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ABSTRACT 

The seasonal and altitudinal variations in diet 

and abundance of European hares (Lepus §_~rOJ2..:?-eus) in 

Tongariro Na t ional Park was studied from May 1.977 to 

May 19 78. 

The main study area situated on the northern 

slopes of Mt. Ruapehu, adjacent to the Bruce Road , 

extended from 900 m to 1600 m a.s.l . A secondary study 

area established on the south-western slopes, ad jacent 

to the Ohakune Mountain Road, extended from 700 m t .o 

1 500 rn a.s.l. Transects were established altitudinally 

at 100 rn intervals. 

Dietar y analysis was undertaken by identification 

of plant cutic les found within frEsh faeces, collected 

monthly from the area surround each transect. Cuticle 

~nalysis results were supplemented by feeding using 

captive hares, direct field observations o f browsed 

p lant species and pellet sample s froJ other areas within 

the Park . 

Relationships between seasona l and altitudinal 

variat i on s in chemical composition and availabi lity of 

plant species are discussed with re ference to dietary 

changes . 

Faecal pellet density estimates were made along 

each transect, defecation rates of captives were deter­

mined and the affects of various factors on decomposition 

rate of pellets is discussed. Re s ul ts of these three 

sec tions are combined to give an estimate of hare 

abundanc.e. 

Conclusions are drawn as to the importance o f 

various factors in determining the diet of hares \·li thin 

·th. _ Park. 
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CHAPTER 1 : INTRODUCTION 

1. 1. GENERAL. 

The Order Lagomorpha contains over 6 0 species of 

r <tbbi ts, hdres a nd pikas, inhabiting most parts of the 

wor ld except Antarctica and Madagascar. Rabbits and hare s 

were introd uced to Australasia and Chi le by settlers . 

(Ha r l ow and Parsons 197 4) . 

Although Lagomorphs were once included in the 

suborder Duplicident ata, as t hey s uper f i cially resembled 

rodents, f ossil evide nce h as shown that the two orders 

were distinct b y the Eocene (c . 60 million years b.p.} . 

(Matth e ws 19 52} . 

1. 

The lagomorphs are small to medium-sized animals, 

clothed i n soft fur and wi th a short tail, o r tail-less. 

They a re digi tig rade , or d i qi tigrade on t he fore - feet and 

pla ntigrade on the h ind-fe e t; the toes - f i ve on t h e fore 

and fou r or five on t he hind-teet - are prov ided with c laws , 

and the soles of all feet a r e hairy . ~bsence of can i ne 

teet h c reates a wide qap between cheek teeth and the incisors, 

which are chisel-edged , have open pulp cavities , and grow 

continuously. Al though t h e teeth have essentially th~ same 

qene r al arranqement in l agomorphs a n d rodents , they are d i s ­

similar in one main respect : rodents have one oair of inc i sors 

i n each jaw, but lagomorphs have an extra pair, set behind 

the upper incisors. 

In lagomo rphs most food passes through the dioestive 

tract twice. In the hare those pelle ts p roduced during t h e 

day a re re-inges ted directly from the anus. I t is believed 

that refection provides the animal with vitamin B produced 

by bacteri a l action in the caecum but not absorbed ther e . 

(Matthews 1971}. 

The lagomorphs are divided into two familie s, the 

Ochotonidae containing a sinole oenus and 1 4 species generally 

known as pikas , and the Leporidae containing nine genera and 

52 specie s of r a bbit s and hare s. (Ha rlow and Parsons 1974). 



'rhe hares belong to the largest genus Lepu~ with 

o ver 24 species, including t he American Jackrabbits and 

Varying Hare, o f t en called t he Snowshoe Rabbit. 

Hares are solitary animals and none of the species 

dig s burrows either for shelter or to hold nests for their 

young. The v rest up during the dav among v egetat ion in 

slight depressions known as 'forms'. When born, the 

leverets are f ul ly f urred and have their eye s open . They 

soon l e ave their mother, e ach finding its own 'form' and 

being visited by the doe only to be fed. (Matthews 1952). 

Acco r ding to Barrett-Hamilton ( 1 912) , ' A hare is as 

e xclusively a vege t a ble feede r as any known an imal. Its 

f ood consis ts of var i o us kinds o f he rbage part i c ularly 

o f the mixture known a s 'grass '; but its choice is much 

more restricted than that of the rabbit and it is said 

to s elect compara tively few olants.' 

The brown hare ~e l2_\l s. europaeus Pallas r anges 

througtout Europe down to t he Mediterranean, eastwards 

into Western Asia and south-eastwards to Asia Minor a nd 

Iran. It has been introdu ced into Scandina via, Finland, 

Australia, New Zealand, Cl1ile and the Great Lakes r e gion 

of North America. (Southe rn 1 96 4). 

Southern (1964) describes the pe l age as a typical 

'agouti' colour; the unde rside i s while and t h e cheeks, 

insides of limbs and feet are yellowish or ruddy. The 

species can be distinquished by long black-tipped ears, 

the t a il, which is black on top, and the straw-coloured 

iris of the eye. 

2 . 



1.2 INTRODUCTION AND DISTRIBUTION OF HARES IN 

NEW ZEALAND 

The English form of the common or brown hare 

described as ~epus_ europaeus occ ide ntalis de vlinton was 

liberated to provide sport and also perhaps to improve the 

food s upply of the e ar ly settlers. (Wodzicki 1950). Donne 

(1924} state s that the first har es to reach New Zealand 

arrived at Lyttleton in 1 851, and tha t s ome months late r 

they we re reported on Banks Peninsula. In 1868 or 1869 

more were imported from Australia and these arrived at 

Auckland. (Donne 1924) . 

Hares increased r a pidly in numbers and soon spread 

1n the years following their liberation . Donne beli eve s 

that 'wherever introduced they have acclimatized' and 

3. 

Thomson (1922) gives several examples of this. By the early 

1920's hares were recor ded as being ' c ommon from Cook Strait 

to Fovcaux Strait' and well distribute d in the North Isldnd. 

(Thomson 1922). Wodz icki (1950) s ta tes that 'such a success­

ful initial increase and spread was mainly possible because 

of the suitable climate , abundan t food supply and a virtual 

lack o f natural enemies' . From the report of Wodzicki (1948) 

and Gibb and Flux (1973) it appears that hares are today 

widespread, except for parts of Northland and Fiordland, and 

they are absent from Steward Island, the off-shore and sub­

a ntarctic islands. 

Habitats preferred by har es are scrub and native grass­

lands both below and above the timber line. Although hares 

are seen on agricultural land, this is considered by Gibb 

and Flux (1973) to be a secondary habitat , although there is 

some evidence that nuniliers are increasing due primarily to 

Rabbit Control Programmes of Pest Destruction Boards. 

In tussock grassland, hares reach a higher altitude 

than rabbits . In the Kurow district (North Otago) they are 

reported 'everywhere up to 7,000 feet ' (2130 m) and 'there 

are quite a number above the snowline. They will live in 

snowgrass under snow'. (Murdoch 1948) . ~.europaeus is 



com.rnon i n alpine regions, whereas in Europe it would be 

r e placed by the mountain hare L.timi_dus above 600 m. 

(Southern 1964). 

Climate seems to be an important factor regulating 

the distribution of hares, with the drier eastern areas 

(Hawke's Bay, Marlborough, Canter bury and North Otago) 

carrying a greater density than western areas . 

Stmuning up, Wodzicki (1950) suggests that after 

their initial abundance, hares, like other introduced 

mammals, have now reached a more or less stable position . 

The population h as filled all suitable habitats and is now 

sub j ect only to inherent fluctuat ions and t o changes induced 

by control measures and other limiting factors. 

4 • 



1.3 PREVIOUS RESEARCH 

In North America more has been written on the food 

habits of various Jackrabbits than any other aspect of their 

ecology. Studies include those of Vorhies and Taylor (19 33), 

Aldous (1936, 1937), Arnold and Reynolds (1943) , Haskell 

and Reynolds (1947), Bider (1961), Currie and Goodwin (1966), 

Hayden (1 966), James (1967), Sparks (19 68) , Hansen and 

Flinders (1969), Flinders and Hansen (1972, 1973, 1975), 

Hansen (197 2), Tel.fer (1972}, Holter et al (197 4) and Wolff 

(1978). 

Acros s the Atlantic, in Europe and Great Britian 

ha r es are of great value as game an i ma ls and consequent ly 

extensive s t udies have been unde rtaken t o i mprove t heir 

manage ment. Dietary studies include those of Lund (1959), 

Flux (1 962) 1 Hewson (1962, 1974, 1976, 19 77), Novikov and 

Timofeeva (1964) 1 Fadeev (1966 ) , Matus zewski (196S, Miller 

(1 968), Myrcha (1968), Walker and Fairley (1 9 68), and Lind1of 

et al (1974 (a) and (b)) . 

While a significant amount of literature has been 

written overseas , in New Zealand studies of ~ e uropaeus 

have been restricted to papers by Flux (1965 (a)) concerning 

the timing of the breeding s e ason, the incidence of ovarian 

t umors (1965 (b)), the occurrence of a white wrist band 

(1966) 1 reproduction and body weights (1967 (a)) and numbers 

and diet in an alpine basin (1967 (b)); a nd Douglas (1970) 

discusses movement of hares in the high country. 

As little was known of the diet and a bundance of 

hares in New Zealand, it was felt that a follow-up study to 

that of Flu,· (1967 (b)), in a diffe rent region, would be of 

significant val ue t o the study of the ecology of the hare. 

5. 



6. 

CHAPTER 2 : STUDY AREAS 

2.1 CHOICE OF SITES. 

Recent geological evidence shows that New Zealand 

has been isolated from the rest of the world since the 

Cretaceous (c.70 million years b.p.). As a result of this 

isolation the forests and grasslands evolved in the absence 

of g razing and brO\'lsinq mammals . The main a im of this study 

\vas to examine the diet of hares 1 being introduced marnmals, 

living in an indigenous alpine environment. As ad juncts 

the effects of altitude and season on the diet and abundance 

of hares were also studied . 

Modification of the indigenous vegetation within the 

Tongariro National Park by man and grazing and browsing 

ma mmals is relatively slight when compared with other 

mountain areas within New Zealand . The hare is probably 

the major brm..;rsing mammal above the t i mber-1 ine 1 as deer 

are uncorrunon and o possums, though abundant , are generally 

~onf ined to the forest . As it was known that hares were 

readily t o be found in the area, a nd that the effects of 

other browsing mammals were minimal, the Park was chosen 

as the i dea l site for this study. 

Tongariro National Park, situated on the central 

volcanic plateau of the North Island, was New Zealand ' s 

first National Park, being established in 188 7 by a gift 

of 2 , 600 ha from Te Heuheu Tukino , paramount chief of the 

Ngati-Tuwharetoa tribe. By periodic additions of land the 

Park has increased in size to 70 ,1 00 ha and further 

extensions are planned. 

The vegetation of the Park has been described both 

qualitatively a nd quantitatively in considerable detail : 

Cockayne (1908, 1928) ; Gird1estone (1909); Turner (1909); 

Aston (1927); Smith (1935); Chambers (1958-59) i 

Atkinson (1961 , 1971); Esler (1965); Rennison et al (1 96 5 ) 

and Scott (1977 (a) 1 (b) 1 (c)). 



The main study area, situated on the northern 

slope s of Mt. Ruapehu, adjacent to the Bruce Road, 

exte nded from 900 m to 1600 m a.s.l. A secondary study 

area, established on the south-western slopes adjacent 

to the Ohakune Mountain Road, ex~nded from 700 m to 

1500 m a . s.l. 

Other areas of the Park were used for collection 

of pellets fo r dietary analysis and for additional 

vegetation obse rvations. 

Studies continued from May, 1977 to June, 1978. 

7. 
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2.2 SOILS AND CLIMATE. 

The three major volcanic peaks included within the 

Park bo undaries; Tongariro (1968 m), Nga uruhoe (2291 m), 

a nd Rua pehu ( 2797 m), l i e a t the southern end of the 

volcanic zone e xte nding no rth-east through the centre of 

the North I sland, and continuinq for 1600 km a cross the 

South Ea s t Pacif i c. 'rhe volcanoes a r e of Quaternary (two 

mill i o n b. p.) to r ecent origin, and t~e roc ks with in the 

study area are principally andesites* t y pica lly containing 

phe nocrysts o f calc ic plagiocla s e (aluminiwn s ilicates o f 

Ca), hypersthene (Fe and Mg silicates) , augi te (Ca/Fe and 

Mg/Al silicate s) , a nd to a l esser extent basalts (Gregg 

1960 (a) and (b)). 

The comparatively young andesitic ash soils o f Mt . 

9. 

Ruapehu make it a n atypica l alpine area. Mos t Ne w Zeala nd 

alpine arens are derived from grcywacke and schist 'IIi th 

as s o ciated soil s . The upper surface of the Ruapehu oreL 

has been cover ed with successive l ayers of andesi tic ash 

fo l lowing er~ptions from Mt. Ruapehu and the neighbouring 

volcanoes . There is little development of soil prof iles, 

part i cularly in soil s b e neath dense vegetation on steep 

we l l-draine d slo pes. Outwash areas with rapid a ccumulat i on 

of material also show little pr ofil e differentiation ap~rt 

from the alternating layers of different t exture. Scott 

(1977 (a)) . A description of the soils is given by New 

Zealand Soil Bure au (196 8), Read (1974) , with a more 

detailed account by Cole (1978). 

The climate of the study area is montane and has 

been reviewed by Coulter (19 67). Table 1 summarises 

climate measurements taken at the Chateau Tongari ro near 

t he middle of the altitudinal range studied. Salient 

features are: high annual precipitat ion wi th rain da ys 

spread throughout the year, though somewhat lower during 

* Dark grey to black rocks c ommonly speckled with white 

cry stals of feldspar. 



10. 

the thre e summer months; generally cool temperatures with 

ground frosts throughout the year; cool spring and earl~ 

summer (October to December), with January to !1arch being 

the warmest months; and winter snow which on higher 

elevations persists well into October and November. The 

mounta ins are exposed to all winds, however, the prevailing 

wind is westerly . Winds from the west to north-east bring 

most of the rain, and souther ly winds are frequently strong 

and snow-bearing in winter . Rainfall figures for the south­

western slopes of Ruapehu are about half tha t recorded for 

t he northern slopes. 



Table 1: Summary of tempe rature, humidity and precipitation for Chate au Tongar iro 

1930- 70 (N.Z. Mete orolog i ca l Service 1973). 

Jan. Feb. Mar. Apr. May June J u ly Aug. Sept. Oct. Nov. Dec. Year 

Mean Daily Maximum (°C) 16.7 16.8 15.2 12.1 9.0 6.5 5.8 6.7 8.6 10 .7 12.7 15.1 11.3 

Mean Daily Minimum (°C) 6.6 7. 4 6 . 1 3.9 1.6 -0.3 -1.3 -0.5 0.5 1.9 3.5 5.3 2.9 

Relative Humidity (%) 76 78 79 80 83 86 87 83 79 78 76 76 80 

Normal Rainfall (rom) 188 206 178 224 257 292 269 251 244 279 2 62 264 2 914 

...... 

...... 
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2.3 VEGETATION AND ANIMALS. 

The f irst botanica l survey o f the Tongariro National 

Park was undertaken i n 1908 by Dr. Leonard Cockayne who 

listed 259 plant species within the Park boundaries. A 

further 56 s pecies were l isted b y C.M. Smith after a later 

survey in 1 935. Today , there arc es timated t o be at l east 

53 0 different species within t he Park , excluding mos s es, 

liverworts, lichens and fungi. (Esler 1965). 

Cockayne (1908) classified some 42 plants as being 

"truly alpine or sub- alpi ne", but as h e rerna rke 1 , "it is 

hard to draw the l ine as to what plants shou ld be include d" . 

Th e p r esent study was carried out in s ub- alpine and alpine 

tussock grassland d e scribed by Cockayne as ' shrub-steppe '. 

This grassland occupies by far the largest part of the 

Park , forested areas being much smaller in extent . 

Below 100 0 m on t he north-western slopes o f Ruapehu , 

heather ( Callun~ vulgar i s) is the dominant vegetation . It 

was i n troduced into the Park from 1 910 to 1924 , and was 

intended as cover and food source for the grouse which 

were l a ter introduced as game . (Ma zey 1974). Between lOOOm 

and 1 200m there is a patchwork of vegetation dominated by 

inaka (Dracophyllum filifol ium) and red tussock 

(Chionochl oa rubra) as we ll as the associated fernlands 

and rushlands. Extending beyond this to 1500 m the inaka 

is replaced by mountain inaka (Dracophyllum recur vum) and 

other a lpi ne shrubs such as snow totara (Podocarpus 

nivallis) , pigmy pine (Dacrydium l axifol ium), mountain 

snowberry (Gaultheria depressa), mountain toatoa 

(Phyllocladus alpinus) , whipcord he b e (Hebe tetragona ) , 

Senecio bidwillii and Celmesia incana. Rock screes 

occupy most of the upper slopes of all t hree main 

mountains a bove 1400 m, and vegeta tion i s s parse . 

On the south-western slopes of Ruapehu, mountain 

beech f o rest extends from the Park bo undary at 700 m to 

1520 m. Abo ve and interspersed the vegetation is similar 

to that found o n the northern slopes at equivalent altitudes . 
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The report of a survey by Dr. L . Cockayne in 1908 

states : ' The in troduced animals are chiefl y important on 

accounl of the damage they may do to the veget a tion . The 

grasslands in the v i cinity of the Park , e xcep ting t o the 

south-east have never been let for grazing purpo ses . AL 

the same t ime, t !1e Nat i ves own l and is in proximity, and 

their ca t tle or the wi ld prog e n y of t hese have roamed at 

large over the Crown Lands. Especi ally i s this the case 

at t he north end of Tongar iro , whe r e the pasture i s much 

richer t han elsewhere. Also for a long t i me there hav~ 

been herds of wild horses pasturing on the grass- steppe . 

Quite recentl y too , a few sambar dee r have been l iberated. 

llu.r e s also are very abundant . But, so far a s I was ab le 

to observe , a ll the above have not been su f ficient a s y e t 

t o work much, if any, cha nge in the vegetation, though 

this fact is no e xcuse for their presence in what is 

virtually a s a nctua ry for indigenous plants and animals '. 

Little r e c e n t i n format ion is available conce r n ing 

i ntroduced ani mals within the Park . 37 s pecies of bird 

and one spec ies of New Zealand bat have been recorded 

wi t hin the Park . (E s l e r 1965) . 

Esler (1965) states that ' There is no stand of 

f orest in the Park without deer tracks. Nevertheless 

these a nimals seem to be fewer than in many other mount a in 

districts ' . 

Red deer (Cervus elaph u s) from the Kaimana wa Ranges 

first strayed into the Park i n the mid 1920's, and Sika 

deer (Cervus nip pon) a l s o a ppear to have migrat ed from 

thi s area. 

Feral pigs (Sus scrofa) have been r ecor ded, 

generally below 900 m, and on the norther n slopes o f 

Tongariro the shrubby understory of the Hall ' s t o t ara 

forest has bee n seriously damaged by them . On the north­

e as t e rn slopes the combined act ion of pig s and deer has 

complete ly removed the understory o f the Red Beech -

Silve r Beech Forest. 

Opossums (Trichosurus vulpecula) are p r esent in 



large numbers in the r imu forest on the western and 

south-western slopes o f Ruapehu, and reach even greater 

numbers where secondary forest has regenerated following 

milling of the original rimu . 

Hares browse on the areas of red tussock and 

locally wild horses (Equus caba llus) have caused some 

damage. Rabbits (Oryc t olagus cuniculus) are reported 

to be numerous on the Onetapu De sert (eastern slopes of 

Ruapehu). 

The overa ll effect of the browsing of all these 

a nimals has been comparatively light vli thin the Park 

itse lf, but they have caused some change s in the 

vegetation. (Pascoe 1 97 4 ) . 

Mustelids, feral cats (Felis c atus ) and rodents 

are all prese nt, and probably have an appreciable effect 

on bird life. 

14. 
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2.4 TRANSECTS. 

These were established at intervals of 100 m from 

900 m to 1600 m at the Chateau site and from 1200 m to 

1500 m at the Ohakune site. Where possible two transects 

each 100 m in length were established at each altitude. 

Conseque ntly at the Chateau s ite there wer e t wo 100 m 

transects at 1600 m, 1500 m, 1400 m, 1300 m, and 1200 m; 

one 150 m transect at 1100 m and a further 100 m transec t 

at 1000 and 900 m. 

The Ohakune site inc luded numerous cliffs, so that 

the terrain was difficult to work and trans ects were 

limited to one 100 m transect at 1500 m, 1400 m, 1300 m, 

and a 150 m t r ansect at 1200 m. Pelle t collections were 

made at 900 m and 700 m be cause a t these altitudes the re 

was relatively easy access into the bush. 

The 1200 m transect at the Chateau and 1200 and 

1400 m transects a t the Ohakune site ran part ly t rroug h 

mountain beech forest. 
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CHAPTER 3 : ME'I'HODS 

3 .1. DIETARY HAB I 'rS 

The plant composition of an animals's diet can be 

analysed by a variety of methods. Genera lly, forage may 

be evaluated before, during, or a f ter digestion. 

17. 

Direct assessment c a n be made by close observation 

o f feeding animals. This approach is made difficult, if 

not impos s ible, by noc turnal habits, and by animals being 

shy and elusive. This method was abandoned afte r repeated 

attempts, using an infra-red night viewer to observe hare s 

feeding, proved unsatisfactory. 

The use of exclosures or enclosures was not tried, 

as it was felt that the changes in plant composition and 

growth would not be significant in the time available for 

the study. 

Examinat ion of f orage consumption during digestion 

involve s oe s ophagea l a nd rumen fistulation or gut analysis 

from dead specimens. The bulk of the work on fistulation 

has been done on closely confined domestic animals, and 

the use of this technique on situations in the wild would 

involve many problems. The examination of gut contents 

of dead a nimals can provide detailed qualitative and 

quantitative information about diet, this metho d being 

probably the most accurate, provided the sample size is 

large enough. Initially it was intende d that shot samples 

would be obtained monthly, but it was found that insuf­

ficient numbers could be obtained regularly by ·this me t hod. 

For this study, it was decided that faecal analysis 

would be used as the basic method for dietar y analysis, 

with direct observation of food consumed by captives and 

of vegetation in the field being undertaken as comparative 

methods. 

Faecal analysis overcomes many of the objections to 

alternative methods previously mentioned as samples can be 

collected even while studying a shy and elusive animal such 



as the hare. The data obtained is both qualitative and 

quantitative, and the faecal material can easily be 

stored until required for analysis. 

18. 

The identification of plant remains by cuticle 

analysis is based on the assumption that there is little 

or no di ge stion of the epidermis encased in cutin. 

Consequently, f ragments of leaf cuticle vlhich are 

specifically recogni sable in the faeces are identifiable . 

The areas of leaf cuticle of e ach plant species can be 

determined by microscopic analysis. It i s also assumed 

that the areas of each plant species in the faeces are 

proportiona l to those inges ted . This latter assumption 

is valid only if leaf cuticle is unaffe cted , or if all 

species are equally affected, by digestion. 

In this study, it is assumed that there is no 

differential digestion of cutin, though the limitations 

of this assumption are recognised. However, many of the 

plants living in the alpine environment h ave a relatively 

tough and fibrous leaf form a s an adaptation to the harsh­

ness of the habitat, and it is suggested that the 

assumption that there is no differential digestion is, in 

this situation , more justifiable than it might be in areas 

which are in a less extreme physical environment. In any 

case, should sub sequent studies reveal di fferential cuticle 

survival, it would not be difficult t o apply appropriate 

correction factors to the present results. 

A second possible difficulty with the technique is 

that material with no cuticle, or a very thin one, may not 

be retained. This difficulty did not appear to arise 

during thi s study as seeds, pollen grains, roots, flowers 

and bark wer e readily identifiable in the preparations 

made. 

3.1.1. Pellet Collection. 

From the area surrounding each transect 'fresh' 

pellets were collected for analysis of the constituents. 

Fresh pellets were identified by their moist shiny mucous 
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Plate 1: Fresh Hare Faeces. 





coating. In general all pellets found within the time 

available were collected from as many different sites 

as possible, to try to avoid obtaining a sample voided 

by a single hare . Usually betwe en 10 and 50 pellets 

were collected, but on one occasion 200 were found. 

20. 

Care was taken to avoid collecting rabbit faeces 

which are similar in appearance to hare faeces to the 

unskilled eye. In comparison, rabbit faec es are smaller, 

darker and generally not as rounded as hare faeces . 

Pellets collected were placed in air t ight, 

labelled jars, and covered with ten per cent formalin 

until a nalysed . 

3.1.2 . Cuticle Analysis . 

Several papers have been published on the potential 

fo r using various techniques for estimating the botanical 

composition of hebrivore diets from the microscopic 

examination of faeces: (Dusi 1949; Crocker 1 959; Hercus 

19 6 0; Storr 1961; Stewart 1 967; Williams 1969; Dunnet et a~ 

1973). 

For t he purposes of this study analysis of cuticles 

within faeces was under t aken following the basic method 

de scribed in Dunnet et al (1973). 

After mixing the pelle ts from the monthly collection 

made a t each altitude, a sub-sample of five pellets was 

disinteqrated by hand; a mortar and pestle were not used 

in case thi s harsher method of grinding destroyed any 

delicate plant f r agments. 

Macerating fluid, made up as fol lows, was added: 

250 g chromium trioxide in 250 ml water (= 50 % chromic 

acid) and 50% concentrated industrial nitric acid, mixed 

i n the proportions 60 ml chromic acid: 40 ml nitric acid. 

The faecal material was allowed to stand at room temperature 

in this solution for 60 - 90 minutes. Then the material 

was washed through coarse grade filter paper, transferred 

to a labelled bottle and covered with formalin acetic 

alcohol (FAA ) (consisting of ten parts 40% formaldehyde, 



five parts glacial acetic acid and 85 parts 70% alcohol) , 

until required for analysis. 

For analysis, samples we r e re-filtered and five 

slide s made up from the residue mounted in g l ycerine . 

Each sample was mixed thoroughly on the slide to produce 

an even, and so far as possible, single-layered dis­

t r ibution of fragments, and covered with a 22 x 40 mm 

coverslip. 

'rhe: slides were examined under a compound 

microscope at a magnification of x 40, although with 

some fragments identification r equired a magnification 

of x 100. 

In order to obtain an index of the area of 

fragments present a 1 mm2 graticule in the eyepiece was 

used to measure the area of cuticle fragments in 

arbi trary units on a scale of one to five. (1 = 0.4lrnm2 

2 = 0 . 82mm2 3 = 1.22mm2 4 = 1.63mm2 5 = 2.04mm2). 

Twenty systematically located fi e lds were examined 

on each slide (Sparks and Malechek 1968) , and the species 

prese nt at the centre of a microme ter e yepiece was 

recorded together with its approximate area. Thus a 

percent fre quency was computed for each species present . 

Cuticle fragments were identified from photo­

micrographs of a reference collection of species from the 

study area. The reference collection was prepared by 

cutting plant material into small pieces , approximately 

3rnrn x 2mm and placinq them in the macerating solution 

until the c uticles floated to the surface , approximately 

90 minutes lat er. The cuticles were mounted in glycerine 

on slides and photographed using a Carl Zeiss Ergaval 

microscope and camera , x 125 and x 320 . Introduced 

grasses, mosses, seeds or bark wer e not identifie d to 

species level. 

Monthly percent frequencies of occurrence of each 

species were then combined seasonally . A ' composite 

average area' (A) was determined, following the method 

described in Siegfried (1972): the number of items in 

21. 



each size class multiplied by the mean area of that size 

class, the va l ues summed and the total divided by the 

total number of food items. 

3 .1.3. Feeding Trials. 

To lend ~upport to results from faecal analysis, 

feeding trials using captive ha r es were carried out . 

Initial ly three partly-grown hares were captured 

with the aid of the North Wairarapa Pest Destruction 

Board, using motor-bikes and spot-lights. The procedure 

involved dazzling the hare at niqht with two spot­

lights from different directions, then slowlv closing 

22. 

in and finis h inq wi th a 'rugby tackle '. The hares froze 

for a short period when dazzled , and capture was relatively 

easy provided the 'tackler' was quick and accurate. In 

this manner the hares were obtained on 8th., 9th. , and 

15th. February 1978. 

The hares were housed in a 1. 8 x 3.7 x 1. 8 m grasse d 

wire run with an attached concrete floored sleeping com­

partment of 2 . 4 x 0.9 x 1 . 8 m. Boxes containing hay 

provided cover and sleepi ng accommodation . 

Prior to and between feedinq trails the hares we~e 

fed cabbag0 , lettuce and Massey University rabbit pellets 

(EHR/ 77) manufactured by Farm Products (Manawatu) Ltd ., 

toqether with water ad lib. 

During feedinq trials the hares were con fi ned to 

the concrete-floored sleeping compartment to prevent them 

eating grass in the run, and to enable recovery of a lpine 

plant species remaininq after the trial . 

Samples of plants known to be eaten by hares were 

collected from areas adjacent to the study area; but 

outside the Park boundaries; whole Plants were collected 

and their roots kept in water until required . The species 

collecte d were: Chionochloa rubra , Celmisia spectabilis, 

Notodanthania setifolia ~ Calluna vulgar is, Aciphylla 

squarrosa, Poa colensoi and Schoenus pauciflorus. 



Each plant sample was weighed ± 0.5 g placed on a 

l arge metal tray , and set in the cage along wi th a known 

weight of r a bbit pe llets and water ad lib . After 24 hours 

the tray and any remaining plant fragments were removed. 

The amount of each species remaining was wei g hed. a nd the 

next f eeding trial begun . 

Two feeding trials were carried out . The first 

covered three days, the second s ix days. 

The three half-grown captives were sexed , we ighed , 

measured and marked with collars a nd ear tags, and 

released on 9th. April 1978 . 

I n addition to the three hal f-grown captives , 

three leve r ets (approximately one to two weeks old ) \vere 

obtained in reply to advertisements olaced in local shop 

windows . Horie was obtained on 22nd February 1978, and 

Sam and Charlie on 6th March 1978 . Initially all three 

were housed indoors in exoerimental opossum cages. Their 

d i et consisted of cow ' s milk diluted by one third with 

glucos e added, fed from a n eye-dr opper , and supplemented 

by lettuce, biscuits (Webb 1955), and rabbit pellets . 

The leverets were l ater placed outside in a rabbit 

hutch , and moved to fresh grass daily while continuing 

the above diet. Body weights were recorded regularly 

on kitchen scales ± 0.5 g. They were kept in this manner 

until t he death of Sam and Charl i e on 28th. March 1978. 

A third feedinq trial begun with Horie was not 

complet ed because he died of unknown causes on 25 th. 

April 1978. 

3 . 1 . 4 . Field Observations . 

No feeding was observed directly in the field; 

however. sions of feeding deduced to have been by hares 

were recognised on plants: the bite marks were at an 

anqle of 45 deqrees, and t here was generally a qroup of 

pellets of similar aqe to be found at t he base of the 

plant (Bang and Dahlstrom 1 974) . Some observations 

23 . 



concerning plants that would seem to be preferre d by 

hares were made. 

3.1.5 Samples From Other Arens. 

During the study various sites within the Park, 

in addition to those on the transects (see Section 2.4), 

were visited, a nd pel l et samples collected from a range 

of vegetation types and a lti tudes. These pellets were 

analysed by the same method as previously mentioned 

24. 

(see Section 3.1.2.), in the anticipat ion that an overall 

picture of the diet o f hares within the Park would be 

obtaine d. 
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3.2. VEGETATION ANALYSIS. 

Studies by Dodds (1960), Sparks (1968), Telfer 

(1972) and Wolff (1978) suggest an important factor which 

determines the composition of the hares diet is the density 

and frequency of occurrence of a particular species in a 

given habitat. 

Another factor in determining food preference is 

the nutritive value of each plant species. Differences 

in the nutritional status of browse are found between 

species , b e twe en plants of the same species and eve n with­

in plants (Bailey 1967, Wi lliams et al 1977, 1978 (a), 

(b ), (c)). Site exposure to sunlight may cause different 

food values within an apparently homogeneous habitat; 

there are likewise seasonal variations in nutritional 

content of many species. (Tew 1970, Williams et al 19 7 8 

(b) l . 
Several plant species may be required in the daily 

diet of a hare to provide t he minimum requirements of 

energy, protein and o the r nutrients (Holter et a l 1974, 

Linloff et al 1974 (a) a nd (b ) ). It has also been 

suggested that hares may change their food preferences 

with a season to make up for nutrient and energy 

deficiences. {Sparks 1968, Wolff 1978). 

3.2 . 1. Point Analysis of Vegetation. 

To determine species composition and frequency of 

plants availab le to hares, and to look for evidence of 

selectivity by hares, measurements of vegetation were 

carried out at quarterly intervals (Julv, October, 

January and April) . 

It was hoped that in so doing any seasonal chanqes 

in the availability of plants would be detected. Also 

any selectivity bv hares of minor species in the 

veaetation would be noted. 

Measurements were made bv point analysis with a 

pointer dropped vertically at one metre intervals along 
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each altitudinal transect. Per cent frequency composition 

was subsequently calculated. Only the plant which the 

pointer actually touched was recorded; per cent cover 

was not determi ned, (Chamrad and Box 1968). 

All plant names follow Al lan (1961) , Moore and 

Edgar (1970) and Mark and Adams (1973). 

3 . 2 . 2 . Chemical Composition Of Important Dietary 
Plants. 

Chemical analysis of the major plants in the hares 

diet was undertaken to ascertain whether seasonal changes 

in diet were related t o seasonal changes in plant chemistry . 

Samples of plant material were collected seasonally 

(August, November , February and April) . Three samples of 

each species were obtaine d from each transect under study. 

One sample was taken from each end of the transect, and 

another from the middle, to ensure that samoling was 

uniform and not biased by soil comnosition at one part­

i cular noint. 

The species colle cted were: Chionochloa rubra, 

Notodanthania setifolia, Poa colensoi, Ce1misia 

snectabilis, Aciphylla squarrosa, Calluna vul garis, 

Sencio bidwillii, and Schoenus pauciflorus . 

Samples were kept in plastic bags and frozen as 

soon as possible , within 36 hours after collection. 

(Williams et al 1976). Samples were then cut into lengths 

of between 3-5 em; roots and dead leaves beina discarded . 

Wet weights were taken before samoles were dried to con­

stant weiaht at 100oc for approxim~tely 48 ho11rs. After 

drying . samples were nlaced in sterile . screw-too con­

tainers until ashed. Dry weights were measured before 

ashing at 600°C for 24 hours. Ashed samples were again 

placed in screw-too containers until reauired for chemical 

analvsis. 

Chemical analvsis for sodium and potassium was 

carried out by standard methods using the emission from 

a Corning-Eel Flame Photometer. Atomic absorotion 

analvsis for Maanesium (2025 R>. Calcium (4226.7 R), 
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Iron (2483.3 ~) and Zinc (2138.6 R) was carried out using 

percentage transmission from a Varian Techtron AA-5 Atomic 

Absorption Spectrophotometer, (Williams and Twine 1967). 

For analysis 40 ± 3 mg of ashed sample was weighed 

out and dissolved in 20 ml of 2 M redistilled hydrochloric 

acid containing 2.415 g/1 anhydrous Sr (N0
3

) 2 . The samples 

were then made up to 25 ml in volumetric flasks. A further 

dilution of 1:25 was also made. Both solutions were 

stored in stopper ed polyethylene tubes until reading. 

Standard curves were plotted using previously 

prepared standard solutions and readings converted t o 

mg/ml. After further calculations, results were as 

recorded rng/g dry weight. An analysis of varience was 

undertaken on the data using the SPSS computer package. 
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3.3. HARE ABUNDANCE . 

Although a wide variety of t echniques has bee n 

devised for a sse s sing t he n umbers of individuals in f r ee­

ranging mammalian populations, most demand a great deal 

of time and effort . 

Flushing methods have been u sed extensively in 

Europe, Flux (1962 and 1970), Hewson (1965 , 1976) , 

Ra jska (1968), Pielowski (1969) , and in North &~erica, 

Webb (1942), Lechleitner (1958). This technique, however , 

is labour intensive and results are not always accurate 

a s there is e xtreme variation in flushing distances. 

A s potlight census is useful when relati ve popul­

ation esti mates only are required for comparison of 

differ ent areas in the s ame season or the same a rea in 

differ ent years. (Lord 1961, Salzmann-Wandeler and 

Salzmann 197 3). For accurate results the area inves t­

igated should be flat, free f rom high vegetat ion and 

easi l y acces sib l e. The topography o f TQngariro National 

Park precluded the use of this method. 

Mark and recapture methods proba bly give t he most 

re li able populati on estimates. Animals, however, may 

bec ome trap shy or be lost through capture procedures 

(Douglas 1970) , c onsequently the results of preceding 

counts a re affected . 

Recent studies have used aerial counts of popul­

a tions (Windberge and Kei th 1977 ) to obtain accurate hare 

popul ation densites . For obvious reasons this method was 

not adopt ed. 

For t he purposes of this study it was decided to 

use a pellet census technique first described by Taylor 

and Williams (1956) and modified by Batcheler (1975 (a), 

197 5 (o)). This method is labour unintensive and able 

to be undertaken by the author, alone. The pe llet cen sus 

require s a precise knowledge of pellet decomposition rate 

and pellet production rate. It is also necessa ry to know 

the effects climatic factors in force during the period 

under study. 



In addition, recordings of visual sightings of 

hares, faeces and footprints were made to support 

findings of the pellet census. 

3.3.1. Pellet Density. 

In order to determine numbers of hares living in 

the two study areas, pellet densities were estimated 

following Batcheler (1973 , 1975 (a), 1975 (b)). In this 

method densities of pellets are calculate d from distances 

me asured up to a chosen maximum distance R (60 ern) for 

e a ch o f N sample points. Defining the ne arest member 

to the point as rp, its nearest neighbour as rn and rn's 

nearest neighbour (exclusive of rp) as rrn. 

These data were used to calculate several 

statistics defined in Batcheler (1975 (a)) equations 

6 to 9. 

By modifying Taylor and Williams ' (1956) model 

for e stimating rabbit population density, Batcheler 

(1975 (a), equation 5) derived a formula for estimating 

the number of animals present in a given area by the 

pellet density, and taking into consideration the 

variables of decay rate of pellets and rate of defecation. 

Pellet density and the probable limit of error 

(PLE) were calculated by means of a computer program 

supplied by Mr. C.L. Batcheler and adapted by Mr. J.G. 

Ryan of the Massey University Computer Unit. 

The final calculation to estimate n umbers of hares 

present wi thin the study area was made by substitution of 

estimates of rate of decay of pellets and rate of 

defecation as described in preceding sections (3.3.2 and 

3 .3.3.). 

3.3.2. Pellet Decomposition Rates. 

At each altitude a sample of 50 fresh pellets was 

placed to determine their rate of decay. These pellets 

were placed on the ground and enclosed by an identifiable 
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perimeter of painted stones or sticks. Other pellets 

were cleared away from the immediate vicinity to avoid 

confusion. The pellets were not protected by frames 

(Cochran and Stains 1966) as this would alter the micro­

climate inside the frame, and the area would cease to be 

typical. Also the exclusion of grazing animals would 

allow a greater rate of vegetation growth. As far as 

possible pellets from the different altitudes were placed 

at sites to experience similar exposures, vegetation 

heights, etc. The groups of pellets were checked mont hly -

when not covered by snow - and the n umber e stimated to be 

less than half decayed noted. Pellets more than half 

decayed were ignored. 

A second experiment to determine rate of decay of 

pe l lets was begun in October 1977, following the same 

method as described above. 

In June 1977 fresh pellets were placed at 1100 m 

and each mon t h subsequently a random sample of five 

pellets was taken. These were weighed, and thei r length 

and breadth measured. 

3 .3.3. Defecation Rates of Captives . 

During the previously mentioned feedin g trials 

when the three captive hares were fed alpine plants, 

the average number of pellets produced by each animal 

was determined. The hares were confined to the concrete­

floored sleeping compartment and all pellets produced 

during each 24 hour period of the trial were carefully 

removed, counted, and the dry weight noted. 

3.3.4. Weather Data. 

Various factors including humidity, rainfall, 

temperature, altitude, exposure and pellet composition 

are known to affect the rate at which faeces decay. 

( F 1 ux 19 6 7 (b) ) . 

Monthly records from the meteorological stations 

at the Chateau Tongariro (1120 m) and Ohakune Ranger 



Station (629 m) were transcribed. In addition maximum/ 

min imum thermometers were placed at 1600 m and 900 m on 

the Chatean si~e, and 1500 m and 1200 m on the Ohakune 

si t e. 

Thermo-hygrographs were pl a ced with the maximum/ 

minimum thermometers, but froze during the winter months, 

and consequently were of no use. 

3.3.5. Que stionnaires. 

In addition to the estimates of hare abundance 

deriv ed from pellet densities, questionnaires 

concerning numbers of fresh faec e s, footprints, or hares 

seen, were placed in Park Headquarters at the Chateau 

Tongariro and at Ohakune in July 1977, and collected at 

the end of the studv. 
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CHAPTER 4 : RESULTS 

4 .1. DIETARY HABITS. 

4.1.1. Cuticle Analysis. 

Table 2 (a - j) shows seasonal and altitudinal 

freque ncy of occurrence of plant species found i n hare 

faeces. Data from transects at 1600 m lt and 1500 m rt 

have been excluded as no 'fresh' faeces were collected 

from these altitudes during the study. Results from the 

two transects at altitudes of 1400 m, 1300 m and 120 0 m 

respectively have been combined. 

Five species appear as the major dietary com­

ponents: Chionochloa rubra, Celmisia spectabilis, 

Senecio bidwillii, Poa colensoi, and moss . The percent 

frequencies of occurrence of these fi v e species have 

been graphed to show seasonal variation, Fiq. 3 (a - j) 

and altitudinal variation in diet composition, Fig. 4 

(a - h) • 

C.rubra was the principal species consumed during 

winter, intake declined in spr ing, and peaked again i n 

summer, with amoun t s consumed generally declining again 

in autumn. Ingestion of ~.spectabilis complemented 

fluctuations of C.rubra wi th peaks in sprin q and autumn. 

Intake of S.bidwillii showed peaks in either spring 

or summer, while consumption of moss peaked in winte r or 

spring, but with low percentaqe frequencies, () 15%) . 

P.colensoi intake increased dramatically in autumn, as 

did intake of seeds. 

Consumption of ~.rubra declined gradually with 

increasing altitude, Fig. 4 (a- h), (~.rubra comprised 

60% of the diet at 1100 m but only 20% at 1600 m) , 

while intake of ~.spectabilis, ~.bidwillii, and moss 

increased. with increasing altitude. Consumption of 

P.colensoi also increased with rising altitude to 1400 m. 

Table 2 (a - j) indicates that seeds and introduced 

grasses were increasingly consumed with falling altitude. 
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Composite average area (A) results indicate that 

in general, cuticle fragments of C.spectabilis and 

~.colensoi fell into size class three (0 . 82- 1.22mrn
21, 

while S.bidwillii and C. rubra fragments fell into size 

class two (0.41 - 0.82-mm2 ) and moss into size class 
2 one ( 0.41 mm ) . 
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Table 2 (a): Seasonal Percent Frequency Composition of Diet at 1600 m Chateau. 

~·linb=>r Sprinq Summer Autumn 
- - - -

!=;nPI'""iP<:: X S.D. A X S D ;\ X S D A X S D 

Hoss 5.5 4.9 0.44 21.0 21.7 0.83 8 .3 10.2 0.74 14.0 16.4 

N.solandri 

A.squarrosa 

c.spectabilis 26.5 2.1 0.83 36.3 8.7 1.11 32.7 5.0 0.89 38.0 7.2 

S.bidwillii 19.0 1.4 0.54 25.0 16.8 0.77 31.7 6.7 0.77 28.0 5.3 

H.odora 0.7 1.2 0.42 0.3 0.7 0.21 

S.pauciflorus 

C.rubra 47.0 4 .2 0 . 44 14.3 16.4 0.91 27.0 14.7 0 .6 4 18.0 5.3 

N.setifolia 0.3 0.6 0.21 0.7 1.2 

P.colensoi 1.0 1.0 0.83 0.3 0.6 0.62 

c.vulgaris 

Grass 

Seeds ' 1.3 1.2 

Bark 

Unknown 1.0 1.0 0.21 

A 

0.62 

0.86 

0.67 

0.68 

0.62 

0.62 

I 

I 

I 
i 

I 

I w 
~ 



Table 2 (b): Seasonal Percent Frequency Composition of Diet at 1500 m Chateau. 

Winter Sprinq Summer Autumn 

- - -
Snf'>~if'>~ X S.D. A X S D ;:\ X S D A X s n 

Hoss 8.7 4.2 0.45 12.7 5.7 0.69 5.7 4.5 0.80 2.0 2.0 

N.so1andri 

A.squarrosa 

C.spectabi1is 35.0 4.4 1. 04 24.6 1.2 0.75 30.0 7.0 0.84 32.7 9.9 

S.bidwi11ii 21.7 7.4 0.63 25.0 5.0 0.62 26.3 13.8 0.76 19.3 1.2 

H.odora 0.3 0.6 1. 03 0.3 0.6 0.21 

S.pauciflorus 0.7 1.2 0.21 1.3 2.3 

c.rubra 34.3 11.0 0.75 33.3 12.4 0.76 37.7 19.9 0.76 42.7 9.0 

N.setifolia 0.7 1.2 0.62 1.3 2.3 

P.co1ensoi 3.3 3.1 0.70 0.3 0.6 0.62 

c.vulgaris 

Grass . 

Seeds 1.3 2.3 

Bark 

Unknown 0.7 1.2 

A 

0.62 

0.67 

0.65 

0.62 

0.78 

0.62 

0.21 

0.62 

w 
U1 



Table 2 (c): Seasonal Percent Frequency Composition of Diet at 1400 m Chateau. 

l'lint-t=>r Sprina Summer Autumn 

- - -
~nPl'"'iPC:: X S.D. A X ~ n L\ X S D A X ~ n 

Moss 13.8 5.6 0.43 6.3 3.01 0.69 2.5 1.2 0.55 5.7 6.3 

N.solandri 

A.squarrosa 

C.spectabilis 29.3 13.6 1. 00 34.2 10.4 0.96 26.8 16.9 0.97 22.7 10.2 

S.bidwillii 13.2 6.5 0.66 29.7 10.4 0.62 30.2 2.9 0.78 22.0 7.8 

H.odora 2.5 4 . 2 0.78 

S.pauciflorus 

C.rubra 32.3 19.6 0.57 17 . 3 17.6 0.83 35.8 20.5 0.76 21.7 7.5 

N.setifolia 0.7 · 1.2 0 . 62 .o. 7 1.2 0.62 

P.colensoi 7.0 4.1 0.37 6.0 4.8 0.70 3.8 2.4 0.71 26.0 13.7 

c.vulgaris 1.3 1.5 0.76 

Grass 

Seeds 2.0 3.5 

Bark 
-

Unknown 0.8 0.8 0.93 0.7 1.2 

'A 

0.63 

0.69 

0.75 

0.63 

0.67 

0.62 

0.21 

w 
0"1 



Table 2 (d): Seasonal Percent Frequency Composition of Diet at 1300 m Chateau. 

Wint.er Sprinq Summer Autumn 
- -

SnP~iPs X S.D. A X S D ;:'\ X S D A X ~ 11 

Hoss . 11.3 2.5 0.45 8.0 5.3 0.61 1.3 2.3 0.83 0.7 1.2 

N.so1andri 

A.squarrosa 

C.spectabi1is 21.7 13.6 0.89 13.0 14.2 0.93 9.3 7.6 0.99 18.7 5.0 

S.bidwi11ii 10.0 6.1 0.50 8.7 3.1 0.55 18 .0 7.2 0.63 9.3 10.1 

H.odora 1.0 1.7 0.48 

S.paucif1orus 1.0 1.7 1. 03 1.3 2.3 

c.rubra 51.0 18.7 0.64 53.7 9.3 0.88 58.7 3.1 0.64 45.3 23.7 

N.setifo1ia 

P.co1ensoi 3.3 2.1 0.36 10.3 8.7 0.70 9.3 3.1 0.53 21.3 12.7 

c.vulgaris 

Grass 4.0 6.9 0.62 

Seeds 3.3 5 .8 

Bark 
- 1.3 2.3 0.94 5 .7 8.9 0.62 Unknown 

A 

0.62 

0.72 

0.48 

0.21 

0.66 

0.74 

0.21 

w 
-..J . 



Table 2 (e): Seasonal Percent Frequency Composition of Diet at 1200 m Chateau. 

~vj n t-Pr Sprinq Summer Autumn 
- S D x S D A "l( c:::: I) C::::n10>ri10>c: X S.D. A X D 

Hoss 9.2 6.7 0.37 5.5 2 .9 0.76 2.5 1.8 0.62 0.7 1.0 

N.solandri 

A.squarrosa 0.3 0.8 0.62 

c.spectabilis 21.0 12.6 0.53 13.8 7.0 0.78 8.7 6.9 0.65 11.7 11.1 

S.bidwillii 3.2 2.9 0.69 5.0 7.1 0.57 0.7 1.0 

H.odora 

S.pauciflorus 0.7 0.3 1.03 0.7 0.3 1. 84 3.0 7.3 l. 84 

C.rubra 50.8 16.1 0.54 49.7 24.6 0 . 74 56.7 15.3 0.66 44.0 19.1 

N.setifolia 0.3 0.8 0.62 

P.colensoi 2.3 5.2 0.50 8.2 7.4 0.80 8.0 11.7 0.69 13.3 13.9 

c.vulgaris 

Grass 7.0 12.9 0.42 23.3 17.5 

Seeds 4.3 10.6 0.42 4.7 8.2 

Bark 0.3 0.8 0.21 0.7 1.6 

Unknown 

A 

0.62 

0.73 

1. 03 

0.67 

0.76 

0.89 

0.62 

1. 03 

I 
w 
00 



Table 2 (f): Seasonal Percent Frequency Composition of Diet at 1100 m Chateau. 

t•li n t-Pr Spri ng Summe r Au tumn 
- -

~n.,.,..i.,.c:: X S.D. A X SD D X S D A X !=; n A 

l1oss 2 . 3 2 . 5 0.38 5 . 0 5 . 8 0.54 

N.so1andri 

A.squarrosa 6.3 11.0 0.21 0.7 1.2 0.21 1.0 0.6 0 . 62 2 . 0 3 .5 0 . 21 

c.spectabilis 17.6 9.6 0.56 28.0 14.1 0 . 49 12.0 9.2 0.75 22 . 7 16.29 0.64 

S . bidwi11ii 0.7 1.2 0.21 1.0 1.0 0 . 62 

H.odora 1.3 2.3 0 . 62 

S.paucif1orus 1.3 2.3 0.52 0.7 1.2 0 . 62 3 .7 6.4 0.80 

C.rubra 59.3 20.7 0 . 49 57 .0 35 . 4 0 .39 80.3 4.9 0 . 55 47.3 30 . 55 0.65 

N. setifolia 0.3 0.6 0.21 0.3 0 .6 0.62 

P.co1ensoi 2.0 1.7 0. 42 5.0 5 .8 0.21 0.7 1.2 0 . 62 9 . 3 16.17 0 .5 3 

c . vu1garis 1.3 2.3 0.21 

Grass 6.7 3.1 0.54 
Seeds 4.0 5 . 3 0.21 

Bark 8 . 0 6.0 0 . 21 

Unknown 7 .7 6 . 7 0.55 2 .0 3.5 1. 03 1.0 0 . 6 0.82 w 
1.0 . 



Table 2 (g): Seasonal Percent Frequency Composition of Diet at 1500 m Ohakune . 

. t.<lintPr Sprinq Summer Autumn 

- ; S D A 
- s n SnP~iPR X S.D. A S D Jl. X __x 

Hoss 14.5 16 .3 0.55 16 . 5 10 .6 0.68 20.7 3 . 1 0.63 12.7 12.1 

N.solandri 

A.squarrosa 

c.spectabilis 36.5 9.2 0.98 13 .0 4 . 2 0 . 73 19.0 10.5 0.68 26 . 7 5.0 

S .bidwillii 23.0 7 . 1 0.60 19.5 14.9 0.88 28.0 11.1 0.63 17. 3 12.2 

H.odora 0.5 0.5 1. 03 

S.paucif1orus 

c.rubra 20 . 0 19.8 0 . 63 64.5 27.6 0.70 38.0 8 .7 0.66 26 . 0 10.6 

N. setifo1ia 1.0 1.4 0.62 0.5 0 . 5 0 . 62 0.7 1.2 0.62 

P.co1ensoi 4.0 5 .7 0.72 0.5 0.7 0 . 62 12.7 17.0 

c.vulgaris 

Grass -
Seeds 4 . 0 5 . 3 

Bark 

Unknown 0.5 0.5 1. 84 0.5 0.5 l. 43 0.3 0 .6 0.62 0.7 1.2 

A 

0 . 48 

0.63 

0.71 

0.25 

0.61 

0.62 

0 .21 

I 

I 

""' 0 . 



Table 2 (h): Seasonal Percent Frequency Composition of Diet at 1400 m Ohakune. 

Winter Sprinq Summer Autumn 
- -

C:::nt:~ri.oc:: X S.D. A X s n ;) X S D A "\( c::: n "A 

Moss 10.5 7.8 0.44 9 . 0 4.0 0.64 6.7 2.0 0.64 4.0 4.0 0.62 

N.so1andri 

A.squarrosa 

C.spectabi1is 33.5 4.9 0.78 22.7 4.5 1.03 22.3 11.7 0.84 18.0 15.1 0.77 

S.bidwi11ii 23.0 4.2 0.53 21.3 8.5 0.65 16.3 9.1 0.78 0.7 1.2 0.21 

H.odora 

S.paucif1orus 0.3 0.6 1. 03 0.7 1.2 0.62 

c.rubra 31.5 3.5 0.49 45.0 9.9 0.82 47.7 16.8 0.64 47.3 22.3 0.64 

N.setifo1ia 0.5 0.5 0.21 1.0 1.0 0.62 

P.co1ensoi 1.0 · 1.4 0.83 1.3 2.3 1. 30 0.7 1.2 0.62 

c.vu1garis 

Grass 3.3 5.8 0.21 

Seeds 25.3 11.0 0.70 

Bark 

Unknown 1.3 1.2 0.62 
~-~-~--------- ------------- -- -----~-. -

4» 
f-' 



Table 2 (i) : Seasonal Percent Frequency Composition of Diet at 1300 m Ohakune. 

. \'lint~r Sprinq Summer AutJ ... unn 

- - - -
SneciP~ X S.D. A _x S D i\ X S D A X _s__n 

Hoss 7.0 4.6 0.32 9.6 9.3 0.55 1.7 2.1 0.62 1.3 2.3 
N.solandri 0.3 0.6 0.62 

A.squarrosa 

c.spectabilis 32.0 10.5 0.84 18.0 14.0 0.82 24.7 11.4 0 .67 22.7 8.3 

S.bidwi11ii 16.3 9.7 0.53 10.0 8.0 0.53 11.3 5.0 0.82 14.7 9.9 

H.odora 1.0 1.7 0.35 0.3 0.6 0.62 
S.pauciflorus 1.7 2.9 0.70 

C.rubra 3.9 14.0 0.56 59.7 23.8 0.69 57.7 10.7 0.55 51.3 22.0 

N.setifo1ia 6.7 1.2 0.21 

P.co1ensoi 4.3 5.9 0.34 2.3 4 .0 0.44 2.0 3.5 0.76 6.0 8.7 

c.vu1garis 

Grass 2.7 4.6 0.52 

Seeds ' 4.0 5.3 

Bark 

Unknown 

'A 

0.62 

0.91 

0.74 

0.68 

0.52 

0.62 

~ 
N 



Table 2 (j): Seasonal Percent Frequency Composition of Diet at 1200 m Ohakune. 

Wint-Pr Sorino Summer Autumn 
- A x s n - -

Sn~~iP~ X S.D. ;:\ X S D A X ~ n 

Hoss 10.0 0.0 0.37 18.3 15.3 0.54 1.3 2.3 0.62 

N.solandri 

A.squarrosa 

c.spectabilis 23.0 0.0 0.62 24.0 8.7 0.67 5.7 6.0 0.70 19.3 8.3 

S.bidwillii 11.3 14.5 0.72 0.3 0.6 0.83 4.7 4.2 

H.odora 

S.pauciflorus 

c.rubra 67.0 0.0 0.39 40.0 26.2 0.71 76.0 14.1 0.58 30.0 8.7 

N.setifolia 0.3 0.6 0.62 

P.colensoi 0.7 1.2 0.44 0.7 1.2 1. 03 4.0 6.9 

c.vulgaris 

Grass 5.3 9.2 0.67 2.7 4.6 0.62 21.3 6.4 

Seeds 5.3 9.2 0.62 20.0 3.5 

Bark 0.7 1.2 
-

Unknown 

J\ 

0.43 

0.45 

0.63 

0.21 

0.62 

1. 03 

1. 03 

i 

"'" w 
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Figure 3: Seasonal Variation in Percent 

Frequency Occurrence of the 

Five Major Dietary Species. 

a: 1600 m (Chateau). 

b: 1500 m (Chateau). 

c: 1400 m (Chateau). 

Key: • Chionochloa rubra 

0 Celrnisia spectabilis 

0 Senecio bidwillii 

• Poa colensoi 

• Moss 
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d: 1300 rn (Chateau}. 

e: 1200 m (Chateau). 

f: 1100 rn (Chateau). 
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g: 1500 rn (Ohakune). 

h: 1400 rn (Ohakune). 

i: 1300 rn (Ohakune). 

j: 1200 rn (Ohakune). 
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Figure 4: Altitudinal Variation in Percent 

Frequency _Occurrence of the 

Five Major Dietary Species. 

a: Winter (Chateau). 

b: Spring (Chateau). 

c: Summer (Chateau). 

d: Autumn (Chateau). 

Key: • Chionochloa rubra 

0 Celmisia spectabilis 

0 Senecio b i dwillii 

0 Poa colensoi 

• Moss 
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e: Winter (Ohakune). 

f: Spring (Ohakune). 

g: Summer (Ohakune). 

h: Autumn (Ohakune). 
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4.1.2. Feeding Trials. 

Results from feeding trials carried out using 

the captive hares are given in Tables 3, 4 and 5. 

Feeding Trial 1 (Table 3) l a sted two days, during 

which four alpine species were offered as follows: 

250 g each of Chionoch loa rubra, Notodanthania setifolia, 

and Calluna vulgaris , and 50 g of Aciphylla squarrosa. 

In addition 350 g of rabbit pellets were p r ovided, and 

water ad lib. 

Table 3: Food consumed, in g rams wet weight a nd as 

a percentage of the total daily consumpt i on, 

during Feeding Trial 1. (3 hares) . 

Day 1 Day 2 Mean 

Species grams % grams % grams 

A.squarrosa 50.0 12.4 50.0 

C.rubra 67.0 16.6 51.0 18.0 59.0 

N. s e tifolia 12.0 3.0 10.0 3.5 11.0 

C.vulgaris 20.0 5.0 42.0 14.8 31.0 

Rabbit Pellets 255.0 63.1 180.0 63.6 217.5 

Total 404.0 100.0 283.0 100.0 368 . 5 

Totals of 404 g/day or 234.1 g/day/hare , and 283 g/day 

or 94.3 g/day/hare were consumed. Over both days 

c.rubra constittited the major portion of alpine species 

consumed: 16.6% and 18.0% respectively. Consumption of 

all the ~.squarrosa provided suggests that this is also 

a preferred species. 

In the second feeding trial lasting six days, 

(Table 4), 150 g of each of five alpine species were 

offered daily, together with 300 g of rabbit pellets 

and water ad lib. 

In both trials more food was consumed on the first 

day than on any subsequent day, perhaps as the hares 

adjusted to the new diet. Accordingly mean calculations 

from Trial 2 were made omitting results from Day 1, but 

no adjustment was made to the results of Trial 1, which 
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Table 4: Food consumed, in grams wet weight and as a percentage of the 

total daily consumption, during Feeding Trial 2. (3 hares). 

Day 1 Day 2 Day 3 Day 4 Day 5 

Species g % g % g % g % g % 

C.spectabilis 69.0 9.7 36.0 6.9 45.0 7.6 55.0 10.9 50.5 8.8 

S.pauciflorus 74.0 10.4 35.0 6.8 49 .1 8.3 39.5 7.8 57.0 9.9 

C.rubra 82.0 11.6 30.0 5.8 90.5 15.3 75.0 14.9 107.0 18.7 

P.colensoi 67.0 9 . 4 30.0 5.8 34 .0 5.7 35.0 6 . 9 57.0 9.9 

c.vulgaris 118.0 16.6 85.5 16.6 74.5 12.6 - - - -

Rabbit Pellets 300.0 42.3 300.0 58.1 300 . 0 50 .6 300 .0 59 .5 300 .0 52.5 

Total 710.0 100.0 516.5 100 .0 593.1 100.1 504.5 100.0 671.5 100.0 

Day ~ 

g % 

39.0 7.3 

47.0 8 .8 

102.0 19.2 

47 .0 8.8 

- -

300 .0 55.9 

532.0 100.0 

Mean 

g 

45.0 

45.5 

80.9 

45.5 

80 .0 

300.0 

334.9 

U1 
0 



lasted only two days. 

From Table 4, it can be seen that in Trial 2 

daily food consumption averaged 591.5 g/day, or 197.2 

g/day/ hare. ~.rubra and ~.vulgaris were preferred 

species with mean daily consumptions of 80.9 and 80.0 

g/day respectively. Approximately half, 45.1, 45.5 

and 40.0 g/day respectively of the other species 

~.spectabilis, ~.pauciflorus and Poa colensoi were 

injes ted. 

In Trial 3 (Table 5) 100 g of ~.squarrosa and 

~.pauciflorus, 95 g of ~.vulgaris, 50 g of ~.spectabilis 

and ~.colensoi, and 26 g of ~.rubra plus water ad lib 

were offered daily to one hare, Horie. 

Table 5: Food consumed, in grams wet weight and as 

Dai l y 

a percentage of the total daily consumption, 

during Feeding Trial 3. (1 hare). 

Day 1 
Species grams % 

A.squar rosa 88.0 40.2 

C.spectabilis 12.0 5 . 5 

S.pauciflorus 27.5 12.6 

C . rubra 14 . 0 6.4 

P . colensoi 22.0 10.1 

C. vulgaris 55.5 25.3 

Total 219.0 100.0 

food consumption totalled 219 g/day. Results were 

comparable to those of previous trials. A.squarrosa was 

clearly a preferred species comprising 40.2% of the diet, 

while c.vulgaris made up 25.1% o f the food eaten. 

The three hares used in Feeding Trials 1 and 2 

weighed individually 2~6, 2.5, and 2.8 kg at the end of 

Trial 2. At the finish of Trial 3 Horie weighed 1.4 kg. 

Dry weights of pellets produced fell slightly 

during the first two feeding trials. (Tables 6 and 7). 
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Table 6: Dry weights (g) of pellets p r oduced during 

each day of Feeding Trial 1. 

Day 1 2 X SD 

g 76.3 72.9 74.6 2.4 

Table 7: Dry weights (g) of pellets produced during 

each day of Feeding Trial 2. 

Day 1 2 3 4 5 6 X SD 

g 82.0 82.2 98.9 71.1 79.0 71.2 80.7 10.2 

Mean dry weights were respectively for Trial 1, 74.6 

g/day or 24.9 g/day/hare, and for Trial 2, 80.7 g/day 

or 26.9 g/day/hare. 

4.1.3. Field Observations. 

The species showing obvious signs of browsing by 

hares were:-

Aciphylla squarrosa 

Chionochloa rubra 

Schoenus pauciflorus 

Celmisia spectabilis 

Poa colensoi 

Signs of hare browsing have also been recognised 

52. 

on the leaves of Senecio bidwillii. (D. Clifton pers.comm.) 
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Plate 2: Browsing Signs on 

Chionochloa rubra. 

Plate 3: Browsing Signs on 

Celrnisia spectabilis. 





54. 

Plate 4: Browsing Signs on 

Plate 5: 

~ciphylla squarros~. 

Browsing Signs on 

§_choe~u~ }2_auciflorus. 
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4.1.4. Samples From Other Areas. 

Thirty-five samples of faecal pellets were collected 

dur ing the research period from other areas within 

Tongariro National Park. (See Location Map F ig. 5) . 

Results are presented in Table 8 (a - i) . 

Table 8 (a): Percent Frequency Compos i tion of Samples 

colle cted on t he Silica Springs Track, 

May 1 977. 

Species Altitude and Vegetation Type. 

Bush 
l.l 30m 

Clearing 
ll60m 

Bush Bush Tussock 

Moss 

g_ .spectabilis 

S . bidwillii 

§_.pauciflorus 

C.rubra 

P.col.ensoi 

Grass 

14 

48 

4 

6 

Unk nown 18 

8 

40 

52 

ll90m 

2 0 

4 

52 

22 

1310m 1310m 

4 

36 22 

2 

44 32 

14 12 

3 2 

l 

Table 8 (b): Percent Frequency Composit ion of Samples 

collected under a Ca nopy o f Mountain Beech . 

Species Month and Altitude . 
--~----~~----------------·------

g_ . spectabilis 

S.bidwillii 

§_.pauciflorus 

C.rubra 

N.se t ifolia 

P.colensoi 

Grass 

Roots 

Unknown 

May June June **Sept. 
1200m 1200m* 1220m llOOm 

4 

34 

4 

34 

24 

26 

20 

8 

34 

12 

2 

34 

64 

6 

36 

32 

24 

Sept . 
ll OOm 

2 

22 

28 

48 

Sept . May 
l200m 1200m 

2 

32 

16 

50 

32 

14 

14 

40 

* indicates sample was collected on the Ohakune site. 

** indicates pellets were those of a Leveret. 



Table 8 (c) : Percent Frequency Compo sition of 

collected in Septemb e r 1977 from 

Track (E) and Frost F lat (N.E . ) 

Samples 

Waihohonu 

:Jb. 

Species Area and Altitude . 
Waihohon u W~a~i7h~o~h~o~n~t~l~----~F~r-o--s~t-=F~l-. a~t----

~.spectabilis 

C.rubr a 

Gras s 

1000m l0 50m 750m 

34 

56 

10 

26 

38 

36 

38 

62 

Table 8 (d): Per cen t Frequency Composition o f Sample s 

collected in October 1977 f r om above the 

Karioi Pine Fores t (S.W.) 

Species 

Moss 

C.rubra 

N. setifo l ia 

Gr ass 

Unknown 

Bush 
l200m 

8 

44 

34 

12 

2 

Area and Alt i tude . 
Tussock · 

1200m 

46 

48 

6 

Table 8 (e ) : Perce nt Frequency Composition of S amp l es 

collected during October 1 977 along t he 

Wa ihohonu - Ke t e tahi Track. 
_______ _... __ _ 

Speci e s 

Moss 

~.spectabilis 

S.bidwillii 

C.rubra 

N.setifolia 

P. colensoi 

Grass 

Unknown 

Area a nd Altitude. 

Waihohonu Wa ihohonu Oturere 
lOOOm l lOOm 1250m 

12 

14 

44 

18 

12 

38 

54 

8 

8 

70 

22 

Ke tetahi 
1500m 

30 

36 

14 

16 

8 

Ke t etahi 
llOOm 

24 

58 

18 



Table 8 (f): Percen t Frequency Composi tion of Samples 

collected durinq November 1977 above 

Lake Rotoaira (N.E.) . 

Species Altitude 
800m 

~ . spectabilis 1 2 

C. rubra 28 

Grass 50 

Table 8 (g) : Percent Frequen cy Compo sition of Sampl e s 

c o l lec ted during Decemb e r 19 77 along the 

Mangatapopo Track (N ) . 

Species 

Hos s 

~.sguarrosa 

~. spectabil is 

S.bidwilli i 

C . rubra 
- · - --
N.setifolia 

P .colenso i 

Grass 

Unknown 

Table 8 (h) : 

Species 

Moss 

.§_ . s pectabilis 

S .bi dwillii 

C.rubra 

N. Setifolia 

P.co1ensoi 

Grass 

Seeds 

Unknown 

Al tit.udo 
lO OOm l lO Om 1 200m 

4 

2 

30 12 20 

24 

68 76 4 2 

2 2 

6 

2 10 2 

Percent Frequency Composition 

col l e cte d during December 197 7 

Tukino 

l l OOm 

24 

18 

18 

14 

6 

20 

Roa d (E . ) . 

Alti t ude 
1200m 

12 

14 

24 

50 

1300m 

6 

16 

40 

6 

8 

18 

6 

I 300m 

26 

4 

30 

6 

34 

of Samples 

along t he 

1400m--

10 

28 

6 

44 

12 
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Table 8 (i): Percent Frequency Composition of Samples 

collected during February 1978 on the 

Whakapapaiti Skifield (N) . 

Species Altitude 
1800m l900m 2000m 2100m 

Moss 38 4 4 64 48 

~ .s2ectabilis 26 26 18 24 

S.bidwillii 24 14 

C. rubra 12 16 8 12 

Seeds 2 

Unknown 14 10 

58 . 
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Figure 5: Map Showing Location of 

Collections of Additional 

Samples. 

Key: ¢ Table 8 (a) 

'$ Table 8 (b) 

0 Table 8 (c) 

iii'J Table 8 (d) 

E'l Table 8 (e) 

m Table 8 (f) 

£:. Table 8 (g) 

A Table 8 (h) 

0 'fable 8 (i) 
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4 . 2 . 

4 . 2 . l . 

VEGETATION ANALYSIS. 

Seasonal and Altitudinal Availability 
of Vegetat~on . 

From Table 9 (a - i) the major seasona l variation 

in availability of vegetation results from snow cover in 

winter (June) and spring (September} , especially at the 

higher altitudes. Snow covered approximately 80 % of 

the transects at 1600 rn Chateau and 1500 m Ohakune 

during these two seasons. 

The dominant species at 1600 m, 1500 m Chateau 

and 1500 m Ohakune were Q.recurvum, ~.colensoi, 

S.bidwillii and moss . Striking differences in v e getation 

composition on the two transects at 1600 m and 1500 m 

Chateau were also observed. Bare ground occupied about 

70 % of the transect at l 00 m lt, c ompared with l e ss 

than 12% at 1600 m rt . The 1500 m rt transect was about 

80% bare ground, but the transect at 1500 m lt had on ly 

18 % bare oround . 

Domina nt plant spec i es at 1400 m Chateau and 

Ohakune were Q. recurvum, moss, ~.rubra,and P . colensoi. 

The transects at 1300 m and 1200 m Chateau and 1300 m 

Ohakune had vegetation described as Empodisma/Gleichenia 

swamp (Scott l977(a}}, with ~ .minus, G.circinata, moss 

and Q.recurv.um being the dominant species. 

Introduced grasses and ~ . vulgaris comprised 

appro ximately 60% of the 1100 m transect, and ~ . vulgaris 

alone dominated a t 1000 m Chateau. 

The transect at 900 m was again covered by 

Empodisima/Gleichenia swamp. 

Point analysis of t r ansect vegetation indicates 

that availability of the five major dietary species, 

~.spectabilis, moss , P .colensoi and S.bidwillii 

increases with increasinq altitude , while availability 

of c~~ubra decreases . 

(For complete generic names see Appendix l) . 
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Table 9 (a ) : Seasonal Cha nges in Percent 

Frequency Composition o f Vegetation . 

ALTITUDE . 1600 m lt 1600 m rt -
SPECIES . Wi. Sp . Su. Au. Wi. Sp . Su. 

Lichen 
R. lanuginosum 2 11 
L .aus tra1ianw:1 5 3 5 
G. circinat.a 
P.vestitum 
P . niva1is 
D.bidwi11ii 
D. laxifo1i 1m 

P.alpinus 
P . buxifolia 
L . s copari um 
N.solandri 
A. s quarrosa 
A.aromatica 1 
G. colensoi 4 4 8 12 4 1 11 
P . pumi1a 4 1 1 
C.juniperina -

C. fraseri 1 2 
E . a1pina 
D. fili f oL um 
D. recurvum 4 2 5 5 4 27 

.c.cheesernanii 1 l 
C. incana l 
C. specta bi1is 1 5 
R.australis 
C. vauvil-1iers.:_i 2 
S . bidwil1ii 5 
O. vu1canica 
H.odora 
H. tetra gona 9 
P . tenax 
J . gregiflorus 
E .minus 
S . pauciflorus • 
C . rubra 2 
N. setifolia 
P . co1ensoi 7 4 9 5 7 11 11 
C . fylvida 
C.vulgari s 
Grass 12 
Snow 83 50 83 80 
Bare Ground 35 73 67 5 
Unknown 
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Au . 

10 

1 

1 
15 

23 

l 
9 

6 

6 

8 

6 

12 



Table 9 (b) : Seasonal Changes in Percent 

Frequency Composition of Vege tation. 

-
ALTI TUDE. 150 0 m lt 1500 m rt 

SPECIES . ~"l i. Sp . Su. Au . Vll i. Sp. Su. 

Li chen 
R. 1anuginosum 11 7 13 6 1 0 32 
L . austra 1ia num 
G.circina ta 3 
P.vest itum 
P.niva1is 5 
D. b idwi11ii 
D. 1axifolium 
P . a lpinus 7 4 
P.buxifolia 1 
L . scoparium 
N.solandri 
A.squarrosa 
A. aromatica 
G.colensoi 5 3 9 6 4 4 5 
P .pumila 
C.jun ipe rina 
C.fraseri 
E . a lpina 1 
D.filifo l i um 
D.recurvum 21 23 35 23 5 3 8 
C. che ese man i i 3 3 3 
0 . '- . l n can a 
C.spectabilis 1 3 2 6 1 1 
R. au stra lis 1 1 
C. vauvil liersii 1 
S.bidwi llii 4 5 8 7 
O. vulcanica 
H. odora 
H . tetragon "~ 2 1 6 4 
P .tenax 
J . g r e giflorus 
E .mi n us 
S.pauci fl o rus 1 1 
C.rubra 6 3 3 11 2 
N. s etifolia 
P .colensoi 1 1 4 2 3 1 
C. fylvida 
C. vulgaris 
Grass 
Snow 44 38 43 39 
Bare Gr o und 10 1 18 18 35 39 51 
Unknmvn 1 3 

b~. 

Au. 

25 

5 

7 

l 
1 

3 
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Table 9 (c) : Seasonal Changes in Percent 

Frequency Composition of Vegetation . 

ALTITUDE . 1400 m lt 14 00 m rt 

SPEC IES. Wi. Sp . Su. Au. vli. Sp. Su. 

Lichen 
, 

4 .L 

R.1anug inosum 22 5 1 5 9 16 8 5 
L . austra1ia num 
G.c .i rcinata 1 2 1 5 5 
P . vestitum 1 
P .n iva1i s 7 1 4 .L 

D. b.idwi11ii 5 1 5 
D. 1axifo1ium 1 
P . a1pinus 13 3 3 
P.buxifo1ia 5 8 8 l 5 9 
L.scopariurn 1 2 
N. so1andri 
A.squarrosa 
A.aromatica l 1 
G.co1enso i 1 4 
P. ptunila 1 
C.juniperina 
C. fraser i 
E . aJ.pina 
D.fi1ifolium 
D. recurvum 2 4 16 33 45 34 31 31 
C. cheesemanii 1 1 4 l 6 
C. incana 
C. spectabi1is 4 2 5 7 4 5 1 
R. austra1is 
C. vauvil.liersi i 1 4 
S.bidwi1l ii 2 1 3 3 
O.vu1canica l 
H.odora 7 4 
H.tetragona 2 l 2 2 
P . tenax 
J . g r e gif1orus 
E . minus 4 
S . paucifJ.orus 4 2 
C. rubra 5 7 8 7 5 1 2 11 
N. setifolia 
P .colenso i 2 1 2 5 3 15 
C.fy1vida 
C. vu1garis 
Grass 
Snow 12 50 1 24 
Bare Ground 7 1 3 1 4 
Unknovm 10 4 

\).). 

··-
Au . 

10 

2 

4 

34 
2 

7 

1 

2 

15 

17 

1 

3 



Table 9 (d ) : Se asona l Changes in Percent 

Fre quency Composition o f Vegetation . 
-

ALTITUDE. 1300 m - 1 1300 m - 2 

SPECIES . Wi. Sp. Su. A.u . Wi. Sp . Su. 

Li chen 
R . 1anuginosum 22 19 10 3 14 19 2 
L.australianur.1 
G. circinata 34 23 2 6 23 36 20 30 
P . ves ti tum 1 
P . niva1is 2 1 1 
D. bidwi1lii 
D.1axifo1ium 
P . a1pinus 1 
P . buxifo1ia 1 2 4 
L .scoparium l 
N. so1andri 
A. squa rrosa 
A. aromatica 
G.co1ensoi 
P . pumila 
C . j unipe rina 
C.fraseri 
E . alpina 
D. fi1ifolium 1 1 
D.rec u rvum 8 7 13 8 11 16 4 0 
C . chee s emani i 1 1 3 4 7 
·C . i ncana 
C.spec tabi1is 3 7 5 4 7 7 6 
R. austra1is 
C.vauvil1iersii 2 
S . bidwi1lii 
O. vu1canica 
H. odora 
H. tetragona 2 l 1 1 
P .tenax 
J . gregiflorus 
E . minus 22 18 32 52 15 7 2 
S .pauciflorus 1 2 3 1 
C .rubra 5 5 3 2 8 10 5 
IN. setifo1i a l 
P . c o1ensoi l 
C . fylvi da 
C . vu1 ga r is 
Grass 1 1 2 
Snow 14 14 
Bare Ground 1 2 
Unknown 3 2 

Au. 

7 

34 

1 

1 

22 
3 

6 

3 

14 
1 
7 

1 
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Table 9 (e) : Seasona l Changes in Percent 

F requency Composlt lon o f Vegetation. 

ALTITUDE. 1265 rn 1200 m 

SPECIES . Wi. Sp. Su . Au. Wi. Sp . Su. Au. 

Lichen 1 
R.lanuginosum 25 20 12 23 8 1 3 
L . aust ralianum 
G.circinata 28 24 35 25 12 1 5 15 
P . v e stitum 
P .nivalis 2 2 5 1 
D. bidwillii 16 1 
D. laxifo l ium 
P .a1pinus 
P .buxifol·a 2 2 1 
L .scoparium 1 
N.solandri 
A. squarrosa 
A.aromatica 1 
G.colensoi 1 2 l 1 
P .pumi la 
C. j un i perina 
C . fr a seri 
E .a1p ina 
D. fil ifo1ium 2 2 3 l 3 1 
D.re c urvum 1 5 9 18 10 
C.cheesemani i 5 l 3 3 
C. i n can a 1 
C.spectabi1is 1 l 1 3 3 1 2 
R. a us tralis 
C. vauvil . .liersii 2 
S.bidwillii 
O.vu l canica 1 
H.odora 
H.tetragona 
P . tenax 
J.gr giflorus 
E .mi nus 3 1 1 24 2 3 26 
S.paucif1orus 3 
C . rubra 6 4 7 10 2 3 1 
N.setifolia 
P.colensoi 2 4 
C.fylvida 
C. vulgaris 2 l 
Gra ss 
Snow 18 
Bare Ground 7 4 8 
Unknown 5 



Table 9 (f): Seasonal Changes in Percent 

Frequency Composition of Vegetation. 

ALTITUDE . 11 0 0 rn 1000 rn 

SPECIES. Wi. Sp. Su. Au. Wi. Sp . Su. 

Lichen 
R. lanuginosurn 2 3 3 
L . a ustral ia num 
G.circinata 1 8 10 9 
P . vestiturn 
P.niva l is 
D. bi dwil l ii 
D. laxifolium 
P .a l. pinus 
P. buxifolia 1 
L .scopariurn 1 l 
N.so1andri 
A.squarrosa l 1 1 
A. aroma tica 
G.co1ensoi 1 
P . pumila 
C.juniperina 
C. frase ri 
E . a lpina 
D. fi 1i fo1ium 2 
D. recurvum 
C.cheesernanii 2 6 8 4 
C . i ncana 
C.spectabilis 
R.australis 
C. vauvilliersii 1 
S . bidwi1lii 
O. v ulcan ica 1 
H.odora 
H. tetragona 
P . tenax 
J . gregiflorus 5 3 l 9 
E . minus 2 1 
S .pauciflorus 
C.rubra 1 2 1 4 3 3 
.N . s etifolia 12 1 2 
P .cole nsoi 11 15 1 1 1 
C.fylvida 
C.vu1garis 36 22 31 19 62 52 66 
Grass 26 25 41 47 3 5 4 
Snow 
Bare Ground 25 22 25 29 6 4 9 
Unknown 4 1 
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3 
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3 

6 
2 

4 

1 

63 
6 
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Table 9 (g) : Seasonal Changes in Percent 

Frequency Composition of Vegetation. 
-· 

ALTITUDE . 900 m 

SPECIES. Wi. Sp. Su. Au. Wi. Sp . Su. 

Lichen 6 2 
R.lan ug i nosum 
L . austra li anum 
G.circinata 38 42 37 45 
P . vest. itum 
P .nivalis 
D. bid\o.rillii 
D.laxifolium 
P.alpinus 
P . buxifolia 
L . scoparium 3 1 2 l 
N. solandri 
A.squarrosa 
A.a romat ica 
G.colensoi 
P. pumila 
C . j un iperina 
C.fraseri 
E . alpina 
D. fil ifolium 1 1 l 4 
D.recurvum 
C.cheesemani i 
C.incana 
C .spectabil i s 
R.austra l is 
C.vauv illiersii 
S.bidwillii 
O. vulcanica 
H. odora 
H.tetragona 
P.tenax 3 5 4 4 
J. gregiflo rus 6 5 2 2 
E . minu s 34 38 43 39 
S .pauciflorus 
C.rubra 4 l l 
N. seti foli a 
P. co lensoi 
C.fylvida 
C.vulgaris 3 5 10 3 
Grass l 
Snow 
Bare Ground 
Unknown 2 

67. 
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Table 9 (h) : Se asonal Changes in Perce n t 

Frequency Composition of Vegetation. 

ALTITUDE. 1 500 rn 0 1 400 m 0 

SPECI ES. Wi. Sp. Su . Au. \.Vi. Sp . Su . 

Lichen 1 
R. lan uginosurn 5 1 8 4 
L . a us trali a num 6 1 1 
G.circina t a 8 8 
P. vest i t urn 
P.niva1 i s 3 12 17 11 
D. b i dwi11ii 3 
D.1axifo1iurn 
P.a 1p inus 1 1 1 1 
P .bux ifolia 
L .scopari um 
N.so1andri 
A.sq uarro s a 
A. aromatica 
G. o1en soi l 
P .pumi 1a 
C . j uniperina 
C. fr a ser i 
E . alpina 
D. f il ifo 1 iurn 2 l 6 
D"re c urvurn 6 10 37 23 1 0 2 4 13 
C . che e s e rna n i i l 1 2 2 
C. inc ana 12 16 1 2 
C. spec tabi li s 9 10 8 9 
R.aus t.ra 1i s 
C. v a uvi l li ers ii 
S .bidwi1lii 2 3 10 5 
O. v u l canica 1 
H. odora 
H. t e tra gona 2 2 1 3 
P . tena x 
J.gre gif1orus 
E .rninus 1 2 1 3 6 
S.pauci f 1or us 2 2 10 3 
C.rubra 1 2 1 2 7 14 10 
N.setifo1 i a 1 
P .col ensoi 2 
C. fy1vida 
C.vu1gar is . 
Grass 
Snow 81 78 66 
Bare Ground 1 1 2 2 18 29 
Unknown 3 9 

b!L 

Au. 

3 

10 

12 

1 

1 

18 

1 
7 

6 
11 

7 

2 

19 



Table 9 (i) : Sea s onal Changes in Percent 

Frequency Compos i tion of Ve getation. 

ALTITUDE . 13 00 m 0 

SPECIES. Wi. Sp. Su. Au . ~vi. Sp. Su . 

Lichen 
R. l anugi nosum 12 17 8 11 
L.austra1ianum 1 
G. c irc i nata 30 28 29 38 
P . vestitum 
P . niva1is 13 15 9 
D. bidwi1lii 1 
D.1axifo1ium 
P.a1pinus 2 
P.buxifolia 1 
L . scopari urn 
N.so1andri 
A. squarrosa 
A. aromatica 
G. colensoi 
P . pumila 
C. j uniperi na 
C.f r aseri 
E . a 1pina 
D.filifolium 6 1 
D.recurvum 9 11 16 12 
C. cheesemanii 
C.incana 4 8 8 6 
C.spectab i1i s 2 3 3 
R. austra1is 
c.vauvi ll iersii 
S.bidwil1ii 1 
O.vu1canica 
H.odora 
H.tetragona 
P.tenax 
cT . gregif1orus 
E . minus 2 3 
S . pauciflorus 3 12 1 6 
C. r ubra 6 11 7 3 
N. setifolia 1 
P.co1ens o i 
C.fylvida 2 
C. vu1garis 
Gras s 3 
Snow 19 
Bare Ground 2 
Unknown 5 

69. 
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Plate 6 (a): Transect at 1600 m lt 

during winter. 

Plate 6 (b): Transect at 1600 m lt 

during summer. 
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Plate 7 (a) Transect at 1400 rn rt 

during winter. 

Plate 7 (b): Transect at 1400 m rt 

during swnmer. 
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Plate 8 (a) : Transect at 1100 m 

during winter. 

Plate 8 (b) : Transect at 1100 m 

during summer. 





4 . 2 . 2 . Chemical Composition of Important 

Dietary Plants . 

Analysis of varience (ANOVA) expresses a measure 

of the total variability of a set of data as a sum of 

terms, each of which can be att r ibuted to a soecific 

source, or cause, of variation. Complete ANOVA tables 

appear in Appendix II. The second column lists the sum 

of squares (SS) or the measure of the total variation 

of the set of data, the third column lists the degrees 

of freedom (DF) or the number of independent deviations 

from the mean on which the respective sums of squares 

are based. The fourth column details the mean sauares 

(MS) which are obtained by dividing the sums of squares 

by their respective degrees of freedom; the fifth column 

gives the F statistic and the final column gives the 

significance of F (P). 

Summaries of ANOVA results appear in Tables 10 

and 11 where only significance of F values (P) are 

listed. P v alues are considered not significant (ns) 

if P> O.O:s. 

Table 10: P Values from ANOVA Test 

(Chateau Site) . 

Source of Na K Ca Mg Fe Zn varience. 

Season .001 .001 .003 .001 .006 ns 
Plant .001 .001 .001 .001 .001 .002 
Altitude .001 ns ns .001 .001 ns 
s X p ns .001 ns .001 ns ns 
s X A . 017 .037 .010 .001 .001 ns 
p X A ns .001 .001 .001 ns ns 
s X p X A . 045 .005 ns .001 . 001 ns 
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Table 11: P Values from ANOVA Test 

(Ohakune Site). 

Source of Na K C\l Mg Fe Zn varience. 

Season ns .001 .005 .050 .001 .001 

Plant . 001 .001 .001 .001 .001 .001 

Altitude . 003 .002 ns ns .011 .037 

s X p ns .00 2 .001 ns ns .001 

s X A .015 .018 ns ns ns ns 
p X A ns .046 ns .029 ns n s 

s X p X A ns .001 .001 ns ns ns 

The effects of season are significant for all elements 

except Zn on the Chateau site and Na on the Ohakune site . 

The e f fects of plant are significant for all elements, 

altitude however has varying significance on different 

elements. When the effects of season and plant, season 

and altitude and plant. and latitude were combined varying 

effects on element concentration observed, similarly when 

all three variables are combined. 

The multiple classification analysis table (MCA) 

74. 

is a method o f displaying the results of ANOVA especially 

when there are no significant interaction effects. It is 

particularly useful when the factors examined are 'attribute' 

variables that are not 'experimentallv manipulated' and 

therefore are correlated. Given two or more inter-related 

factors, it is valuable to know the net effect of each 

variable when the differences in the other factors are 

controlled for (Nie et al 1975) . Complete MCA tables are 

presented in Appendix 111.. The numbers in the second 

column are the means of each category, expressed as a 

deviation from the grand mean , these values are not 

adjusted for other factors or for covariates. The third 

column indicates the adjusted mean values for each category 

(again expressed as deviations from the grand mean) when 



the other factors are adjusted for. Actual adjusted mean 

values (ie.the deviation from the grand mean has b een 

added or subtracted ) are presented in Tables 12 to 17. 

Table 12: Adjusted Mean Values (mg/g/ dry wt.) 

for the Effects of Season (Chateau Site). 

Season Na K Ca Mg Fe Zn 

Winter {).34 3.90 3.64 0.56 0.15 0.02 

Spring 0.43 5.47 3.56 0.81 0.12 0.02 

Summer 0.27 5.27 3.09 0.83 0.07 0.02 

Autumn 0.41 4.81 2.68 0.57 0.12 0.02 

Table 13: Adjusted Mean Values (mg/g dry wt . ) 

Season 

Winter 

Spring 

Summer 

Autumn 

for the Effects of Season (Ohakune Site). 

Na 

0.23 

0.28 

0.23 

0.25 

K 

3.50 

4.50 

5.94 

3.97 

Ca 

2.51 

2.29 

2.66 

1. 63 

Mg 

0.49 

0.83 

0. 51 

0.51 

Fe 

0.13 

0.02 

0.07 

0.11 

Zn 

0.01 

0.00 

0.01 

0.02 

It is apparent (Tables 12 and 13) that plants generally 

contained higher amounts of K and Mg during spring and 

summer. Highest amounts of Fe were recorded in winter 

and autumn; levels of Na and Zn remained relatively 

static throughout while lowest levels of Ca occurred 

in autumn. 
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Table 14: Adjusted Mean Values (mg/g dry wt.) for 

the Effects of Plant. (Chateau Site). 

Plant 
Na K Ca Mg Fe 

c.spectabilis 0.38 7.16 4.91 0.86 0.10 

C.rubra 0.23 4.06 2.94 0.24 0.03 

S.bidwillii 0.64 10.16 11.98 2.20 0.12 

S.pauciflorus 0.36 3.01 0.87 0 . 41 0.08 

P.colensoi 0.33 l. 95 0.73 0.30 0.28 

C.vulqaris 0.26 l. 65 3.40 1.35 0.09 

A.squarrosa 0.38 16.57 11.97 2.30 0.09 

Ta ble 15: Adjusted Mean Values (mg/g/ dry wt.) for 

the Effects of Plant. (Ohakune Site) . .' 

Plant Na K Ca Mg Fe 

C.spectabilis 0.27 6.11 3.49 0.95 0.11 

C.rubra 0.19 3.57 0.48 0.26 0.03 

S. bidwillii . 0.46 11.39 9.63 1.39 0.06 

S.pauciflorus 0.19 2.41 l. 54 0.53 0.06 

P.colensoi 0.35 2.60 0.68 0.29 0.22 
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Zn 

0.02 

0.01 

0.05 

0.02 

0.03 

0 . 02 

0.02 

Zn 

0.01 

0 . 01 

0.03 

0.01 

0.00 

Greatest variabili tv in element composition between--plants- · 

occurred i~ levels of . K and Ca. Aciphylla squarrosa~ - Celmisia 

spectabilis and ·Senecio bidwillii clearly contained the 

highest amounts of these elements. (Tables 14 and 15). 



Table 16: Adjusted Mean Values (mg/ g/ dry wt . ) for 

the Effects of Altitude. (Chateau Site). 

Al titude Na K Ca Mg Fe 

900 0.27 4 . 60 3 .68 0.72 0.10 

1000 0.29 5.05 2.85 0.50 0.06 

1100 0.35 5.08 2.75 1.06 0.05 

1200 0.32 5.50 3 .70 0 . 79 0.05 

1265 0.29 5.52 2.95 0.84 0.15 

1 300-1 0.23 4.91 2 .90 0. 74 0.09 

1300-2 0.28 4 . 24 2.71 0.64 0.05 

1400 lt 0.34 4.76 3.44 0.78 0.12 

1400 rt 0.32 4.71 3 . 40 0.69 0.21 

1500 lt 0.41 5.34 3.58 0 . 68 0.17 

1 500 rt 0.71 4.15 4 . 13 0.64 0.12 

1600 lt 0.58 5.30 3.07 0.52 0.16 

1600 rt 0.29 5.00 3.01 0.52 0.09 

Table 17: Adjusted Mean Values (mg/g/ dry wt.) for 

the Effects of Altitude. (Ohakune Site). 

Altitude Na K Ca Mg Fe 

Ohakune 

1200 0.30 5.29 l. 94 0.62 0.07 

1300 0.20 3.77 2.31 0.51 0.03 

1400 0.21 4.59 2 . 12 0.48 0.09 

1500 0.30 4.77 2.37 0.72 0.11 

Zn 

0.02 

0.02 

0.02 

0.03 

0.02 

0.02 

0.02 

0.03 

0.02 

0.02 

0.04 

0.02 

0 . 01 

Zn 

0.01 

0.01 

0.01 

0.01 

No trends were observed regarding the effects of altitude 

(Tables 16 and 17) on element content. 
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4.3 HARE ABUNDANCE. 

4.3.1. Pellet Density. 

The best es t imate of pellet density is where the 

N/P (ie. t he number of neighbours/number of point numbers 

found) is consistently over one-half and when the per 

cent error of the estimate is smallest (C.L. Batcheler 

pers. comm.). Taking this into consideration, the pellet 

densities which occurred as close as possible to a common 

point frequency (estimated to be 0.193) were taken as 

being the best density estimate for that sample. 

As a large number of samples is always required to 

achieve a density estimate with a reasonable limit of 

error (C.L. Batcheler pers. comm.) samples from two 

altitudes (ie. four transects) were combined. (Table 18). 

These data were incorporated in the formula: 

P = (M2-M1 K2/K1 ) log e (K1 /K 2 l 

(l-K 2/K 1 ) d T 

from Batcheler (1975(a)) 

(see Section 3.3.1.) K values (Table 19) used were 

calculated from mean decay rates (see Section 4.3.2.) 

for the combined altituoes, d was calculated to be 409 

pellets per day (see Section 4.3.3.) and T 92, 91, 90 

and 92 days resnectively. 

Final results of hare density are shown in 

Table 20. 
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Table 18: Pellet Density Estimates. 

Winter Spring 

Altitude Density 
(m2) PLE Density 

(m2) PLE 

1600m + 1500m 0.278 0.351 4.850 3.564 

1400m + 1300m 10.285 4.954 18 . 195 11.3 86 

1200m + llOOm 9.525 6.915 1.133 0 . 758 

Ohakune 6.224 2.401 6 . 091 3.104 

Summe r 

Density 
{m2) PLE 

2.473 1. 9 93 

10.846 6.350 

3.999 1. 923 

14.927 8 . 411 

Autumn 

Density PLE ? (m'- ) 

2.837 2.160 

16. 51 8 8.405 

3.290 2.03 7 

22.333 11.4 75 
-

I 

' 
I 

I 

-...) 

\D 



Table 19: Mean values for K, decay rates. 

v1inter Spring 

Altitude Kl K2 Kl 

1600m + 1500m 50 37.5 39 

1400m + 1300m 46 27.5 22.5 

1200m + llOOm 34 8 7 

Ohakune 50 38.5 50 

Sununer 

K2 Kl K2 

27 24 4 .5 

20 27 24.5 

2 40 33 

38 .5 50 38.5 
-- -- -

Autumn 

Kl 

24 

20 

40 

50 

K2 

45 

11 

33 

38.5 

00 
0 . 



Table 20: Population Density Estimates 

(hares/hectare) . 

8 l. 

[ Al titude 

------
Wi Sp Su Au 

l60 0m + l500m 10 . 41 5.24 0.15 2.63 

1 400m + l300m 16.06 17.94 12.76 12.15 

l200m + llOOm 3.07 3.86 1. 73 14.92 

Ohakune 3.02 20.28 17.19 36.57 

4.3 . 2 . Faecal Decay Rates . 

Results from the first experiment begun in late 

a utumn (Fig . 6 (a)) indicate that in general nellets at 

higher a ltitudes took longest to decay. The time taken 

for 50 % of the pel le t s to decay was 7 mon ths at 1600 m, 

~ .5 months at 1500 m, 9 months at 1400 m, 1.5 months at 

1 300 m and 1200 m, and 4 month~ at 1100 m. Some pellets4 

however, st i l l remained intact after 12 months at all 

altitudes except at 1200 m and 1300 m. 

Pellets in the second experiment, begun in mid-

sprino (Fig. 6 (b)) decayed faster than those just described. 

Half the pellets had decayed in 2 months at 1600 m, 3.5 

months at 1500 m. 4.5 months at 1400 m, and in less than 

l month at 1300 m and 1200 m. After 7 months, at the close 

of the study. 66 of the original 100 pellets still remained at 1100 m. 

As in the first experiment, some pellets, with the exception 

of those at 1200 m, remained after the 7 months . The rate 

of decay of pellets at 1500 m on the Ohakune site was much 

slower than that of pellets at the same altjtude on the 
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Figure 6 (a) : Decay rate of pellets 

at various altitudes. Experiment 

one begun in May. 

Figure 6 (b) : Decay rate of pellets 

Key: 

at various altitudes. Experiment 

two begun in October. 

6 1600 m 

0 1500 m 

0 1400 m 

A 1300 m 

0 1200 m 

EJ 1100 m 

'V 1500 m (Ohakune) 
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Figure 7: Mean measurements of pel le ts 

in decay rate experimen t (July 

1977 - May 1978) at 110 0 m (N = 5 ) . 

a : Mean loss in weight (g). 

b: Mea n loss in length (nu~ ). 

c. Mean loss in wi dth (mm ) . 
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Chateau site; half of the original pellets still remained 

at the close of the study after 7 months. 

Mean measurements of 100 fresh pellets were: 

mean weight 0.27: 0.03 g, mean length 1.49± 0.09 mm and 

mean width 1.29~ 0.07 mm. Fig. 7 (a), (b) and (c) records 

mean losses in weight, length and width of pellets placed 

at 1100 m. 

4.3.3. Defecation Rates of Captives. 

Counts of pellets produced during Feeding Trials 
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1 and 2 (Tables 21 and 22) show the mean numbers of pellets 

produced per hare per day were 376 and 425 respectively. 

When all data are combined the mean number is 409 pellets/ 

hare/day. 

Table 21: Numbers of Pellets Produced During 

Feeding Trial 1. ( 3 Hares) . 

Day 1 

Day 2 

Day 3 

Mean 

Total 

1199 

1131 

1057 

1129 

No./Hare 

399.7 

377.0 

352.0 

376.2 

Table 22: Numbers of Pellets Produced During 

Feeding Trial 2. ( 3 Hares) . 

Total No./Hare 

Day 1 1298 432.7 

Day 2 1234 411.3 

Day 3 1373 457.7 

. · Day 4 1224 408.0 

Day 5 1381 460.3 

Day 6 1139 379.7 

Mean 1274.8 424.9 



4.3.4. Weather Data. 

Weather data collected from the meteorological 

station at Chateau Tongariro (1120 m a.s.l.) are shown 

in Table 23. 

Table 23: Monthly Weather Data (May 1977 - May 1978) 

for the Chateau Tongariro. (1120 m). 

Month Rainfall Humidity Max. Min. 
(rnrn) (%) (oc) (OC) 

May 348.7 88.0 8.4 -1.1* 

June 437.4 94.1 6.6 -0.9 

July 229.5 91.2 7.1 -0.3 

Aug. 251. 0* 85.6 7.6 1.0 

Sept. 327.7 89.7 6.1 -1.4 

Oct. 135.6 81.8 11.1 1.7 

Nov . 260.4 80.9 12.5 2.2 

Dec. 239.0 82.1 13.9 3.9 

Jan. 29.2 82.3 19.7 7.5 

Feb. 30.7 72.4 17.6 7.5 

Mar . 304.4 81.3 16.9 6.1 

April 205.3 90.0 16.9 6.3 

May 104.0 83.0* 9 .0* 1.3 

Total 
Mean 2450.2 84.9 12.0 3.1 

Total rainfall from May 1977 to May 1978 was 2450.2 rnrn 

(no record for August)*; average humidity for the same 

period was 84.9% with a mean maximum temperature of 12.0°c 

and a mean minimum temperature of 3.1°C (no record for 

May}*. Rainfall was high; over 200 mm during all months 

except October (135.6 mm), January (29.2 rnrn) and February 

(30.7 rnm}. Highest maximum temperatures were recorded 

during summer and early autumn (January - April) and 

lowest minimum temperatures were during winter and spring 

(June - November) . 
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Table 24: Monthly Weather Data (May 1977 - May 1978) 

for Ohakune. ( 62 9m) . 

Month 
Rainfall Humidity Max. Min. 

(mm) (%) (OC) (oC) 

May 219.9 90.8 9.6 1.6 

June 244.4 93.8 8.6 2.5 

July 113.2 99.0 7.5 1.2 

Aug. 91.5 91.9 10 . 2 1.8 

Sept. 220.2 89.4 12.1* 1.9 

Oct. 68.0 77.9 14.5* 4.3 

Nov. 89.4 85.7 16.2 5.1 

Dec. 111.8 88.3 17.5 7.2 

Jan. 15.0 90.0 22.6 9.8 

Feb. 7.3 90.3 23.2 10.7 

Mar . 64.5 96.5 20.4 8.4 

April 77.0 95.6 18.7 8.2 

Ma y 60.0 87.8* 11.8 3.5 

Total 
.He an 1322.2 90.8 15.4 5.2 

Weather data collected from Ohakune Junction meteorological 

station (629 m a.s.l.) (Table 24) show, compared to the 

Chateau, a lower yearly rainfall (1322.2 mm) and higher 

average humidity (90.8%); mean maximum temperature (15.4°C), 

(no records for September or October)* and mean minimum 

temperature (5.2°C). The driest months were again January 

(15.0 mm) and February (7.3 rnrn). Highest maximum temperatures 

were recorded from November to April, while lowest minimum 

temperatures were from May to September. 

* Where no records were · ~vailable, substitutions from 

summaries of climatological observations (N.Z. Metero­

logical Service) have been made. 



Temperature records (October 1977 to May 1978) 

from maximum/minimum thermometers placed at 1600 m and 

900 m on the Chateau site, and at 1500 m and 1200 m on 

the Ohakune site appear in Tables 25 and 26. 

Table 25: Temperature Records (October 1977 - May 1978) 

from Maximum/Minimum Thermometers for 

Chateau Site. 

l600m l600m 900m 900m 
Month Max(°C) Min(Oc) Max(°C) Min(°C) 

Oct. 45.0 -5 38.0 -6 

Nov. 40.0 -2 39.0 -8 

Dec. 16.0 0 44.0 -6 

Jan . 32.0 -1 50.0 -4 

Feb. 32.0 -2 51.0 -4 

Mar. 35.0 -1 42.0 -6 

April 26.5 -2 42.0 -6 

May 17.0 -4 32.0 -9 

Table 26: Temperature Records (October 1977 - May 1978) 

from Maximum/Minimum Thermometers for 

Ohakune Site. 

lSOOm lSOOm l200m l200m 
Month Max(°C) Min(OC) Max(Oc) Min(Oc) 

Oct. 32 -5 31 -6 
Nov. 32 -5 33 -7 

Dec. 33 -5 42 -6 

Jan. 37 +1 41 -4 

Feb. 43 +4 42 +5 

Mar. 40 -1 31 -6 

April 51 -1 25 -5 
May 48 -3 18 -8 



These thermometers were not protected from direct sunshine, 

consequently monthly temperatures were much higher than 

those recorded at meteorological stations. The exposed 

readings however, were probably more representative of 

temperatures experienced by pellets used in the decay 

rate experiments. Generally highest maximum and minimum 

temperatures were recorded over the summer months 

(December - February) , and lowest maximum and minimum 

temperatures during April and May . 

4 . 3 . 5 . Questionnaires. 

Replies to questionnaires placed in Tongariro Park 

Headquarters indicate that during the period July 1977 

to May 1978, 21 hares were observed around Park Head­

quarters (11 00 - 1200 m a.s.l.). Fresh pellets were 

observed in the Whakapapaiti valley (north slopes of Mt. 

Ruapehu) at 1650 m in July and 1600 m in December. On 

the north-eastern slopes of Mt. Tongariro two hares were 

observed above the Ketetahi hut at 1400 m in October and 

November . The highest observation of a hare was at 1800 m 

on the Tukino skifield, eastern Mt. Ruapehu. 

Questionnaires from the Ohakune Ranger stati on, 

south-western Mt. Ruapehu, cited six hares observed 

adjacent to Park Ranger accommodation between 600 and 700 m 

a.s.l. Fresh pellets were observed at the summit of the 

Ohakune Mountain Road (1600 m), and a hare near the 

Wanganui High School Hut (1340 m) in January. 

Four hares were observed during research trips to 

the study area. The only hare seen on a transect was 

observed at 1100 m in February at 1500 hrs. Elsewhere, 

in October a hare was seen hopping slowly under the 

Whakapapaiti Bridge (1150 m) at 1300 hrs., and another 

was seen above the Karioi Forest (1200 rn) at 1400 hrs. 

Also one was observed above Lake Roroaira (800 rn) at 

0900 hrs. in November. 

Reports of skeletons and footprints of hares, 

rabbits and opossums being found at the summit of Mt. 

88. 



Ruapehu (2797 m) were received during this study, but 

they remain unconfirmed. 
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CHAPTER 5: DISCUSSION 

5.1. Dietary Habits. 

5.1.1. Cuticle Analysis. 

Several authors have noted seasonal changes in 

the diet of hares: Vorhies and Taylor (1933), 

Severald (1941), Flux (1962, 1967 (b)), Hewson (1962), 

Novikov and Timofeeva (1964), Currie and Goodwin (1966), 

Fadeev {1966), Hayden (1966), Sparks {1968), Flinders 

and Hansen (1972) and Wolff (1978). 

In Europe and North America hares usually forage 

on the bark and twigs of coniferous and deciduous trees 

and shrubs during winter and on grasses and shrubs 

during summer. 

In New Zealand, results of dietary analysis by 

Flux (1967 (b)) indicate a dramatic seasonal change 
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from Chionochloa and Celmisia spp during winter to Poa 

colensoi durinq the summer months. No such drama tic 

fluctuations occurred, however, during my study. Greater 

amounts of C.rubra were consumed at the higher altitudes 

(1600, 1500 and 1400 m) on the Chateau site during 

winter and during sPring on the Ohakune site (1500 and 

1400 m). Intake of ~.spectabilis and ~.bidwillii 

remained relatively constant throughout the year, while 

greater amounts of moss were consumed durinq winter and 

spring. 

The effects of altitude also influence the diet 

of hares. Generally. consumption of ~.rubra decreases 

with increasinq altitude, while consumPtion of 

~.spectabilis, ~.bidwillii, ~.colensoi and moss increase 

with increasing altitude. These trends reflect the 

availability of the plant species (see Section 4.2.1.). 

Except for certain species such as Podocarpus 

nivalis and Phyllocladus alpinus, which are strongly 

aromatic and were not eaten although abundant, the 

plants eaten reflected their general availability. 

Snow covered the higher altitudes during the three winter 

months, with the heaviest fall occurring in September. 



During this period much of the vegetation normally 

ava ilable to the hares was bu ried by snow . Only those 

spe c i es which grew on exposed ridge s o r we re tall enough 

to penetrate t he snow covering, wer e availa ble. C.rubra 

was the only major dietary species which wa s r e adily 

ava ilable . 

Be low 1400 m C.rubra comprises at least 50 % of 

the diet in all seasons. These altitude s we re not 

cove red by snow fo r long periods and no sharp rise in 

consumption of ~.rubra o c curre d during winter. 

Ot her findings which confirm the suggestion that 

plant avai lability is an i mportant factor in determin-

ing the hares diet was that ~.squarrosa, a preferred 

s pecies during feeding trials, (s ee Section 4.1. 2 .) 

was only found in samples of pel l ets colle cted from 
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1200 and 1100 m. This species was not abundant and was 

fo und only during vegetation analysis at these alt i tudes. 

The moss cuticles identified in the diet consis t ed of 

capsu les, p r obably those of Rha comitrium languginosum. 

Consumpt ion of moss p e aked in winter and spring a n d this 

was possibly correlated with the time at which capsules 

we r e being produced . Intake of seeds increased during 

autumn; a fac t also noted by Sparks (1968). The s e eds 

recorded were probably those of ~.colensoi and consumption 

of leaves of this species a lso increased significantly 

in a utumn. Introduced grasses were mainly consumed at 

the lower altitudes where they were more abundant. Only 

one occurrence of ingested mountain beech (Nothofagus 

solandr i var cliffortioides) was recorded. This was at 

1300 m on the Ohakune site during winter where the 

transect was surrounded by beech forest. No other 

evidence for hares browsing beech on the transects which 

passed through forest was found. Flux (1967 (b)) records 

that captive hares ate mountain beech avidly, but it was 

almost completely ignored by wild hares in the Cupola 

Basin. Consumption of P.colensoi increased greatly in 

autumn at t he lower altitudes (below 1400 m) . It was, 

however, not a maj o r dietary species in other seasons. 



This probably again reflects its availability. In the 

Cupola Basin where ~.colensoi is the major dietary 

component during the summer, it is also one of the 

more abundant species, (Gibb and Flux 1973). 

Composite average area (A) results indicated 

that C.spectabilis and P.colensoi fragments generally 
- - 2 

had the largest area (0.82 - 1.22 mm ) , ~.rubra and 

~.bidwillii fragments were generally slightly smaller 

(0.41 - 0.82 mm 2 ) with moss fragments being smallest 
2 () 0.41 mm ) . Volumetric measurements could not be 

determined from these estimates of area, however they 

do aid in the determination of quantities consumed. 

For example, although ~.colensoi made up a lower 

percent frequency composition in the diet than ~.rubra, 

the ~.colensoi fragments occurring in the faeces were 

larger. Any future dietary studies should include a 

volumetric analysis on dietary components. 

Only five species comprised the bulk of the 

hares diet. This limited diet has also been noted by 

several other authors: Sparks (1968) and Flinders 

and Hansen (1972) observed that two species; western 

wheatgrass (Agropyron smithii) and alfalfa (Medicago­

Melilotus), comprised the major portion of the diet of 

both L.californicus and L.alleni. Similarly Flux (1962), 

Hewson (1962) and Walker and Fairley (1968), found that 

a single species Calluna vulgaris comprised at least 50% 

of the annual diet of L.timidus. Although heather was 

the dominant vegetation below 1100 m on the Chateau site, 

only traces were observed during dietary analysis during 

my study. This observation, that L.europaeus does not 

prefer heather is supported by work of Fargher (1977) 

who found that although heather constituted 60% of the 

diet of ~.timidus, monocotyledons constituted 99% of 

the diet of ~.europaeus on the Isle of Man. 

Summing up, results of cuticle analysis reveal that 

both season and altitude affect the diet of hares and 

consumption of preferred species reflected their general 

availability. 



5 .1.2. Feeding Trials. 

Results from the three feeding trials undertaken 

(see Section 4.1.2.) indicate Aciphylla squarrosa, 

Chionochloa rubra and Calluna vulgaris, were preferred 

species. With the exception of ~.rubra, however, these 

species were insignificant components of the natural 

diet (see Section 4.1.1.). As Flux (1967 (b)) points 
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out the preferences of penned animals can not be assumed 

to be those of the wild state. In his study three captive 

hares avidly ate mountain beech, but it was almost com­

pletely ignored by wild hares in Cupola Basin. Currie 

and Goodwin (1966) made similar deductions when they could 

not explain the heavy use of salt sage by L.californicus 

during clipped foliage trials, which was the opposite 

pattern to that found in field pen trials. 

When discussing the results of her study on number 

and weight of faecal pellets produced by opossums 

(Trichosurus vulpecula), Fitzgerald (1976) noted that the 

food intake of opossums was related to season and so it 

is possible that feeding trials held in different months 

may produce different results. 

Feedino trials in my study were carried o ut during 

February and March, preferred species were collected from 

areas outside the study area and the captive hares were 

obtained from farmland in the Wairarapa. These factors 

either acting singly or combined probably have an affect 

on results and thus may help explain differences between 

the diet of captives and that of the field situation. 

In Feeding Trials 1 and 2 considerably greater 

amounts of food were consumed on the first day of each 

trial. This phenomenon was also observed by Currie and 

Goodwin (1966) but remains unexplained. 

It was perhaps unfortunate that rabbit pellets 

were fed during the feeding trials, but it was feared 

that without this supplement, the hares might die. 

Food consumption totals (in grams wet weight) 

during the three feeding trials were 94.3 g/hare/day, 

197.2 g/hare/day and 219.0 g/hare/day. At the close of 



the study the average weight of the hares used in 

Trials 1 and 2 was 2.6 kg and in Trial 3 1.4 kg. Othe r 

authors have recorded food consumption by various methods. 

Arnold and Reynolds (1943) cite consumption per day in 

grams dry weight for~· californicu~ as 0.32t 0.3 lbs. 

(141.7 g) and 0.39~ 0.02 lbs. (170.1 g) for !:.alleni. 

Average weights of ~.californicus and !:.alleni were 

4.3 lb. (1.9 kg) and 6.0 lbs. (2.7 kg) respectively. 

Haskell and Reynolds (1947) estimated that L.californicus 

required an average daily consumption of 0.27 lbs. 

(113.4 g) air dry we i ght of native forage. The average 

weight of hares was 2.3 kg. Another estimate for L. 

californicus was made by Currie and Goodwin (1966) who 

determined an average consumption of 105 g/day dry 

weight. They noted that rabbits fed clipped material 

utilised about o ne-half as much as r abbits on field 

trials. This suggests that the animals in the field 

nipped off and wasted an amount of herbage about equal 

to that actually consumed. Bear and Hansen (1966) found 

that L.townsendii consumed 0.19 lbs. (85 g) of alfalfa 

and rolled barley per rabbit per day. The average weight 

of rabbits recorded was 7.3 lbs. (3.2 kg). Food con­

sumption of !:.europaeus was stud ied under laboratory 

conditions by Pilarska (1969). From the results of 

hares of the same weight as used in my study (ie. 2.6 kg) 

the daily calorific value of food consumed was 219 kcal. 

Mean dry weights of pellets produced during ~eed­

ing Trials 1 and 2 were 24.9 g/hare/day and 26.9 g/hare/ 

day respectively. When average daily weight of pellets 

voided was expressed as a percentage of average daily 

weight of forage consumed, it was calculated that 26.4% 

and 13.6% of forage injested was voided for Trials 1 and 

2 respectively. Arnold and Reynolds (1943) gave figures 

for dry weight of pellets produced per hare per day ~~ 

0.18± 0.02 lbs. (85.1 g) for !:.californicus and 0.22~ 

0.01 lbs. (113.4 g) for ~.alleni. They calculated that 

55% of native forage ration consumed was voided by both 

species. Bear and Hansen (1966) indicated that 28% 

94. 
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of the forage consumed by L.town sendii was voided as 

solid wastes so there was a weak positive correlation 

between the amount of forage eaten and the air dry weight 

of pellets. ~.europaeus kept under labora tory conditions 

produced 43 k cal/day of f a eces, that is 19.6% of food 

consume d was voided per day. (Pilarska 1969). 

The average pellet number and weight was not 

affected by the age of mature animals in the study by 

Arnold and Re ynolds (1943). The fact that large a nima ls 

do not drop a larger number of pellets is explained by 

the lack o f re l ationship between live weight and amount 

of food consumed. That is, mature animals tend to con­

s ume a constant amount of fo r a ge i rrespe ctive of size. 

Results of the ir study also indicated tha t pelle t weight 

was affec t ed greatly by the cha racter of the food and 

reflected t he digestibility of the food consumed . The 

cons~~ption o f both species on dry and green native 

f orage was similar but a g r eate r weight of mate r ial was 

voided when on dry feed. 

The me an dry weight of one fres h pellet (N = 100} 

collected a t 1100 m during my s t udy, was 0.27± .03 g . 

When this f i gure is multiplied by the a verage number of 

pellets produced per day (se e Section 4.1.3.}: 0.27 x 

4 09 = 111.8 g/da y. A much larger figure than that 

estimated from t he feeding trials is ob t ained. Although 

no measurements of length and width of pellets from 

feeding trials were made, pellets collected from the 

field appeare d to be larger in size. It was observed 

that leverets produced very small pellets which became 

larger as the animals matured. From results of Pilarska 

(1969) it would seem that ~.europaeus reaches a constant 

weight (3.1 kg) at between 7 and 9 months of age. The 

hares in my study weighed only 2.6 kg and were probably 

4 to 5 months old. Hence food consumption and weights 

of faecal pellets produced during my study were probably 

less than would have resulted from using more mature 

hares. 



5.1.3. Field Observations. 

Plants observed with distinctive signs of hare 

browsing were: 

Aciphylla squarrosa 

Celmisia spectabilis 

Schoenus pauciflorus 

Chionochloa rubra 

Poa colensoi 

Analogous observations were made by Flux (1967 (b)) 

who recorded the numbers of hare bites on plant species 

in the Cupola Basin. Species preferred in his study 

were: 
Celmisia allanii 

Celmisia coriacea 

Schoenus pauciflorus 

Chionochloa flavescens 

Chionochloa pallens 

Chionochloa rubra 

Poa colensoi 

Only small quantities of Aciphylla colensoi and 

Celmisia spectabilis were observed showing hare browsing 

signs. As Flux (1967 (b)) points out, palatability to 

grazing mammals varies with a host of factors, and it is 

unlikely that the list for Cupola Basin is valid for 

other areas, or even for the same area with hares at 

different densities, or in different years. 

Casual observation of plants eaten by hares may 

give a misleading impression of their relative dietary 

importance. In my study ~.squarrosa was found to be 

very palatable (see Section 4.1.2.), and in the field it 

shows marked browsing signs (Plate 4), yet it is not a 

major dietary component (see Section 4.1.1.). An explan­

ation may be that it shows bite marks readily, or that 

it recovers slowly from hare damage. 

96. 
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5.1.4. Samples From Other Areas. 

The aims of this section were firstly to determine 

whether pellets found in bush were composed of bush 

species, and secondly, whether the same species were 

being eaten throughout the Park. 

Tables 8 (a) , (b) and (d) indicate that in general 

the composition of those pellets collected within t he 

bush was similar to that of pellets found adj a cent to 

transects at equivalent al t itudes. Results howe ver in 

Table 8 (b) for pellets collected in June and Se ptember 

indicate a high composition of unidentified species. 

These pellets were collected after heavy snowfalls when 

branches had been brought down to snow level. Thus it 

is likely that the hares were able to eat a species 

normally unavailable to them. Conversely other food 

sources may have been rendered unavailable by the snow 

cover, a nd t he hares were forced to eat a less palat able 

bush spe cies. 

Results of collections made from other areas, 
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Tables 8 (c) , (e) , (f) and (g), indicate that plant species 

eaten fol l owed similar trends to those found adjacent to 

transects. However, results of analyses from the Tukino 

Road on the Eastern slopes, Table 8 (h), reveal slightly 

different trends in diet. No pellet samples were found 

between 1500 m and 1700 m a.s.l. and vegetation at the s e 

altitude s was very sparse. Amounts of Chionochloa rubra 

consumed at 1300 m and 1400 m are similar to those con­

sumed at the same altitudes on the transects, but amounts 

at 1100 m and 1200 m are considerably lower. Vegetation 

in the whole of this area (ie. the Rangipo Desert) is 

very sparse compared with that of the study areas. 

Analysis of photographs taken of this desert area at 

collection points, reveals less C.rubra at 1100 m and 

1200 m than at 1300 m and 1400 m. Unidentified species 

comprise 20% and 50% of composition at 1100 m and 1200 m 

respectively, thus it would appear that some palatable 

species unavailable in the study areas is available to 

hares in this area. 
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Altitudinal trends found from transect pellet 

analysis are followed by results in Table 8 (i) . Greater 

amounts of moss we re eaten with increasing altitude, and 

only small amounts of ~.rubra appear in the diet. Although 

there was only sparse snow lying, very little vegetation 

was obse rved, with amounts progressively lessening with 

increasing a ltitud e . Numbers o f pellets found also 

became less with i ncreasing a l titude. At 2200 m permanent 

snow wa s reached, a n d no pellets were found. 



5.2. 

5.2.1. 

VEGETATION ANALYSIS. 

Seasonal and Altitudinal Availability 

of Vegetation. 

The sole seasonal variation in availability of 

vegetation that could be observed from results of Section 

4.2.1. was due to snow cover during winter and spring. 

On snow covered transects the only species available to 

hares were those tall enough to penetrate the snow, and 

those which grew on exposed ridges where snow cover was 

thinner. Consequently available species were:- moss, 

Gaultheria colensoi, Dracophyllum recur vum, Senecio 

bidwillii, Hebe tetragona, and Chionochloa rubra. Of 

these, moss, S.bidwillii and C.rubra were found in the 

hares' diet. {See Section 4.1.1.). 

Marked variations in the altitudinal availability 

of plant species were recorded. Of those species com­

prising the hares' diet, moss was found throughout the 

altitudinal range, but was more abundant above 1500 m; 

Celmesia spectabilis was spread evenly over all altitudes, 

S.bidwillii occurred mainly above 1500 m, while C.rubra 

was found predominantly below 1400 m. Small amounts of 

Poa colensoi grew at lower altitudes with considerable 

amounts around 1600 m. These findings of altitudinal 

availability of plant species are analogous to those of 

Gibbs (1966), although his was a more detailed study. 

To determine whether seasonal trends in availabi l ity 

occur, it is suggested that either more point analysis 

samples at each altitude would need to be taken or record­

ings taken more frequently. Work by Sparks (196"8), using 

a similar method of 100 point analyses for each area for 

each season also fails to identify any significant 

differences in seasonal botanical composition. It is felt, 

however, that for the purpose of the author's study the 

results in this section are adequate, but that any future 

work should be undertaken in greater detail. 

~ASSE'I' UNIVERSITY 
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5.2.2. Chemical Composition of Important 

Dietary Plants. 

Chemical composition may be su~~arised similarly 

for all species by ranking the elements in order of 

concentration: K) Ca) Mg) Na) Fe) Zn. A similar order 

was found by Williams et al (1977). 

Seasonal effects on element concentration were 

significant for all elements except Zn on the Chateau 
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site (Table 10) and Na on the Ohakune site (Table 11). 

Concentrations of K and Mg were higher during spring and 

summer, Ca amounts lowest in autumn, and levels of Na 

showing no marked fluctuations (Tables 12 and 13). However 

results conflict somewhat with those of Williams et al 

(1977) who found that slight seasonal differences in 

plant chemistry occurred in Chionochloa rubra taken from 

the Kaweka Ranges. Concentrations of Mg were lower in 

autumn than in spring, conversely levels of K, Ca , and 

Na were higher in autumn. 

Significant interspecific differences in concent­

rations of elements, especially K, Ca and Mg were found. 

This was also noted by Conner et ~l (1970). Aciphylla 

squarrosa, Celmisia spectabilis and Senecio bidwillii 

cl e arly contained higher concentrations of all six 

elements (Tables 14 and 15). The effects of altitude 

on element concentration were also significant for Na, 

K, Fe and Zn on the Chateau site and for Na , Mg and Fe 

on the Ohakune site (Tables 10 and 11). No trends, 

however, are obserable in Tables 16 and 17 . 

Several authors have noted that preferences of 

animals are related to the nutritive value of dietary 

species. Grouse, hares and rabbits have a shown pre­

ference for food species with a high content of N, P 

and sugar. (Radwan and Campbe:tl '. (1967), Miller (1968) 

and Moss (1968). Conversely, Hewson (1974) found that 

L.timidus showed no preference for heather (Calluna 

vulgaris) on the basis of its N or P content. In a 

later paper Hewson (1976) suggests that height of 



101. 

vegetation may be more important with respect to pre­

ferences than composition, as grazing on shorter heather 

precludes a pred~tor approaching unnoticed. 

Lindloff et al (1974) found birch, willow, and 

blueberry were preferred foods of ~.timidus and 

correlated this preference with crude protein and P 

content. Contrary to the work of Radwan and Campbell 

(1967) no correlation between sugar content and food 

preference was found in this study. 

Recent New Zealand dietary studies of Takahe 

(Notornis mantelli) revealed that the butt portion of 

the tussock tiller (Chionochloa spp) eaten, contains 

the highest concentrations of sugars, amino acids and 

most major nutrients in the plant. (Williams et al 

1976 (a)). Furthermore, the general order of consumption 

of leaf bases of the tussock species eaten by takahe 

correspond with the relative amounts of maior nutrients 

and sugars contained. Deer also showed a similar pre­

ference for tussocks with the highest nutrient levels. 

(Mills and Mark 1977) . 

Results of my study indicate that hares select a 

variety of plant species, not necessarily determined by 

nutrient content. The most nutritious olants were 

~.squarrosa. ~.bidwillii . and ~.spectabilis; yet cuticle 

analysis (see Section 4.1.1.) indicates that ~.squarrosa 

is but a minor component of the diet. Conversely. ~.rubra 

and P.colensoi which were comparatively less nutritious, 

composed major portions of the diet. Similarly, the 

seasonal dietary changes observed. could not be related 

to element comoosition of dietary soecies. Further 

studies of data collected are needed to fully expand all 

aspects of hare selectivity for particular plant species. 

Nevertheless, a conclusion comoariable to that drawn by 

Holter et al (1974) and Lindloff et al (1974) is reached: 

in that several plant species are required in the daily 

diet to provide the minimum requirements of energy, 

protein and other nutrients. 
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5. 3. HARE ABUNDANCE. 

5.3.1. Pellet Density. 

Population density of hares varied from 0.15 to 

36.57 hares/hectare (Table 20). No seasonaJ trends can 

be detPrmined from results. Estimates were expecte d to 

be lowest during winter and spring at the higher altitudes 

as these areas were snow covered during samplinq from 

June to September; consequently only those pellets lying 

on top of the snow could be recorded and a lower pellet 

density estimated. The highest densities however of 

hares at 1600 m and 1500 m were recorded during winter 

and spring. 

Flux (1962) defines a high density as one hare 

per 10 acres (4.1 hectares) and in his 1967 study 

estimates there to be 8 hares in the 300 acre Cupola 

Basin study area (ie. 1 hare per 15 hectares). Webb 

(1942) cites a density of 268 hares/square mile (1.0 

hares/hectare) for ~.americanus in Minnesota, USA and 

Lechleitner (1958) estimated a density of l hare/acre 

(2.5 hares/hectare) for L.californicus in California, 

USA. Peak densities of 50 hares/100 hectares are cited 

by Pielowski (1972) for ~.europaeus in Poland. Using 

aerial counts from a helicopter Windberge and Keith (1977) 

found a peak density of 17.6 hares per hectare 

(~ . americanus) in Alberta, Canada. 

From casual observations, highest pellet densities 

occurred at 1400 and 1300 m and lowest densities at 

1600 and 1500 m. These observational estimates coincide 

with trends of calculated estimates (Table 18), however, 

when pellet density is converted to hare density the 

figures become unrealistic. Analysis of results 

indicates that the greatest error in density determin­

ation may arise from the estimation of faecal decay 

rates. Comparison with other work (Flux 1967 (b)) 

implies that rates estimated may be too rapid, this being 

the case, the high densities obtained are not completely 

unexplained. In any future studies it would be advisable 



to use another method of density estimation so that a 

comparison of results could be made. 

5.3.2. Faecal Decay Rates. 

Factors known to affect decay rate include 

altitude, type of food eaten, location in the field, 

clima·te , amount of tramplina, and breakdown aaents such 

as invertebrates, bacteria or fungi. (Flux 1967 (b)) . 

Faecal pellet decay rate decrea sed with increasing 

altitude . These findings concur with those of F lux 

(1967 (b)), who found in the Cupola Basin that pellets 

at 4,200 ft. (1300 m) took 1.5 years for half to decay, 

and greater than 2.5 years at 4,800 ft. (1500 m). 

Decay rates in Tongariro Nat i onal Park were, howeve r , 

much faster: 50% of pellets being decayed in 1.5 months 

at 1300 m, and 4.5 months at 1500 m (Fig. 6(a)). Bear 
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and Hansen (1966) also observed the effects of altitude. 

Jackrabbit faecal pellets on meadows completely dis­

integrated in less than one year, while pellets in upland 

areas showed only slight signs of weathering in the pe r iod. 

Taylor and Williams (1956) in their study of pellet 

counts for estimating rabbit numbers, found that faecal 

decay rates varied considerably with the type of food 

eaten by rabbits, and the locations of pellets in the 

field. The highest decay rate occurred under bush and 

thick scrub, or in tall grass, and pellets on short grass 

or bare earth had the lowest decay rate. Analogous 

results were obtained by Cochran and Stains (1961) in 

their studies of cottontail faecal pellet decomposition. 

In my study all pellets in both decay rate experiments 

were placed in similar situations; however the vegetation 

adjacent to those pellets placed at 1300 m and 1200m was 

much taller than at the other altitudes. Pellets at these 

altitudes showed the fastest decay rates (Figs. 6 (a) and 

(b)) . Thus it would seem that vegetation hight was excert­

ing an affect on decomposition rate. 

Pellets at 1200 m showed dramatic decomposition 



all pellets being decomposed within 4 months (Fig. 6 

(a)) and 2 months (Fig. 6 (b)). These pellets tended 
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to 'splatter' completely during this short time, whereas 

pellets from other altitudes tended to become gradually 

reduced in size. Flux (pers. comm.) suggests that 

pellets with a high composition of the pubescent leaves 

of Celmisia spectabilis break down after the first rain, 

as the hairy leaf surfaces readily absorb moisture and 

the pellet 'explodes'. Pellets which consist principally 

of tussock species have a high silica content and are 

more resistant to moisture, especially if their mucous 

coating has dried hard before they are wetted; such 

pellets tend to erode away only gradually. 

Rainfall, temperature, humidity and snow cover 

were measured to deduce their effect on faecal pellet 

decomposition rates. The avera ge annual rainfall at 

the Chateau site was 2450 mm, almost twice the figure 

recorded at the Ohakune site, 1322 mm. Mean temper­

atures were l2.0°C. (max.) and 3 .1°C. (min . ) for the 

Chateau site, and l5.4°C. (max.) and 5.2°C. (min.) for 

the Ohakune site. Average humidity was 84.9% at the 

Chateau site and 90.8% on the Ohakune site. Snow levels 

were generally lower and snow persisted longer at lower 

altitudes on the southern slopes of the Ohakune site. 

Results of Experiment two (Fig. 6 (b)) indicate 

that decay rates were slower on the Ohakune site; at 

1500 m 50% of pellets still remained after 7 months, 

whereas at the close of the study on the Chateau site 

50% of pellets at 1500 m had decayed in 3.5 months. 

These results seem to indicate that lower rainfall has 

a greate.I.l. ,:a:Bfe.cb .toit '. rthe: ·de.cay 1rates ·1.thar.t bhe. :.}1i·.g:her 

temoeratures and humidity of the Ohakune site. (Snow 

only covered this area between June and October) . 

In the second experiment, begun in mid-spring 

(Fig. 6 (b)) pellets decayed at a faster rate than those 

in the first experiment begun in late autumn (Fig. 6 (a)). 

Temperatures experienced during the second experiment 

were warmer and humidities higher than those experienced 



at the beginning of the first experiment (Table 231. 

Pellets at the higher altitudes were covered in snow 
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for varying oeriods from June to October, and all pellets 

were snow covered during a heavy snow fall in September. 

In Experiment one (Fig. 6 (a)) pellets decayed 

fastest during the periods June - July, September -

October and November - December. These periods coincide 

with the months of highest rainfall (Table 23). Similar 

results were found in experiment two where greatest rates 

of decay were recorded during October - November and 

November - December, and again these were the months of 

greatest rainfall (Table 23). These results concur with 

t hose of Wallmo et al (1962). 

Mean reductions in weight, length and width of 

pellets (Fig. 7 (a), (b) and (c)) reveal fluctuating 

results . It is apparent that to obtain consistent 

results a larger sample size is required. 

The effects of trampling on pellet decomposition 

ar~ not known, and for the purposes of this study it 

was assumed that the effects were similar over all 

altitudes. 

White (1960) working with sheep on the Pennine 

Moorland reported that the removal of dung in winter 

was largely effected by wind, rain, snow and ice, for 

climatic conditions in the area were sufficiently severe 

to reduce animal activity to a minimum at this time. It 

is assumed that bacterial and fungal decomposition of 

pellets would be greatest at higher temperatures and 

humidities hence at lower altitudes and during the warmer 

months of the year. 

From the results obtained it would seem that all 

the factors listed by Flux (1967 (b)) do have an effect 

on pellet decomposition, with rainfall having the greatest 

effect. Altitude with correspondingly lower temperatures 

at higher altitudes would also seem to be an important 

factor affecting rates of decay. 

Observational estimates of decay rates may not be 

totally reliable, as estimates depend solely on the 
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disgression of the observer. Decay rates in this study 

were approximately 10 times more rapid than in the Cupola 

Basin. (Flux 1967 (b)). Both areas experience similar 

rainfalls, temperatures, periods of snow cover and have 

comparable vegetation types. Soils within Tongariro 

National Park are younger and more acidic, thus less 

microbial and fungal breakdown would be expected. It 

is possible that a higher composition of ~.spectabilis 

occurs in pellets from the Tongariro National Park, but 

this factor alone can not explain such rapid decomposition. 

In future studies a more reliable estimate of decay rate, 

such as measurements of reductions in weight and size of 

pellets should be used in conjunction with visual 

observations. 

5.3.3. Defecation Rates of Captives. 

An average defecation rate of 409 pellets/hare/ 

day (maximum 458, minimum 352) is similar to that 

determined by Flux (1967). Over 24 days with two captive 

hares, each a ve raged 388 pellets daily (extremes 157 and 

603) on a natural diet supplemented with rabbit food. In 

addition, five hares were tracked in snow over their 

whole one night's travels, and their number of pellets 

counted. The average per hare was 434 (with extremes of 

296 and 671}. Consequently, all told, the best estimate 

was 410 pellets/hare/day. This estimate is the only one 

recorded for ~.europaeus. 

Defecation rates of Arizona jackrabbits (~. 

californicus), and Antelope jackrabbits (~.alleni), 

were found to be 545± 42, and 522~ 35 pellets/hare/day 

respectively by Arnold and Reynolds (1943). 

The difference between pellet counts of the two 

species was not statistically significant. Accordingly, 

the data from both species was grouped, to give an average 

daily pellet count of 531± 27. This was considered to be 

valid for all jackrabbits irrespective of age, sex, size 

or species. Bear and Hansen (1966) however, reported that 
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white-tailed jackrabbits (~.townsenii) voided from 146 

to 440 pellets/day, with a mean of 277. Similar variation 

was observed by Adams (1959) with two penned snowshoe 

hares (L.americanus); averages were 216± 53.6 and 233± 

38.6 pellets/day over six days. Using two field methods, 

Adams made much higher estimates of 554 pellets/hare/day 

with the calendar-graph method, and 481 pe l lets/hare/day 

with the recapture method. He concluded that pellet 

production in the field was a t a ra t e somewhere betwee n 

the mean of 225 per day found in the penned s t udies, and 

the 480 found in the field studies. An averag e rate of 

208 pellets/hare/day (extremes 33 a n d 450 ) was e s t imate d 

b y Flux (1962) for L.timidus. 

Research by Cochran and Stains (1961) on Sylvila gus 

f l oridanus revealed that daily deposition of pellets v a r i e d 

considerably from rabbit to rabbit (0 to 687 pellets ), 

from food to food, and from time to time, with the same 

rabbit ~n the s ame food. High variability was also 

observed by Fitzgerald (1977) with the brush-tailed 

opossum (Tricho surus vulpecula) and she concluded t ha t 

the nature, amount and nutritive value, as we l l as the 

mix of foods e a ten, appeared to influence the number and 

weight of faecal pellets voided. In Fitzgerald's 

e xperiments, small numbers and weight of droppings 

reflected low food intake. 

5.3.4. Weather Data. 

Tota l rainfall, recorded at the Chateau during 

the study was approximately 50 mm less than the average. 

When compared with values from Table 1 which summarises 

climaticological observations from 1930 to 1970, May 

and October 1977 and January, February and March 1978 

were drier than normal, while June and September 1977 

and May 1978 were wetter. The percent humidity was 

slightly higher; an average of 84.9% was recorded during 

the study compared to a normal of 80%. Average maximum 

and minimum temperatures were also slightly higher than 

normal; an average maximum of 12°c and minimum of 3.1°c 

were recorded during the study compared to normal values 



of ll.3°C and 2.9°C. 

No record summary was available for data from the 

Ohakune Junction Meteorological Station, however means 

were determined by the author from data recorded for 

1971 to 1976. Total rainfall was again approximately 

50 mm less than average; 1322 mm being recorded during 

the study compared with an average of 1397 mm. Percent 

humidity and average maximum temperatures were also 

slightly higher; mean percent humidity was 90.8 during 

the study compared to a normal value of 85 and mean 

maximum temperature of 15.4°C compared with 14.7°c. 

The average minimum temperature recorded was equivalent 

to the normal being 5.2°C. 

5.3.5. Questionnaires. 

Results of questionnaires placed in Park Head­

quarters at the Chateau and Ohakune were disappointing. 

It had been hoped that these replies would back up 

results of population density estimate s by pellet census 

(see Section 4.3.1.). However apart from indicating 

that hares range to high altitudes even during the winter 

months, the results are misleading. For example, the 

observation of 21 hares between 1100 rn and 1200 m a.s.l. 

on the northern slopes; there were probably only two or 

three hares in the area, and these were observed more 

frequently as this was the area in which most Park Staff 

spent much of their time. The same applies to the 

records of six hares seen between 600 m and 700 m a .s .l . 

the area adjacent to the Ohakune Ranger Station. 

Accordingly no valid conclusions could be drawn regarding 

seasonal or altitudinal ranges of hares. 



CHAPTER 6; GENERAL DISCUSSION AND CONCLUSIONS. 

The aims of this study were to investigat e the 

effects of season a nd al ti tude on diet and abundance of 

hares in Tongariro National Park. The study was divided 

into three sect i ons: analysis o f .. are d i et , analys is cf 

vegetat i on available to hares ~nd de~ermination of hare 

density Wlthin the study area . 
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Cuticle analys is of faecal pellets revea l ed hat 

five species: Celmisia spectabili s: Senecio bidwi. l i i.:_, 

gJ,ionochloa rubra, Poa colensoi and moss, comprise d the 

ma j or portion of t he diet and that season and altitude 

did a ffec t species consumed. Generally, those plants 

which showed signs of hare browsing in the field were 

preferred by captive hares . These same p lants r with the 

e xception of g_.rnb ra , were however, not necessarily i· ose 

observed in faecal pellets. ~ . ~,rectabi l ~_~ , Sch~en':.l.E. 

}2.3Uciflor ~-~ and ~ - colcnso~ all shO\-Jed browsing fd .gns 

and were constuned in vary i n g quantities by both captive 

and wild hares . Aciphy lla squarrosa showed browsi:1g 

signs wa s a favoured s p e c ies o f the c aptives but was an 

insignificant die tary component in the wild. Cal luna 

vulgari~ was also a species preferred by the captive s, 

however, no feeding s igns were observed in the fie d 

and only t races obse rved in the diet. It appears there­

fore, that field obs ervatio ns o f browsed plant s and t~e 

preferences of capt ives may give a misle ading i mpression 

of the relative importance of a plant species in the 

natural diet. Distinct tr·ends regarding consumption of 

the major dietary species were obs erved: consumption 

of C.rubra decreases with increasing alt i t ude , conversely 

c onsump·tion o f f_.spectabilis, §_.bidwillii, ~_.colensoi 

and moss increase with increasing altitude. 

Samples collected from other areas within the 

Park indicate that throughout a generally similar diet 

i s consumed . Altitudinal trends continue with mo ss 

becoming the major dietary compo nent above 1 6 00 m. 
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It is interesting to no te that except dur i ng p e .. iods of 

heavy snowfall, hares do not browse on nat i ve forest 

species, although pellets were found within forested areas. 

Pellets collected from fo y·est areas , during periods w.i thout 

snow cover, were not fresh and probably dropped during the 

winter. Most pellets occurred beside patches of i ntroduced 

g rasses or in clearings. Pellets were collected along the 

grass edges of the Ohakune Mountain Road, but none were 

found within the bush . It is suggested that the forest 

is used as s he lter during periods of stormy weather or 

simply as a route from one grassland area to another. 

The plant species eaten, with the exception of 

cPrtain aromatic species, usually reflected their avail­

ability. .s:_ .ru~ra was the dominant species consumed below 

1400 m for up to t his altj_tude: C.rubra was more abu;:tdant. 

Also during the months when there was extensive snow cover 

at the higher altitudes and ~.rnbra became the domi ant 

species available, greater amounts were consnned. 

spectabilis, -~ . bidr.villii_ and moss were all more abundant 

at the hig her c..ltitudes (above 1400 m) and cons urnp ion of 

these species was greater at these altit udes. Most P . 

colensoi was consumed during autumn when seed heads had 

matured, and consumption peaked at 1400 m. 

Food consumption totals {in grams wet weight) 

could not be directly compared \vi th those of other authors 

as measurements were expressed in different units. 

Several authors have shown that plant ch~mistry i s an 

important factor in dietary preference. However, sele ct­

ivity could not be related to plant chemistry from results 

of this study. It appears that a variety of plant species , 

some more nutritious than o thers, are required in the hares' 

diet. Likewise, seasonal dietary changes could not be 

related to seasonal changes in plant chemistry, 

Pellet density estimates by computer analysis , 

coincided with casual field observatio ns of pellet con­

cent r ation. However, when pellet numbers were extrapol ­

ated to hare abundance figures, numbers became unrealistic. 

It is postulated that pellet decay rate e x timates were too 

rapid . 



The most important factors determining decay rate 

were rainfall and altitude. Rates of de cay were faster 

at equivalent altitudes on the Cha t e au site , whe r e t.wice 

as much rain fell as on the Ohakune site; while rate s 

were ma rkedly slower at high altitudes. Flux (196 7 (b)) 

noted much slower rate s of decay, work ing in a simi lar 

mountain area . 

De feca tion r ates co r r e spond wi t h t he o n ly othe r 

estimate for !:_. europae us , cal culated by F lux (1 967 (b )) . 

It is reali s ed , however , t hat figure s may be vas tly 

different i n the field si t ua t ion. Hi gh v a ri a bili t y has 

been recorde d by several a uthor s, and it has heen noted 

that many f a ctors such as t he nature of the f ood, the 

individua l ani mal a nd the s e ason affec t results . 

lll. 

Future work should include a more r el iable me thod 

o f density e s t imation . The ques tionna i res which we r e 

designed to comp lement computer den sity es t i ma t e s i n t his 

study un for t un a tely proved unsatisfacto ry . 

In conclusion, the single most i mportan t factor 

affecting the diet of hare s i n Tongar i r o Natio na l Park 

was the availab ility of plant specie s. Bot h seasona l 

and altitudinal va r iations in the di e t r e fl e ct p lant 

availability. Preference for p a rticula r d ieta ry spe cies 

could no t be rel a ted to pla nt chemistry, no r c o uld 

s e asonal and al titudinal changes in a vailabil i t y of 

ma croelements be related to dietary changes. It a ppears 

t hat a combination of plant species is require d by har es 

for a balanced diet. 

No conclusions could be drawn conc erning the 

seasonal o r altitudinal abundance o f hares. It should 

be pointed out that no faecal pellets were found below 

1100 m on the Chateau site (where Calluna vulgaris and 

Gl eichenia/Empodisma swamp were the dominant' vege tation) 

nor above 2,200 m (where vegetation was very sparse). 

Appare ntly hares do not travel far in search of food, 

even during periods of heavy snowfall. 

It was estimated that one hare consumes on average 

170 g/day of vegetation , hence a total of 62 kg of 

vegetation per year is consumed by each hare wi t hin the 



70,100 ha of Tongariro National Park . Even tho ugh har e s 

may not be sufficiently abundant to cause substantial 

permanent damage to vegetation, their p resence alone i s 

exerting an effect o n indigenous vegetation . Sign s of 

hare browsing we re ubiqui t ou s on preferr ed species and 

c hanges occassior~dby the loss of the more palatable 

species f r om the pla nt conunu nity is probably o c curr i ng. 

As the hare is an introduced mammal, population number s 

are not fully regulated as they wo uld be by pred~tors 

when i n an indigenous situa t ion. Hence po pula tion 

numbers are probably increasing an d unles s alte~native 

regu latory measures are undertaken damage to vege t a tion 

within the Park wi ll increas e . 

112 . 



APPENDIX 1: C MPLETE SPECIES LIST OF PL~NTS 
COLLECTED WITHIN STUDY AREA. 

LICHENS. 

~ladia ret i pora 

Cladonia mitis 

Hypogymnia enter.s.?morpha 

MOSSES. 

Rhacomitrium lanug inosum 

PERt S. 

Lycopodium australianum 

Gleichenia circinata 

!:oly.§_tichum ve s t iturn 

GYJl!.tNOSPERJ.1AE. 

Podacarpus nivalis 

Dac rydi um bidwillii 

Dacrydium lax ifolium 

Phylloc l a dus ~lpinus 

ANGIOSPEMAE - DICOTYLEDONES. 

Pimelea buxifolia 

Pimelea prostrata 

Cor i aria pl~mosa 

Leptospermum s coparium 

Notho fagu s so landr i var cliffortioide s 

Aciphylla s quarrosa 

Anistome a romatica 

Gaultheria c olensoi 

Pentachondra pumila 

Cyathodes juniperina 

Cyathodes fraseri 

Epacris ~lpina 

Dracophyllurn filifolium 

Dracophyl l um recurvum 

Coprosma cheesemanii 

Celmisia incana 

Celmisia glandulosa 

Celmisia spectabilis 

Celmisia gracilenta 

Olearia nummularifolia 

Raoulia australis 

113 . 



Helichrysurn bellidioides 

Craspedia spp 

Cassinia vauvilliersii 

Senecio bidwillii 

Gentiana bellidifolia 

Wahlenbergia pygmaea 

Forstera bidwillii 

Euphrasia cuneata 

Ourisia vulcanica 

Hebe stricta 

Hebe odora 

Hebe t e tragona 

MONOCOTYLEDONES . 

Phormiurn tenax 

Juncu~ gregiflorus 

Luzula campestris 

Ernpodisma minus 

Schoenu~ pauciflorus 

Oreobolus pectinatus 

Carpha alp i na 

Hierochloe redolens 

Chionochloa rubra 

Notodonthonia setifolia 

Poa colensoi 

Cortaderia fyl vida 

INTRODUCED SPECIES. 

Calluna vulgaris 

Er ica s p p. 
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APPENDIX 1.1: COMPLETE ANALYSI S OF VARIENCE 

TABLES. 

Na Chateau . 

Source of Variation ss DF' MS F' p 

Season 1. 261 3 0.420 8.255 0.001 

Plant 2.190 6 0.365 7 . 17 0 0.001 

Altitude 2.901 12 0.242 4.748 0 .0 01 

s X p 0.762 14 0.054 1. 069 0 . 388 

s X A 1. 966 21 0.094 1. 838 0.017 
p X A l. 760 31 0 . 057 1.115 0.320 

S X p X A 2.411 31 0.078 l. 528 0.045 

K Chate au. 

---------- -- - -
Source of Variation ss DF MS F p 

Season 111.442 3 37.147 12 . 967 0.001 

Plant 3338.383 6 556.397 19 4 .225 0 . 001 

Altitude 55.937 12 4 . 661 1. 627 0.0 84 

s X p 185.019 16 ll. 564 4.037 0 .001 

s X A 137.668 31 4.441 1. 550 0.0 37 
p X A 238.392 35 6.81 1 2. 378 0.001 

s X p X A 249.10 4 52 4 .79 0 1. 672 0.005 

Ca Chateau. 

Source of Variation ss DF MS F p 

Season 58.036 3 19.345 4.741 0.003 

Plant 4512.747 6 752.124 184.332 0.001 

Altitude 60.967 12 5.081 l. 245 0.252 

s X p 65.392 16 4.087 l. 002 O.ll5 5 

s X A 223.08 1 31 7.196 1. 764 0.010 

p X A 288.000 35 8 . 229 2.017 0.001 

s X p X A 186.463 52 3.586 0.879 0.999 



116. 

Mg Chateau. 

Source of Variation ss DF HS F p 

Season 6 . 258 3 2.086 22 .442 0.001 

Plant 133 . 341 6 22.223 239 . 085 0.001 

Altitude 9.171 12 0.764 8.222 0.001 

s X p 14.725 16 0.920 9.901 0 . 001 

s X A 7.748 31 0.250 2 . 689 0.001 
p X A 17 . 499 35 0 . 500 5.379 0.001 

s X p X A 13.317 52 0 . 256 2.755 0.00 1 

Fe Chateau. 

Source of Variation ss DF MS F p 

Season 0.240 3 0.08 0 4.200 0 .0 06 

Plant 2.469 6 0.411 21.602 0.001 

Altitude 0.975 12 0.081 4 .26 5 0.001 

s }{ p 0.479 16 0.030 l. 571 0.076 

s X A l. 834 31 0.059 3 . 105 O. OOJ. 

p X A 0 . 923 35 0.026 l. 385 0.082 

s X p X A 2.133 52 0 . 041 2.154 0.00 1 

Zn Chateau. 

Source of Variation ss DF MS F p 

Season 0 . 001 3 0.000 0.303 0.999 

Plant 0.028 6 0.005 3.597 0.002 

Altitude 0.012 12 0 . 001 0 . 805 0.999 

s X p 0.023 16 0.001 1.100 0.355 

s X A 0.039 31 0.001 0.993 0.999 

p X A 0.041 35 0 . 001 0.911 0 . 999 

s X p X A 0.055 52 0.001 0.823 0.999 
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Na Ohakune. 

Source of Variation ss DF MS F p 

Season 0 . 05 7 3 0.019 1.130 0.342 

Plant 0.571 4 0 . 1 43 8. 569 0.00 1 

Altitude 0 . 254 3 0.085 5.075 0.00 3 

s X p 0.293 11 0.0 27 l. 595 0.015 

s X A 0.370 9 0. 041 2.467 0.015 

p X A 0 . 088 6 0 .015 0.877 0.999 

s X P X A 0.290 11 0.026 l. 579 0.120 

K Ohakune. 

Source of Variation ss DF MS F p 
-------

Season 111.987 3 37.329 22 .0 53 0 . 001 

P l ant 752.339 4 188 .0 85 111. 1 1 6 0.00 1 

Altitude 26.569 3 8 . 856 5.232 0.002 

s X p 57.684 11 5.244 3 . 0 98 0 .0 02 

s X A 36 . 59 3 9 4 .06 6 2.402 0 . 018 

p X A 22.791 6 3.799 2.244 0.046 

s X p X A 1 03 . 871 11 9.443 5. 5 79 0 . 001 

Ca Ohakune . 

So urce of Variation ss DF MS F p 

Season 20. 776 3 6.925 4.658 0 .005 

Plant 743.29 4 4 185 .824 12 4.9 87 0.00 1 

Altitude 2.114 3 0 . 7 05 0.474 0.999 

s X p 69 . 444 11 6.313 4.246 0 .001 

s X A 17 . 426 9 l. 936 1 . 302 0.248 

p X A 7.0 47 6 1.175 0 . 79 0 0. 999 

s X p X A 76.547 11 6.959 4.681 0.001 
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Mg Ohakune. 

Source of Variation ss DF MS F p 

Season 2.627 3 0.876 2.5 94 0.057 

Plant 15.508 4 3 .8 77 11.488 0.001 

Altitude l. 294 3 0.431 1. 2 78 0.2 87 

s X p 3.976 11 0.361 1. 07 1 0.3 94 

s X A 3.954 9 0.439 l. 302 0.248 

p X A 5.026 6 0.838 2.482 0.029 

s X p X A 5.085 11 0.462 l. 370 0.20 2 

---

Fe Ohakune . 

Source of Variation ss DF' MS F p 

----
Season 0.257 3 0.086 9.732 0.001 

Plant 0.371 4 0.093 10 . 538 0.001 

Altitude 0 . 104 3 0.035 3 .949 0.011 

s X p 0.141 11 0.013 l. 455 0.16 4 

s X A 0.064 9 0.007 0.807 0.9 99 

p X A 0.075 6 0.013 l. 430 0.212 

s X p X A 0.076 11 0.007 0 .7 81 0.9 9 9 

Zn Ohakune . 

Source of Variation ss DF MS F p 

Season 0.003 3 0.001 12.801 0.001 

Plant 0.004 4 0.001 12.879 0.001 

Altitude 0.001 3 0.000 2.942 0.037 

S X p 0.003 11 0.000 3.167 0.001 

s X A 0.000 9 0.000 0.4 52 0.999 

p X A 0.000 6 0.000 0.578 0.999 

S X p X A 0.001 11 0.000 l. 474 0.156 



APPENDIX 111: COMPLETE MULTIPLE CLASSIFICATION 

ANALYSIS TABLES. 

Na Chateau. 

Grand Mean == 0.35 
Adjusted For 

Unadjusted Independents 
Category N Deviation Deviation 

Winter 67 -0.06 -0.01 

Spring 26 0.21 0.09 

Surruner 110 -0.09 0.08 

Autumn 112 0.08 0.06 

c.spectabi1is 89 0.04 0.03 

C.rubra 84 -0.12 -0.08 

S.bidwi1lii 23 0.3 8 0.29 

S.paucif1orus 36 -0.04 0 . 01 

P.co1ensoi 58 0.05 -0.02 

C.vu1garis 20 -0.15 -0 . 09 

A. squarrose. 5 -0.01 0.03 

900 m 11 -0 .17 -0.08 

1000 m 25 -0.13 -0.06 

1100 m 36 -0.05 0.00 

1200 m 23 -0.05 -0.03 

1265 m 15 -0.08 -0.06 

1300 m - 1 25 -0.14 -0 .12 

1300 m - 2 16 -0.10 -0.07 

1400 m 1t 22 0.02 -0.01 

1400 m rt 26 - 0.06 -0 . 03 

1500 m 1t 40 0.08 0.06 

1500 m rt 11 0.33 0.33 

1600 m 1t 23 0.36 0.23 

1600 m rt 42 0.00 -0.06 
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K Chateau. 

Grand Mean ::: 4.98 

Adjusted For 
Unadjusted Independents 

Category N Deviation De viation 

Winter 68 -1.33 -1.08 

Spring 125 0.75 0.49 

Summer 110 0.16 0.29 

Autumn 111 -0.18 -0.17 

C.spectabi1is 117 2.21 2.18 

C.rubra 113 -0 .97 -0.92 

S.bidwi11ii 34 5.44 5.18 

S.paucif1orus 44 -1.94 -1.97 

P.co1ensoi 71 -3 .08 -3 . 03 

C.vu1garis 29 -3.41 -3 .33 

.'A.. squarrosa 6 11.59 11.86 

900 rn 17 -2.14 -0.38 

1000 rn 34 -1. 01 0.07 

1100 rn 45 0.85 0.10 

1200 m 31 -0.03 0.52 

1265 m 23 0.25 0.54 

1300 m - 1 35 -0.76 -0.07 

1300 rn - 2 24 -0.75 -0.74 

1400 rn 1t 34 0.57 -0.22 

1400 m rt 39 -0.51 -0.27 

1500 m 1t 48 0.40 0.36 

1500 rn rt 19 -0.58 -0.83 

1600 rn 1t 23 1. 56 0.32 

1600 rn rt 42 0.68 0.02 
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Ca Chateau. 

Grand Mean = 3.21 

Adjus ted For 
Unadjusted Independents 

Category N Deviation Deviation 

Winter 68 -0.04 0.43 

Spring 125 0.93 0.35 

Summer 110 -0.45 -0.12 

Autumn 111 -0.57 -0.53 

C . spectabi1is 117 1. 69 l. 70 

C.rubra 113 -2 .74 -2.70 

S.bidwi11ii 34 8.84 8.77 

S.paucif1orus 44 -2.29 -2.34 

P.co1ensoi 71 -2.45 -2.48 

C.vulgaris 29 1.18 1.19 

A.squarrosa 6 8.53 8.76 

900 m 17 -0.95 0.47 

1000 m 34 -0.44 -0 .3 6 

11 00 rn 45 0.36 -0. 4 6 

1200 m 31 -0.18 0.49 

1265 m 23 -1.29 -0 .26 

1300 m - 1 35 -1.78 -0.31 

1300 P.l - 2 24 -1.61 -0.50 

1400 m 1t 34 0.82 0.23 

1400 m rt 39 -0.13 0.19 

1500 m 1t 48 0.55 0.37 

1500 m rt 19 1. 34 0.92 

1600 m 1t 23 1. 98 -0.14 

1600 m rt 42 0.74 -0.20 
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Mg Chateau. 

Grand Mean - 0.71 

Ad justed For 
Unadjusted Independents 

Category N Deviation Deviation 

Winter 67 -0.16 -0.15 

Spring 125 0.18 0.10 

Summer 110 0.08 0.12 

Autumn 112 -0.18 -0.14 

C.spectabi1.is 117 0.15 0.15 

C.rubra 113 -0.47 -0.47 

S.bidwi11ii 34 1. 42 1. 49 

S.paucif1orus 44 -0.26 -0.30 

P.co1ensoi 71 -0.46 -0. 41 

C.vulgaris 29 0.67 0.64 

A.squarrosa 6 1.92 l. 59 

900 m 17 -0. 1 5 0.01 

1000 m 34 -0 .11 -0.21 

1100 m 45 0.54 0.35 

1200 m 31 -0.08 0.08 

1265 m 24 -0.03 0.13 

1300 m - 1 35 -0.23 0.03 

1300 m - 2 24 -0.27 -0.07 

1400 m 1t 34 0.20 0.07 

1400 m rt 38 -0.14 -0.02 

1500 m 1t 48 -0.05 -0 .0 3 

1500 m rt 19 -0.02 -0.07 

1600 m 1t 23 0.16 -0.19 

1600 m rt 42 -0.17 -0.19 
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Fe Chateau. 

Grand Mean = 0. 11 

Adjusted For 
Unadjusted Independents 

Category N Deviation Deviation 

IVinter 6 8 0.02 0.04 

Spring 125 0.01 0.01 

Summer 110 -0.05 -0.04 

Autumn 111 0.02 0.01 

c . spectabi1iS .. 117 -0.01 -0.01 

C.rubra 113 -0.09 -0.08 

S. bidvli11ii 34 0.04 0.01 

S.paucif1orus 44 -0.05 -0.03 

P.colensoi 71 0.20 0.17 

C. v u1garis 29 -0.06 -0.02 

A.squarrosa 6 -0.08 -0.02 

900 m 17 -0.07 -0.01 

1000 m 34 -0.09 - 0.05 

1100 m 45 -0.08 -0.06 

1200 m 31 -0.09 -0.06 

1265 m 24 0.05 0.0 4 

1300 m - 1 34 -0.04 -0.02 

1300 m - 2 24 -0.07 -0.06 

1400 m 1t 34 -0 . 02 0.01 

1400 m rt 39 0.13 0.10 

1500 m 1t 48 0.07 0.06 

1500 m rt 19 0.08 0.01 

1600 m lt 23 0.11 0.05 

1600 m r t 42 0 . 00 -0.02 
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Zn Chateau. 

Grand Mean ·- 0.02 

Adjusted For 
Unadjusted Independents 

Category N Deviation Deviation 

Winter 68 - 0.01 -0.00 

Spring 125 0.00 -0.00 

Sununer 110 0.00 0.00 

Autumn 112 0.00 -0.00 

c . spectabilis 118 0 . 00 -0 .00 

C.rubra 113 -0.01 -0.01 

S . bidwi1lii 34 0.03 0.03 

S.pauciflorus 44 -0.00 -0.00 

P.co1ensoi 71 0.01 0.01 

c.vu1garis 29 -0.01 -0.00 

A. squarrosa 6 -0.00 0 .00 

9 00 m 17 -0.01 -0.00 

1000 m 34 - 0.01 -0. 00 

1100 m 45 -0.01 -0.00 

1200 m 31 0.00 0.01 

1265 m 24 -0. 00 -0 .00 

1300 m - 1 35 - 0.01 -0.00 

1300 m - 2 24 -0.01 -0.00 

1400 m 1t 34 0.01 0.01 

1400 m rt 39 -0.00 -0.00 

1500 m 1t 48 0 . 00 -0. 00 

1500 m rt 19 0.02 0.02 

1600 m 1t 23 0.01 0. 00 

1600 m rt 42 -0.00 -0.01 
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Na Ohakune. 

Grand Mean = 0.25 
Adjusted For 

Unadjusted Independents 
Category N Dev iation Deviation 

Winter 30 -0 . 04 -0.02 
Spring 36 0.0 4 0 .03 
Summer 31 -0 . 02 -0.02 
Autumn 35 0.00 0.00 

C.spectabi1is 33 0.02 0.03 
C.rubra 45 -0.06 -0 . 07 
S.bidwi11ii 11 0.21 0.17 
S.paucif1orus 29 -0.06 -0.04 
P.colensoi 14 0.10 0.07 

1500 m so 0.08 0.05 
1400 m 36 -0.04 -0.0 4 
1300 m 35 -0 .06 -0.05 
1200 m 11 -0 .01 0.05 

K Ohakune. 

Grand Mean - 4 .50 Adjusted For 
Unadjusted Independents 

Category N Deviat ion Deviation 

Winter 30 -0.18 - -1.00 

Spring 36 0.74 0.00 

Summer 31 1. 44 1. 56 

Autumn 35 -0.48 -0.53 

c.spectabi1is 33 1. 50 1. 61 

c.rubra 45 -0.62 -0.93 

S.bidwi11ii 11 6.82 6.89 

S.paucif1orus 29 -2.17 -2.09 

P.co1ensoi 14 -2.42 -1.90 

1500 m 50 0.27 -0.25 

1400 m 36 0.09 -0.11 

1300 m 35 -0.73 -0.04 

1200 m 11 0.79 1. 62 
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Ca Ohakune. 

Grand Mean = 2.25 
Adjusted For 

Unadjusted Independents 
Category N Deviation Deviation 

Winter 30 -0.50 0 . 26 

Spring 36 0.72 0.04 

Sum.-·ner 31 0.29 0.41 

Autumn 35 -0.57 -0.62 

C.spectabilis 33 1. 25 1. 24 

C.rubra 45 -1.83 -1.77 

S.bidwi11ii 11 7 . 36 7 . 38 

S.pauciflorus 2 9 -0.69 -0.71 

P.colensoi 14 -1.41 -1.57 

1500 m 50 0.69 0.12 

1400 m 36 0.08 -0 .13 

1300 m 35 -0.41 0.06 

120 0 m 11 -2.08 -·0.31 

Mg Ohakune. 

Grand Mean = 0.59 Adjusted For 
Unadjusted Independents 

Category N Deviation Deviation 

Winter 30 -0.20 -0.10 

Spring 36 0.30 0.24 

Summer 31 -0.08 -0.08 

Autumn 35 -0.07 -0.08 

c.spectabi1is 33 0.34 0.36 
C.rubra 45 -0.33 -0.33 
S.bidwi11ii 11 0.96 0.80 
S.paucif1orus 29 -0.11 -0.06 
P.co1ensoi 14 -0.24 -0.30 

1500 m so 0.17 0.13 
1400 m 36 -0.04 -0.11 
1300 m 35 -0 . 11 -0.08 
1200 m 11 -0.30 0.03 
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Fe Ohak une. 

Grand Mean = 0.08 
Adjusted For 

Unadjusted Independents 
Category N Devia tion Devia tion 

Winter 30 0.06 0 .05 

Spring 36 -0 .07 -0.06 

Summer 31 -0 . 02 -0 . 01 

Autumn 35 0.03 0.03 

C.spectabi1is 33 0.03 0.03 

C.rubra 45 -0.06 -0.05 

S.bidwi11ii 11 -0.02 -0. 02 

S.paucif1orus 29 -0.02 -0.02 

P.co1ensoi 14 0.16 0.14 

1500 m 50 0 . 05 0.03 

1400 m 36 -0 .01 0.01 

1300 m 35 -0.04 -0.05 

1200 m 11 -0. 07 -0.01 

Zn Ohakune . 

Grand Me an = 0.01 
Adjusted For 

Unadjusted Indepe nde nt s 
Cate gory N Deviation De viation 

Winter 30 0. 00 0.00 

Sp ring 36 - 0 . 01 -0.01 

Summer 31 -0.00 -0.00 

Autumn 35 0.01 0.01 

c.spectabi1is 33 0.00 0.00 

c.rubra 45 -0.00 -0.00 

S.bidwi11ii 11 0.02 0.02 

S.paucif1orus 29 -0.00 -0.00 

P.co1ensoi 14 -0.00 -0. 01 

1500 m 50 0.00 0.00 

1400 m 36 -0.00 -0.00 

1300 m 35 -0.00 -0.00 

1200 m 11 -0.00 0.00 



Hare 

Sam 

Charlie 

Rorie 

APPENDIX lV: GROWTH RATES OF SAM, 

CHARLIE AND RORIE . 

Original wt. Final wt. Time Inte rval 
(g) (g) (days} 

227 264 23 

227 347 23 

227 1361 63 

128. 

Growth Rate 
(g/day) 

1.6 

5.2 

18.0 



APPENDIX V 

GROWTH CURVES FOR SAM, CHARLIE AND HORIE 
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Sex 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

F 

F 

F 

F 

APPENDIX V1: BODY MEASUREMENTS OF HARES 

SHOT ~VITHIN STUDY AREA. 

Body wt . Body Length Hind-foot Ear Length 
(kg) (em) Length (em) (em) 

3.5 43.5 13.4 11.2 

3.4 44 .5 14.5 11.9 

3.2 46.0 14 . 0 12.0 

2.4 38 . 5 13 . 8 10.5 

3.4 45.0 14 .7 11.2 

3.6 48.0 1 5.2 12.4 

3.6 37.0 13 . 6 11.7 

3 . 8 47.0 14.1 11.9 

3.4 41.0 14.1 10.7 

3.3 42.0 14.3 11.0 

1. 3 29.0 12.5 8. 5 

2.8 44.5 13.8 10.5 

2.9 42.7 14.8 11.0 

3.3 42 . 5 13 . 7 10 . 8 

130. 
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