ed species Ulex europa.eus and Cytisus 

scoparius, which presumably are simply still moving uphill. Similarly, 

Leptosp� scopariu�_Leucopogon fasciculatus, and Coproama rhamnoidea 
, 

may still be moving in. It is evident that Leptospermum scop&rium 

could only occur in the original vegetation in well•U t open places, 

such as wide riverbeds (which are only found at the lower al titudes) 

and ero sion features (which, wi thin the area transected, appear to 

be nu.ch less numer:'Ous on the soils derived from greywacke than on 

those derived from relatively unconsolidated rocks) . LeucopOgon 

fasoiculatua and Coprosma rhamnoides may have been largely limited 

to similar places and to areas of Nothofagus solandri toreJit (which 

appear to have been more or less absent from soil types 1 22 and 1 24) . 

Another species, with similar growth-form and similar environ-

mental requirements to Leptospermum acopa.rium, may also still be in 

the process of' advancing into suitable habitats that have been 

provided by the rem:>val of the original vegetation. This is C assinia 

leptop!lylla. J.i'ormerly more or less confined to coastal vegeta tion, 

and only found in quanti ty at the southern (seaward) extremity of 

the study area at present, i t  is known to be aggressive elsewhere. 
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Its means of dissemi.na t1on appear to be efficient. only halt-a• 

dozen bushes have been located wi thin the area of the tr.anaecting 

survey, b.lt they range over twenty miles in a north-easterly direction 

from the south-west corner ot tha t area. Olearia solandri., a not 

very important sbrubby speci es of the lower altitudes, appeara to 

be another species, formerly more or leas confined to the coast, 

that is now extending into the hills . 

Besides the abovementioned species of lower altitud.-, the co1y 

notable abs entees t.rom the surviving fore sts are Paesia acaberul.a 

and Pteridium escnlentum (also Olearia virgata, a not very important 

shrubby species found more particularly at higher altitudes) . It 

would appear that, a1 though the first two species can occur over a 

fairly wide range of environment (and although Paesia scabexula tends 

to be mgre important on shady faces) t hey are not sufficiently aha.de-

tolerant to occur in undamaged forest. Like the speci s of lower 

altitudes, they llllSt have been confined to breaks and openings in 

the original forest, 'blt, unlike these species, they appear to have 

been present on all soil types. This may have been due to 1:he ability 

to coloni ze small breaks, not sufficiently open to �mcourage Lepto-

spermum scol!-rium and its associates . (Olearia virgata must also have 

been present in lreaks in the forest, particularly at higher altitud s. 

(iii) Large Il¥iigenous Monocotyledons 

Although Juncus polyanthemos, J .  vagina tus, and J. luxuri81!! 

are not confined to wet ground in pasture, th,ey may have been so 
-

confined in the original vegetation ( Cheesemn ( 1 925 : 294-9.5) ) .  Further, 

the sllght tendency of these species to be as sociated wi th l!lllley' slopes 

sugges ts that they are moderately light-demanding species,. that would 

be more likely t o  occur in the original vegetation in places where · 

the soi l was too wet to sup!X'rt forest. (Zotov ( 1 938a: 297) has 

described Junaus ;polyanthemos as a speci es of wet open places in the 

surviving forests of the Tararua Range) • Therefore, the tendency 

for these species to be of greater importance a t lower altitudes may 

b e  due to the greater prominence of swampy ground in the lower-lying 

areas . A further possibility is that the appu-ent t endency for theae 
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species to be lesfl important at higher altitudes may be associated 

to some extent with soil type. Soil ty.pes 1 22 and 1 24-, being stony 

loams, might conceivably be leas suited to rhizomatoua species than 

such soils as 1 1  H, TlbH, and 1 1 8a, which are derived from re la t1 vely 

unconsolidated sediments. However, another rhizamatous species, 

namely Pteridiwn esculen� appears to flourish on the greywaoke 

soils. 

The three species of Juncus appear from the results ot the 

tranaecticn to be associated with "normal" gra.zing, that is, to be 

of equal importance UDder rela tively heavy grazing or UDder rela tinly 

light grazing. This may simply reflect the ability of theae species 

to tolerate relatively heavy stocking, a point to which reference haa 

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 ot Juncus. J\a already 

indica ted, this is very difficult to achiew in the Wlplougbable 

pastures, which tend to becoao weakened iadirectly and eventually by 

relatively light graaing, or directly ani rapiclly by relatiyel.y heaT.Y 

grazing. It these species ot Juncus are really of equal aggressiveness 

in under-grazed and over-grazed pastures, it is, presumably, because 

they ar e  not so strongly light-demanding as to tend to tawur the 

latter. 

The other large �m>nocotyledons that are ot some importance in 

unploughable pas�es, namely Carex lucida and Arundo kakabo, also 

seem to favour su.nny slopes. Bo th would appear to have been speciea 

of open places in the original vegeta tian. According to Che eaeman 

( 1 925: 1 81 ) , Arundo kakaho, was a species of swamps, ri verbanka, sand­

hills, etc. , while Cocka3ne ( 1 928 : 21 2) has described Carex lucida aa 

a characteris tic species of native lowland grasslands. In the case of 

Carex lucida, the apparent tendency to be ot greater importance at 

lower al t1 tudea might have a similar explanation to tba t already 

advanced for other light-demanding species. In view ot its statua 

in the original vegetation, Arundo kakaho might also have been 
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expected to b e  of greater prominence a t  lower altitudes, but this is 

not confirmed by the transects. (However, some of these higher-

Rl ti tude records were made on the limit ed areas above 1 000 feet 

that are occupied by soil types 77bH and 1 1 8a, and breaks caused by 

erosion may have been a feature of the original vegetation on these 

soi ls ) . 

The apparent tendency of Ca.rex lucida to be aseocia ted with 

" normal" grazing is probably due to similar factors to those governing 

the dis tribution of the Juncus species. The possible tend ncy of 

Arundo akaho to occur under condi tiona of light grazing may be 

related to the certain degree of pa latability that has been noted in 

this species (Buchanan ( 1 880) ) .  

(iv) Indigenous sward-forming Species 

Little attention seems to have been paid in the past to the 

indigenous herbs of sown pasture (with the notable exception at 

Aoaena spp. , which can be a serious nuisance to wool-growers, thanka . 

to i ts spiny fruits) . Thi s is understandable, since thes species 

are obviously much leas likely to attract notice than the species ot 

higher lifeform ( some of which, furthermore, ar e  genera.lly recognized 

as serious weeds) .  The probabi lity tha t  the ro l e  of the nard-form:i.ng 

species has not bean appreciated in the past is reflected in a brief' 

note by Druoe ( 1 957: 7) .  This is to the effect that a pasture (similar 

to the unploughable pastures of the study area ) , on the eastern side 

of the TU:arua Range, is " remarkable for the large number of small 

indigenous species present" .  (A list of such species in support 

of this s tatement contains many of the species referred to in the 

present work) .  Cookayne, Simpson, and Scott-Thomson ( 1 932& 21 ) have 

recognized tha t other smal l  vegetatively-spreading indigenous herbs, 

besides Acaena spp. , do occur as weeds in sown pasture, blt have given 

few details. 

Relationship to Grazing. There appears to be a general tendency 

tor the indigenous arard-forming weeda to be of ecpal importance under 

relatively heavy grazing and uDder relatively light grasing. Aa in 



the case of the species of Juncus, this dis tribution may be due to the 

apparent ability of these species to tolerate relatively heavy stocking. 

A probable factor in this tolerance is unpalatability. Acaena spp. , 

Hldrocotyle spp. , and Helichrysum fi licaule have been refer.red to 

specifically as unpalatable species by Cockayne ( 1 92lb :1�0) (although 

Levy ( 1 923 :  290, 293 )  has indicated that cattle wi ll eat Acaena spp. ) . 

Another probable factor is lifeform. Madden ( 1 952: 39-41 ) has pointed 

out that the successful weeds or lawns are those that g;r:aw close to 

the ground, thus escaping piUning by the mower. The ability of the 

low creeping indigenous herbs of unploughable pas tur e to oc011r under 

re la ti vdy heavy grazing may be analagoua with the success of similar 

speci e s in lawns. ( In fact, at leas t  two indigenous taxa, namely 

HJ'drocotyle spp. and Dichondra repens, occur in both habitats) . Some 

species that are variable in life-form appear to be able to adopt the 

low creeping habit under relatively heavy �&ing. One example is 

Aoae:na spp. (which can form dense clumps in more favourable environ­

ments) . The same may apply to Muehlenbeckia compl exa and Metrosideros 

diffu sa, whi ch are sometimes found creeping in the sward, although 

they are mere charact eristically cus hion-forming shrubby species ot 

pasture. 

Hela tionship to Pasture Management. Reference has been made 

already to the lesser imp:>rtance of weeds as a whole, and in 

particu lar to the virtual absence of indigenous weeds, in the 

intensively ID8naged pastures that are dominated by Loliwn perenne 

and Trifolil.lm repens. It has a l so b een indicated tha t the establ-: 

ishment of various ferns, pha.nerophytes, and large monocotyledons in 

unploughable pas ture may be du e to the weakening of these pastures 

through the indirect effects of u:OOer-grazing or the direct effect s 

of over-grazing. This would also appear to be particularly t he 

case with the indigenous sward-forming species. 

B ecause of their life-to� theae species are subj ect to 

compe tition trom the pasture species at all stages , and not just in 

the s eedling stage. Therefore, their importance as pa s ture weeds 
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depends on a w eak sward, and in general the unploughable pastures are 

necessarily relatively weak. 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 (1 951 : 1 1 5-1 6 ) )  as Agroatia 

t enui s ,  Anthoxanthum odora�, �· estuca rubra var. commutata, and 

Danthonia spp. These species are low-:9I'oduoing ( Levy (1 951 : 69-70) ),  

especially in this envi.nnunent, and i n  general i t  is simply not 

possible to establish or Jlllintain 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 stil l  DllCh less than on 

plougha.ble land. The bett er unploughable land nay be more or leu 

free of " secondary growth" , and IJJ1ium perenne may figure as an 

important subordinate species in the sward, but even in these pastures 

the sward-forming weed species tend to play a relatively important 

role. However, as might be expected, the indigenoos element in 

the weed flora of these bett er �stures is of ten of reduced importance. 

As a rul e, 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. I t  is desirable first 

to oonaider the wa:y in which Dan thonia spp. came to oocupy its present 

position in sown pasture, sin ce the history of the indigenoos sward­

forming weeds appears to be r ela t ed to that of the economic taxon. 

Sinc e Danthonia spp. appears to be generally recognized as a species 

of SUIU\Y faces, it may well have been a pioneer species in the same 

situations that permitted Leptospermum soopu=iwn and similar species 

to exis t in the original vegeta tion; that is, wel l-lit open riverbeds 

and erosion fea tures .  (Levy � 928 : 297, 299 ) ; has described Danthonia 

spp. essen tially as a pioneer of bare soi l ) . However, .uan tbonia spp. 

has also be en  spread delibera tely from " danthonia country" , either by 

harvesting the trui ts and inoluding them in 11 seed-mixtures" , or by 



bringing in stock that have been feeding on " danthonia country" 

(Cockayne, Simpso� and Scott-Thomson ( 1 932 : 27) ) . 
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It is probabl e that mos t of the important indigenous sward­

forming speci es oceured in t he original 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 lJs.nthonia spp. is shown by the fact that most of the important 

indig enous species of the sward (Aeaena spp. , Hydroco tyle spp. , 

Oreomyrrhis andioola, Dichondra repens, N ertera setulosa, HelicbfYsum 

filicaul e, C entella uniflora, and Thuidium furfurosum.) , tOgether with 

such les ser species as .Luzula campestris and Wahlenbergia marginay 

var. australis are foun:l, along with Danthonia spp. , as subordinates 

in natural low tus sock-grassland dominated by F estuca novaeaeland1ae 

and Poa caespitosa (Cockayne ( 1 928: 2f1 -1 2) ; Barker ( 1 953) ) . Further, 

most of these speci es have also been recorded by Cockayne, �pson, 

and Scott-Thomson ( 1 932: 27-30, 42) as pr es ent in the vegetation that 

resul ts from the burning and grazing of these natural graaslands. 

Such veget ation is oft en dominated b y  Danthonia spp. , the fbrmer 

subordina te (Coekayne ( 1 928: 362) ) . (Al though inducing the oocurenoe 

of this (often} Danthonia•dominated grass land rray be roughly equivalent 

to inducing the pioneering succession of pre-l<..'uropean times (Levy 

(1 928 : 297, 299) ),  there is, of course, one marked environmental 

diff erence, namely the grazing factor) . 

It would appear, therefore, tha t Dan thonia 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 spr ea d  when a suitable habitat was provided 

through the conversion of forest to pas ture. Further, if the amount 

of �honia s pp. in the unplo ughabl e  pastures has been increased by 

the deliberate introduction of this taxon to the area, it  is probable 

that some of the indigenous weeds of the sward have been inadvertently 

reinforced at the same time. 
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( v) Aggressiveness of Indigenous Weeds 

For the study area as a whole, the most important indigenous 

weeda would appear to b e  LeptospermUJ!l scoparium, Coprosma rhamnoides, 

Paesia scaben�la, Pteridium esculentum, Blechnum flu via tile, Juncua 

polyantbemos, J1 vagina tus, Nertera s e tulosa, Acaena. spp. ) 

Helichrysum filicaule ,  and Hyciroco tyle spp. (some reference has 

been made already to t he recognition of Leptospermum scoparill!n 

and Pteridium esculentum as the worst we eds in New Z ealand, and of 

Paesia scab erula as an aggressive speci�s ) .  

One factor in the aggressivenes s of these species would appear 

to be the abili ty to flourish over a rela tively wide range of envir-

onment. (In several cases, this would appear to include tolerence 

of relatively heavy stocking) . Another is the possessicn of 

efficient means of spreading. In the case of Leptospermwn scoparium, 

the significant factor is the production of vast munbers of s eeda 

from each plant (Lev.Y ( 1 923 : 287) ) .  (According to Cheeseman ( 1 925 : 

588) ,  mos t of the seeds in any fruit are steri le. If this is ao, 

there must sti ll be a large viable residue, in view of the great 

numbers involved. Even allowinp; for this s t eri lity, Coproama 

rhamnoides does not appear to be nearly as well eqU.Wed1 producing 

as i t  do ea only two seeds per frui tJ . 

As far a s  the f etns  are concerned, Moore ( 1 942) has point ed out 

tha t reproduction by spores is not particularly significant in the 

ca se of Paeaia scaberu.la (and probably Pteridium esculentwn) , except 

in areas of high rainfall. In fa ct, nearly all of the ferns that 

are of some importance in pasture poss ess the means of vegetative 

spread. Pteridium esculentum and Histiopteris incise. are rhi zomatous 

( Levy ( 1 923 : 28.5-86 ) ) , while Paesia scaberula is s toloniferous (Levy 

1 923 : 282) ) ,  as are Blechnum f luviatile, B. discolor, and B. proo�, 

and a l so the tree-fern Dicksonia squarrose. (Cockayne, Simpson and 

Soott-Toomson ( 1 932 : 23) ) .  Only Polysticmun ves ti tum appeara to 

rely on rapid propagation by spores (Cockayne, Sllnpson, and Scott-Thomson 
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( 1 932 : 2)) ) ,  and this species is prominent DOre particularly above about 

1 500 feet, and is therefore subj ect to a rela tively high rainfa ll. 

(Wi th regard to the rela tive aggressiveness of the ferns, Moore 

( 1 94-2 : 1 20) has point ed out tha t Pteridium esculentum spreads 

vegetatively Dilch faster than such other important ferns of pasture 

aa paesia acaberula, Histiopteris inciaa, Blechnum p.rocerum, and 

B. discolor) . 

I t  ha s  already been not ed that vegetative spread appears to 

be a significant charact eristic of the indi genous species of Juncua, 

and of most of the indigenous sward-forming species. 

A f'urther reason for the apparent aggressiveness of theae 

species would appear to be the widespread deforestation that amounts 

to the creation on a largJ scale of a habitat :Juitable for them. 

( This ha a  be en  referre:i to by Cockayne ( 1 928 : 1 88) ) .  The pioneer 

speci es in the regenerative process DllSt b e  light-demanding, or at 

least light-tolerant, and able to tolerate the drier conditions of 

the open. Unless they are extremely adaptable, such species wil l 

no t tend to be of DllCh importance as subordinat es within the climax 

forest . (Bl eohnum fluviatile occurs as a forest subordinai:e, but 

this species appears 1x> have a more limit ed distribution in pa sture 

than most of the other species discussed in this section) . Conversely, 

the subordinat e  species of the forest will not tend to be of much 

importance aa pioneers in the open, except in shady and/or ahel tered 

places , or in the relatively wet and cloudy climat es of highc 

altitudes. Elsewhere, they wi 11 be more likely to enter the succession 

only in the shelt er of the hardi er pioneers . 

The lesser importance of phanero phytic (but not fern) weeds on 

soil  types 1 22 and 1 2J• v.ould appear to be due to the fact that species 

of this lite-form that are suited 1x> life in the open are still only 

in the process of moving on w these soils . 

( 3) NCfi-PASTURE 

Both in the areas that approxima t e  roughly to their original 
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condi tion, and in the areas tha t are definit ely under human control, 

the watercourses and stream beds of the s tudy area appear to be 

characterized by a fairly open non-phanerophy tic vegetatio� In 

view of the instability of the soil, it is probable that the vegeta tion 

of this habita t  has always b een of this type . It is the only t;y.po 

of non-pas ture vegeta ti.on in which introduced non-pbanerophytic 

species may establish thems elves freely and persist. 

Wi th the exception of wa tercours es and s tream beds (and the 

possibl e  e:�eception of areas that are subj eot to heavy g:ra.aing by 

wild animals ) , the general vegeta tive tendency on tne non-�o 

land within the study area that is not at pr esent occupied by 

indigenous fores t, is towards the regeneration of that forest. 

Even where idle or unused land is far from the nearest indigenous 

c<»J11Iilnity, the tendency may be observed. On the roadsides of the 

intensively-farmed Kairanga Plain may be seen scattered apecimer.a 

or clumps of such species as Pteridium escul ent� lalehl en.beckia 

complexa, ArundD k.akahc), Cordyline australis, and Leptoaper.num 

soope.ri um. 

In general, the introduced species do not p ersist in the non­

pa sture vegetation, once succession towards forest geis UDder way. 

This would appear to be largely a matter of life-form, together wi th 

a t endency for most of the introduced s2ecies involved to b e  l ight­

demanding rather than shade-tolerant. If land adjacent to p1sturo 

or crop land ia cleared and abandoned, introduced non-phaneropbytea 

may be coDIJlOn enough in the early stages of succession. As ha s  

been shown, a scatt ering of introduced non-phanerophytic speci es 

(particularly thos e with wind-borne fruits ) may even be found in 

damged 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 

no t appear to survive the earliest phanerophytio stage. ( This is 

confirmed by the observations of Croker ( 1 953 : 1 4-1 5) ) .  

A s  far as the introdlliled phanerophytes are ooncerned., i t  i s  true 
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that Ulex europa.eus and Cytisus scoparius may be im};X)rtant at the first 

phe.nerophytic stage, and may be vetry persis tent in places where few 

disseiJ.Iinules of indigenous species are available. ( The same applies 

to the introduced Illpinus arboreus and Galega offici.Dalis along the 

lower reaches of the ri.vers ) . However, the total number of introduced 

phanerophytic species involved is Vf!Jr'Y anall. �"'Uriher, the species 

that are available are ess entially nanophanerophytic rather than 

macrophanerophyti c  (with the notable exception r'£ Pinus ra.diata, 

which is referred to later) . Even a pioneer indigenous shrub like 

Leptoapermum scope.rium is sufficiently tal l-growing to be able, to a 

large extent, to overtop the introduced specie s  and shade them out , 

and they are certainly hardly able to survive the de'Wiiopment of t he  

small-tre e layers ( characterized b y  th e  mature forms of such species 

as Melicytus ramif lorus and Brao&glo tti s repe.nda) , let a lone t:P,..; t ':If 

the layer charact eri zed by Beilachmiedia tawa. 

It is possible, of course, tha t shade- tolerant introduced species 

might b e able to persist as subordinates in regenerating forest. 

However, they have yet to ent er the study area. (Even the few 

introduced speaies that have been referred to as entering damaged 

undergrowth in standing indigenous forest, namely the shrubby Solanum 

pseudocapsicum, and the herbaceous .Arotium minus and Tradescantia 

flumin ensia, rarely occur tar from the forest margin) . 

Tlus, in general, the introduc ed species would appear at present 

to be imp:>rtant only in the earliest stages of succession in non-

pastur e vegeta tion. I:Prever, the role of Pinus radiate. is of interest. 

This species is of widespread occurrence, even it not numerically 

important, in the successional non-pasture vegetation of the st11dy area, 

and may be expe cted to be very persis tent. A l t hough it resembles moat 

of the o ther introduced phanerophytes that occur in the non-pasture 

vegetation, in being more or leas light-de:aanding, it differs from them 

in being capable of BLlch taller growth. Fairly open successional 

vegetation appears to be necessary for the germination and establishment 

ot Pinus radiata, but, unlike the introduced shrubs, it is able t o  
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survive the increasing competi tion for light as succession prooee da. 

By the time tha t the shrubs ar e being affected by competition from 

the indigenous species, the fast-growing plants of Pinus radiata 

have owrtopped the successional vegetation. (Thus, "Northlander" 

( 1 94.3: 5) has spoken of Ulex europaeu8 b eing overgrown and killed by 

indigenous speci es in 1 0  to 1 5  years. This could hardly blppen to 

Pimls radiate. , which, according to Yeat�s ( 1 948 : 89),  may increase in 

height by three or four feet a year after the first year or two) . 

Where only scattered seeds reach a non-pasture area while i t  is 

at a suitable stage for the entry of Pinua radiate., isolated treea 

may be expected, and this is usually the case in the non-pasture 

vege tation of the s tudy area, except where such vegetation ia close 

to a Pinus radia ta plantation. ( In the latter case, because larger . 

numbers of seeds are aviilable, the indigenous successional vegetation 

rray be replaced by a Pinus for est. Such a replac ement has been 

recorded by "Northlander" (1 943 :4) . Further, as predicted by Cockayne 

( 1 928 : }58) , it has been happening on a large scal e on the Volcanio 

.P lateau of the North Island, where large Pinus plantations adjoin 

large areas of successional vegetation) . The fa te of isolated trees 

of Pinus radiate. when the regenera ting indigenous vegetation around 

them at las t  aohiew s the forest climx remains to be seen. (According 

to Croker ( 1 95} : 20) , it takes about 80 years to develop a climax 

forest dom.i.na ted by Beilschmiedia tawa) . 

(4) CONCWSION 

(i ) General Relationships 

'fhe paper by C»cka.yne, Simpson, and Sco tt-T hom.son ( 1 932) which 

may be regarded as the princi pa l  contribution to the knowledge ot 

the relationships between the introduced and the indigenous plant 

species of New Z ealand, tends to place the emphasis on the incompa t­

ibility of the two floras. The same approach is used in the 

subsequent paper by .Allan (1 9}6) , and imeed this is made clear in 

the title of Allan' s raper. This treatment might be thought to be 
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due to the fac t that ooth papers are concerned with refuting earlier 

a llegations of the innate " superiority" of the introduced species. 

However, Co ckayne1 Simpson, end Scott-Thomson ( 1 9.32: 1 5-1 8, 43) have 

claimed that t here are " certain funiamental differences" between the 

two floras in the matters of life-form and ha.bi ta t-preterence. 

Essentially, the posi ti on as described in their paper is that the 

exo tica are mostly annual speci es, and the indigenous plants largely 

woody or semiwoody evergre en perennials; wi th the expectable result 

that the exotica tend to be restricted to the ground laid bare in 

the process of settlement, and can only b;) ld their ground there if 

the regeneration of the indigenous woody vegetation is prevented. 

( In cormection with this last point, they have observed that the 

exotica are aided by the grazing and browsing ani.rm.ls that were absent 

from the original indigenous vegetation) . 

A s  far as lite-form is concerned, the " fundamental dif'ferenoe" 

is to some ext ent based on ovex-genere.li zation. Actually, according 

to A l lan ( 1 940: 1 0) and Cockayne (1 928 : 1 28-38) ,  trees and shrubs comprise 

about 1 Cl,%  of the introduced flora, semi-abruba about �' perennial 

t erres trial herbs about 4%, anmals about y"', and others ))&, whereaa 

the corresponding figures for the indigenous vascular species of t he  

lowlands ahd lower hills are approximately 3�, 4%, 4&�, �� and 1 6%. 

(In the latt er  case, ferns account for more than a fifth of the 

combined va lue for s emi-shrubs and perennia l  terrestrial herbs) . It 

is true that the introduced flora may at any rat e be regarded as 

predominantly herbaceous, even if not "for the most part annuals" . 

Further, the result s  of the pr esent study suggest that only a few of 

the introduced woody species are of any numerical inq:ortance. . However, 

except in the case of the annuals, the diff erences in life-form 

c lassification are hazdly suffici ently clear-cut to be described aa 

" fundamental" . Further, al though the indigenous flora rmy have 

evolved in the absence of grazing and browsing mamna.ls1 it is evident, 

both from previous work that ha s  b een cit ed  and from the findings of 

the present s tudy, that some indigenous speci es are fairly tolerant 
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of this environma:1.ta.l factor. 

'ro some extent the idea of a definit e  dis tinction between the 

t110 floras is valid, in tha t mos t  of the introduced species are 

economic spe cies or weeds of long struruiing, that i s, are species of 

crop or pasture land, while a large proportion of the L�genous flora 

comprises forest species. T his distinc tion is perhaps m::>st applicable 

to the vegeta tive erttremes, namely frequ ently-tilled land and non-

pasture. However, it is evident from the results of the present work 

that there is a considerabl e overlap betwe en the indigenous and 

introduced floras in the ma tt ers of lif e-form and habitat, and tbl.t 

this is most noticeable in the areas of unploughable pasture. (In 

fact, this overlap may b e  int erred from observations made by prnious 

workers. Ev en Cocka;yne, S impaon, and scot t-Thomson ( 1 932) , while 

stressing " fundamental differences" ,  have recogniz ed that "mixed" 

communi ties may occur, in which the introduc ed and indigenous species 

oocupy equal positions, and indeed have given some examples ) . For 

this reason, the neutral term " interaction" is prefera.ble to " compet­

ition" in a discussion of the relationshi ps between the two tloraa. 

( ii) Ne ed for J.rurther Work 

The present work can only be regarded as a preliminary study ot 

the subj ect of intera ction. It wou ld be very much enhanced by further 

investigations along at leas t two lines. 

The first of these "WOu ld be a practioal determination of o.bangea 

in the vegetation of the study area, through the repetition of the 

fi eld work, and in particular of the sampling surve,ys, after a lapse 

of time. I t  has been noted ear li er that the sampling surveys were 

carried ou t in 1 9�, the. t is, a t  about the time when the aerial 

topdressing of unploughable pa stures with artificial fertili zers 

became a normal pra ctice in the NJmB.i\'S.tu dis trict. 

In view of the known eff ects of the topdres sing ot unploughe.ble 

pastures {Levy {1 951 : 70.71 ) ) , it may be predict ed that this prac tice 
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(Matthew& and Maclean (1 957 :257) ) the aerial dis tribution of herbicides) , 

will t end  to bring about an increase in the pro p>rtion of higher­

producing pasture species in the sward, and a consequent decJrease in 

the pro];Crtion of lONer-producing and weed species, including indige-

nous specie s. However, this developnent implies heavier stocking, 

and mre intensive s t0ck contro l ,  which in turn involves adequat e 

subdivision. The IIDre difficult the country, the more difficult will 

this be, even a llowing for the di stribution of fencing material by 

air. In effect, aerial f'a.nni.ng may be expected to inerease the degree 

of human cxmt ro l  over the vegetation in areas of unplougha.bl e  pasture, 

but limiting factors will sti ll apply. 

Another possible change of some interest concems the distribution 

of certain important shrubby weeds , notably Leptospermum aoopari� 

tha t nre at present more impl)rtant at lower altitudes. Since these 

speci es appear to be spreading into the higher-altitude areas, and 

since there doea not appear to be any environmental barrier, they D'IAY 

eventually be of equal importance at higher a lti tudes . On the o ther 

hand , the more int ensive pasture managanent just referred to, possibly 

in combination with biological control, may result in a considerable 

reduc tion in the significa..."lce as we eds of these s pe cies. 

The other debirable l ine of investigation is the development of 

autecological studies of the more important species among these 

invo lved in interaction. (This applies most particularly to the 

indigenous weeds. The economic species are the subj ect of studies by 

the Grass lands Division of the D. s . I. H. (Levy ( 1 951 ) ) ,  whi le some 

information on the j_ntroduced weeds is avai lable f"rom other countriea) . 

A s  in the case of the studies of vegeta tive changes, the autecologica1 . 

studies would amount to an experimental , more detai led, investiga tion 

of relationships that have only been inferred in th e presl!m.t study. 

Such work would also nec essitate s tudies of the systematics of the 

speci es involved. "Aggregate specie s" are permps not quite as 

meaningless for ecology as sugge sted by Cockayne ( 1 926b : 274), but if 



135 

work of a "biological flora" standard is to be ca.J:Ti ed out in New 

Zealand, th en a great dea l of uns pec tacular but essential taxonomic 

work wi ll have to be done. 

l'rom the economic point of view, the need is plain for mre 

detai led studies of the pas ture weeds of New Zealand. Forty years 

ago, Cockayn e ( 1 91 8 :  73) was s tressing the im}:X)rtance of the 

int ensive s tudy of the eco logy of weed speci es as a pre-requisite 

for their control. Since then, some inve stigations have been made 

by such workers as Levy ( 1 923) , Merry ( un pub . ) ,  and Moore ( 1 942) , but 

in general the need for information is a s  great as it was in 

Cock.ayne ' s time. If anything, the need ha s  been intensified, ainoe 

improved ma.nagc;ment t echniques now permi t nuoh m:>re eff ective action 

to be taken on the basis of ecological in.forma tion. 
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(1) The ob je ct of the prc0ent work has been to contribute to 

the lmowledee c )nc erning the s ociologic al relati ons between the in­

digenous plant species of New Zealand ani those introduced to the 

country by nan . ( Taxonomic literature provides .:m almost complete 

sep...1.ro.tion of the tv.;o floras) � 

(2) The investigation h.:1s been limited to the Milnawa.tu dis­

tr-ict , \-hich c ontains a fairly 'Wid e  range of h��itat . Brief accounts 

are .:;iven of the physiography, cJ.inBte, and ." oils of this dis trict . 

( 3) Prior to the coirlin,s of European settlers , the vegetation 

,)f the district was predomina11tly forest . Since then , large areas 

mve been cleared of forest , and sown to pas ture with introduced 

c;rasses and clover.=: . 'I'hc present vegetati on may be divided into 

three rro. jor categories , namely plouehable pa0ture, unploughable ( sown) 

,ns ture , o.rrl 11non-pas nre" veeetation (that is , vegetation of idle 

or tmused L:md) : 

( 4) It was expected that few examples of interaction between 

the t� floras w:mld be found in ploughable pasture or in non-pasture 

vegetati on . Therefore, extensive meth<Xi s have been used in studying 

these typeG of vegetati on . Jince the intensity of interaction was 

·.!<pected to be IIDJ.Ch greater in unploughable p.:.1.sture, this t,ype of 

vecetation h-1.s been examined by meons of line tr.:msectin;::; , point 

analysis , and freque."'l.cy quadrat measure�rents . 

( 5) The tra.nsectins method is described in son:e detail . It is 

Jrived from the "unit area.11 method, but:. involves sampling instead of 

a 100/'l survey. A grid of line tr3.nsccts , spaced at intervn.ls of 5000 

yards � about 4600 m.) , is employed for s.1.l1Ipllng, en.ch transect being 

us ed  to make u continuous record of vegetation and environment . 

( 6) Incli.genous weeds appear to b e  virtuo.lly absent from land 

tJu t is frequently cultivated, probably because there are hardly Sl.\1 

·' 
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( 7) In the case of t . .  c perernU.al vegetation of long-rotation 

or permanent ploughable pastures , the relative unimportanee of in­

digenous ::pecies appears to be due to the factors th'lt make this 

habit J.t unfav .. mrable for weeds from either .flora, na.mely strong com­

petition from the high-producing economic species LoY,um perenne and 

I'rifolium repens , and heavy sto cking . The only inc;iigenous species d. 

.:my importanc e are s everal specie s of Juncus , "W.<ich ap�)ear to be 

rolerant of heavy stocking , and in addition belong to a life-form 

class that tends to be encour.::tgoo by occasional cultivation. 

( 8) The unploughable pastures contain a copious weed flora. 

Indigenous specie s comprise a cons iderable proportion of the her­

b�\ceous weeus , .:md are predominant among the weeds of higher life­

form. ( In additi on, the pasture contains one indigenous economic 

taxon, in the p3.rtJ.y volunteer, partly sown Dant.honia complex: 

( Janthonia penicillata (D . pilosa) and D . semiarmularis ) ) . The 

p·rincipc.:.l factor that permits these elements to flourish w:>uld appear 

to be the fact that, und er present conditions , unploughable land in 

generaJ. will. not support a hetter pasture than one dominated by the 

low-producine species Agrostis tcnui s and Anthoxanthum odoratum. 

( 9) :3omc of th . J  indir;enou�3 species of unploughL-tble pasture 

appe:1r to have been subordinate speci e s  in the forests that formrly 

covered the study area, while others appear to have been confined to 

breaks and open places , such as erosion features , riverbeds , and 

Sl.-rcl.inpy areas . The species in the former category are nainly phane-

rophytes arrl ferns . I'hey tend to oc cur  on shady and/or steeper slopes , 

at higher altitudes , and under relatively light grazing . The species 

in the latter category include some ph�erophytes and ferns , but also 

large ffi.)nocotyledons 1 and creeping perennial herbs . (Little attention 

seems to have paid in the past to the role of the fourth group in 00\'11 

rasture) . ,>ince , for various reasons , they appear to be roore suited 

to the pasture habitat, the species in this category include most of 

the important indigenous weeds of unploughable pas ture . 
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( 10) In non-pasture n.rcas , there is a general tendency towards 

the regenerati on of indigenous forest . -�)ince the few important in­

troduc ed prumerophytes tend to be light-demanding and relatively low­

growing, trey are confined to the earlier sta.gcs of suc cession: 

(Pinus radia ta rrey prove to be inuch more persis tent) � 

( 11) The need is stressed for stuJies of changes in the "new 

vegetn.tion" , and of the autecology of the more important species . 



FIG . 6 .  Ploughable pas ture . Dense sward of 
Lol ium perenne and Trifol ium repens . 

FIG . ?.  Infe stat ion of ploughable pas ture by 
indigenous spe c ie s  of Juncus . 

·; 
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F IG .  8 .  Lept o spermum s c oparium spre ad ing in 
unploughab l e  pas ture . Indigenous spe c i e s  of 
Juncus in fore ground . 

FIG . 9. Brachyglottis repanda and Arundo kakaho 
replacing pas ture on s te ep s l ope . 

140 



FIG . 1 0 .  Brac�y�ot t is repanda and Pt eridium 
e sculentum invad g rank pasture . 

FIG . 1 1 . Late s tage in replacement o f  unploughable 
pasture by Dicksonia squarrosa . The shrub is 
Pseudowintera c ol orata . 

I 
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FIG . 1 2 .  Cushion form o f  Me trosider os diffusa . 

FIG . 13 . Pseudowintera c o l orata f orming thicke ts 
at about 1800 ft . 
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F'IG . 14 . Pae s ia scaberula under re lat ive ly light 
graz ing . 

EIG . 15 . Blechnum fluviat ile  adopt ing l ow-growing 
form in pas ture . 

14.3 
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FIG . 1 6 . Replacement o f  unpl oughab le pas ture by 
f e rns , notab ly Pae s ia s c ab e rula ( f oreground ) ,  y o ung 
Dicks onia s uarro s a  (in gul ly ) ,  and Pte ridium 
e s culentum bac kground ) . Spe c ie s  of Ble chnum a l s o  
pre s ent . 

• 
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.: 
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· . 

FIG . 17. Po lys t ichum ve s t itum at ab out 2000 f t . 

\ 



PIG . 20 . HJdrocotyle s pp . in unpl oughab le pasture . 

FIG . 21 . Non-pasture vege t a t i on .  Lept ospermum 
s c oparium replacing Ulex europaeus . Young Pinus 
radiata (left of centre ) is overtopping the 
indigenous vegetat ion . 



( 1) Ai'Jilt6.LS 

The specie s  are lis ted in alpha.betic ::ll order . The noroonclnture 

is that us ed  by . Jodzicki ( 1:9 50) , unles · ; otherwise stn.ted.. 

_;3os taurus L . 

Canis fa.m:Uiaris L . (Bailey ( 1936 : 279 ) ; no authority given by 
!<Xizicld) 

�apra hircus L . 

Cervus elaphus L .  

�quus cabk�us L . 

1epus et\ropaeus Pa.llas 

Oryctolagus cuniculus L . 

Ovus aries L . 

rta.ttus exula.ns Peale 

Sus scrofa L . 

i.'richosurus vulpecula Kerr 

( 2) PLArJTS 
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T:1e classific ation into divisions ani class.es is es;:;ential.ly th at 
of Smith ( 1955 : 6-10, 516) . The reference ;J.fter the n::une of a division 
.r class is to too source of the classification and nomenclature that 

h'lve been U3 ed.  within that division or class . 

1'hroughout the text, a eer..eric name follmveJ. by 11 spp . 11 implies 
a particular superspecific taxm, which is described in this species 
lis t . A generic m.me followed by 11 species "  represents the norm:U 

use of n spp . 11 1 tlnt is , " several specie5 of this gmus" . The maning 
Jf " si) . 11 .:.tfter a generic name is norm:ll, that is , 11 an unidentified 
species " . 

The s:pcci es in this list are represented in the herbarium of 
J.lassey Agricultural College. 

( i) Ind.igenous :3pecies 

The th.1.nks of th e present '>'Jrit er .:.tre due to Hr . H .G . i1obbins for 
the : .identification of roost of the J.,ichenes and Bryophytn, nm:ooly tro se 
prefixed by 11 J.11 � 

LICIEW.S:; ( Hooker ( 1:.367) ; Uatson ( 1929) ) 



R gmus Cladonia HoffJmnn 

gmus f'armelia Ach. 

Bl1YOPHYTA 

Hepaticae ( .L;vans ( 1939) ) 

R. genus Pore]Je L. 

l'1/L1.CHANTIAC:AS 

eenus Marchantia (March. f.) L .  

Eusci ( ::;ainsbury ( 1955) ) 

gmus Sphamum L . 

:1 . PoJ;t:trichum .iuniperinum Hedw. 

JIC? 10UCEAE 

:1 . Crugp,YioiJUS clavutus (R .Br . ) H . f.& ':J; 
H . Campy1opus introf1exus ( Hedw.) l Titt . 

FOTTIACEAE 

Triquet6ll£l. papilla ta ( II . f .& � i . ) Bro th . 

3 A.:rr� 1-ABI AC.&A.Z 

J.. _Breut��a pendula ( !Iook. ) Ilitt � 

TIIU!.;JI.\CZA� 

Thuidium furfurosum ( H.f .& '. J . ) Jo.eg . 

, � . Acroc1a.dium auriculatum (J.Iont . ) Nitt � 

i3_ U.CI!YTI L·;CI.\G..SAE 

_-.: . Hhynchostegium tenuifo1ium ( Hedw. ) Jaeg. 

LGPIJOPHYTA 

Lycopodinae � Cheesemm ( 1925) ) 
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LYCOPOJIAGJ..� 

Lycopcx,iium volubile fo'orst . 

PT .::�ROPHY'TA 

?.oferenc es to hybridism in the incli_;cnous terophyta ani Spermto­
Ihyt.a are from Cockayne and Alla�."1 ( 1934) unless otherwise stated . 
( 2he::Jc references have been l'eotri cted to the · ,ore important species 

:in th present study) • !·1any of the species referred to below should 
be re�arded as including t.hose hybrids that could not be readily dis­

tingci::;hcd from them in the field . Again, because of intraspecific 
· 

Qybridism in the many compound Rpecies , varieties have not normally 
been di::Jtinguished . 

?ilicinae ( Dobbic ( 19 51) ; also ..;; 1eeseman ( 1925) , unles s  otherwise 
sLated.) 

Ogh:io·;±ossum gedunculosum :Jc:w . 

Gyathea medu1laris ::>wartz 
CyJ.thea smithii (Hook. ) Domin ( Hemitelia smithii Hook. of 

-.:..'heesema.n) 

u:icks onia sguarrosa 3wartz . 

HYpOleeis rggulosa (Labill.) J . :3mith (i?,qopteris punctata 
·; . �hristen . of Cheeseman) 

This species hybridizes with other spe cies of Hypolepia ; 

Paesia scaberula Kuhn 

P i:.eridium esculentum (Forst . ) Diels ( P� aquilinum Kuhn var. 
·:::s culenta Hook . f . of Cheesem:m) 

l listiopteris inci sa J. Smith 

Adiantum affine �·Jilld . 

A.3PI::liACEAZ 

&olys �ichum vestitum Presl 
Pol>'f!.t1chum richardi J .  3mi th 
These L.wo species probably hybridize . 

(Forst . ) Ching ( Dryopteris pennigera 

Dlechnum filiforme �ttingsh . 
BlechnUill �cmnannrina Kuhn 
!3lecbnum procerum (Forst .f . ) Labill . (B . c<1pense ..:.chlccht . of 

Gheesennn) " 

Blechnum fluvia tile 3alom. 
Blechnum dis colqr Keys 

Asplenium lucidum Forst . 
Asplenium bulbiferum Fa rst . 



J:OLY.r'OJL\CL!G 

I 1ic rosorium divorsifollwn (' . Jilld . ) _;opeland ( Polypojium Jiver­
si.folium , Jilld . of Chees€11l311) 

Gmosperrnae (Cheeseman ( 1925} ; revis ed  by Cassie ( 19 54)) 

aJPi�;� .J  �AC1�AE ( Pinaceae of Cheeseman ) 

Libccedrus bidwillii Hook.f. 

?oo oc u.rpllS spicatus i-t .Br. 
l'odoc arpus f elT\.l&.H!eus J • .!Jon . 
Podocarpus dacx:v;dioides A . llich. 
Podocarnys totara D .Don: 
Odocarpus m.llii T . Kirk 

Ti.1e 1.'l st t\'.0 species hybridize . 

Dacrydium cupressinum So1J.nd. 

Phylloc ladus alpinus Hook.f� 

Argiospernae ( Cheesernan ( 1925) ) 

r: 1ere luve been rrany t3xonomic J.l +..erations and additions to 
v110Ssem.:m t s m.mua1. A revis ed edi L :ion i s  beiUG prer>u.red at present 
(vudex. ( 1955 : 311) ) . !-1eam.hl.le, the revi sL 1ns are spread over m.ny 
i.ublicati ons , so tl1C1t t� armnd.o.'ents sh J>'lll ar�:J n:)t necessarily ex.­
hlustive . lleferenc es to revi sions are given aft.cr the taxa ·t,o Wl.ich 
they apply . 

f·bnoc otyledans 

Typha engusti!olia 1 :  

Freycine tia banksii A . Cunn . 

I1icrolaena avenacea Hook. f. 

Agrostis dyeri Petrie 

ue:yeuxi.a crinita (L . ) Zotov ( Zotov ( 1943 : 234) ) 
(,Jichelachne crini ta Hook . f . of Cheesermn) 

J.:1 thoni.J. pc:ucillata ( LPlbill. )  P:J.lisot ( Zotov ( 1943 : 234) ) 
(Q. )ilosa R.Br. of Che eseman) 

i_lanthonia semiannularis a .Br . 
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Boili Of th ese �}ecies are excee.j.ingly CO.t:1!JOU.nJ, and hybrid SWclr lllS 
·we plentiful . For pro.ctical .•urposes , it has been neces;J.:J.ry to pool 
them. :\ referenc e to fi Janthonia. sp,) ." in the text rooans soroo part of 
this complex� 

Arundo kakaho 3teudel ( Zotov ( 1943; 233) ) ( A. conspicua Forst . r. 
af Cheescman) 



Poa anceps Forst . f.  
Poa cnespitosa · ·· prenge1 ( �otov ( 1943 : 236) ) ( P . caespitosa. 

Forst . f. of Cheeseman) 

•. estuca novaeze1andiae Cock. 

Hariscus us tulatus C .B . C1arke 

Ineocharis acuta n.Br. 
�leocharis cunninghamii Boeck. 

Jcirpus cernuus Vahl� 
§.cirpus prolifer aottb. 
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Scirpus nodosus : !.ottb . · 

"[A�cording to H.:un.lin ( 1956 :  34) , the section I so1!i1s of Scirpus 
(to which the above three species belong) should be iso ted as a 
separate genus) ; 

:Jchoenus axillaris Poir: 
�)choenus apogon :loem. & Jchult : ------- var. 1axif1orus C .B . C1arke 

Vine entia sinc1o.irii ( Hook. f . ) Haml.in ( Hamlin ( 19 56 : 36) ) ( Cladium 
sinclairii Hook. f.  of C:heeseman) 

genus Gahnia Forst. 

Uncinia unciniata Kukenth. (Zotov ( 1938a: 296) ) (U . australls 
Pcrs . of Cheeseman) 

Carex secta Boott 
Carex gemine ta Jchkuhr ( Hamlln ( 19 54 : 56) ) ( C, temaria Fors t. 

f. of Cheeseman) 
Carex lucida Boott 
Carex dis 0ita  So1.ex Hook.r; 
Carex solandri Boott 

PALMAE 

:1hopa1oe tylls sapid a � Jendl. & Jrude 

JUNGAC&\E 

Junc\lS pallidus H..Br: 
Juncus gaucirlorus .. . �r; 
Juncus vaginatus R.Br. 
1tuncus 12olla.r}themos i3uchen . 
Juncus lux:urians Col. (J .  luxurians w.:ts given by Cheesenan as a ·  

S'jTlonym of 1!:• po1yantheiOOS Buchen . ,  but it is a very distinc t specim 1 
3'Xi ha s  been justifiably restored by Cockayne und llan ( 1934: 15) ) . 

·:there is much hybridism among the above five species . This topic 
is dealt >d eh further by Horry (Unpub . ) • 

Juncus planifolius R.Br� 

Luzula campestris JC . 

LILIAC.:::AE 

_l..hiwgonum scandens Forst. 

�ord1line australis Hook.f; 

Astelia nervosa Banks & Jol.ex Hook.f. [confinood by .Jkottsbe:rg 
( 1937 : 219)) 



Phormium tenax Forst� 
Paormium colensoi Hook.r: 

LUJJAC:ZA:c; 
• 

Libertia ixioides Spreng . 

0 ��I IIDAC2AE 

Thel3mitra lon.gifolia Forst: 

1·acrotis tmif olia neichenbach r: 

Ji.cotyledcna 

(Archichlru;ydeae) 

Nacropiper axcelsum Hiq; 

i iothofagus fus ca Oerst . 
Nothofagys solandri Oerst . 

:m:tACEAE 

Paratrophis microphylla Cock: 

111TIGACBAE 

Urtica feraoc Forst .r: 

P10TEACEAE 

rOLYGONAC&C 

ljuehlenbeckia australis �-iei ssn. 
Hgehlenbeckia complex.a Heis�n . 
These tw species hybridize . 

rDilTULACAC�� 

Nontia font.a.na 1 ;  

. ?AIMJGULACSAE 
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C1e.matis pa.nicu1ata J.F . Gmelin ( Allan ( 1947: 594) ) (C . indivis a 
' lilld . of Cheesemm) 

Ranunculus hirtus Banks � Sol.ex: Forst.f :  

:.a:NTSRACBAE ( Dandy ( 1933) ) (!-!a..�oliaceae of Cheeaemn) 

&ud�tera axillaris (Forst . ) Dandy (Qri!WS n.xillaris Forst. 
of Ghee��) 

Pseudowintera co1arata (Raoul) ")a.ndy ( Drimys co1orata Raoul of 
:;heesem:m) 

HONIIITACSAE 

HedYearya arborea Forst . 

Laurella novaeze1andiae A . Cunn. 



IAU:1AC .;;AE 

Beilschmiedia tawa Hook . £ . & I3enth . ex T .Kirk 

SILUFI' \GAGJ.!;AE 

Carpodetus serratus Forst . 

l iTTO )PORACZA.l!.: 

Pittosparum ew{enioides A . Cunn . 

amo:·rrAcEA£ 

'. !einrn::mnin racemosa Lirm . f • 

. OS.\Ci:AE 

�lubus cis soides A . Cunn . ( Allan ( 193S : 229) )  ( 3 . • austra.lls 
Forst . r. of Che��eman) 

Acaena novaezelnndiae T . Kirk 
Acg.ena stl.fl@sorbae Vahl� 
These highly compound species hybridize freely, and in any case 

are diffic ult · to Ji stinguish in the field when in the vegetative con-
dition . :\ referenc e to "Acaena spp . " in the text means sane part of 

this complex. · The introduc ed A. ovina A . Cunn . hybridizes with both 
these species , so that referenc es to 11 Ac.:lel:l.'i spp. " may include a few 
indigenous-introduc ed hy'orid :J t..l-tat c.:mld not be dis tinguished readily 
from the indigenous complex; 

&h..urdsia mi. cropl1ylla 3alisb : ( Zotov ( 1938a: 301) ) (3ophora 
mi.c rophylla Ait . of Cheesemm) 

�1.JTACB.\E 

!Ielic ope simplex A . Cunn . 

X>RL\r"UACl!..-1\.E 
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C oriaria arborea Lin:i say ( Oliver ( 1942 : 33) ) ( part of C � ruscifolla 
L. of Cheesem:m) ' 

ICACINACEAE 

Pennantia corymbQsa Forst . 

Alectuon exce).sum Ga.ertn • 

.LA.r..DC AI�PACEAE 

3laeocarpus dentatus Vahl . 

Aris totelia serrata '. l .n .B . Oliver ( 3otov ( 1938a : 302) ) (A . racemosa 
H:>ok . f . of Cheaseman'j 

tloheria sexstylosa Col: 

VIOL.\C:AE 

Helj.cytus ramifiorus Forst � 



IY.1TAGEAZ 

Leptospernuun scopnrium Forst: 
1!eptospermum ericoides A . i1ich. 
These tw:> species are highly compound. but distinct . There rra:y 

be norre hybridism: 

(genus Netrosideros Banks . ; lcvis etl  by Oliver ( 1928) ) 
Hetrosideroe scandens (Forst . ) Druce Uh fiorida Smith of 

Gheesem:m) 
Hetrosi.deros diffusa (Forst . ) lw .R .B . Oliver ( M1 hypericifolla 

A. Cunn . of Cheesenan) 
Hetrosideros robusta A . Curm . 
Netroslderos rrrfor.J.ta . orst . ) Rich � (M. scandens Sol. ex 

,]3.ertn . of Cheeseman 

H.yrtus bullata ::>ol. ex A . ,;unn. . 

CN AG l1AC? .. A.3 

3pilobium nunm..U.arifollum i1. Cunn . ex A . Gurm; 
EpUobium ped.uncula.re A . Cunn. 

Fuchsia excorticata Linn. r: 

l:IALOi?.AG IDACEAE 

Hal.oragis erecta Schincller 
Haloragis mic rantha. R.Br.ex: .)ieb.& Zucc . 

Gunnera strigosa Col: 

1iH.tliJIAC�E 

Hothopana.x arboreum Seem. 

'lchefflera di.gitata Forst; 

.f.seudopanax cras:;ifolium C . Koch 

H ocot le novaezelandiae DC . 
HYffi:ocoty e moo cha.ta Forst .r ; 
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�heesenan regarded these t\..c npecies as closely aDied but dis­
ti-nct, and Cockayne and Allan ( 1934) have nnde no reference to hybri­

diza t.ion bet\-leen them. However, wh=l.t appeared to be interiOOdiate forms 
v-.ere fo'Wld during the fi eld work, for wi lich reason it was decided to 
n o,oJ these specie s as "H;yqrocotyle s pp. " � 

C m t.ella uninora (Col.) Nannfeldt (Cocknyne and Allan ( 1926a: 
62) ) (G . asiatica Urban of Cheeseman) 

Oreonzyrrhi s andi colo. Endl . 

OORNACZAE 

Griselinia littoralis Raoul 

(S ympeto.lae) 

.:.l1ICACSAB 

Gaultheria antipoda Forst .r; 

.:::J?ACHii)ACEAE 

Leucor�gon fasciculatus A . Rich. 



Rapanen su.licina Hez (Oliver ( 19 51: lll-J2) ) ( 3uttonia salicina 
Hook . f . of Checseman) 

Geniosto1:n li,r;us trifo1ium A ; Cunn . 

:\.POCYN" AC �A.E 

Parsonsia heterophylla A . Cunn. 

J.)?NOLIJULACEAE 

Dichondra repens Forst • 

.ULJ\UACSAE 

Solanum aviculare Forst . f • 

.i:: H.O PI IULA.:lit\ CEAE 

Hebe salic ifolia (Forst.f . ) Pennell (Veronica. salicifolla 
Forst . f . of Cheeseman) 

This species hybridizes with many other species of �· 

Rhabdothannus solandri A . Cunn . 

_ YOl'vi�CZAE 

Nyoeorurn laetum Forst .r: 

iJBIACEAE 

(C • 

Coprosma a.ustralis ( A  .Rich.) i1obinson 
grandifolia Hook S .  of Cheesemm) 

Coprosnn robus ta Haoul 
C oprosma rhn.mnoides A .Cunn. 
Coprosnn parviflora Hook . f . 
C onrosma foetid i s o i �  Forst . 
Coprosliii.l colensoi IIook.f. 
.Chere is !ID.lch hybridi3m in the genus 

( Oliver ( 1935 : 107) ) 

., . 
voprosma . 

;�ertera deoressa Banks & 3o1. ex Gnertn . 
iJertera setulosa Hook . f . 

CA!H 'ANULACEAE 

·, iahlenber�ia n:a.rgina ta ( Thunb . ) A .D . C . var. australis Hatch 
(Hatch ( 19 52: 3 9)) • (:·J . gracilis .Jchrad . of Gheesenan) 

ml'li 'O''ITAE 

�agenophora PUI'l"i.la Cheesem: 

01earia colensoi Hook.f. 
Olenria rani Druce ( Zotov ( l93Sa : 30S) ) ( 0 .  cunffi.Dghamii Hook. 

f. of Cheesermn) 
Olrorh virgata Hook.f. 
Olearia so.!andri Hook.f� 

.iiaoulia g.labra Hook. f . 
i'&loulia tenuicaulis Hook. f. 

Hclichrysum filicaule Hook .f : 
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Helichrysum glomcratwn Be,T::.h .& Hook . f . 
These tw:> 5puci cs hybridize . In :lddition, u. pos dble hybrid 

betvreen �o.oulia glabra and Helichr.ysum fillcaule \ns f ound in the 
course of th e fi cl.d work. 

:assinia leptoghYlla H .Br: 

Cro.spedia uniflora Forst .r . 

Cotula caronopifolio. L. 

��rechtit cs prena..11.thoides :OC: .  

Brachyglottis rep�da Forst . 
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( ii) I.ntroduc ed �>pecies (Allo.n ( 1940)) 

Heferenc es to t axonor:d. c ::llte1·a ti :Jl1s , or additions to All.an' s 
rmnual, o.re givm after !:h e  taxa to which they apply. 

Jic otyledonae 

,(&.rchichlam;ydeae) 

:?.MunculU'J rcpens L . 
H.:munculus sard.ous Crantz . 
Ranunculus sceleratus L • 

. 1�'1unculus pa.rviflorus L .  

Berberis yulgari s  1; 

rui !.'L IACE.t\E 

Brassica campestris 1:  

Lcpidium ru:::l erale 1 ; 

Coronopus didymus (L . ) Sm� 

Capsel.la bursap::tstoris (L . ) Hedik . 

Jis;anl?rium offic inale (L . ) .3cop . 
�isymbrium orientale 1 ;  

Cardamine hirsuta L�  

Nasturtium of ficinale R .Dr � 
Hen.ly (1954 : 265<:66) lus point ed C>Ut that t\\0 species are in­

vvlved , na.rre� :r. offic ina..le ( sensu stricto) and rr . microphyllum 
I3oenn . ex Rohb • 

..4UYO.-'HYLLAC.�\E 

J pcrgu,L:l a.rvensis L .  



Sagina procwnbens L : 

Cerastium &-omeratum Thuill : 
C erastium caespitosum Gilib. 

:3tcllaria media (L . ) Vill . 

Silene gallica L� 

rOL YGONACEAE 

:huna'C acetosell.:1 I • •  

• (urnex conglomeratus Hurray 
�tumex obtusifolius L .  

Po�YSonum aviculare L • . 
eolYgonum h.ygropiper L . 
1 ·oly-gonwn persicaria L . 

Chenopodium album L .  

AHA� \.Ai JTHACFAE 

Annran thw hyt?ridus L . 
Amaranthus retroflexus L � 
Th ;se t'hl'o specie s are often confused . They are pooled in the 

text as " An:aranthus spp . n 

LI.NAGEA.....S 

Linum ea tharticum L � 
I,inum mrginale A .C\lill'\o':!X Hook . ( :�heeseman ( 192 5 : 1071) J no 

authority given by Allan) 

Gerantum molle L .  
Geranium dis sectum L � 

��odium cicutarium (L . ) L . ' !ier . 

IlYPilliCAG.SM� 

Hypericum humi.fus um L :  

�uphorbia pep1us L • 

. DS.\CEAE 

Rubus fruticos us  L . ( Cheeseman ( 1925 : 1156) ; no authority given 
by Allan) 

Acaena ovina A . Cunn . 

l'[NOSAC�:J\.E 

Acacia decurrens '. lilld. 

Acacia dealbata Link. 
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PAPILIONAC:SA.S 

Ulex europaeus L : 

Lupinus arboreus L . 

Cytisus scowrius Link. 
Cyti sus prol iferus L . 

Lathyrus latifolius L . 

V:i..cia sa.tivG. L . 
Vicia angus tifolia L . 
Vicia hirsuta {L .) Gray 

Hedic aeo lupulina L ; 

Trifolium dubium Sibth. 
Trifolium repens L .  
Trifolium subterran.eum L . 
Trifolium pratense L . 
Trifolium arvmse L . 

Gnlega offic inalis 1 :  ( Cheesemn ( 1925 : 1870) ; no authority 
given by Allan) 

Lotus uliginosus 3chkuhr. 

JA.LI CACZAE 

.>alix frasilis L . 

Hed.era helic L . 

UI·IDE:LLIF � 

Conium n.uculatum L .  

Foeniculum vu].gare Hill . 

(:Netachlargvdeae) 

Af-'OCYNAC�AE 

Vinca major L � 

�IACZAE 

:3herardia arvensis L . 

Galium p:?.risiense 1 ; 
Galium aparine L . 

�\PHIFOLI/\.C3AE 

Jambucus nigra 1 ;  

Leycesteria. formsn. ·.lall . 

CDI .. WOSITAE 

Er:i.geron canadensis 1 ;  

Bellis perennis 1: 



Gnaphn.J.:tum purp-lreum L . 
This species hybridizes •"With .; . luteoalbum L . ( .:., speCies of 

doubtful st:1':.us) 

Galinsoga parvifiora C av . 

genus :-;oJiva "J.uiz & Pavan ( Healy ( l953a : 23) ) 

Hatricaria discoidea JC . 

Achillea millefolium L �  

Anthanis cotula L . 

3enecio yulgaris 1: 
Senecio jacobaea 1 : 

Arctium minus Bernh. 

Ca.rduus tenuiflorus Curt. 

Cirsium lant:>'9olatum (1 . ) Hill 
Girsium arvense (L . )  Scop . 
Cirsiwn palustre (L . ) �>cop. 

Lapsana cofi!Wis L ;  

HYpochoeris radicata 1 ;  

Loonto.Jcn his oidus 1:  
I t  is sometirre3 li fficult t o  :..; ep;lrate the last two species in 

'1 59 

the vegetative condition ;md there my h:lve been soroo -.,-rang allocatio ns 
for this reason; 

! Iclminthia echioides Gaertn; 

Taraxacum officinale < Ieber 

3 onchus asper (L . ) Hill 
.�onchus oleraccus L . 

Crepis capill..::tris (L . ) iJallr . 

HUH.Jlu\..;::AE 

Anaga.llis <li'Vensis L .  

, LAIIT A:} TIJACF..AE 

P�tago 1.J.nceolata. 1 : 
Plantago ma.jor 1 :  

HysotiG s corpioides L . em.Hill 

JJLANAC..3A.S 

:;ola.num pseudocapsicum L :  

Ij)omoea batatas Poir . ( :::heese!Ik1l1 ( l925 : 1074) ) 

�'CTIOPHULAiU;I.C.:.:..AE 

Veronica persiqa Poir . ( Healy ( 19 54:  266-68) ; Bentham ( 1924: 34.9) )  
(V . tournefortii Gmel. , and most of V,:, agrestis L . ,  of Allan) 



Veronica scrpyllifolia t: 
Veronica nrvensis t: 

Odou (.l G e::; v.l...:J cosa (L .) Rchb � 

Ninulus moschatus Doug: 

J),:>;it.a.lis pureurea L � 

L.\I3IA I'.\:: 

I-�runella vulgaris L :  

L . ..unl um pgrpurewn L: 

Stuchys arvensis t:  

Jil:entha pulegi um L .  

Ibnocotyledones 

Tradescantia fiuminensis Ve.ll: 

Al-1<\i"l.YLLIDACEAE 

Allium triguet.rum t: 

JUNCACEAE 

Juncu.:> tands i'lilld : ( Hea.l.y ( 19 53b: 9) ) ( J . macer . > .F . Gray 
(J. tmuis auth .non :Jilld � ;  J .  involucratus T . Kirk) of Allan) 
(Cheesem:m ( 1925 : 296) regarded this species as 11 a very doubtful 
mtive" . Cockayne ani Allan ( 1926a: 66) h:lve stated that it should 
oo ret>lOV� l'n>rA the indiBenous nora) � 

_ _;yp .. JV\.C�AE 

Carex p.,lo.uca Hurray 
Carex lerorina L . em.Gooo � 
�!'his specie s ha s  been trea.t,oo by Cheesem9ll ( 1925 : 263) ·as 

"probably introduced11 , and by Cockayne nnd Al1.m ( 1926a : 62) as 
definitely introducoo) : 

Lollum uerenne L �  

Cynosurus cris tatus L :  
I t  is sorre tirre s difficult to distinguish be t:�rreen the above two 

s:pecies in the vegetative condition , unl.es::; <:>. close exel!"Pination is 
nnde. TI1ere may have been sor� wrong allocations for this reason. 

I3romus mollls 1 ;  
Bromus hordeaceus L . 

Poa pratensis L . 
Poa annus. L . 
I t  i s  som tines difficult to ,Jistinguish between these t\\0 

species in pasture. A referenc e to 11 Poa spp. " in the text moons 
me or both of these species:  -

Glycerin fluit.ans (L. ) h .nr; 

Vuleia dertonensis ( All. ) Volk : 
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Festuca rubra. L. var. conmutata Ga.ud. 
The introduced varieties of F. rubra L. may hybridize wi th the 

indigenous varieties (if any) (Cockayne and Allan (1 926a : 64•65) ) . 
Pestuca arundinacea Schreb. 
Festuca capillata Lam. 

Agropyron repans (L. ) Beauv. 
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genus Eragrostis Hos t. (Willis (1 948 :  247) : no authori ty given 
by Allan) 

Ho Jcus lana tus L. 

Aira caryOPbyllea L. 

Phl eum prat ens e  L. 

Agros tis tenuis Sib t h.  
'.i'heot complex of forms linking this species with other introduced 

species of Agros tis appears in part to be due to hybridism (Allan 
( 1 940� 264) ). A . tenuis may also hybridize with the indigenous .A.. dyeri 
in modified indigenous gra.sslands t Cockayne and Allan ( 1 934: 1 1  )). 

Anthoxanthum odoratwn L. 

Gymnosperma e 

PINACEAE 

Pinus radiata D. Don. 
Pinua muricata D.Don. (Dallimore and Jackson ( 1 92.}: 424.) ) 

Cupz:essus lawsoniana (L. ) Parl . 
Cupressus macroca.rpa .Hartw. 

- --� - � - - - - - - - - - � - -

{iii )  Species of Doubtful Status 

C lassification and nomenclature are as in Cheeseman ( 1 925) 
unless otherwise stated. Al l speci es in this s ection were listed 
by Cheeseman as indigenous . (He included Juncus articulatua with 
some doubt, and indicated that F estuoa. rubra and Juncus bufonius 
are introd1.•.ced �s wel l as indigenous). 

Monocotyl edons 

G.RAMINEAE 

Festuoa. rubra L. vars . 
See F .  rubra var. COIIUIIltata (introduced) . 

JUNCACEAE 

Juncua effusus L. (A llan ( 1 940: 309) ;  given by Cheeseman ( 1 925 : 
295) as a synonym for J.. polyanthemos Buchen. ) 

Allan ha s treated this spe cies as in pa rt intl'Oduced, and has 
stated thB. t it is now impossible to say how far it is indigenous. 

Juncus bufon.lus L. 
Cockayne and A l lan (1 926a ; 65) have claimed tha t  their field 

observations strongly support the vi ew  that this s peci es is introd­
uced only. A llan ( 1 940: 308) has described the species as "usually 
treated a s  indigenous, and poasibly so in s:>me forms" . 



Juncus articulatus L. (Healy ( 1 953b: 1 0) )  (J. lamP2carpus Ehr. 
of Allan (1 940) and Cheeseman ( 1 925) ) .  

Cockayne and J. lJ.an ( 1 926a : 66) have said of this species that 
po ssi bly there are bo th indigenous and introduc ed varities. 

Dico tyledons 

OXALIDACEAE 

Oxalis corniculata L. 
Acc ording to Al lan ( 1 940: 95, 285) this species is in part 

introduced, aiJi it is now possible to de termine hO\v far it is 
indigenous. 

CONVOLVU .LACEAE 

Calystegia s epium R.Br. 
A llan ( 1 94-0: 1 98) has suggested that this species is in part 

introduced. 

SOLANACEAE 

Solanum nigrum L. 
A llan ( 1 940: 1 97) has claimed tha t the forms found in waste 

places and cultivated land are ,  at least in JJlOst pa rt, introduced. 
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I t  is possible that the " indigenous" parts of the above three species 
may have been introduced by the Maoris (Healy ( 1 949 : 1 60) ) .  

(Recent (unpublished) cytological work by Prof. G. T.s. Baylis, 
of Ota.go University, has indicated tha t Solanum nigrwn ( hexaploid) 
is whol ly introduced, and tha t the forms present in N ew  Z ealand 
from pre-European times belong to the very similar diploid ,2:. 
nodiflorum Jaoq. ) . 

COMroSITAE 

Gnaphalium lu teoalbum L. 
According to Allan {1 940: 295) ,  some of the forms of this species 

ar e  almos t certainly introduced. 

Cotula. australia Hook. f . 
Cookayne and Allan ( 1 926a : 6J) l eft this species in the indigenous 

flora with considerable doubt, and .A l len ( 1 940: 1 52) has treated i t  
as introduced. 

genus sonchus Tourn. 
A ccording to Cockayne and Allan ( 1 926a: 67-68) and Allan ( 1 940: 

1 76 ) , it is probable that the only species cf Sonchus in pre-European 
New Z ealand was s . littoralis (T . Kirk) Cock. , and t hat the earliest 
records of other species of Sonchua actua lly ref eiTed to this speci es. 
Hes.ly ( 1 94-9: 1 60) ha s  suggested tha t " Soncms sp. " may have been · 

introduc ed by the Maoris. 
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APPENDIX I. mVIRONMENTAL ANAIXSIS O.F LENGTH-GROUP DISTRIBUTION 
OF TRANS!t:TS 

!• ORIGmAL TRANSECTS 

Length-group 
I II III IV V VI Total 

Orientation 

N 30 43 61 84 65 43 }26 

s 1 8  43 55 69 57 28 270 

EW 27 43 59 71 45 28 27} 

39 42 43 1 7  14 7 1 62 

1 1 4  1 71 21 8 241 1 81 106  1 031 

chi-aquare 77. 2 •-** 
(without non-oriented transects 6. 2  {n. s. ) )  

Soil Type 

1 1 H  1 3  1 7 15  1 2  14 3 74 

1 3bH 14 23 23 20 1 3  3 96 

77bH 1 9  37 }5 44 32 20 1 87 

1 1 8a 1 5  22 38 32 24 1 2  1 43 

1 22 22 21 45 58 34 25 205 

1 24  24 41 54 68 57 43 287 
- - - - - - - - - - - - - - - - - � - - - - - -

1 5 8 4 4- 1 22 

1 c  1 1 2 4 

1 2  1 2 2 5 

1 3  2 2 4 

77b 2 1 1 4-

1 14 1 ?1 21 8 241 1 81 1o6  1 031 

chi-square (of data above dotted line) 42.4 •; 
without 1 3bH 29. 8 (n. s . ) ;  without 1 1H 32.0 ·*i 
without 1 1H and 1 3bH 1 6 . 7  (n. s. ) 
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APPENDIX IA (cont. )  

A l titude 

0 34 54 44 37 33 13  21 5 

5 45 61 82 1 03 73 36 400 

1 0  33 45 86 93 65 50 372 

1 5  2 1 1  6 8 1 0  7 44 

1 1 4  1 71 21 8 241 1 81 1 06 1 031 

chi -square 41 • 0 � 
(witmut D-500 feet �up 1 .5. 6  (n. s) ; if comparison 
is between 0-1 000 and 1 000-2000, chi-square is 
1 6. 8  mE) 

Slope 

0 50 .52 .52 25 21 1 0  21 0 

1 0  .58 1 06  1 38 1 79 1 26 73 680 

30 6 1 3  28 37 34 23 141 

1 14 1 71 21 8 241 1 81 1 06 1 031 

chi-square 860 7 xxx 
(wi thout 0-1 0 grou p 1 1 . 7  x) 

Shee;e grazing 

0 80 1 1 9 143 1 .58 1 38 68 706 

1 0. 1  34 52 75 83 43 38 325 

1 1 4 1 71 21 8 241 1 81 1 06 1 031 

chi-square 8. 0 (n. s. ) 

Cattle grazing 

0 71 1 14 1 49 1 78 1 41 78 737 

2. 6 37 57 69 63 40 28 294 

1 1 4  1 71 21 8 241 1 81 1 06  1 031 

chi-square 8 . 4  (n. s. ) 



B. RE-RUN TRANS.ECTS 

Length-group 
I II III IV V VI Total 

Orientation 

N 

s 

EW 

Soil Tl]2e 

1 1H 

1 }bH 

TlbH 

1 1 8a 

1 22 

1 24  

1 

1 c  

1 3 

Altitude 

0 

5 

1 0  

1 5  

1 0  1 2  1 8  29 20 1 6  

6 1 7  1 5  26 22 1 3 

9 1 2  29 35 1 9  1 3  

1 5 1 7  14  7 . 6 

40 58 76 97 67 42 

chi-square 47. 3 DX 
(without non-ori ented transects 7. 2 (n. s. ) )  

1 

5 9 

3 1 1  

5 3 

1 8  1 3  

9 20 
_ _ _ _ _  .. 

1 

4-0 58 

2 3 

8 3 3 

6 1 7  1 1  5 

1 0  1 1  7 4-

28 36 20 1 2  

23 24 20 21 
- - - - - - - - - - - - - - - -

1 3 1 

1 

1 1 

76 97 67 42 

1 05 

99 

1 1 7  

59 

}80 

6 

28 

53 

40 

1 27 

1 1 7  
-

6 

1 

2 

380 

chi-square (or data above dotted line) : with 1 1H 
and 1 }bH pooled }2. 5 �;  without 1 1  H and 1 }bH 
21 . }  (n. s. ) 

6 1 3 1 1  1 3 1 0  5 58 

22 21 30 4-8 30 1 0  1 61 

1 1  1 7  31 30 23 22 1 34-

1 7 4 6 4- 5 27 

4-0 58 76 97 67 4-2 380 

chi-squa.re (with 1 000-1 500 and 1 500-2000 pooled) 
1 6.4  (n. s. ) ; 
(with Q-500 and 500-1 000 also pooled) 1 2. 1  � 

173 
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APPmDIX 1 B ( con td. ) 

Slo,ee 

0 22 21 1 8 1 2  9 1 83 

1 0  1 7  35 50 14 44 32 252 

30 1 2 8 1 1  14 9 45 

40 58 76 97 67 42 )80 

chi•square 5969 m 
(without o-1 0 group 1 0.4 x) 

Shee,e grazing 

0 27 40 50 65 52 30 264. 

1 0. 1  1 3  1 8  26 32 1 5  1 2 1 1 6  

40 58 76 97 67 42 380 

chi•squa.re 2. 8 (n. s. ) 

Cattle grazing 

0 28 42 57 66 52 33 278 

2. 6 1 2 1 6  1 9  31 1 5  9 1 02 

40 58 76 <37 67 42 380 

chi-square 2. 8 (� s. ) 



APPENDIX II. mviRON.MENT.AL ANAUSIS OF FREf,jUENCY OF SPECIES AND CATEGORIES. !:.• ORIGINAL TRANSECTS 

>il t .Y.PI:: 
[ 1 1  8a. 1 22 1 24 

Cyathea medullaris M 
- - 4 

( 2) ( 2) (4) 

Dicksonia s�aa N 
- - 1 

( 3) ( 3) ( 1 )  

?aesia scaberula 
2 4 1 7  

( 1 1 ) ( 1 5) ( 29 )  

Paesia scaberula - shade 
- 3 1 

0) (4) ( 7) 

} 6 
( 3) (5) 

1 5 
(5) ( 7) 

25 31 
( 22) (  }2) 

1 2 8 
(5 ) ( 8) 

Paesia scab� - yertical 
- 1 7 9 1 1  

(3 ) (4) ( 9) (7) (9 ) 

Pteridium esculentum 
} 1 0  }2 24 55 

( 1 3) ( 1 7) ( 33) ( 25� (36 ) 
� soil 1 :  2 (4 

1 0  
(6) 

29 
( 1 0) 

80 
(44) 

14 
( 1 1 ) 

1 9  
( 1 }) 

57 
(51 ) 

U.l' ientat · ..&..\.1.1..& 
N EH -

6 .  1 0  6 1 
( 7) (6 ) (b)  ( 4) 
(8) (7) ( 7) 

1 1  20 5 -

( 1 1 ) ( 9) ( 1 0) (6 ) 
( 1 4) ( 1 1 ) ( 1 1 ) 

49 6} 46 1 
(50) ( 42� (42� (25) 
(59) (49 (50 

7 1 9  1 2 -�1 2
� (

1 0� � 1 0� (6 ) 
. 1 4 ( 1 2  1 2 

1 1  20 1 6  -

( 1 5? ( 1 2 
� 
( 1 2� (7) 

( 1 8 ( 1 5  ( 1 5 

6 9  54 53 7 
(58) (48) (48� ( 29) 
(66 ) (55 ) (55 

Q ltitud c 1' l:).LU _tltiCJ h ;cuu;;o;; .t' 
0 1 5 0 1 0 30 0 1 0. 1  

1 6 1 5  1 1 1 2 1 0  22 1 
(5 ) ( 9) ( 8) ( 1 ) (5) ( 1 5) 0) ( 1 6) 7 

( 1 1 ) ( 1 0) ( 1 ) (1 8) ( 4.) 

- 3 26 7 - 26 1 0  35 1 
( 8) ( 1 4� ( 1 3) ( 2) ( 7) ( 24� ( 5) ( 25) ( 1 1 )  

( 1 8  ( 1 6) ( 2) ( 30 (6) 

5 59 79 1 6 3 1 02 54 1 35 24 
( 33) (62 � �57� ( 7) 32) (1 05) ( 22) ( 1 09 ) (50) 

(75 70 ( 8) ( 1 29) ( 27 ) 

2 1 9  1 6  1 ... 25 1 3  }4 4 
( 8) ( 1 5� (1 4 ) � �� ( 8) (25? � �� ( 26) (1 2 ) 

( 1 8  ( 1 6) ( 31 

- 25 1 9 } - }0 1 7 41 6 
(1 0 ) ( 1 8� ( 1 7� (2 � 1 0) ��;� 

(6 � {32) ( 1 5) 
( 23 ( 21 0 ( 8 

� ' •  
I 

1 7 91 71 4 9 1 0} 71 1 69 1�  
(38) (71 � �66) (8)  37) ( 1 21 ) (25 � ( 1 25) (58) 

(81 76 ) ( 9) (144 ) (30 

ttl "'Cl " V ..L V 

o. 2.6 

21 2 
(1 6 ) ( 7) 

28 8 
( 26) ( 1 0) 

1 }0 29 
( 1 14) (45 ) 

32 6 
( 27) ( 1 1  ) 

}6 1 1  
(34) ( 1 3) 

1 49 34 
(1  }1 ) ( 52) 

Total 

2} 

36 

1 59 

38 

47 

1 83 

� 
......:! 
\.11 



APPmDIX II A. (cont. ) 

soil type 

Pt eridium escul entum - shade 
- 3 7 4 

(3 ) (4 ) ( 7) ( 5) 

P teridium esculentum - vertical 
- - 2 2 
(1 )  (2) (4) (3) 

Histio�teris incisa 
- - 2 1 
( 2) ( 3) ( 5) ( 4-) 

Polzstichum vesti tum 
- - - -

(2) (3 ) (5) (4) 

Czclosorus Eenniserus 
- - 2 5 
(2) ( 2) (4) ( 3) 

Czclosorus Eenniserus - shade 
- - 3 1 
( 1 ) ( 2) (4) ( 3) 

1 22 124  

1 8  6 
(8 ) (1 1 ) 

8 8 
(4) ( 6) 

4 20 
( 5) ( 8) 

7 20 
(5) (8) 

6 1 0  
( 5) ( 6) 

3 1 3  
(4) (6 ) 

orientation 
N -

1 1  1 4  1 2  1 
(1 2

� �
1 0

� (1 0� {1 4 . 1 2  (1 2 
( 6) 

6 4 1 0 -

(6) �5� ( 8) 6 
(5� (3 ) 
(6 

1 1  1 0  5 1 
( 9� (1 0  

( 7� � 7� ( 4) 
( 8 8 . 

8 1 2  6 1 
( 9� ( 1 0  � �� (7 � (4 ) 

( 8  

6 1 1  5 1 
( 7? ( 6) ( 6) (4) 
( 8  ( 7) ( 7) 

5 8 7 -
(6) ( 5) ( 5) ( 3) 
(8 ) (6 ) (6 ) 

0 

2 
(8) 

1 
{4) 

1 
( 6) 

-
(6 )  

-
(5 ) 

-
(4) 

altitude slope 
1 5  0 

27 9 - 1 1 6 
(1 5� ( 14� (

2 ) 
{1 8 (1 6  ( 2) 

(8) �25) 
31 ) 

14 5 - - 8 
( 8? ( 9 

( 7) ( 1 � ( 9) ( 1 
( 4) ( 1 3) 

( 1 7) 

1 22 3 2 1 9  � � �� � � �� � � � ( 6) (  1 8� 
{ 21 

- 1 6  1 1  1 1 7 �1 0) ( 1 0) �1 ) (6) ( 1 8) 
1 3 )  ( 1 2) 1 )  ( 22 ) 

7 1 6  - 1 1 2  
(9) ( 8) ( 1 )  ( 5) ( 1 5) 
( 1 1 )  ( 1 0) ( 1 ) ( 1 8) 

6 14 - - 8 
(8) (7) ( 1 � (4) ( 1 3 )  

(1 0)  (9) ( 1 ( 1 7) 

sheep 
30 0 

21 37 1 
( 5) ( 26) ( 1 2) 
(6 ) 

1 2  1 8  2 
(3) ( 1 4) (6)  
( 3) 

6 26 1 
(4) 
(4) 

( 1 8) ( 9) 

9 25 2 
(4� 

(1 8 )  (9 ) 
(4 

1 0  22 1 
(3) ( 1 6 )  (7 )  
(4 ) 

1 2  1 9  1 
(3) ( 14) ( 6) 
(3 ) 

0 

32 

cattle - - - --
2. 6 

6 
( 27) ( 1 1 )  

1 3 7 
( 1 4) ( 6) 

21 6 
( 1 9) ( 8) 

23 4 
( 1 9) ( 8) 

23 -
(1 6 ) ( 7) 

1 9  1 
( 1 4) (6 ) 

Total 

38 

20 

27 

27 

23 

20 

� 
"'l 
m 





APPENDIX II A. ( cont. ) 

soil type t N 
ori entation I o 1 1  H 1 3bH TlbH 1 1 8a 1 22 12.4  s EN -

Arundo ��e.lta@ 
2 6 4 1 6 1 0  5 2 3 3 

(1 ) ( 2) (4) ( 3) (4) (6) (6� ( 5) ( 5) ( 3) (4) 
� soil 1 :  1 (- )  (6 (5 ) (5 ) 

Carex 'Lucida 
2 1 0  6 8 2 4 1 1 7  7 5 3 1 4  
( 2) (3) (6) (4) ( 6) ( 9) (1 0

� 
(8) (8) ( 5) ( 7) 
( 9) ( 9) 

Juncus vagina tus 
8 3 33 23 1 6 1 1  

( 7) ( 9) ( 1 8) ( 1 4? ( 20) ( 27) 
a lso soil 1 2 : 2(-----

1 3 : 2(-) 

Juncus �llan themos 

( 1 1  

39 1 1,.  30 1 5  I 27 
( 31 � ( 26� ( 26� ( 1 5) ( 20) 
(31 (26 ( 26 

84 

a l titude I slope 
5 1 0  1 5  0 1 0 

3 1 3  1 4 1 2  
(8 ) 
(8) 

(7
� 

( 1 ) 
( 8 ( 1 )  

(4) ( 1}� 
(13 

1 2  6 - 4 24 
(1 2� ( 1 2� ( 1 � 
( 9  ( 8  ( 1  

(7 ) (21 � 
( 23 

48 21 2 I 1 9  67 
( 38� (35� ( 4� ( 20) ( 65) 
(35 (32 (4 (65 ) 

1 38 88 1 0  50 227 25 35 75 56 43 65 l1 1 1,. 71,. 91,. 38 
(23 ) (30) (58 )  (44) (64) (89)  1 01 )  (84) (85) (50 )  

also soil 1 :  1 1 (7 )  1 o6) ( 88) ( 89) 
- 1c: 3 ( 1 � 

(67 )  (1 24
�
( 1 1 6 ) (1 4

? 
(65)(21 1 )  

( 1 1 6  ( 1 08) ( 1 3 ( 224) 

1 2 : 4( 2 
1 3 :  3 (  1 ) 

Juncus lux:urians 
1o 6 7 3 1 2  6 1 8  8 1 6 7 20 20 8 1 7 35 
(4) (5) ( 9) ( 7) ( 1 0 ) (14 ) (1 5) ( 1 3) ( 1 3) ( 8) ( 1 0) ( 1 9� (1 8 )  ( 2) ( 1 0) {32� 
also soil 1 :  3 ( 1 ) ( 1 6) ( 1 3) ( 1 3) ( 1 4 ( 1 3 ) (2 )  (35 
- 1 2 : 1 (-� 

1 3 : 1 (-

30 I sheep I 0 1 0. 1  
cattle I 0 2. 6 

4 I 1 7  3 I 1 8 2 I 
( 3) ( 1 4) (6) ( 1 4) (6 ) 
(3) 

4 I 23 9 I 24 8 I 
(4
� 

( 22) ( 1 0) ( 23 ) ( 9 )  
(5 

1 2 I 56 42 I 70 28 I 
( 1 3) ( 67) (31 ) ( 70) ( 2�) 
(14 ) 

43 I 220 1 00 I 244 76 I 
(44� ( 21 9) (1 01 )  (229 ) (91 )  
(46 

7 I 35 14 I 38 1 1  I 
(7
� 

( 34) ( 1 5 )  (35) (14) 
(7 

Total 

20 

32 

98 

320 

49 

� 
---:1 
OJ 



APPENJJIX II A. (cont. ) 

il typ � 

a 1 22 1 24 
Muehlenbeckia co�lexa NC 

- - 1 2 6 7 
( 1 )  ( 1 ) ( 3) ( 2) (3) (4) 

Muehlenbeckia cos;lexa 
� - 2 2 1 1 29 

( 3) (4) ( 8) (6 � ( 9) ( 1 3) 
� soil 1 ; 1 ( 1 

Rubus cissoides NC 
- - 3 - 5 9 

( 1 ) (2 ) (3 ) ( 2) ( 3) (5 )  

Acaena spp. 
20 1 5 1 8  1 5  40 83 

(14) (18) ( 35) ( 27� ( 38)(53) 
� soil 1 :  1 (4 

Melicytus ramiflorus M 
- - 7 8 1 3  1 3  

( 3 )  (4) ( 7) (6 )  (8 ) (1 1 ) 

Melicl!us ramiflorus N 
- - 2 2 6 9 

( 1 ) ( 2) ( 3) (3) (4) ( 5) 

N 

6 
( 5� 
(6 

1 8  

· tat · -- - -- -- ---- -

s FiN 

5 4 
(4) (4 ) 
( 5) ( 5) 

1 0  1 6 � 1 4) � 1 2� ( 1 2) 
1 6 14 ( 14) 

3 7 7 
(5) (4) (5) 
( 6) ( 5) ( 5) 

64 50 61 

-

1 
(3 ) 

1 
(7) 

-
(3) 

1 7 
( 61 ) (50� ( 51 � ( 30) 
( 66 ) (!4- (55 

1 5 1 5 1 0  1 
(1 3 )  ( 1 1 � ( 1 1 ) (6 )  
( 1 5) (1 2 ( 1 3) 

8 8 3 -
( 6� (5? (5) (3 ) 
( 7  ( 6  ( 6) 

0 

1 
(3) 

3 
(9 )  

1 
(4) 

30 
(40) 

2 
(9 )  

-
(4) 

ltitud 1 4 
5 1 0  1 5  0 1 0  

p 9 1 2 1 1  ��� � 6) ( 1 � (3) ( 1 1 )  
7 )  (1 ( 1 2) 

9 27 6 3 27 
( 1 8) �1 6 � ( 2 ) 
(21 )  1 9 (2 ) 

( 9)  (30� (35 

6 8 2 - 9 
(7? (8  

(6 ) ( 1 � 
(7) ( 1  

( 3) ( 1 1 � ( 1 4 

63 85 1 4 22 1 32 � 74� ( 69)  ( 9� 
79 (74 )  (9 

( 3� 1 27� 
( 1 41 

1 5 22 2 2 26 
( 1 6� (1 5 )  ( 2� 
( 1 9 (1 8 ) ( 2 

(8) ( 27� (32 

4 1 3 2 - 1 2 
�
�
� � 7) ( 1 � (4 ) (1 3 )  

9 )  (1 (1 6) 

h 
30 0 1 0. 1  

3 1 5 1 
( 2) ( 1 1 ) ( 5 )  
( 2) 

1 5  40 5 
(6� ( 31 ) ( 1 4) 
( 7  

8 1 7 -
( 2 ) (1 2) (5) 
(3)  

38 1 31 61 
( 26� � 1 32) (60) 
{29 

1 3 39 2 
(6 ) ( 28) ( 1 3) 
( 7) 

7 1 6  3 
(3 )  (1 3 )  (6 ) 
(3) 

ttl e 
0 2. 6 

1 1  5 
( 1 1 ) ( 5) 

37 8 
(32) ( 1 3) 

1 5 2 
( 1 2) (5 )  

1 48 44 
,1 37) ( 55) 

34 7 
( 29 )  ( 1 2 ) 

1 7  2 
(14) (.5) 

Total 

1 6 

45 

1 7 

1 92 

41 

1 9  

� 
....:! 
\D 



AP?ENDDC II A. ( cont. ) 

soil type 
1 1H 1 3bH T/bH 1 1 8a 1 22 124 

Leptospermum sco�rium M 
4-5 4- 32 2 1 

( 7) ( 9) ( 1 7) ( 1 3) ( 1 9) ( 26) 
also soil 1 c : 1 (-) -

Leptos_p�. scorrium N 
2 53 30 54. 7 5 

( 1 3) ( 1 7) ( 32) ( 25� ( 35) (49) 
� soil 1 : 1 (4 

I N orientation I o s Eil -

27 34- 28 4- 4-3 
? 29� ( 24) ( 25� ( 1 5) ( 1 9) 
33 ( 28) ( 28 

59 55 54 1 0 73 
� 56� �47� (47� ( 28) ( 37) 
63 52 ( 53 

Leptosperuum scopa.rium N - shade 
- 14 2 2 1 - I 5 8 6 - 1 1 3  

( 1 ) ( 2) ( 3) ( 3) ( 4) ( 5) (6 ) (5) (5) ( 3) ( 4.) 
( 1> ( 6) ( 6) 

Metrosideros diffusa 
2 - 4 1 7  8 7 8 - -

( 2 ) (  2) ( 4) ( 3) (5) ( 6) ( 7� ( 6) ( 6 � (4- ) (5 ) 
( 9 ( 7) ( 7 

Metrosideros ditfusa - log 
2 - 6 1 8  1 3 8 5 - -

( 2) ( 2) ( 5) ( 4) ( 5) ( 7) ( 8� ( 7� ( 7� ( 4) ( 5) 
( 1 0  ( 8 ( 8  

Fuchsia excorticata M 
1 - 2 1 3 4. 8 4 - -

(1 ) ( 1 ) (3) ( 2) (3 ) (4) ( .5� (4) (4) (3 ) (3 ) 
(6 (5) ( 5) 

altitude slope sheep I o 
cattle 

Total 5 1 0  1 5 I o 1 0  30 I o 1 o. 3  2. 6  • 

49 1 - 5 83 5 I 79 14 I 79 14. I 93 
( 36) ( 34) (4.) ( 1 9) (  61 ) ( 1 3) (64.) ( 29) ( 66) ( 27) 
(24) (23 ) {3) ( 73) ( 1 5) 

98 7 - 1 1 6 1 1.3 1 9  1 14-6 32 1 1 35 43 I 1 78 
� 69� ( 64) ( 8� ( 36X1 1 7) ( 24� ( 1 22) ( 56) 1 27) ( 51 ) 
51 (4.8) (6 ( 1 34.) ( 28 

6 - - - 1 8  . 1 I 1 8 1 I 1 7 2 I 1 9  
�7) (7 ) (1 ) (4) ( 1 3 )  (3 ? (1 3) ( 6 )  ( 1 4) ( 5) 
3) (3) - ( 1 6 ) (3 

4. 1 1  8 2 1 6  5 I 22 1 I 1 3 1 0  I 23 
(9 � ( 8) ( 1 ) (5 ) (1 5 )  (3� ( 1 6 ) (7 ) (1 6 ) ( 7) 
( 1 1 (10) ( 1 ) (1 7) (4 

I - 1 9  7 2 21 3 I 25 1 I 1 9 7 26 
( 1 0� ( 9) ( 1 � ( 5) ( 1 7) (4) ( 1 8) ( 8) ( 1 9) (7) 
( 1 3 (1 2) ( 1 ( 20 ) (4 ) 

3 1 3 - - 1 0  6 I 1 .5 1 I 1 0 6 I 1 6 (6� (6 � ( 1 ) ( 3) ( 1 1 ) (2) ( 1 1 ) (.5 ) (1 1 ) (5) 
( 8 (7 (1 ) (1 3 )  (3) 

I I I 
� 
CO 
0 



.APPmDIX II A. (cont. ) 

soil type 
1 1  H 1 JbH 77bH 1 1  8a 1 22 1 24 I N 

Hydrocot.zle SJ2E• 
3 4- 6 47 1 9 

orienta tion 
s EN -

20 20 3 
(4) (6) ( 1 1 )  ( 9) ( 1 2) ( 1 7) (20� (1 6) ( 1 6� (1 0)  
also soil 1 : 1 ( 1 � (22 (1 8) ( 1 9 

1 (-TTb :  

C entella uni�lora 
7 4- 5 5 1 0  9 I 1 1,. 8 1 lt.  4 

(3) ( 4) ( 7) (6 )  (8) (1 1 ) (1 3 � (1 0) (1 1 � (6) 
(1 3 ( 1 1 ) ( 1 1  

I 
Oreomyrrhis andicola 3 

1 2 I 5 

5 

5 -
( 1 )  ( 1 )  ( 3) ( 2) (3 ) (4) ( 5 ) (4) (it.)  ( 2 )  

( 6) ( 5) ( 5) 
I 

Leuco,122�n �ascicula tus N 

- 1 0 6 7 1 - I 9 1 1  3 1 
( 2) ( 2) (it.) (3) ( 5) ( 7) ( 8) (6) (6 ) (4) 

( 9) ( 7) ( 7) 
I 

Geniostoma ligus trifolium N 
1 3 2 6 6 I 3 6 9 -

( 1 )  ( 2) ( 3) ( 3) ( 4) ( 5) ( 6) ( 5 ) (5 )  ( 3) 
( 7) ( 6) ( 6) 

I 
Dichondra repens 

1 - - - 6 8 3 5 7 1 
( 1) ( 1 ) ( 3) ( 2� (3) ( 4) ( 5� (4) (4 )  (3) 
� soil 1 :  1 (- (6 ( 5) ( 5) 

alti tude I 0 slope sheep cattle I 'fotal I o 5 1 0  1 5 1 0 30 I o 1 o. 1 I 0 2. 6  

- 7 44 1 1  5 46 1 1  I 44 1 8  I 46 1 6  I 62 
(1 3) ( 24) ( 22) (3� ( 1 3 ) (lt.1 ) (8 < (lt-2) ( 20) (lt.lt.) ( 1 8) 

(30 ) (28) ( 3  (47) (1 0; 

9 22 9 - 4 28 8 I 27 1 3 I 28 1 2 I 40 
( 8) �1 6 � ( 14� (2� (8 )g�� (5� (27) ( 1 3) ( 29) ( 1 1 ) 

1 5 (1 4  ( 2  (6 

- - 1 3 2 - 1 4 1 I 1 4  1 I 1 3 2 I 1 5 
(3) . (6 ) (5) ( 1 ) (3) ( 1 0) ( 2� ( 1 0) (5) (1 1 )  (4 )  

( 7) (7 ) ( 1 ) (1 2) (3 

1 1  1 3  - - 1 1 9 4 1 24 - 1 21 3 I 24 
( 5) ( 9 ? (9 ) (1 ) (5) ( 1 6 ) (3 � ( 1 6 ) ( 8) ( 1 7) (7 ) 

(6 (6 ) (1 )  ( 1 9 ) (4 

1 1 2  5 - - 7 1 1  I 1 6  2 I 1 3  5 I 1 8  
( 4) � �� ( 6) ( 1 ) (4) ( 1 2� ( 2� ( 1 2) (6 ) ( 1 3) ( 5) 

( 8
) 

( 1 )  ( 1 � (3 

I 1 6  2 5 9 - I 1 1 3  2 I 1 2 4 I 1 1  5 
(3) (6� (6 )  (1 )  (J ) (  1 1 ) ( 2) ( 1 1 ) (5 ) ( 1 1  ) (5) 

( 7  (6 ) (1 ) ( 1 2) (3 ) 
� 
(X) � 



APP�DIX II A. (cont. ) 

soil type orientation - I o 1 1H 1 3bH 77bH 1 1 8a 1 22 1 24 I N s E{{ 

Coprosma. rhamnoides N 
1 35 4 26 1 3 3 24 34 1 7 8 31 

( 6) ( 8) ( 1 5) ( 1 2) ( 1 7) ( 23 ) ( 26� ( 22
� 

� 22� ( 1 3) ( 1 7) 
� soil 1 3 : 1 (-) 

Comvro�ma_I"l'uiJlllloides N - shade 
1 1 5  - 2 
( 1 ) ( 2) ( 3) ( 3) 

Nertera depres� 
2 2 7 5 

( 2) ( 3) ( 5) ( 4) 

Nertera depressa - vertical 
5 1 

( 1 ) ( 2) ( 3) ( 3) 

Nertera setulosa 
1 1  1 1 21 1 7 

( 28 ( 23 24 

< �) ( ;) I ( �) 1 3 - - 1 1 4 
(5 ) (5 ) (3 ) (4) 

(7) ( 6) ( 6) I 
6 7 I 1 1 4 8 - 1 

( 6) ( 8) ( 9)  ( 8) ( 8� ( 5) ( 6) 
( 1 1 ) ( 9) ( 9  I 

4 9 I 7 9 3 - -
(4) ( 5) ( 6) � 5) ( 5) ( 3 )  (4 ) 

( 7) 6) ( 6) 

52 1 1 8 80 77 65 9 20 

altitude I o 
slope 

5 1 0  1 5  1 0  

46 6 - 9 56 
( 32) � 30) ( 4) 
(25) 24-) ( 3) 

( 1 7) ( 55� 
( 61 

4 - - - 1 8  

( 7
? 

( 2 
( 6? ( 1 ) 
( 2 (-) 

(.l.) ( 1 2� 
( 1 5 

1 5 1 3  - - 22 
( 1 1 � �1 0� ( 1 ) (6) ( 1 9 ) 
( 1 4 1 3  ( 2 )  (24) 

7 1 2  - - 1 2 
(7 � (7 � ( 1 )  (4) ( 1 3) 
( 9  ( 9  ( 1 ) ( 1 6 ) 

67 1 28 1 6  24 1 74 
( 1 7) ( 21) ( 42) ( 32) (46) ( 64) ( 73) ( 61 ) ( 61) ( 36) ( 48) ( 90) ( 83? ( 1 0� ( 4i( 1 52) 
� soil 1 :  1 ( 5) ( 83 ) C69) (70 ) \1  03) ( 96 ( 1 1  ( 1 71 )  

Nertera s etulosa - vertical -
2 - 5 3 1 1 I 1 
( 2) ( 2) ( 4) ( 3) ( 5) ( 7) ( 8? 

( 9  

7 1 0  
( 6) ( 6� 
( 7) ( 7  

- 1 
(lt.) (?) 

1 1  1 1  1 I - 1 9 ( 9� ( 9� ( 1 ) ( 5) ( 1 6� 
( 1 1  ( 1 0 ( 1 ) ( 20 

sheep cattle Total 30 I o 1 o. 1  I o 2. 6 I 

1 8  I 80 3 I 69 1 4  I 83 
( 1 1 )  ( 57) ( 26) ( 59) ( 24) 
( 1 3) 

- I 1 8  - I 1 8  - I 1 8  
( 2) ( 1 2) ( 6) ( 1 3) ( 5) 
(3 ) 

7 1 24 5 , 24 5 I 29 
( 4) ( 20) ( 9) ( 21 ) ( 8) 
( 5) 

1 I 1 2 1 I 1 7 2 I 1 9 
(3) ( 1 3) (6 ) ( 14 ) (5 ) 
D) 

33 I 148 83 I 1 66 65 I 231 
( 32) (1 58) ( 73) ( 1 65) ( 66) 
(36) 

5 I 1 8  6 I 1 8  6 I 24 
( 3) ( 1 6) ( 8) ( 1 7) ( 7) 
(4) 

� 
(X) 
1\) 



AP2ENDIX II A. ( cont. ) 

soil type orientation - I o 1 1 H 1 }bH TlbH 1 1 8a 1 22 1 24. f N s EN 

Olearia virga_�a N 
1 - 4 1 0 I 2 6 7 - 1 

( 1 ) ( 1 ) (3) ( 2) ( 3) ( 4) � �� (4� (4)  ( 2 )  ( 3 )  
(5  ( 5) 

O learia solandri N , ;) I ,� ) 
-

4 8 4 5 6 7 1 1 -
( 1 )  ( 2) ( 3) (.3) (4) (5) (6 ) ( 5) ( 5) 

( 7) ( 6) ( 6 )  

Helichrysum_f'ilica.ule 
2 - 1 6 56 

( 5) ( 7) ( 1 3) ( 1 0) ( 1 5) ( 21 )  

Brachyglottis repanda M 
1 1 9 1 9  

( 2) ( 3) ( 5) ( 4) ( 6) ( 8) 

26 30 1 5  3 
( 23) ( 1 9� ( 20) ( 1 2) 
(27 ) (22 ( 22 

1 2  9 9 -
( 9� ( 8) ( 8 ) (5 ) 

( 1 1 ( 9) ( 9)  

-
( 1 5) 

-
(6 ) 

altitude I slope I sheep I ca ttle Total 5 1 0  1 5  0 1 0  }0 0 1 0. 1  0 2. 6 I 

2 1 0  2 - 1 2 , I 1 .3  2 I 1 4 1 I 1 5 

��� ��� �� � ( 3) ( 1 0 )  g � ( 1 0 )  (5 ) ( 1 1  ) (4 ) 
( 1 2) 

1 1  8 1 0 I 1 6 2 I 1 5  3 I 1 8  4 1 -(1 � (6 ) (1 )  (4) (  1 2) ( 2� ( 1 2) (6) ( 1 3 )  (5 ) 
(8 ( 7) ( 1 ) ( 1 5)  (3  

9 42 23 8 59 1 I 49 25 I 56 1 8  I 74 

� 29� ( 27� ( 3? ( 1 5) (49) ( 1 0� ( 51 ) ( 23) ( 53) ( 21 )  
36 ( 34 ( 4  (55 )  ( 1 1  

1 2  1 6 2 - 1 3 1 7  I 26 4 I 28 2 I 30 
( 1 2� ( 1 1 ) ( 1 � (6) ( 20) (4� (21 ) ( 9 )  ( 21 )  ( 9 )  
(1 5 ( 1 4) ( 2 ( 25) ( 5 

Bra.chy�lottis re� N 

( 2) (3 ) (5 )  (4) (6 ) (8 ) (9 ) (8 ) (8) (5) ( 6) ( 1 1 ) (1 0 )  ( 1 ) (6) (1 9 � (1� ) ( 20) ( 9) (21 )  (8 )  
1 2 7 1 9 9 1 1  9 - J 1 1 }  1 2 3 t - 9 20 I 26 3 I 26 3 I 29 

( 1 1 )  ( 9) ( 9) ( 14) ( 1 3) ( 2) (24 (5 ) 
- - � - � - - - - - - - - - - - � - - - - - - - - - - - - - - - � - - - - - - - - - - - - � - - � - - - - � - - - - - -· - - � -
Ulex europaeus N 

1 9 14  - 2 1 2  2 1 6  1 3 1 7 5 31 1 8  2 - 6 29 1 6  I 41 1 0 I 43 8 I 51 
(4) (5) ( 9) ( 7) (1 0) (14) (1 6) ( 1 3) ( 14) ( 8) ( 1 1 )  �20� (1 8� ( 2� (1 0) (34) ( 7� ( 35 ) ( 1 6) (36) (1 5 ) 

� soil 1 :  1 ( 1 � (1 7 ) (1 4) (1 5 )  1 0 ( 9 ( 1  (37) (8 
1 c :  1 (- I I 

' � 
OJ 
\).1 



APPENDIX II A. (cont. ) 
soil ·type 1 orientation I altitude slope . 

3o I sheep I cattle Total 
N s EN - 0 5 1 0  1 5  1 0 1 0  0 1 0. 1  0 2. 6 1 1 H 1 3bH 77bH 1 1 8a 1 22 1 �  

Citisus scoparius N 
2 - a 1 1 I 1 1  5 1 1 

( 1 ) ( 2) ( 3 )  ( 3 )  (4) ( 5) ( 6) ( 5) (5 ) (3 ) 
( 6) ( 5) ( 5) 

- - - - - - - - - - - - � - - - - - - - - �- - - - � - - - - - -

7 1 1 - - � 1 1 '+  3 I 1 7 1 I 1 3  5 I 1 8  
(4 ) ( 7 ) ( 6) � 1 ) (4) ( 1 2 ) ( 2) (1 2 ) (6 ) ( 1 3 )  ( 5 ) 

(5 ) (5 ) 1 ) ( 1 4) (3 ) 
- - - - - - - - - - - - - - - - - -· - - - - - . - - - - - - · - - - -

.Pastur e  

( 73) ( 95) ( 1 84) ( 1 42) ( 203)(28Jf ( 322) ( 267) ( 270) ( 1 60) 21 3) ( J95) ( 368) ( lt-4) 
7'+ 95 1 83 1 '+2 201, 28 3 323 266 270 1 60 l 21 3 3 9 3 369 l,1, 

� soil 1 1 c  1 2 1 3  77b ( 322) ( 267) ( 270) � (395 ) (368) ( 4-4) 
21 4 5 4 lt-

( 21 ) (4) (5) (4) (4) 

Pas ture - shade 
34 71 56 n 

{28H�Zl �11� ���� also soil 1 1 c  1 2  -
) 1 2 

(8 ) ( 2) ( 2) 

.Pasture - swampy 
1 1 5 3 

.)8 90 
.£�liQ�) 
13 
1 

( 2) 

1 8  41 

1 27 1 31 1 1 1  24 
( 1 �) 0 0.3) ( 1 04) ( 62) 
( 1 .38) ( 1 1 5) ( 1 1 6) 

29 23 1 7 1 

1 1 1  1 72 95 1 5  
( 82) ( 1 52) ( 1 42) (  1 7) 

( 1 38) (  1 29) ( 1 5) 

4 1 .3  44 . 9 
(5 ) (7 )  (1 3 )  (1 0) (1 4) ( 1 9) ( 22) ( 1 8? ( 1 9) (1 1 ) (1 5) �27� ( 25 � (.3� � soil 1 2 : 1 (-) ( 26) ( 21 ( 22) 32 (30 (4: 

D�Me _ _I>ha.p._eroll� 
4 1 0  2 4 5 1 0 1 1 0 9 1 5  1 1 1 0  1 4 9 2 

(3)  ( 5) ( 6 )  ( 5 )  (7 ) (1 0 ) ( 1 1 ) ( 9) ( 9� (5)  (7 ) �14) ( 1 3 � ( 2� 
( 1 3) (1 1 ) (1 1  1 2 ) (1 1 ( 1  

201 6 77 1 35 I 694 325 I 725 294- I 1 01 9 
( 20ij)(673) ( �40) ( 6981 321 ) ( 729) ( 290) 

( 672) ( 1lt-0) 

.3.3 278 82 I .342 51 I .303 90 I .39.3 
< 8oX259) ( 54� ( 269) (1 �) ( 281 ) ( 1 1 2) 

( 298) ( 62 

2 54 1 4  I 56 1 4 I 55 1 5  I 70 
( 1 4) (46� ( 1 0) ( 48) ( 22 ) (50) ( 20) 

(56 (1 2 )  

a I 30 5 I 32 3 I 2 25 35 
(7) ���� � � � ( 24 ) ( 1 1  ) ( 25) ( 1 0 ) 

� 
CO -t:-



APPENDIX II A. (cont. ) 

soil tyue 
1 22 1 24  

Bare - tra. ck -
1 2  21 .36 30 28 55 

( 1 .3) ( 1 7) (34) ( 26) ( 37) ( 52) 
also soil 1 :  4(4) 

� - s to ck trampling 

� - s lip 

� - U>g 

Bare - shade 

7 1 1 8  27 3.3 61 
( 1 1 ) ( 1 4) ( 27) ( 21) ( 30) (42) 
also soil 1 :  1 {3) -

Tlb : 3(1 ) 

5 4 1 2  14 
(.3 )  (4) ( 8) (6)  

12 22 65 60 

3 8 
( 9) ( 1 .3) 

81 148 
( 28) ( .36) ( 71 ) ( 54) ( 7tl108) 
� soil 1 :  1 (8� 

1 c :  1 (2 

;- 1 2  3 1 4 4 
( 2) ( 2) ( 5) ( 3) ( 5) (7)  

.!!!2 soil 1 : 1 ( 1 ) 

� - greywaoke 
.3 1 8 7 38 59 
(8 ) (1 1 ) (21 ) ( 1 6) ( 23 ) (.33 ) 
,!!!2 soil 1 :  2(2) 

ori enta tion 
N s EN -

70 6.3 44 9 
( 59) (49) (49) ( 29) 
(66 ) (55) (56 )  

49 44 48 1 0  (48� ( 40) (40� ( 24) 
(5.3 (44) ( 44  

2.3 1 0  1 .3  -
( 1 5 )  (1 2) ( 1 2) ( 7) 
( 1 7) ( 14) ( 1 5) 

1 .35 1 21 1 06 28 
( 1 2.3)( 1 ell� ( 1 03� ( 61 ) 
( 1 36 ) (1 1 .3  (1 1 4 

8 8 7 2 
(8 ) (7 ) (7) (4) 
( 9) ( 7) ( 7 ) 

45 34 33 6 �t�� ��1� i�1� ( 1 9) 

0 

46 
( .39) 

1 2  
( 32) 

1 2  
( 1 o) 

32 

al ti tude - - -
5 1 0 1 5  

68 66 6 
( 72) ( 67) ( 8) 
(69 ) (64) (8 ) 

64 66 9 
( 59) ( 55) ( 6) 
(68) (63) (8)  

23 9 2 
( 1 8) ( 1 7) (2 )  
( 1 7) (1 6 )  ( 2) 

1 40 1 91 27 
( 82) � 1 51 � ( 1 41 � � 1 7� 

1 75 ( 1 63 1 9 

14 7 4 -
( 5) ( 1 0) ( 9) ( 1 )  

(5 ) (5 ) ( 1 ) 

4 }8 6.3 1 .3  
( 25) 

��� �;�� �
�� 

s lope 
0 

1 1  1 35 
( .38X1 2.3) 

( 145) 

1 2  1 05 
( 31X1 oo) 

(1 1 5 )  

- .32 
(9) (.30) 

( .38) 

36 303 
( 80) (257? 

( 293 

2 1 8  
(5) (1 7 ) 

(1 9 )  

7 69 (24) ���� 

hee -----. 
.30 0 1 0. 1  

40 1 38 48 
( 2;,) 
(30 ) 

(1 27) ( 59) 

34 1 1 3  38 
( 21 ) ( 1 0.3) ( 48) 
(24) 

14 36 1 0  
(6 ) (32 ) ( 1 4) 
( 8 )  

51 270 1 20 
( 53� 
(61 

( 26�(1 23) 

;, 24 1 
(3 ) ( 1 7) ( 8 ) 
(4) 

42 95 23 

� � ;� ( 81) ( 37) 

catt l e  
0 

1 51 .35 
( 1 .3.3) ( 53) 

1 1 5  36 
\ 108) ( 43) 

41 5 
( .33) (1 .3) 

269 1 21 
( 279) ( 1 1 1 ) 

22 3 
( 1 8) ( 7) 

89 29 
( 84.) ( 34.) 

Tota l  

1 86 

1 51 

46 

.390 

25 

1 1 8  ...;, 
(X) 
\J1 



AH>:E:IDIX. n. B. RE-RUN TRANS�TS 

soil type I N orientation 
1 1  H 1 3bH 77bH 1 1 8a. 1 22 1 24.  s Efl 

Trifolium dubium 
3 - 2 3 1 6 3 
- ( 1 ) ( 2) ( 2) (6) ( 5) 
� soil 1 � 2 (- ) 

��� 
Trifolium repens 

2 1 5 3 a 9 1 1 2 
( 1 ) ( 2) ( 4) ( 3� ( 1 1 ) ( 1 0) ( 9) 
.!!:!2 soil 1 :  2� 1 ( 9) 

1 c:  1 -) 
1 3 : 1 (-) 

4 7 
(4

� (4 g� 
7 8 

(8� ( 1 0� 
( 8  ( 1 0  

Cirsium lanceolatum 
1 - 1 8  1 1  9 7 1 1 2  1 2  1'+ 

( 1 ) ( '+) ( 7) ( 5� ( 1 6) ( 1 5) 1 1"l ( 1 3) ( 1 5l also soil 1 :  1 1 1 2 ( 1 2) ( 14  - 1 c : 1 (-
1 3 : 1 (-

Cirsium arvense 
2 6 3 1 9 7 8 1 3 

(1 ) ( 2) (4) (3 ) ( 1 1  ) ( 1 0) (9 )  ( 8) ( 1 0) 
!l!2 soil 1 : 1 ( 1 � ( 9) ( 9) ( 1 0) 1 3 : 1 (-

Cirsium pe.lus_�re 
5 7 9 1 6  4 14  1 8 

. ( 1 ) ( 3) ( 5) (4) ( 13) ( 1 2) 
� soil 1 3 : 1 (- )  

( 1 0� � 1 0� � 1 2� 
( 1 2 1 1  1 3  

- I 0 

3 4 
( 3 )  ( 3) 

5 9 
( 5) ( 5) 

1 1  7 
( 8) ( 7) 

'+ I 3 ( 5) (5 ) 

2 -
( 6) ( 6) 

altitude J slope I sheep cattle  
5 1 0  1 5 0 10 30 0 1 0. 1  I o 2. 6 I Total 

6 2 5 3 1 3  1 I 1 0  1 1 1 4 3 I 1 7 
( 7) ( 6) ( 1 ) (4 ) (1 1  � ��� ( 1 2) ( 5 ) ( 1 2 ) ( 5) 

( 1 2  

9 1 0 
'+ I 6 23 3 I 1 8  1 4  I 22 1 o I 32 

( 1 4) ( 1 1 ) ( 2) ( 7) ( 21 ) (4� ( 22) ( 1 0) ( 23) ( 9) 
( 22) (4 

33 6 3 1 2  30 7 I 26 23 I 35 14 I 49 
( 21 ) ( 1 7) ( 3) ( 1 1  ) (  32� ( 6) ( 34) ( 1 5) ( 36) ( 1 3) 

(31 (6) 

7 1 8  4 4 1 7  1 1  I 1 8  1 4  , 21 5 I 32 
( 1 4) (1 1 ) (2 ) ( 7) � 21 ) �4) ( 22) ( 1 0 ) t (23 )  ( 9) 

24) 4) 

1 7 1 6 5 4 26 8 I 22 1 6  I 33 5 I 38 
( 1 6) ( 1 3) (3) ( 8) ( 25� (4� ( 26) ( 1 2) ( 28) ( 1 0) 

( 29 (5 
I I I � 

ill 
0'1 



APPENDIX II B. (cont. ) 

soil type orientation 
1 1  H 1 }bH 77bH 1 1 8a 1 22 1 24 I N  s m! -

Hypochoeris radi.� 
3 33 ,6 I 28 24 21 5 1 2 3 

( 1 )  ( 6) ( 1 1 )  

Holcus l.ana tus 
6 2 

( -) ( 2) ( 3) 

Agrostis tenuis - 1 3 5 .  
( 1 )  ( 6) ( 1 1 ) 

( 8) ( 26) ( 24) � 22� � 20� ( 24) ( 1 2) 
24 22 ( 27) 

- 9 6 
( 2) ( 8) ( 7) 

I 
14 3 3 � 6) ( 6� �7� 
7) (6 7 

3 
(4) 

2 29 32 I 28 25 23 5 
( 9) ( 27) ( 25) ( 22) ( 21 ) ( 25� ( 1 3) 

(25 )  ( 23) ( 28 - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - -
p -

1 4 1 - 24 25 1 8 1 7 1 9 1 
( 1 ) (4) ( 8) ( 6) ( 1 8) ( 1 7) ( 1 5� ( 1 4) ( 1 7� ( 9) 

( 1 8  ( 1 7) ( 20 

Pasture - shelf 
2 - - 3 9 3 
- (1 ) (2 ) (2 ) (6) (5) 

Pasture - track 
3 4 22 1 8  55 5I. 

(2) (1 2) (22) (16 ) (52) {48) 

2 1 1  4 

f5) � 4J �
5 ) 

6 5 )  6 ) 

4-1 50 65 

-
\3) 

-
�4-,� (41 � (48� (24) 
51 (48 (57 

I altitude I o 
slope 

30 I sheep I cattle 
0 5 10  1 5 1 0 0 1 0. 1  0 2.6 I Total 

I 8 1 5  50 5 1 0  5J 1 5  I 55 23 I 62 1 6 78 
( 1 2) ( 33) ( 28) ( 6) ( 1 7) (  52) ( 9� ( Sft.) ( 24) ( 57) ( 21 ) 

(58) (1 0 

9 4 9 1 5 1 4  4 I 1 9  4 I 1 8  5 I 2j 
(4) ( 1 0) ( 8) ( 2) (5) ( 1 5) (3) ( 1 6) (7 ) (1 7) (6) 

( 1 5) (3) 

1 5 20 J,.O 6 J 7 61 1 3  I 68 1 }  I 65 1 6  I 81 
( 1 2) (34) ( 29) ( 6) ( 1 8) ( .54-) ( 1 0) ( 56) ( 25) ( 59) { 22) 

{63)  ( 1 1 )  - - - - - - - - - - - - - - - - - - · - - - - - . - - - - - - ·- - --

6 
( 8) 

2 
(3) 

1 5  
(24) 

1 4  .}0 5 
( 23) ( 1 9) (4) 

1 1  4 -
(7) (6) (1 ) 

4 39 
( 1 2) ( 36� 

(43 

- 1 4  
(4) f' 1 )  

1 4) 

1 2  I 41 14 f 39 1 6  
( 6 � (38) ( 1 7) ( 40) ( 1 5) 
(8 

I 

3 I 1 2  5 I 1 1 6 I 
( 2 � ( 1 2) (5) ( 1 2) ( 5) 
(3 

68 61,. 9 I _ 1 1 6  '+0 
(66)  (55 ) (1 1 ) (34X1 o3) (1 8� 

( 1 32) ( 24 

1 28 28 1 1 23 33 I 
( 1 08) {48) (f 14)  (42) 

I 

55 

1 7 

1 56  

� 
OJ 
-.,J 



AWENDIX III. FR!QUENCY OF MINOR SPECIES .AND CATEGORIES 

A. ORIGINAL TRANSWTS 

Cladonia sp. 
Porella sp. - greywacke 
Marchan tia sp. 
Sphagnum sp. 
Cam2Ylopus introrlexus • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Thuidium turturosum - shade 
Rgynchoategium tenuifolium - shade 
�copoaium volubile " " shade 
Cyathea medullaris N • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  " ; - log " " - shade 

" " vertical 
Cyathea medullaria vertical 
Dicksonia squarrosa K • • • • • · • • • • • • • • • • • • • • • • • • • • • • • •  

Dicksonia squarrosa N - shade 
- swampy 
- vertical 

Dicksonia squarrosa vertical 
HYpolep4a rugulosa • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • •  " " log " " - shade " " - vertical 
Paesia acaberula log 
Pteridlum esoulentum - log • • • • • • • • • • • • • • • • • • • • • • • •  

Histiopteris inclaa - log " " shade 
Adiantum affine - shade " " - vertical 
Polystichum vestitum shade • • • • • • • • • • • • • • • • • • • • • •  

" " vertical 
Polyatichum richardi 

If " shade 
" .. - vertical 

Cyclosorua pennigerus - swampy • • • • • • • • • • • • • • • • • • • • 

- vertical 
Blechnum filiforme .ltC 
Blechnum pennamarina. 
Blechnum procerum - swampy 

" " - vertical 
Blechnum fluviatile - log 

" " - swampy 
Blechnum diacolor - shade " " swampy 

• • • • • • • • • • • • • • • • • • • • • •  

" " vertical • • • • • • • • • • • • • • • • • • • • • •  
Asplenium lucidum - vertical 
Asplenium b�lbiferum " " - shade " " - vertical 
Microaorium diversifolium • • • • • • • • • • • • • • • • • • • • • • • • •  " " 
Podocarpus dacrydioides M 
Podocarpus totara M 

shade 

Freycinetia banksii 
Miarolaena avenacea 
Danthonia spp. 

. . . . . . . . . • • • • . • . . . . . . • . . . . . . . . .  

.Arundo kakaho 
Poa anceps 
Poa caespi toaa 

- vertical 
shade 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

2 
1 
1 
2 
1 
2 
2 
4 
1 
5 
1 
1 
1 
1 

1 1  
4 
2 
1 
1 

1 4  
1 
5 
1 
5 
3 
1 
8 
1 
2 
7 
1 
8 
3 
4 
1 
3 
1 

1 0  
8 

1 1  
2 
1 
7 
2 
4 
1 
2 
1 
1 
1 
1 
1 
4 
1 
3 
4 
1 
3 
1 
2 

1 88 



APPmDIX Ill A. ( cont. ) 
Mariscus uatulatua 
Eleocharis acuta 
Eleocharis cunninghamii 

" " swampy 
" " - vertical . . . . . . . . . . . . . . . .  

Soirp1s proliter 
" " - shade 
" " swampy 

S cirp1s nodosus 
Soho�s �llaris - shade • • • • • • • • • • • • • • • • • • • • • • • •  

Scho enus apogon 
" " - shade 

Schoenus apogon var. la.xitlorws 
Vinoentia sinclairii 
Gahn.ia sp. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Uncinia unciniata 
Carex secta 

" " - swampy 
Car ex gemina ta 
Carex lucida - shade 
Carex dissita 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

" 
" 

" 
" 

shade 
vertical 

Carex solandri 
Rhope.los tflis sa pida M • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Junous pa lidus 

" " - swampy 
Juncus pe.uoitlorus 
Junous vagina tus - shade 
Juncus polyan themes - shade 

" " - sw-ampy 
Junous luxurians - swampy 
Junous planitolius 

" " swampy 

• • • • • • • • • • • • • • • • • • • • • • •  

Rhipogonum aoandena MC • · • • • • • • • • • • • • • • • • • • • • • • • · • • •  
Rhipogonum scandens N 
Rhipogonum scandens 
Cordyline auatralis M 
Aatelia nervosa 

" " - shade 
.Li bertia ixioidea 
Maoropiper exoelsum M 
Maoropiper exoelsum N 

• • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " - vertical 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • No thotagus solandri M 

No thofagus solandri N 
ti ii - shade 

Para trophis microphylla M 
Urtioa terox N 
Urtica terox • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • •  
Knightia exoelaa M 
Muehlenbeckia australis YJ 
Muehlenbeckia australis - shade 
MUehlenbeokia complexa MC 
Muehlenbeokia oomplexa NC - log • • • • • • • • • • • • • • • • • • •  

" " shade " " swampy " " - vertical 
Muehl enbeokia complexa ll 

" " 
Muehl enbeckia complexa 

" " 
" " 
" " 

log • • • • • • • • • • • • • • • • • • •  
- greywaoke 

log 
shade 

- vertical 
Clematis panioulata NC • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Ranunculus hirtu� - vertical 

Pseudowintera axillaria M 

189 

1 
4 
7 
1 
1 
1 
1 
6 
2 
1 
5 .. 
1 
4 
1 
1 
1 
6 
2 
1 
3 
7 
2 
1 
4 
1 
8 
1 
1 
1 

1 0  
1 0  
1 
3 
3 

1 2  
2 
1 
1 
1 
1 
1 
4 
4 
1 
5 c . 

1 
4 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
2 
1 

1 4  
3 
7 
1 
1 
1 



APPENDIX III A. ( cont. ) 

Paeudowintera axil la.ris N 
Pseudowintera colorata K 
Pseudowintera colorata N • • • • • • • • • • • • • • • • • • • • • • • • • •  

" 
" 

" 
" 

- log 
- shade 

Pseudowintera colorata 
He;Hcarya arbOrea K 
B elsohmiedia tawa M 
C arpod �tus serratus M 
C!lJ>odetus serratus N 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " - swampy 
Carpodetus serratus 
Weinmannia racemoaa M 
Weinmannia racemosa N 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

" 
" 

" 
" 

Weinmannia racemosa 

- swampy 
- vertical 

" " log • • • • • • · • • • • • • • • • • • • • • • •  

Rubus cissoides MC 
Rubus cissoides NC 

" " 
Rubus cissoides N 

" " 

log 
shado 

shade • • • • • • • • • • • • • • • • • • • • • • • •  

Rubus cissoides 
Acaena spp. log 

" - shade 
" - vertical 

Melicope simplex N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Coriaria arborea K 
Pennantia COrymbo&a M 
Pennantia corymbosa N 
Alectrzon excelsum M 
Alect£YOn excelsum N • • • • • • • • • • • · • • • • • · • • • • • • • • • • • •  
Elaeocarpus dentatus M 
Aristotelia serr�ta M 
Aristotelia serrata N 
Aristotelia serrata 
Hoheria sexstyloaa M • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Hoheria sexstylosa N 

" " - vertical 
Leptospermum scopa.rium N - swampy 

" " - vertical 
Leptospermum scoparium 
Leptospermum ericoides M 
Leptospe� ericoides N 

• • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " - shade 
Metrosideros scandens JrC 
Metrosideros scandens NC • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " 
Metrosideros scaDdens N 
Metrosideros scandens 

- log 

log 
" " - shade 

Metrosideros diffusa MC 
:Metrosideros diffusa NC 

• • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " shade 
Metrosideros diffuaa N 

" " 
" " 

Metrosidoroa diffusa 
" " 

- log 
shade 

shade 
- vertical 

Metrosideros robusta M 
Metrosideros perforata MC 

• • • • • • • • • • • • • • • • • • •  

Metrosideros perforata NC - log • • • • • • • • • · • • • • • • • • •  

Metrosideros perfora ta. N 

1 
7 

14 
1 
2 
2 
8 
8 
5 

1 0  
1 
1 
4 
5 
1 
1 
1 
1 

1 1  
1 
6 
9 
2 
1 
4 
4 
7 
1 
1 
4 
4 
1 
1 
1 
4 
2 
1 
4 
5 
1 
1 
5 
1 
2 
1 
1 
3 
2 
1 
2 
2 
1 
4 
2 
1 
8 
2 
1 
9 

14 
1 
4 
1 
3 
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APPENDIX III A. (cont. ) 

Metrosideros perforata 
" " - log 
" " - vertical 

Mfrtus bullata M • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

M$ftus bul lata N 
Fuchsia excortica ta N 

" - shade 
Haloragis erecta N 
Haloragis micrantha • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " vertical 
Gunners atrigoaa. 

" " 
" " 
" " 

- log 
shade 
swampy • • • • • • • • • • • • • • • • • • • • • • • • •  

" " - vertical 
Nothopa.nax arboreum l4 
Nothopanax arboreum N 
Sch«fflera digitata M 
Pseudopans.x cra.asifolium N • • • • • • • • • • • • • • • • • • • • • • • •  

" 
H.ydroco tyle spp. 

" 
" 

" 
greywacke 
log 

- shads 

shade 

" - �PY • • • • • • • • • • • • • • • • • • • • • • • • •  
" - vertical 

Centella uniflora - shade 
Griselinia littorali s N 
Gaultheria antipoda N 
Gaultheria antipoda • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Leucopogon taaoicu.la tua )( 
Leuc�pogon faact�latua N 

Leuoopospn faaoiculatus 

log 
shade 

Rapanea salicina M • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Geniostoma ligustrifolium M 
Geniostoma liguatrifolium N 

" " 
Geniostoma ligus tri£olium 

shade 
vertical 

Parsonsia hetero�lla MC • • • • • • • • • • • • • • • • • • • • • • • • •  
Parsonaia het!ropbqlla N 
Parsonsia heteroP9Ylla 
Solanum aviculare N 
Hebe salicifolia M 
Hebe salicifolia N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Hebe salicifolia - vertical 
Rhabdothamnus solandri 
Myopor'..m laetum M 
Coprosma australia M 
Coprosma auatz alis N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Coprosma robuata M 
Co;prosma robusta N 
Coprosma rhamnoides M 
Coprosma rhamnoidea N greywacke 

" " log • • • • • • • • • • • • • • • • • • • • • • •  " " vertical 
- vertical Coprosma rhamnoides 

Coprosma parviflora 
Copro sma toetidissima N 
Coprosma colenaoi K • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Nert era depresaa greywacke 

" " log 
" " - shade 
" " 

N ertera setulosa 
swampy 
log 

1 
1 
1 
2 
1 
1 
1 
1 
4-
1 

1 0  
1 
2 
.} 
5 
1 
.} 
8 
1 
1 
1 
8 
2 
2 
4-
4-
1 
1 
2 
9 
1 
6 
' 
1 
1 
5 
1 
2 
4-
1 
1 
2 
1 
3 
1 
1 
2 
5 
2 
.} 

1 1  
1 
1 
2 
2 
1 
1 
1 
1 
1 
4-
3 
.3 
8 

191 



APPENDIX III A. ( cont. � 

N ertera setulosa - shade 
ti " - - swampy 

Wahlenbergia marginata w.r. australis 
Olearia rani K 
olearia rani N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

01 earia virga t.! M 
Olearia virga ta N 

u " 
swampy 
vertical 

Olearia virga ta 
Ol earia solandri N - vertical 
Olearia. solandri 

" " - vertical 
Raoulia glabra 

" " vertical 

• • • • • • • • • • • • • • • • • • • • •  

Raoulia tenuioaulis • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Heliohrysum filioaule log 
" " - shade 
" " - vertical 

X HeliCbrySum fili�ule-Raoulia glabra? 
Helicb£Ysum glomeratum N • • • • • • • • • • • • • • • • • • • • • • • • • •  

" " - vertical 
Cassi.nia leptoph,ylla N 
Erechtitea prenanthoides 

" " - shad• 
Braohyglottia repanda N - shade • • • • • • • • • • • • • • • • • • •  

- - - - - - - - � - - - - - - - - - - - - - - - - - -

Berberis vulgaris N 
Rubus fruticosua N 

.. " 

Ule:x europaeua M 
shade 

Ul ex europaeua N - shade • • • • • • • • • • • • • • • • • • • • • • • • • •  
Oytisus sooliSiua M 
Salix tragi s M 
Car ex 1 eporina 
P1nus radia ta M 
Pinus murioata M • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Cupressus lawsoniana N 
Cupressus mecrooarpa M 

Juncus eftusua 
" " - swampy 

Phanerophyt e b"'.ses 
Bare - burrow entrance 
-;-- - vertical 

" - gu.lly " - slump • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
" 

" 

" 
" 

" 
" 

- wind erosion 
�eywacke gravel 
mudstone 
sand 
sandstone 
silt 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

.t-

1 0  
1 
1 
3 
4 
5 
1 
1 
1 
1 
2 
1 
5 
1 
1 
1 
1 
7 
1 
6 
1 
1 
3 
1 
5 

1 
4 
2 

1 3  
5 
7 
1 
1 
2 
1 
1 
6 

1 0  
1 

14 
5 
9 
1 
3 
2 
3 
3 
2 
2 
1 

1 92 



B .  RE-RUN TRANSFDTS 

Nasturtium otficinale 
Geranium molle 
Trifolium dubium - swampy 

a " - track 
Trifolium refena - swampy • • • • • • • • • • • • • • • • • • • • • • • • •  

" - track 
LOtus uliginosus 
Achillea milletolium 
Carduus tenuiflorus 
§ypocheoris radicata - track • • • • • • · · • • • • • • • • • • • • • •  

Leontodon h1spidus 
Digitalis eurpurea 

" " - vertical 
Mentha pulegium 
Carex glauca • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

carex le;porina 
Loliwn perenne 
Daoty11s glomerata 

" " 
" " 

- ehe.de 
- track 

Pea spp. 
ha tuca rubra var. �olWIJl ta ta 
Festuca arundinacee. 

• • • • • • • • • • • • • • • • • • • • • • • •  

Holcus le.na. tus - swampy 
" A � track • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Agro s tis tenuis - shade 
" " - vertical 

Anthoxanthum Ocl:oratum 
- track 

Juncus butonius - swampy 
Juncus articulatu a  - swampy 

1 
1 
2 
1 
1 
5 
3 
5 
4-
4. 
1 

1 0  
4. 
1 
3 
1 
1 
9 
1 
1 
1 

1 2  
8 
3 
4. 
1 
1 
4. 
2 

1 
4-

- .. - - - - .. - - - - - - - - - - - - - - - - - - - - -

1 - track 2 

1 93 



APPENDIX IV. .MEAN ABUNDANCE OF SPECIES .AND CATEGORIES, BY IENGTH-G.ttOUPS. A. 

Length - group 
Total no. or transects 

Cyathea medullaris M 

Dicksonia sq\J&lTOsa N 

Paesia scaberula 

Paesia scaberula - shade 

Paesia scaberula - vertical 

Fteridium esculentum 

Pteridium esculentum - shade 

P teridium esculentum - vertical 

tlistiopteris incisa 

Po�st��hum vestitum 

Cyclosorus pennigerus 

Cyc::J._osorus p�gerus - shade 

B lechnum procerum 

Bleohnum procerwn - shade 

-

-

5. 0 (2) 

- -

-

. 1 1 . 5 (7) 

4..3 (1 ) 

-

.}6.4. ( 1 ) 

-

-

-

6.4 (2) 

1 00. 0  ( 1 )  

1 }. 2  (2) 6.6 (2) 

5. 6 (4.) 2. 5 (4.) 

20. }  (9)  1 7. 1  ( 23 )  

5.0 (4.) 3. 1  (3)  

- 4.. 0 (.5) 

1 7. 2( 1 5) 1 7. 5(33) 

}. 6 ( 1 ) }. 2 (7) 

- -

2.1  ( 1 )  4..8  (5) 

1 2. 6 (2) 4. } ( 2} 

2. 2 ( 1 )  4.. 2 (4) 

- 2. 1  ( 2) 

2. 5 (2) }2.4 (3) 

2. 8 (1 ) · 1 . 5 ( 2) 

ORIGINAL TRANSIOC:TS 

1 7. 7 (8) 6. 6 (5) 1 • .5 (6)  I 2} 

2. 6( 1 5) 2. 0 (6) 0. 7 (7) I 36 

7. 8(4.9) 4.. 8(4.2) 3. 3(31+) I 1 59 

4.. 1 ( 1 2) 0. 7(1 1 ) 0.6 (8) I 38 

3. 1 (1 3) 1 .4.(1 2) 0. 9( 1 7) I 4.7 

9· 7(61 ) 5. 9(37) 5. 0{30) I 1 8} 

7. 5 ( 1 3) 1 . 8  (9)  0.4 ( 7) l 38 

1 . 5 {6) 1 . 1 {6) 0.4 (8) I 20 

}.4 (3) 1 .0 (7)  0. 8( 1 0) I 27 

1 . 6 (6) o. 9 ( 9) 0. 6 (8) I 27 

1 .  2 ( 7) 0.6 ( 7) 0. } (4.) I 23 

8.4 ( 9) 4.. 0  (5) 1 .  9 (4) I 20 

1 . 1  (5) 1 . 0( 1 1 ) 0.6 (7)  I 30 

2.6 (5) o.� (4.) 0.4 (4.) I 1 7  

� 

� 



APPENDIX IV A. (cont. ) 

Length-group 
Total no. of transects 

Blechnum fluvia tile 5. 0 (3) 3. 3 (4-) 4.. 1 ( 1 2) 2. 5(30) 1 .  9 (35) 1 .  0{32) I 1 1 6  

Bleclmwn f luviatile - shade - - 4,. 8 (4) 1 . 1 (6) o. 6( 1 1 ) 0.4 ( 9 )  I 30 

Blechnum fluviatile - vertical 
- 4. 0 ( 2) 3. 2  ( 7) 1 . 8 ( 14) 1 . 3 ( 1 5 )  0. 5 ( 13) I 51 

Blechnum disoolor 5. 6  ( 1 ) 2. 8 (2 )  9.3 (4) 2. 1  (6 )  3. 0  ( 9) 1 . 6 (6) I 28 

.AIUDdo kakaho - 1 1 . 9  ·(5)  1 1 . 3 ( 2) 1 5. 7  (4) 4. 7 (7) 2. 3 ( 2) I 20 

Care:x lucida 
• 2. 2 (1 ) 2. 9 (5) 1 .0 (8) 0. 7(1 1 ) 0. 3 (7) I 32 

Juncus vagina tua 4.3 (2) 3 . 1  (9) 1. . 7 ( 1 1 ) 1 . 5( 22) 0. 6 (32) 0. 6(22) I 98 

Juncus J)Olya.n themos 9. 6 (  1 2) 5. 5( 25) 3. 7(42) 2. 0(75) 1 .6( 98) 0. 9 (68) I 320 

Juncus lllXIlri.ans 
- 4. 2 ( 2) 2.4( 1 0) 1 . 8 ( 14) o. 5( 1 9) o. 7 (4) I 49 

Muehlen.b eckia complex:a RC - - 6 h , ' ) . .. { .)  1 . 1 .. ( 3) 1 . 1 (4) o. s (6) I 1 6  

Molbl.enbeckia oomnlexa 
- 2. 1 ( 1 ) 2. 0 ( 3) 1 . 3 ( 9) 1 . 0 ( 1 8) 0.4( 14) I 45 

HUb*s cissoides NC - - 3. 1  ( 2) 5. 0  (7) 3. 2 ( 3 ) 0. 7 (5) I 1 7 

Acaena spp. 8. 6 (6) 4. 1 (  1 3) 2 .3 (30) 1 .4(37) 0. 8 (66 ) 0.5(40) I 1 92 

Melicytus ramiflorus M 1 oo. o ( 1 ) 24. 1  (1 ) 7. 1  (8) 5. 6 ( 1 3) 3. 8  (8) 1 .4( 1 0) I 4� 

Kelicytua ramitlorua N - - 2. 2 ( 2) 1 . 0 (5) 0. 6 ( 6) 0.4 (6) 1 9  
� 
\.0 
\11 



APPmDIX IV A ( cont. ) 

Length-group 
Total no. of transeots 

Lel!�BPenD.llDl scope.rium M 

Lepto$Pe.t'IJlUD1 scope.rium N 

Leptospermum acope.rium N - ahade 

Metrosideroa ditfuaa 

Metroaideros ditfusa - log 

Fuchsia e:x:cortica ta M 

Bydrocotyle spp. 

Centella unitlora 

Oreom.vrrbi.s andicola 

LeucopogOn fasoicula tus N 

Geniostoma li.'tUatritolium N 

Dicmndra repens 

Coprosma rhamnoides N 

Coprosma rbaDiloides N - aba.de 

Net era depresaa 

14-. 3  (6) 22. 7( 1 1 ) 1 .5. 7(23) 

1 6. 8  ( 9) . 9. 8(2.5) 1· 2(37) 

- .5. 0 (4) 1 . 2  (4-) 

- - 2.4- (3)  

- - 2 • .5 (4) 

3. 7 ( 1 )  1 4-• .5 ( 1 ) 1 . 2 (1 ) 

- 4. 7  (4) 1 .8 (9) 

4. 9 ( 1 ) 2.8 ( 1 ) 2.6 (4) 

- - -

8. 9 ( 2) 6 • .5 (4-) 1 . 9. (4) 

- 3. 8  (2) 3. 1  (3) 

- - 0. 8 (3) 

20. 8 (4) 5. 8 ( 7) 7. 5(1 7) 

4. 3 (1 ) 6. 2  (3) 4. 4  {6) 

- 2. 5 ( 1 ) 1 .  7 (5) 

14-. 4-( 2.5) 7. 6(20) 3. 2  (8)  I 93 

4-. 8(4-3) 2. 5(45) 1 .4-(1 9) I 1 78 

1 . 1  (.5) 4. 3 (4-) 3. 1 ( 2) I 1 9  

1 .8 ( 7) o. 7(1 0) 0. 6 (3) I 23 

1 .  7 (5) 1 . 1  ( 9) 1 . 0 (8) I 26 

3. 0  (4-) 1 .  9 (5) 2. 6 (4-) I 1 6  

1 .  o (  1 2) 0.5(  1 7) 0. 4( 20) I 62 

• 0. 5( 1 7) 0. 2 (5) 1 . 1 ( 1 2) I 40 

o.8 (3) 0. 6 (7) o • .5 (.5) I 1 .5  

2. 2 (4) 0. 7 (6) 0.9 {4) I 24 

1 . 8 {.5) o. 9 {2 )  0. 2 (6) I 1 8  

0. 6 (3) 0 • .5 (.?) 0.4 (.5) I 1 6  

3. 1 ( 2.5) 2. 1 ( 1 9) 1 . 0( 1 1 ) r 83 

3. 8 (.5)  6. 0 (2) 7. 8 (1 ) I 1 8  

0. 9 (5) 0. 9 (1 1 )  2. 7 {7)  I 29 

_:. 
..0 
0"\ 



APPEND:U IV A. (cont. ) 

l ength-group 
Total no. of tranaects 

Nertera depresaa. - vertica l - - 2. 2 (3) 1 . 1 (6) 0. 5 (4) 0.4 ( 6) 

Nertera setulosa 6. 3 ( 2) 4.8 ( 13 )  2.6 (25) 1 . 3(67) 1 . 1 (78) o. 8 (46) 

Nertera setulosa - vertical 
- 3. 6  ( 1 )  1 .6 (3) 1 . 2  (4.) 0.5( 1 2) 0. 3 (4) 

Ol earia virgata N 
- . 5. 2  (2) - 0. 6 (4) 4. 5 (2) 0.4 (7)  

Olearia solandri N 
- - 2.0 ( 2) 1 .  2 (4) 1 .3 (6) 0.3 ( 6 )  

Helichrysum filicaule 21 . 2  ( 1 ) 5. 2  (5) 1 . } (6) 2. 0( 1 5) 1 .  9(25) 1 . 0{ 22) 

Braccy.o:lottis repanda )( 5. 6  ( 1 ) 2. 9 ( 2) 5. 9 (4) 1 2. 1  (9 )  6. 1 (8) 2. 0 (6) 

Bracby�lottis repanda N - - 2. 2 (5) 1 . 6(1 0) 1 .  2 (7) o. 8 ( 7) 

- � .. - - - - - - - - - - - - .. - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ul ex europaeua N 1 }. 6  (3) 1 3.8  (6) 8. }( 1 2) 3. 0(1 0) 4.8(1 1 )  1 . 2  ( 9 )  

Cytisus SCOpariUS N 
- 2. 5 ( 2) 2.5 (4) }. } (5) 3. 1 (4) 0.4 (3) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pasture 

Paature - shade 

Pasture - swampy 

Denae pbaneropbytea 

Bare - track 

91 . 0( 1 1 1 )  ;88. 8(1,9) 87. 0(21 5) 

29·. 1 ( 22) 1 7. 8(45) 1 2. 1  (82) 

- 1 0.6  (2) 1 1 .4  (5)  

21 •• 9 (1 ) 2}. 5  ( 1 ) 28.8 (5) 

6. 0 ( 1 ) 7. 2(1 7) 5. 0(�) 

87. 1  ( 237) 87. } (1 81 )  89.4( 1 06) 

7.5 ( 1�) 4. 8(85) 2. 6(55) 

8. 0( 1 0) 3. 7( 25) 1 .  9(28) 

1 1 . 7( 1 1 )  7.lt-(1 0) 1 . 0 ( 7) 

1 . 9 (41 ) 1 .0(.56) 0. 5(1+3) 

I 1 9  

I 2}1 

I 24 

I 1 5 

I 1 8 

I 74 

I }0 

I 29 

I 51 

I 1 8  

I 1 01 9  

I 393 

I 70 

I 35 

I 1 86  
� 
\.0 
.,;) 



APPJ!M)IX. IV A. (cont. ) 

Length-group 
Total no. of transects 

J!!!:! - s took trampling 9.4 (2) 6. 2(1 0) 2. 9 (  1 9) 

J!!!:! - slip - 1 3.7 {1 )  3. 3  {5) 

]!!:,! - log 8.6 {6) 6.1 (28) 3. 5 {68) 

� - shade 7. 0 {2) 8.6 (3) 33.4 (5 )  

.!!!£! - greywaoke 1 8. 7 (5) 6. 5 (6 ) 2. 1 { 1 2) 

1 . 5 (36 ) 0. 9(47) 0. 7(37) 

2. 0{1 1 ) o. 7{ 14) 0.4( 1 5) 

1 . 6(98) 1 . 6(1 1 3) 1 . 1 ( 77) 

5· 9 (6)  3. 7 ( 5) 8. 7 (4) 

1 . 5 (25)  1 . 2{36)  0. 9(34) 

I 

I 

I 

I 

I 

1 51 

4h 

390 

25 

1 1 8  

� 
\.0 
0> 
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B. -
Length-group 
Total no. of transects 

Trifolium dubium 

Trifolium repens 

Cirsium lanceola tum 

Cirsium a.rvens e  

Cirsium J;la_luat]:"e 

Hy:pochoeris radi.ca ta 

Holcus 1ana tus 

A�ros tis tenuis 

1. 
Pas tur e  - shelf 

Pasture - track --

RE-RUN TRANS�TS 

I ll 

- 2. 1 (2) 

6.3 ( 1 ) 2. 9 ( 2) 

s. 9 ( 1 ) 7. 1 (4) 

- 3. 9 (3) 

- 2. 2 ( 1 ) 

6. 6 ( 2) 3.8  (5) 

9· 1 ( 1 ) 2.4 (3) 

39. 3 (3) 5. 8( 1 1 ) 

6. 0 ( 1 ) 2.3 (2) 

- -

7- 3 (2) 6. 5 (8) 

Ill IV 

1 . 7 ( 1 ) 0. 9  ( 1 ) o. 8 ( 9) o. 8 (4) I 1 7 

2.8 (4) 1 . 0( 1 0) 0.5 ( 9) 0.4 (6) I 32 

3.8 ( 5) 1 . 2( 1 7) 0. 6 ( 1 0) 0. 5(  1 2) I 49 

4. 3 (4) 1 . 6 ( 9) 1 . 0 ( 7) 0.6 ( 9) I 32 

1 .6  (5) o. 7 ( 7) 0. 5(1 7) 0.4 (8)  I 38 

1 .6 (1 1 ) 1 . 7(1 6) 0. 9(21 ) 0. 6 (23) I 78 

1 . 9  (3) o. 7 (6) 0. 5 ( 7) 0. 5 (3) I 23 

3.4( 1 1 ) 1 . 7( 1 3) 1 . 8(22) 1 .4(21 )  I 81 

2.0( 1 1 ) 1 . 3 ( 8) o.8( 1 8) 0.4 (  1 5) I 55 

7. 2  (2) 3. 9 (5) 2. 0 ( 7) 1 . 4 (3) I 1 7  

4.4(28) 3. 0(46 )  2. 3(39) ). 5(33) I 1 56  

� 
\.0 
"' 



APPl!NDIX V. MEAN J\.BUNDANCE OF CERTAIN SPECIES AND CATEGORIES, FOR DIFFE.RmT ORIENTATIONS AND SOIL TYPES, BY LENGTH-GROUPS 

Leftgth-Group I II Ill IV V VI 

Paesia scaberula 
• N - 23. 6 (3l 14-.8  tl 8.5(1 4) 5. 3 ( 9? 2. 9( 14l 
; s 4. 5 (1 ) 1 5. 0  (4 1 4-. 5  8 7. 1 (22) 5. 4(1:8 2. 3 ( 1 0  
·� E.W - 37. 3 ( 2  23.5  6 8.4(1 3) 3.8(1 5) 5. 1 ( 1 0  
0 - 5. 5 ( 1 ) -· 

1 1H 5. 5 ( 1 ) - - - o. 9 � 1 )  
1 3bH  - - - 1 . 0 ( 2) 2. 2 1 ) 1 . 3 (1 � 

r-f 77bH - - 33. 5 n }. 9  �5l 1,.. 2  tl 0.5 (3  
.,.. 1 1 &  - 30. 7 ( 2l 8. 1 5 6.4 9 5. 1  7 1 2. 2  {2 
� 1 22 - )2. 3 �2 1 4. 1  3 1 0. 2( 14  4. 5 5� 3. 5  ( 7  

1 2,.  4-. 5 (1 ) 1 2. 8  5 1 8. 7(1 2  9.8(  1 9) 5. 3(22 3. 3 ( 21 ) 
- - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pteridium esculentwm • N 1 2. 5 ( 2) ).6 (4) 1 1 .6 ( 1 2l 1 1 . 7(1 9l 6. 1 � 1 6) 4. 7(1 6 ) . 

; s 6. 3 �2) 6. 9 (4� 1 8.4  (6 9. 7(2} 5. 1  1 3) 2. 1 (6� 
t EW 1 6. 6  1 )  22.6 {7 1 7. 5(1 3 8. 9(  1 6 7- 0 (8) 8.5 (8 
0 - 1 4. 0 (2) - 61 .4 ( 2) 3.7 ()) 

1 1 H  21 . 8  (1 ) 2. 8 ( 1 ? - 1 . 0 (1 ) 
1 3bH 6.3 ( 2) 2. 9 ( 1  6. 7 (2! 2. 6 (4� 1 . 7  ( 1 � 
TlbH 1 4-. 2  (1 ) 1 1 . 9  �2i 6. 5 �6 1 6.5(1 3 6. 2 �7 1 . 5  (3� 

� 1 1 8a  - 2. 5 4 14. 9  4 2. 5  (8  2. 2 7l o. 6 (1 
0 1 22 1 3. 7  (2� 49. 8  ( 2  1 9. 2( 1 1 9.4� 1 7  2. 9(1 0 6. 9 ( 1 3� ., 

1 24 1· 7 (1 35. 1 (5 28.3 ( 1 0 14.4 1 6� 1 3. 0( 1 2  4. 7( 1 3 
1 - - - 3. 9 ( 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

f\) 
0 
0 



APPENDIX V (cont. ) -

Length-group I II Ill IV V VI 

Blechnum fluviatile - 2. 8� 1 0� 2. 9 ( 5) 1 . 0(1 2� 
• N - - 2. 1  �3� 
& s 4. 3 (2� 3.4 { 2) 6. 3 7 2.8 1 .5  1 .  8( 18') 1 .4 ( 9  
t EN 6. 7 ( 1 3. 2 {2) 1 .3 ( 1 ) 1 • .} (.5)  2. 0( 1 1 )  0. 6 (1 1 ) 
0 - - - 1 . 3 (1 ) - 0. 3 ( 1 ) 

1 3bB - - - o. 8 (1 )  
� 71bH 6. 7 ( 1 ) 2 • .5 ( 1 ) 1 o3 q - o.6 F) o. 2  oj 
i 1 22 - - 2. 8 1 1 .4 (8) 2. 2 7� 1 . 2 (6 
124- 4.3 (2) } .6 (3) 4 .. G(1 0 3.1 ( 21 ) 2. 1 (25 1 . 1 ( 23 

- � - - - - - - - - - - - - - � - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Juncus vagina. tus 
• N - 4. 6 ( 2� 1 . 7 ( 1 ) 1 .  7( 1 0) 0.5( 14) 0. 6 ( 1 2) 
6 s 4.. 6 (1 ) 3. 1 ( 2 1 . 3 n 0, 9 ( 1 l 0. 7 (7) o. 2 ( 1 ) 
1! g - 3. l �2

� 
1 . 9  4 1 . .;( 10 0. 6 (8� 0. 6 �6� 

0 - 4.. 0 (1 ) 2. 1  3 1 . 6  4 4. 2 ( 1 0 • .5 (3 0 • .5 3 

1 1H 4. 0  ( 1 ) - - 7:4 (2) 0.5 q o. 7 (1 
1 3bH - 2, 6 q - - 0. 6 1 0. 2 ( 1 

""" TlbH 4. 6 (1 ) 3. 6 .5 2. 3  r! o. 9 ( 9 )  0. 5 7 0. 6 �8 
·rf 1 18a - 2 • .5 ( 1 1 .3 4 1 .  7 �2� o. 7( -to 0. 9  6 
0 
en 1 22 - 2. 6  ( 1 )  2. 1 1 1 . 0  6 0,4 tl 0.4. �4 

124- - 2. 0 ( 1 ) 1 . 6 2 1 .4. ( 2) 0. 7 4. 0. 2 2 
1 2  - - 1 . 3 (1 - 0.4. 1 � 
1 3  - - - 4. 2  (1 ) 0. 5 (1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. .  

1\) 
0 � 



.A.PPmD_!!_Y (cont. ) 

Length-gx:oup I II III IV V VI 

Juncus I>Qlyan�ll_eiil()s 
N - �. 6  p �- 2n 1 .8(26) 1 . 8(40� 1 . 1 (28l 

• 
5 s 8. 8 t 2. 8 4 2. 8 1 1 1 . 5(1 6� 1 .4�25 o. 7( 16 

·f"f FNI 6. 6 4 3. 5 7 3. 1 1 0  2. 6(27 1 .  2 26� 0. 7(20 
S-1 1 2. 1  6

� 
1 1 . 7  7

� 
0 - 6. 2 (8 1 . 9  (6 4. 2 (7 1 . 1  (4 

1 1 H 9. 2 ( 1 )  2. 3 !}l �1 n 2. 5 (6� 2. 3( 1 1 )  0.4 p> 
1 3bH - 3. 9 .5 3. 0 6 2. 0 (8 2. 1 ( 1 3l 1 . 6 }l TlbH 9. 3 (1 ) 4. 2 7 3.4 4 2. 2 ( 26) 1 .  9(20 1 .  3� 1 7  
1 1 8a 7. 2  (2l 2. 5 t }.7({3 3. 6 (1 2) 1 .8( 1 7  1 .  7 1 1  

r-f 1 22  6. 6 . p 2. 9 1 � 6.
� 

n 1 . 0(1 1 � o. 7� 1 1  � 0. 5 (9 
·f"f 0 124  14. 3  1 6. 7 4 1 . 5  4 1 . 1 ( 9  0. 9 22 0. 6 (2.5 
Ill 1 1 7.6 (3) 1 6. 6  (4 5. 5 3 1 . 8 ( 1 

1 c �. 6 ( 1 ) - 1 .3 1 - 1 .4 ( 1 ) 
1 2 - - 1 .  3 ( 2) - 6. 8 � 2) 
1 3  - - - 1 . 7 ( 2) 1 8.4 1 ) 

- - - - - � - - - - - - - - - - -- - .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Acaena spp. 

• N 5. 1 (2) 2 • .1._ (4� 1 .7 F� 1 .4( 1 2) 1 .0(22) 0. 5( 1 7) 
6 s -

�. 6  r 2. 9 4 1 . 6 (9)  0. 8(22) 0. 5( 1 3� 
..-4 S-1 EW 5. 0 ( 1 ) 4. 8  5� 2. 3( 1 2 1 . 0( 13� 0. 7 (20� 04(1 0  
0 1 1 . 8 (3) ,5. 8 2 2.4 (7 2. 8 (3 0.4 ( 2  

1 1H 1 1 .6 , ( 2) 2. 8 �1 )  2.2. (31 1 . 3 n o. 7 ( 9 0.3 t' 
r-1 1 .JbH - 2. 1 1 )  3. 1  ( 2  1 .4 4 1 . 2 F 1 . 2 1 l 
� TlbH 6. 7 �1 ) 2. 5 (1 3. 1 p 1 . 2 2 0. 7 9 0. 2 2 
Ill 1 1 8a 1 0. 9  1 l  - 1 .7 2 2. 2 (3� 0.4 �7 0. 3 ( 2 122  5.0 �1 6. } (2l 2.0 {7 1 .  0( 1 2  o. a e 0. 5(1 0 

124- 4. 9 1 4. 6  F 2. 2(1 3) 1 .,(1 3) 0. 9 (26 0.5(23 1 - 2. 6 1 - - - -

- � � - - � - - - - - - - - - - - - - - - - - - � - - � - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I\) 
0 
N 



AP.J?mDIX V ( cont. ) 

Length-group I n III IV V VI 

Leptospermum scoparium N • 
..,. N 31 . 9 (2� 7. 2 (8� 1 4. 7 (8� 4-8� 1 1 � 2. 2(22

l 

0. 5 �8) 
i s 1 o. 9 (2 1 7  .. 4 (6 4.4(1 3 4. 8 1 6  4. 0 ( 13  2. 0  5

� 
·ri 
g E'll 1 4. 7 �4) 8. 6 (8  7. 8(1 3� 5. 0( 1 5� 1 .8 ( 9  2. 3 ( 5  

.. 5. 7 1 )  7. 0 0) 2.8 ( 3  3. 0 ( 1 O. j ( 1 ) 3 .8  (1 

1 1 H  - 6 • .} (3� 7. 6 (7? 1 1 . 8 (7) . 4. 8 ( 9) .}.5 (2) 
1 JbH  25. 5 (4) 7 .4(  1 1  1· 7(1 2 4. 2( 1 2) 3. 0( 1 1 ) 1 .6 (3) 

� T/bH 1 7. 0  (2) 1 4. 0 (3� 2. 9 (5� 2. 2 (8) 1 . 1  ( 8) o. 7 (4j 
·ri 0 1 1 8a  9. 6 (2) 1 3 • .5 ( 8 1 0.6( 1 1 4. 5 {  1 2) 2.4( 1 5) 2. 0 (6� 
U) 

1 22 -
- 4. 2 ( 1 ) 5.6 p) 0. 5 � 1 ) 1 . 2 ( 2 

1 24  4. 0 ( 1 ) - - o. 9 1 ) 0.4 1 ) 0.4 ( 2) 
1 - - 1 . 6 ( 1 ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

Nertera s etulosa • 3 .. 6 (4) ).0 18j 1 . 2 (30� 1 . 1 (25� 0. 7 ( 1J) .. N -
e s - 4. 2 (5)  2.3 9 1 .  7{ 1 8  1 . 0(27 o. 9{ 18) 
1! EW 6. 3 (2) 6. 2 (3� 2.4 F 1 . 0(1 7� 1 .4(22� 1 . 0( 14� 0 1 0.4 ( 1 3 • . , 1 2. 1 ( 2  0. 8 (4 0. 2 ( 1  

1 1H  - - 2. 7 r 1 . 2 

(

31 o. 9 (5) 
13bH - 4. 5 � 2

� 
1 . 8 2 1 . 2 p o. 9 �2) o. 6 n � .... TfbH 6. 7 ( 1 ) 2.4 1 3.8 2 1 . 6 5 0. 6 7l 0. 5 5 

g 1 1 8a - - 1 . 0 1 1 . 6 (5  o. 8 (8  0. 2 3 
1 22 5. 9 ( 1 ) 6. 5 ! Jl 2. 2 4 1 .2{  i4 o. 8( 1 8  0. 6 (1 2) 
1 24  - 3. 9  6 2.8 ( 13  1 . 3{37) 1 . 5(38 1 . 2{24) 

1 - 1 0. 4  1 

� - - - - - - - - - - � - - - � � - - - - - - - - - - - - - - - - - � - - - - - � - - -
-

- - - - - - - - - - - - -
- - - -

1\) 
0 

� 



APPl!NDIX VI. MEAN PEHC.!NTAGE COVER, MEAN PERCENTAGE TOP COVER, 
AND KEAN PERCliNTAGE FREQumcY OF SPlir)IES AND 

CATEGORIES. 

Species or ca tegory 

Cladonia sp. 

Parmelia sp. 

Porella sp. 

Polytriahum juniperinum 

Campylop!B clavatus 
" " - track " " - vertical 

Triqu etella papillata 

Breutelia pendula 
" " - track 

Thuidium fur.t'urosum 
" - track 

Acrocladium auricula tum 
" " - track 

Qphioglossum pedunculosum 

.Paesia scaberula 
" ; - track 

.f1eridium .,scu l entum 
" " - track 
" " - vertical 

Polystiohum richardi 

Blechnum pehnamarlna 

B l echnum flu via tile 

D eyeuxia crini ta 

Dan thonia sp;e. 
n - shade 
" - track 
" - vertical 

Scirpus cernuus 

.Scho enus apogon 

Scho enus apogon var. �­
florus 

" 

Carex lucida 
" " 

n " 

Carex dissi ta 

- track 

- track 
.- vertical 

% cover 

- ( 1 ) 

- (1 ) 

- (3)  

- ( 1 ) 

1 . 1  ( 8) 

- (lt.) -

2. 7(25 ) 
- ( 2) 

3. 1 ( 24) 
- (2) 

4.. 3 (5) 

2. 0 ( 7) 

- (1 ) 

- ( 1 )  

- (1 ) 

- (3) 

( 1 )  

1 3. 2 (40� 
- (2 

1 .  7 ( 9  
- (1 

- ( 1 ) 

- ( 2) 

1 .8 (5) 
- ( 2) 
- ( 1 ) 

� top 
cover 

- ( 1 ) 

- ( 1 )  

1 . 5 (5)  

1 . 1 ( 6 ) 

2. 4  (5) 

2 .4  (5) 

- ( 1 ) 

- ( 1 ) 
- ( 1 ) 

]. 9(39l 
1 .; }� 

- �1 
- ( 1 )  

- ( 1 ) 

1 . 2  ( 5) 
- ( 1 ) 
- ( 1 ) 

% freqcy. 

- (1 )  

- (1 ) 

- ( 2) 

6. 2 {8) 

6.4( 1 5) 
- (1 ) 
.. 

8. 7( 1 4) 

8.�t. (6 ) 
.?. . - ( 1 ) 

32. 6{36) 
6 .. 2 (5) 

1 9. 6(28 ) 
- (4) 

- ( 1 )  

1 2.3  (6 ) 
- ( 1 )  

1 1 .6 (1 5} 
- (·l 
- (1 

- (4) 

64. 0(41 l 
- ( 1  

9. 5(1 4 
- (4 

- (3) 

1 2. 1  (6) 
- ( 1 )  

- (4) 
- ( 1 ) 

- (1 ) 
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APPmDIX VI. ( cont. ) 

Species or category 

Juncus vagina tus N 

Juncus vagina tus 
" " - track 

Juncus ;pol.ya.ntheJIQs N 

Junous ;polyan themos 
" " - shade 

Lu zula campes tris 
" " - track 

Thelymitra longifolia 

Microtia unito lia 

Muehlenbeckia . complexa 
" " - track 

Mont:i.a tontana 

.R.anunoulus hirtua 

Carpodetus serratus 

Acaena spp. 
" - track 

Leptospenmun acoparium N 

Leptospermum acope.riwn 

Metroeideros dittusa 

Epilobium nummularifollum · 

Epilobium p6dunoulare 
" " - vertical 

Epilobium sp. 

Haloray�s micrantha 

Gunnera s trisosa 

Hydrocotyle spp. 
" 

tt 
- shelf 
- track 

Centella uniflora 
" " - shelf 
" " - traok 

Oreosp-rhis andicola 
" - shelf 

Leucopogon fasciculatus N 
" " - shade 

Leucopogon fasoiculatus 
" " - shade 

;r, cover · 

1 . 2( 1 0) 

1 . 5  (7) 
.. (3) 

1 .0 (6) 
.. ( 1 ) 

- (2) 

- (1 ) 

- (3) 

- (1 ) 

1 . 6 (1 3) 

- (1 )  

- ( 'i) 

- ( 2) 

- (1 ) 

- (2) 

3. 1 (1 2) 

- ( 2) 

).0  (8) 

- (2) 

- ( 1 ) 

% top 
cover 

1 .  5 ( 7) 
- (3 ) 

- (3)  

- (1 )  

.. ( 2) 

% freqoy. 

7.3(1 2) 

8. 5 (5) 

1 1 . 9(1 3) 
- ( 2) 

- (4.) 

6.4(14) 

1 1 .-3 (.5) 
- (1 ) 

- ( 1 ) 

- (1 ) 

- ( 1 ) 

- ( 4) 1 0. 1 ( 29) 
- (2) 

- ( 1 ) 
- (2) 

- ( 1 )  

.. 

1 .  0 (5) 

- (3) 

- (2) 

- ( 1 ) 

4. 0  ( 5) 

- (3) 

- (1 ) 

- (4) 

6.� ��� 
- (1 )  

2). 6 (5) 

- (1 ) 

38.8(2.5) 

: ��� 
23. 9( 1 1 l 

- ( 1 
- ( 2 

21 . � ��� 
- (1 ) 
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APPENDIX VI ( cont . ) 

Species or category 

Diohondra repena 
" " - aheli' 

Coprosma rhamnoides N 

Coprosma rhamnoides 
" " - shade 

N ertera depressa 
" 11 - track 

N ertera setulosa 
A " - shelf 

- track 

Wahlenbergia marginata var. 
australis 

11 

" 
" - track 
"- ver tical 

Lagenophora pumila 

Olearia virgat a 

Olearia s olandri N 

Ol earia solandri 

Raoulia glabra 

H elichry!um filicaule 
" " - track 

Crasped.ia uniflora 

Erechtites prenanthoidea · 

% cover 

- (4) 

- (1 ) 
- ( 2) 
- ( 1 ) 
- ( 1 ) 

5. 2( 26 )  
-
- (2) 

- (3) 
- ( 1 )  

3. 2( 1 5) 

% top 
cover 

- ( 1 ) 
- ( 1 ) 

- ( 1 )  

2. 2( 1 2) 

- ( 1 ) 

- (1 ) 

1 . 8 ( 9) 

% freqcy. 

1 6. 1  ( 9 ) 
- ( 1 ) 
- ( 2) 
- (4) 

37. 7(}1 l 
- (1 

6. 5( 1 0 

1 0.3  �9) 
- 2) 
- 1 )  

- (1 ) 

- ( 2) 

- (1 ) 
32.0( 1 8) 

- (2) 

- ( 1 )  
- (1 ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... 

Ranunculus repens 
ri " - track 

SS.gina ;procumbens 
" " - track 

C erastium glomeratQm 
" i - shelf " " · - track 

C eras tium caespi tosum 

Silene gal.lioa 

Rumex a cetosel la 
" " 
" " 

- track 
- v ertical 

.Linum ea tharticum 
" - track 

" " 

Linum marginale " .. 

- vertical 

- track 

- (4-) 
- { 2) 

- ( 1 ) 

1 . 8(1 6) 

- (3) 

- (4-) 
- ( 2) 

1 .4 ( 7) 
- ( 1 ) - ( 1 ) 
- (4-) 
- (1 ) 

- (2) 
- ( 1 ) 

1 . 3 { .5)  

- (2) 

- ( 2) 
- (2)  

·- (3 )  
- ( 1 ) 
- ( 1 ) 
- (3) 
- (1 ) 

1 6.� ��� 
9. o( 24-) 

- (4-) 

1 9. 9(36l 
- ( 1  

4-. 8 ( 9  

- (3)  

- ( 1 ) 
1 4-. 0( 1 2) 

- ( 1 ) 
1 9 . 6( 271 
7.1 (6 

- ( 1 
1 3 . 7(1 1 ) 

- (3) 
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APPENDIX VI (cent. ) 

Species of cat egory 

Geranium moll e 

Erodium cigqtiarium 

!!.Il2ericum humifusum 

HYPericum sp. 

Lu pi.nus arboreus N 

czti sus sc22arius 

Vi oia an�stifolia 
tt " - track 

Trifolium dubium 
" - shelf 

" " - track 
" " - vertical 

Trifolium r!J2ens 
If " - shade 
" tt - shel f 
" " - truck 
" tt - vertical 

Trifo lium subte.n-aneum 

Trifolium arvense 

ID tus sp. 

Sherardia arveusia 

Galium :12arisiense 

Bel lis J2Ererurl.s 
" " - track 

GnaJ2halium purpureum 
lt " - s helf 
" " - track 

Soliva sp. 

Achi llea mi llefolium 
.. " - track 

Senecio J!cobaea 

Carduus tenuiflorus 

Cirsium lane eo la tum 
" " 

Cirsium arvmse 
" " 

Cirsium E!lustre 
.. " 
lt " 

- track 

- t rack 

- shelf 
- track 

207 

% cover ;& top % freqcy. 
cover 

- ( 2) - (2) - (3) 

- - ( 1 ) 

- (1 )  

- (1 ) 

- - (1 ) 

- (1 ) 

- (1 ) - ( 1 )  : �� � 
6. 7(35 ) 3. 1  ( 27) 61.. 3(39� 

- (1  
1 . 8( 1 2 )  1 . 1  ( 6 }  7. 1 (1 6  

- ( 2  

7.1 (39� 3. 6 (33� 61 .4(44) 
- (1 - (1 -

- - (1 � 
1 . 8( 1 3) 1 . 3 (7 )  5. 8( 1 8  

- ( 2) 

- ( 1 )  - ( 1 )  - (4} 

- (1 ) - ( 1 )  - ( 1 ) 
- ( 1 ) 

- ( 1 )  - ( 1 ) - ( 1 ) 
- (1 ) 

2. 5 (1 5) 1 . 6 (9 )  27.4(25� 
- (3 

- (4) - ( 1 ) 6. 0( 11,� 
- (1 
- ( 1  

- ( 1 ) 

2. 2  (5) - (J) 1 7. 8( 10 )  
- ( 1 ) - (3) 

- ( 1 )  

- ( 1 )  - ( 1 )  4. 0  (5) 

1 . 2 ( 1 4) 1 • 3 (8) 6. 2 ( 22� 
- (1 

- (4) 
- ( 1 ) 

- (3� 
- (1 

1 2. 5 ( 9 � 
- (2 

- ( 3) - (3) 1 1 . 8 ( 9l 
- ( 1 
- ( 1  



APPENDIX VI ( cont. ) 

Species or ea tegory 

Hypochoeris radicata 
" " - s helf 

" - track 
" - vertical 

Leontodon hispidus 
" " - track 
" " - vertical 

Taraxacum officinal e  
" " - track 
lt " - vertical 

Sonchu s asper 

Crepi s oapillaris 

Anaga l lis arvensis 

Pla ntago lane eo la ta 
11 " - track 

Plantago major 

¥yoaotis scorpioides 

Myosotis sp. 

veronica arvensi s 

Digi talis purpurea 

P runella vulgaris 
" " - track 

Mentha pul egium 

Jun< .. "1'. 8 tenuis 

Carex glauca 
.. " 

C ar  ex le;porina 

Lolium perenn e  
" 11 
" " 
" " 

- track 

- shade 
- shelf · 
- track 

Cynosurus cristatu s 
" " - shelf 
.. 11 - track 
" - ver ti cal 

Dactylis glomera ta 
" " - track 
" " - vertical 

Brollll.ls m Ilia 

Poa. s pp .  
" ..,. shelf " - track 

% cover 

1 3. 3 (45) 

1 . 5( 1 3) 

1 . 8(1 0) 

1 . 6( 1 2) 

1 . 8( 1 3) 

- ( 1 )  

1 .3( 23) 
- ( 2) 

- (2 )  

- ( 1 ) 

3. 2 (5) 
- ( 1 )  

- (3) 

6.4( 25) 
- ( 1 ) 
- (2) 

1 . 3 ( 5) 
2. 9 (32) 

1 . 7 ( 1 3) 

3. 5 ( 29) 
- (3 )  

3. 6  (6 )  

- (1 ) 

% top 
cover 

4. 1  (41 ) 

1 . 1  (6 ) 

- (4) 

1 . 1 ( 1 1 )  

% freqoy. 

80. 3(45) 
- ( 1 )  

9 . 5(1 8) 
- (3)  

1 6. 8 (20l 
- (3 
- (1 

1 5. 7(42? 
5. 2 ( 9  

- ( 1  

- ( 1 ) 
- (3) 

- ( 1 ) 
1 • 2 ( 8) 21 . 1  ( 25) 

4. 9  (7) 

- ( 1 ) 

- ( 1 ) 

- ( 1 ) 

- (3)  

- ( 1 )  
1 . 0  ( 9) 20.4(38) 

.5. 6 ( 1 3) 

- (2) 

- ( 1 )  - (3) 

- ( j )  

- (2) 

4. 7 ( 23 ) 
- ( 1 )  
- ( 1 ) 
- (4) 

2.6 { 26 )  
-

1 . 5  ( 9 )  

2. 7( 26 )  
- (3) 

2. 7 ( 5) 

- ( 1 )  

1 7. 6  (.5) 
- (1 ). 
- ( 1 ) 

26. 6 ( 29) 
-
- ( 1 )  

6. 0 ( 7) 

31 . 2(40� 
- (1 

7. 5( 1 2  
- ( 1 ) 

35. 0(34) 
6. 2 ( 9) 

- {2) 

- ( 1 ) 

1 5. 9( 1 6 )  
- ( 1 ) 
- (3) 
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APPENDIX VI ( oont, ) 

Species or ca tegory 

Glyceria flui tana 
" " - track 

Vulpia dAAanensia 
" " - track 

Festuca rubra var. co.mnw.uta 
" " - shade 
" " - shelf 
" " - track 

Festuca arundinacea 
" " - shade 
" " - traak 

Eragrostis sp. 

Holcus lana tus 
it " 
" . 
" .. 
" " 

Aira caryOPhyll ea  

A�stis tenuia 
A 

" .. 
" 
" 

" 
" 

- shade 
- shelt 
- track 
- vertical 

- shade 
- shelf 
- track 
- vertical 

Anthoxanthum adora tum 
· "  " - shade 

" " - shelf 
" " - track 
" " - vertical 

% cover 

- (2) 

- ( 2) 

28. 6(31 ) 
- (3) 

2. 5 ( 1 o) 

4-.6 (6) 

: g� 
8.2(41 ) 

- ( 1 ) 

1 . 1 ( 1 3) 

38. 5(45) 
- (4) 
- ( 1 )  

3. 3(20) 
-

21 . 1  (45 ) 
- (2) 
-

1 . 8(1 7) 
- (1 ) 

% top 
cover 

- ( 1 ) 

- ( 1 ) 

22. 2( 29) 
- (2) 

1 . 8(1 0) 

4. 5 (5) 
- (1 ) 
- ( 3) 

5. 2(35) 

1 . 0 (8) 

25. 5(45) 
- (4) 
- (1 ) 

2. 9( 1 9) 

1 2. 0 (45 ) 
- ( 1 ) 

1 . 5( 13) 
- (1 ) 

% treqcy. 

67. 8(31 ) 

- ( 1 ) 
9. 3 ( 1 3 ) 

1 9. �(  1 1 )  

- ( 1 ) 

- ( 1 )  . 

56. 2(44) 

6.�( �j( 
- ( 1 � 
- ( 1 ) 

86. 8(45) 
- ( 1 � 

8. 8(21 .. (4 
89. 6 (45) 

8.8(23 
- ( 1 l - (4 

- - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - --

Juncus bufonius 
" n - track 

Juncus articulatus 
if " - track 

Oxalis oorniculata 

Gnaphalium luteoalbum 
" " - track 

Gnaphalium sp. 

- (4) 
- (1 � 

- (2) 

- ( 1 ) 

: g� 
1 0.2 ( 7) 

.. ( 1 ) 
.. (2) 

- ( 3 ) 
.. ( 1 ) 
- ( 2) 

- � - - - - - - - - - - - - - - - - � - - - - - - - - - - -
Dung - cow 

" - track 

Dung - horse 

Dung - sheep 

� • unqualified 

� - track 

1 . 2  ( 9) 
- (1 ) 

- (1 ) 

- ( 1 ) 

2. 3 (27) 

1 . 3 (6 ) - ( 1 )  
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21 0 

Af'P»>DIX VI (cont. ) 

Species or category % cover fo top % freqoy. 
cover 

Bare - stock trampling - - ( 2) 

� - slip .. (2) 

� - log 1 .1 (7) 

� - greywacke 1 .4 (5) 
Microhabi tat - shelf - (1 ) - (1 ) 

Microhabi tat - track 7. 3(23 ) 8. 7(22) 
Microhabi tat - vertical - (3)  - (4) 



APPENDIX VII. ENVIRONMENTAL .ANA LYSIS 01!' MEAN PERCENTAGE COVER (UPPER LINE) .AND MEAN Ph'RCmTAGE FREQUENCY (IDNER LINE) O.F 

CERTJ�IN SPIDIES. A. SOIL TYPE AND ORimTATICN-. 
soil type 

1 1H 1 3bH TlbH 1 18a 1 22 

Thuidium :fur:furosum 

2. 0 ( 1 � - 1 .0 (3� 2. 2 (5� 2. 8 ( 9) 
1 6. 0  (1 - 27.0 (4 25.9(1 0 31 . 7( 1 1 ) 

Acrocladium auriculatum 

1 . 0 ( 1 ) - 1 . 0 ( 1 � 3.1 ( 9) 3.6 ( 7) 
5. 8  (2) - 1 9.4 ( 2 27. 7 (8) 21 . 9 (6) 

Danthonia spp. 

1 1 . 5 �2� 
80. 6 2 

1 3. 0  ( 1 ) 
44. 0 ( 1 ) 

1 5.4 �4) 
67. 6  4) 

1 4.6� 1 0� 
60.0 1 0  

1 1 .  8� 1 1 ) 
68. 4 1 1 ) 

Acaena spp. 

2. 0 (1 �  - - 1 . 5 �3� 1 . 5 (3 ) 
9. 9 ( 2  .. 4. 0 ( 2) 8. 2 8 1 0.4 (6) 

Hydrocotyle spp. 

}. 0  ( 1 � - 2. 5 (4) 
40. 8 (4 1 5. 7 (3) 27.4 ( 7) 

N ertera setulosa 

6. 5 ?� - 1 .0 � 2) 3. 9 ( 6� 4.8 �7s 
30. 0 2 - 25. 0 2) �.1 (8 41 . 1  & 

1 24  

4-. 6 (6� 
47. 6  (9 

3. 7 �6) 
1 7. 6  9) 

1 6. 9  ( 9� 
67. 2 (1 0 

1 .  7 (.5� 
1 3 . 3 (1 0  

3. 6  (7) 
52. 9( 1 1 ) 

8. 7  ( 8� 
4-1 . 0(1 0  

1 c  

1 . 0  ( 1 ) 
-

-

4.0 ( 1 ) 

1 . 5 �2) 
1 6. 8  2 

1 3 

-
24. 0 ( 1 ) 

-

-

1 1 . 0 � 1 ) 
84. 0 1 ) 

1 . 0 ( 1 ) 
8. 0 ( 1 ) 

1 .0 (1 )  
48. 0 (1 ) 

I 
orientation 

N s 

2.6 � 1 0� 
32. 1 1 5 

3. 5�1 0� 
37.4 1 3  

3- 2 �1 1  � 3. 6 (1 0 � 
1 9. 9 1 3  23. 7( 1 0

) 

14. 2�16) 
65. 0  1 7) 

1 3. 8�1 4� 
64. 3 14 

1 .5 (5) 1 . 9 (4) 
1 2. 6  (9) 8. 0(1 2) 

Et/ 

1 . 6 (4-� 
34. 0 (5 

1 . 0 � 1 � 
14 .. 6 3 

1 . 6 (3� 
1 4. 3 (4 4. 0  (1 ) 

21 . 6  (5) 3 .4 ( 5� 
87. 0  (.5) }2. 2 '  (5 

1 .0 (2) 1 . 9 (2 ) 
9.0 (.5) 1 3. 6 (3) 

2. 3 (4) 3. 9 ( 7) - 2. 0 ( 1 ) 
37-4(1 1 ) 4-7.4- ( 9 )  23. 9 (4) 40. 0 ( 1 ) 

4-. 7( 1 0) 4-. 5(1 1 )  9.4- (3) �-4- (2) 
)4-.6(1 3) 32. 8 (1 2) 4,2. 8  (4) 76. 7 (2) 

f\.) � 
� 



llPPEM>IX VII A. ( cont. ) 

soil type orientation 
1 1H 1,2bH TlbH 1 1 &.  1 22 1 24  1 c  1 3 I N s EN 

Helichl;rsum filicaul e 

1 . 0 ( 1 � 2. 0  ( 1 ) 2. 6  (5)  4. 2 (8� - - 2. 5 l8) 3· 7 (5� 5. 7 ( 2) 
4.0 ( 1 )  - 1 6. a  ( 2  5. 8 ( 2) 46. 5  (6) 39. 9 (7 - - }8. 6 ( 6 )  1 9. 9  ( 9 59. 1  ( 3) 

- - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Trifolium repens 

}. 0 ( 1 ) 4.0 ( 1 ) 1 1 . 0  (7) 4. 7 ( 9� 7- 9 (8) 6. 7( 1 0) 9. 8 ( 2� 6.0  ( 1 �  7. 5 (1 4� 4.5�1 5) 8. 1 (4) 1 3. 3 (6� 
9. 9 (2) 56.0 ( 1 ) 84..4 (7) 51 . 6 ( 9 58. 1 ( 1 1 ) 67. 6 (1 1 )  50. 0 (2  76. 0  ( 1 59. 3 ( 1 7 57. 2 1 6) 62. 4 (5) 76. 6 (6  

£!lpochoeris radica ta 

1· 9 � 2) 2 .0  ( 1 )  5. 5 ( 7) 1 1 . 1 �1 0� 1 8. 3 ( 1 1 )  20. 5( 1 1 )  4.8 (25 26. 0 (1 �  1 4. 8 (  1 8� 1 1 . 7( 1 6) 1 6. 7  (5) 1 0. 4 �6� 
68. 3 2) 44.0 (1 ) 52. }  ( 7) 79. 0  1 0  88. 7( 1 1 )  91 . 5( 1 1 ) 78. 3 ( 2  96. 0 ( 1 8}. 0 ( 1 8 73- 7( 1 6) 89. 0  ( 5) 85. 3 6 

Lolium ]2_erenne 

4.0 (1 ) 1 5. 5 ( 7) 1 . 0 (5) 6. 9 ( 6) 1 . 8 (4� 7. 0  �1 )  20. 0 { 1 ) I 5. 1 ( 1 2) 3.8 (7) 1 .0 ( 2) 24.4 (4) 
64. 0  ( 1 ) 48. 9 ( 7) 7. 0 (4) 26. 5 (7) 1 3. 6 (7 23.5 2) 56. 0  ( 1 )  25.4 ( 1 1 )  22.4(10) 1 0. 7  ·, ( 2) 43.1  ( 6 ) 

Festuca 1�bra YRr. commutata 

53. 0  {2) - 6. 9 (3) 46. 5  �8) 28. 5 ( 7) 1 6. 7  �9) 46. 0 � 1 ) 31 . 0  ( 1 � I 22. 4( 1 .5) 30. 2� 1 0� 48. 9  (.3) 36. 9 (3 ) 
86. 1  ( 2) - 37. 7 (3) 89.6 8) 57. 0  ( 8) 47. 8  8) 96. 0 1 )  96. 0 ( 1 67. 7( 1 3 ) 49. 8 1 2  91 . 3 (.3\ 97. 2  (3) 

Asros tis tenuis 

33. 5 �2� 42. 0  ( 1 ) 36. 2 ( 7) 
84.3 2 88.0 (1 ) 89. 2 (7) 

46. 9( 1 0) 43.6 { 1 1 �  28.4( 1 1 )  
92. 6{ 1 0) 92. 7( 1 1 67.4(1 1 )  

43. 2 ( 2� 
97. 7 (2 

29. 0 ( 1 � 
8o. o ( 1  

40. 6 � 1 8� 
88. 1 1 8  

}8.3(1 6� 
85. 6 (1 6  

39. 9 (5� 
78. 3  (5 

31 .8  (6 � 
91 . 7  ( 6  

Antbox.anthum odora tum 
22. 9  (2)  32. 0  ( 1 )  15 . 1  ( 7) 1 8.6(1 0) 23. 2 (1 1 ) 27o�4(1 1 )  7. 0 (2) 22;. 0( 1 )  I 21 .3( 1 8) 24. 5(1 6) 25. 2 (5) 1 o. o (6 )  1\) 
86. 1  (2) 84.. 0 ( 1 ) 77. 2 (7) 91 .6( 1 0) 91 .3 (1 1 ) 95. 9( 1 1 ) 52. 1 (2) 1 00.0( 1 ) 91 . 6 (1 8) 88. 8 ( 1 6) 93.5  (5) 81 . 1  (6) _.\ 

1\) 



APPENDIX VII. B. �LTITUDE, S.WPE, SHEEP GRAZING, AND CiTTLE GRAZING. 

alti tude slope sheep cat tle 

0 5 H >  1.5 I 0 1 0  30 I 0 1 0. 1  I 0 2. 6 

Thuidium t'urfurosum 

1 . 3 (3' 2. 2 ( 1 3� 4. 1  ( 9� - I 1 . 0  ( 1 ) 2.6 ( 1 9� 3. 2 ( 5) 2. 3�1 7) 3. 5 (8� 2. 5� 1 8� 3. 2  (7)  
1 5. 0  (4� 32. 4( 1 9  39. 7( 1 2  32. 0 ( 1 )  1 1 .4 (4) .37 . 3 ( 25 30.3 ( 7) 29. 1  25) 40. 8( 1 1 .31 . 7  28 .35. 7  (8) 

Acrocladium auricula. twn 

1 . 0 ( 1 ) .3 • .3 ( 1 5) ) . 2  (8� - I - 3. 6� 1 8� 2.0 (6� 2. 7( 1 6 ) 4.0 (8� 3. 1 ( 1 9) .3. 1 ( 5� 
4. 9 (4) 27. 0 (  1 4) 1 8. 7  ( 9 8. 0 ( 1 ) 4. 0 (2) 2.3. 5 20 1 4.4 {6 1 8.4(1 8) 20. 4 ( 1 0  20. 8 ( 23) 1 4-. 7  (5 

Danthon!! s PP• 

7. 1 ( 8) 1 4. 2(1 9� 1 5. 8( 1 2) 1 7.0  ( 1 � 2. 9 (6)  1 2. 6 (24-� 23. 9( 1 o) 1 4. 7( 29� 9.4( 1 1  � 1 2 . 502) 1 b. 1 ( 8) 
50 • .3 (8) 66. 7(1 9 64.. 0( 1 .3) 1 00. 0 ( 1 1 8.4  {6) 67. 2 (25 75. 2( 1 o) 65. 0 � 29 61 .4.(  1 2  62. 6{)2) 68. 5 (9 )  

Acaen� spp. 

I 1 . 5 ( 2� 1 .4 (4) 1 . 8 (7� - 1 . 9 ( 2) 1 .4 (7) 1 . 9 (4� 1 .8(1 0) . 1 . 0 (3� 1 . 6 (9) 1 .  8 (4)  
7. 8  (4 7- .3 ( 1 2 ) 1 3. 8 ( 13 - 1 3. 6  (3) 9. 5(20) 1 0.4. (6  1 1 .  5 (21 ) 6.  7 (8 1 0. 9(22) 1· 7 (7) 

H.Ycirocoty:lt! spp� 

1 . 5 ( 3) 3.8 (9 ) - 2. 0 ( 1 )  ). 0 (8 ) 4. 1  (3) 4. 6 (7 ) 1 . 5 {5) I 3.4( 1 0� 2. 0 ( 2� 
24.. 7( 1 0) 49�4( 1 4) 40. 0 ( 1 ) 40. 0 ( 1 )  35. 2( 19) 52.3 (5) 37. 8 ( 1 5) 40 • .3 (  1 o) 34. 9(21 59. 5 (4 

Nertera setulosa - I 4. 1 (3 � 3.8 ( 1 2) 5-8�1 0� 27. 0 (1 5 5·4 �2� 5. 5�20� 3·3 �4) 4- 6� 1 55 6. 0� 1 1  � 5.0(1 9? 5.6 (7) 
27. 6 (4 38. 6{1 4) 35. 6 1 2  88.0  (1 52. 2  3 38. 3 24 24. 0  4)  30. 3 1 9  49. 9 1 2  34. 3 ( 24.  lJ-9. 6 (7) 

1\) � 
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APPmDIX VVI B. ( cont. ) 

altitude slope sheep cattle 

0 5 1 0  1 5  I 0 10 30 I 0 1 0. 1  I 0 2 .. 6 

Helichrysum rilicaule . 
2. 5 (6l }. 1  (8l 1 1 . 0 ( 1 ) J - }. 7( 1 }) 1 . 0 (2) 1 }. 1 (6) }. } ( 9) J }. 6( 1 1 ) 2. } (4l 

_4:o_(�)
- _3

�
-
� �9- _2

:
·
� �7- _ :6:o_(�)- _ _ _  -_ _ _ _  3?·�(242 _ �5� 6_<:> _ _  �

:1
�1�)- _4:·� �82 _ _  3:·!�14� _ �3:1_ (� _ 

T rit�olium re;eens 

1 o. 7 �8) 5.2( 1 7) 6.8( 13) 
59. 2 9) 53.4(20) 71 . 6( 14) 
HYPochoeris radicata 

9.0 (9)  1 0. 9(21 ) 20. 5�1 4) 
72. 0 (9)  77.0( 21 ) 90. 0 14) 

JJ;>lium ;eerenne 

1 7. 1 ( 6) 4. 7�1 1  � 3. 2  ( 8\ 
48. 2 ( 7) 20. 9 1 1  20. 1 ( 1 1 )  
!'' estuca rubra var .  comua.ttata 

29. 3 �6) 
72. 7 6) 

38. 9(1 5� 82. 3( 1 5 1 3. 3 �9� 
33 . 1  9 

As_ros tis tenuis 

33. 1 ( 9) 45. 5( 21 ) 34.5( 1 4) 
85. 9 ( 9) 93. 0(21 ) 80. 7( 14) 
Anthoxanthum odoratum 

1 8.5 ( 9) 1 9. 5(21 ) 25.3 ( 14) 
80. 2  ( 9) 89. 0(21 ) 94. 3( 1 4) 

22. 0 ( 1 � 
88.0 (1 I 
1 1�-eO � 1 � 
92. 0 1 I 

- I -

32. 0 ( 1 � 
92. 0 (1 

7. 0 �1 � 
s.o 1 I 

22.0 �1 � 
100.0 ... ' 1 I 

1 2. 6 ( 7) 
77. 7 ( 7) 

1 1 . 2  ( 7) 
85. 7 ( 7) 

24. 9 �5� 43. S  7 

29. 1  �4) 
67. 0  4) 

33. 5 ( 7) 
91 . 8 (7) 

13 . 2 �7) 
83. 8  7) 

6.4( 23) 
64,. 9(27) 

1 3. 2� 28� 
80. 3 28 

3. 9 ( 1 6) 
26. 0( 1 6 ) 

29. 2( 21 ) 
62. 0 (22) 

42. 2( 28) 
92. 0 ( 28) 

21 . 1 (28� 
91 . 5(28 

5. 1  ( 9� I 6. 9 �28� 7. 5(1 1 ) I 6. 5(30� 9. 3 ( 9� 
39.4.( 1 0 59. 1  30 66. 3( 1 4) 61 . 5(34 61 . 2( 1 0  

1 5. 1 (1 0) I 1 3. 3(31 ) 1 3. 1 ( 1 4� I 1 2. 0{35) 1 7. 9( 1 0� 
79. 2 ( 1 0) 81 . 1  (31 ) 80.6{ 1 4  80.4(35) 82. 8( 1 0  

1 . 8 �4� I 4. 7( 1 9) 1 3. 1  (6) I 4. 8 ( 1 9� 1 2.6 (6) 
1 1 . 6 6 22. 7(20) 35. 8  (9 ) 23.4(21 .)5.4 (8) 

26. 3  (6) I 25. 2(1 9� 34.3� 1 2) 1 22. 0 ( 8) I 31 . 1 �23? 
74. 9 ( 5) 55. 9( 20 86. 3  1 1 ) 69. 9 21:. 60. 3 ( 7) 

29. 5( 1 o) I 38. 3(31 � 39. 0( 1 4) 1 40. 9(35) 30. 5(1 0) 
61 . 9( 1 Q) 84..4(31 90. 9(14) 89. 0(35) 78. 1 (1 0) 

27.4( 1 0� 
87. 7( 1 0  I 22. 5p1 � 

88.8 31 
1 8. 1 (1�) 
91 . 3 ( 14) I 21 . 8(35� 

89. 9(35 
1 8. 7(1 0� 
88. 7(1 0 

1\) ...). 
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APPENDlX VIII. .PA'RC!NTAGE COVER .AND .PERCmTAGE TOF COVER FOR THREE 
AREAS OF SW.AMJ?f. GROUND. 

Area no. 

Breutelia pendula 
A crocladium aurioula tum 
Scirp1s cernuus 
Scirpus prolifer 
Schoenus axillaris 
Schoenus apogon var. 

laxiflorus 
Carex lucida 
Junous polya.nth8U¥)s 
Juncus planifolius 
Luzula campestris 
Epi lobium pedunculare 
- -- - - - - - - - - - - -

Ranunculus repens 
Sagina procumbens 
C erastium glomeratum 
S tell.aria media 
Trifolium dubium 
Trifolium repena 
Gnaphaliwn purpureum 
Hypochoe:ris radioa ta 
Taraxacum officinale 
Myosotis soorpioides 
Mimulus noscha tus 
.Prunella vulgaris 
Juncus tcnuis 
I.P lium percnne 
Cynosurus ' 4.ristatus 
Dactylis glomerata 
Glyceria fluitans 
Festuca rubra var. 

commutata 
F estuca arundinacea 
Holcus lanatus 
A grostis tenuia 
An thoxanthum odora tum 
- - - - .. - - - - - - - -
Juncus butonius 
Juncus articulatus 

- .-. - - - - - - - -
Bare 

% cover 

1 2 3 

3 1 
1 

- 1 
1 5 1 9  -
3 

1 2 1 
6 

1 5 
1 1 0  

2 
8 4-

- - - - - - - - -
6 
1 

1 2  
9 

5 
-
1 

1 
1 
4-
2 

1 

1 
1 

1 2  
1 

26 

-
67 

7 
1 

1 0  
6 2 

1 2  5 
7 

1 

5 
1 
-

3 
5 3 

1 
3 

1 3 21 
2 2 

1 5 1 2  
- - - - -

1 3 2 
56 45 

- - .. - - - - - - -
1 1 8 

% top cover 

1 2 3 

-
1 
1 

1 0  1 2  
3 

4-
4- -
5 

8 
1 
2 

- - - - - --
2 

2 

6 
2 3 2 
1 6 4-

4-
2 

1 
4-

1 
1 
3 -

-
3 

1 3 3 

1 2 -
6 4- 14  

2 
1 6  5 7 

1 2  2 
46 35 33 

- - - - -- -

21 5 
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