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ABSTDACT 

This MSc. thesis is the first detailed account of 

the biology of sambar deer (~:~-~ l!..l!Ic;.£~;;,2£ Ker:c, 179~n in 
New Zcalando Observations ware made for fifteen months on 
a.pproximo.tcly 35 animals inhabiting flax swamp at Moutoa, 
southern Manawatu. 

Sambar are shy and cautious, mostly nocturnal and 
prefer dense cover. Methods used to overcome problems of 
direct observation of sambar are described and their relative 
effectivenesses are compared. Habitat requirements are also 
discussed. 

Diet of Moutoa deer was determined by ana1ysing 
monthly faecal samples supported by direct observation of 
feeding and examination of feeding ev:i.dence., A quantitative 
me·thod of faecal analysis based on the a:rea of pla.nt cu.t.icle 

present. is described .. Seasonal changes in diet composition 
are detailed. Flax and rank grasses comprise the greatest 
proportion of the diet, wh).le rye grass was present in low 
proportions and clover was absent from the faeces. Evidence 
is presented suggesting sambar dee:c do not compete-! \·.ii.th 

domestic stock for high quality forage. 
The eight most frequent forage species f ou:nd in 

faeces were sampled seasonally and analysed for Acid Deter­
gent Fibre, energy, nitrogen (crude protein) and water 
content. There was no correlation between changes in forage 
quality throughout the year and seasonal changes in dii~t 
composition. Other factors involved in forage selection are 

discussed. 
The Moutoa breeding population is viable and had 

an estimated average age structure of 3~ adult males, 4&% 
adult females and 18% juveniles. 

In New Zealand sambar appear to breed throughout 

the year with two peaks of tncreased rutting ac'c,lvity in 

J~ne, July and August, and in November. 
Evidence is presented that the majority of stags 

shed their antlers annually, in contrast to the previ.ously 
·accepted belief that they hold antlers . for two or more 

years. Antler-cycle is closely associated with the breeding 
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cycle, most sightings of stags in hard antler occurring 
from J·une to Novembero Examination of available information 
on breeding and antler cycles in Australian sambar revealed 
similar cycles to these in New Zealand, whereas in India it 
appears a single peal-;: in rutting occurs from October to 

December, with a corresponding antler cycle. 
Herds are loosely struct~red and generally comprise 

small family groups t commonly a hind, yearling and favmo 

Young stags generally form groups of two to four individuals 
while old stags evidently lead solitary lives except in the 
breeding season when they were often observed with one or 
two hinds,, Rutting stags a.re territorial with olfactory and 
visual cues apparently serving to exclude rivals •. Hoarlng 
or fightin.g, apparently common in India. during the rut, is 

rare in New Zealand. 
Evidence is presented that some hybridisation with 

rusa dear (~~ ~ Blainvillef 1S22) occurs in 
the Bay of Plenty. A comparison of cranial characters between 
Manawatu and Bay of Plenty deer was inconclusive because of 
:i.nsufficient· numbers of slmlls. Sexually dimorphic cranial 
characters are given for animals from the Manawatu area. 
Sarubar deer skulls were aged by counting the number or · 
annuli in the cementum pad of molar if orm teetho 
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PART I - INTRODUCTION 

lol l_ptro_guctory Descr ~ 2tiol',l 

The sar.ibar (.Q~11~ntcc2)-Q.£ Kerr, 1792) is the 

third largest of the deer species imported ·into New 

Zealand; only moose and wapiti are larger. 

New Zealand stags average betwe.en 180 to 225 kg 

in weight and stand nearly 150 cm high (Morrison CJ.nd 

Harris, 1974) while hinds weigh approximately 150 kg and 

stand about 115 cm high (Harrison, 1979). Exceptional 

animals fr-om I ndia have been recorded as weighing up to 

1 

318 l~g (wbit ehoa.d, 19'72).. Vaulted nasals, rhombiform to 

cruciform in shape and a flat to concave forehead give 
sambar a slightly "horse~like appearance" (Van Bemmel, 1949; 

Logan, 1965)0 Both sexes, but particularly the stag have 

well developed preorbital glands, which secrete a strong 

smelling waxy substance (Draisma, 1979). These glands are 

capable of being everted, presumably for display purposes, 

and caused the Chinese to name the sambar 11 four-eyes 11 
-

{Cahalane, 19.39). The ears are large, about half the 
length of the head (Lydekker, 1B9$; Draisrna, 1979) and 

are very broad.. Van Bemmel (1949) described the 
"rhinarium" (muzzle) as being "nearly bare, extending to 

the dorsal part of the face and forming a broadish rim 

below the nostrils • ~. covered with rather large warts, 

with some scattered hairs originating between them" 

(Plate 1). Pelage of both sexes is generally a uniform 

brown with underparts somewhat lighter in coloure The 
chin, between the buttocks (peroneum) and under the tail 

are pale bro~m. There is a considerable variation in 

colour between individuals from a very da!'k brown t.o a 

slate greyP stags in general being darker than hinds or 

young.. Favms have adult coat colouring (no white spots) 

with a dark dorsal strip that fades a few months after 

birth (Van Bemmal., 1949; Draisma~ 1979) o "Being a sub­

tropical species the coat is coarse and bristle-like, 

lacklng the.fine under-fur of the European speciese 



Plate 1: Head of de2.d sambar hind 

Note the following facial characteristics typical of sambar: 

Rhinarium which extends to the dorsal part of the face? 

forming a broad.ish rim below the nostrils and having a rather 

wart-like appearance with scattered hairs over its surface. 

A prominent nasal ridge gives sarnbar their hor3e like 

appearance. Ears are large. 

'I'his hind had been shot at Moutoa approximately three days 

earlier by poachers. Its age was later determined to be 

9 years (see Section 5e6)o 
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There is a distinct mane-like ruff around the upper part 
of the neck which along with the dorsal coat and tail 

h air is erectile" ( Draisma). The tail is about 28 cm 

long and brushlike at the end (Logan, 1965). Small 
canines are present :ln the upper jaw. of both sexes and 
"like most Cervidae" sarnbar have no upp er incisors , but 
ins t ead a hor ny dental pad (Draisma , 1979). Draisrna has 

also fou.nd that f as in other rurriii;iants, lower canines 

have become modified to form fourth incisors and lack 

alveoli. Upper molars are tall-crowned wit.h a small 

additional column on the inner side ( Lydekker, 1898 ) • 
Draisma (19?9) presented the following dental fo rmula: 

Deciduous teeth Permanent teeth --· 
Io Co P?-!3 l"' ·1 Io cl Pl"~ 

3 l"i3 

I4 PHJ !~L Ii+ P.i•! l~i 
.l 3 3 

Adul t stags normally possess a pair of rounded, three 
tined antlers. Lydekker (1898) found that in generalr 
the rusine group is characterised by this antler form 

i.e. a brow- tine and beam simply forked at the extremity, 
bez and trez tine s absent. The antler bone is denser 

(less porous) than that of red deer (Logan, 1965; Harris, 
1966). 

1.2 TaxQ~omy 

The rus ine deer have been variously assigned by 

some authors to the genus Cervus, subgenus Ru~ e og o Smith 
( H~27) 9 or by others to a separate genus, ~ e.g. Loomis 
(192$). 

Lydekker (1898) considered the simple antler forrn 
of rusine deer to be suggestive of a generalised group; 
"The original type would appear to be represented by the 
Indian spotted deert or chital, in which the white spots 
are persistent at all ages and all seasons. A more 
advanced modification is displayed by the hog deer, in 
which the spots disappear in the adult during winter. 
But the most specialised form of all are the various 
kinds of sambar, in which the adult is uniformly coloured 

at all seas~ns, while even the fawn may have lost its 

dapplingo" He continued, ".It is probable that the group 
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reached the Oriental region at a comparatively early epoch 

( remains of fossil species occurring in the Pliocene st rata 

of the Siwalik Hills), and that it has no connection wi.th 

the ancestors of the [other ] groups since the early part 

of th e Pliocene epoch, when it may h ave branched off from 

sikine sto ck., 0 However , Lydekker considered th ere the 

rusine deer belonged to the genus Cervus and used the 

spe c ific n ame £Di.col~£. for sambar which had been revived 

by Blanford ( 1891)., Until then the sambar was knovvn aG 

~:r.vus a.ristotelis o Blanford wrote - "This fine deer 

appears to have been first mentioned by Pennant, who 

described i t as the middle-sized and greater axis (Cervt..~ 

.e_JSj.s un~ c o..:12£ and f..:._axis ~~21: of Kerr). To these forms 

the n ames of .Q..~rvu,..s £!:1.i c0or and ~lbicornis were 

applied by B echste in~ Cuvier, in the second ed ition of 

his Qssep.~ns Fossj].~.§. named different varieties £0 
1Jjppelaph_E_s and f..!~ _eguinll§, and two years afterwards 

added the names of Ce aristotelis and C. leschenaultii, 

given to horns only. Why the name C. aristotelis, given 

to an abnormal horn, has been preferred for the Indian 

sarnbar is dif ficult to say. The name Ce unicolor, employed 

by Hamilton Smith, is preferable on account of both prio1~ity 

and suitability, being an appropriate term for the only 

Indian deer with unspotted young." 

In a lengthy taxonomic paper, Van Bemmel (1949) 
regarded the rusine group as belonging to a distinct 

genus, .ful§.§;e His reasoning was - "Rusa is distinguished 

from Cervus Lo mainly by the typical stature, the primitive 

build of the antlers, the rr.ore composed structure of 

dentition, the greater extention of the rhinariurn and the 

longer more bushy tail. The genus Rusa, in its geographical 

distribution, forms a coherent group of tropical and sub­

tropical deer. In my opinion this is a natural unity 

deserving generic value. The definition of the genus, as 

given above, is founded merely on the Indo-Australian 

species. Extra-limit al material at my disposal was 

insufficj.ent to do justice to every detail." 

However, Whitehead (1972), fully cognisant of 
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Van Bemrnelts work, classified sambar as Cervus unicolor __ ....,__ ----
Kerr, 1792; and rusa as Cervus ·timorensis BlainvilleP 
1822; both belonging to the subgenus Rusao Hi s te1J'n:Lnology 
is followed in this thesis. 

Lydekker ( 1898 ) described 6 races of sambar v but 

Whitehead (1972) re cognised 16 subspecies (Table I). 

Eight subspecies are found i n the Philippines~ although 
there is some confusion concerning their taxonomy because 

of lack of suitable specimens from the various i slands in 
this archipelago. 

1 e J J2i.§..~._QlJ. 

Sambar have an extremely wide geographical 

distri but i on (Figo 1). Various races occur throughout 
most of South East Asia, including India, Sri Lanka 9 

Burma, the Malay peninsula, Tho.ilandt southern Ch :ina~ 

Borneo, Hainan, Taiwan and the Philippines. 

In India sambar are recognised as being a forest 

hill country deer and h a ve been found at an altitude of 
2742 rn a.s .. l. in the Himalaya.n foothills (Whitehead, 

1972). In Sri Lanka they are widely distributed and 
accord ing to Whitehead, range from the coast up to altitudes 
of 2285 rn a.s.lo 

In the mid nineteenth ~entury the species was 
introduced to Australia from Irtdia, Sri Lanka and 

Malaysia (Harrison, 1979). Bentley (1978) described 

sambar as the "dominant transplant" because they are the 
most firmly established and the largest of all deer 

species which exis t in the wild in Australia. 

It seems doubtful that records were made of all 

sambar liberations in New Zealand. This is indicated by 

the lack of continuity in the reports kept by acclimatiz­

ation societies ( 'l'homson, 1922). Perhaps the most 

comprehensive account of sambar liberat ions in this 

country was that given by Donne {1921~)· His find ings 

are summarized as follows: The first liberation of . 
samh ar in New Zealand took place in June 1e75 when a stag 

and hind from Sri Lanka were :released on the Carnarvon 



TABLE I 

Classification of sambar deer 
according to Whitehead (19722 

F~:ILY CERVIDAE 
GENUS CERVUS 
Sl'B ·~.t::: ;,; s ~ 

Linnaeus , 1758 
H. S:::ith , 1827 

One species Cervus unicolor, 
sixteen subspecies 

Cervus unicolor Kerr, 1792 
Cervus unicolor unico l or Kerr, 1792 

Ceylon 
Cervus unicolor nig~ Blainville, 1816 

Peninsula I ndia 
Cervus unicolor mariannus Desmarest , 1822 

Guam Island ,. Marianne Group 
Ceryus upicolor ~uinus Cuvi er , 1823 

Sumatra , Malaya, Burma, Chi na , etc 
Ceryus unicolor P.hili£P,inus H. Smith, 1827 

Lu zon , Philippine Group 
Ceryus upicolor s~ir~oei Scl ater , 1862 

Formosa 
Cervus unicolor alfredi Sclater , 1876 

Central Philippine Islands 
Ce nus uni color u;igri q,ns Brooke , 1877 

Basilan I sland 
Ceryµs unicolor brandanus (Ee~de) , 18~8 

Kindoro Island, Philippines 
Cer~ys unicolor francianus (Heude), 1888 

Mindanao Island , Philippines 
Cervus unicolor basilanensis (Heude) , 1888 

Basilan Island, Philippines 
Cervus unicolor brookei Hose , 1893 

Sarawak , Borneo 
Cervus unicolor dejeani (Pousargues), 1896 

South-west China 
Cervus unicolor boninensiy Lydekker, 1905 

Bonin Islands (extinct? 
Ceryus unico l or D.ig~(Hollister) , 1913 

Mindanao Island , Philippines 

Cerrus unicolor ~p,oe nsis Sanborn, 1952 
Mindanao I s l and , Philippines 

Sambar 

Philippine deer 

Swinhoe's deer 

Prince ~lfred ' s deer 

Basilan or Blackish 
deer 
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The range cf SJmbar Carns unicolor 

!'A\W"-R CcrruJ unicolor 

1. C«rnH unirolor unicolor 
2. C.u.11i11a 
3. C.11 .cquinus 
4 . C.u.d1jconi 
5. C .11 .. nd11hori 
6. C.u.brookri 
7. C.u.maria1111us 
8. C.u.philippin11s 
9. C.u.alfrcdi 

I 0. C.11.haramfanus 
} 1. C .11.fi ·u11ciu1111s 
12. C.u.11~i:dl11J 
13. C.11 .apor11.1is 
I 4. C.11 .lmsilu11c11sis 
] 5. C.11.n(1,rrica11s 
16. C.u.bo11i11rmis 

Ceylon 
India 
Burma, southern China, throu[: h to Sum:itra 
South-west China 
Formosa 
Sarawak, Borneo 
Guam Island, Marianne Group (probably e<tinct) 
Luzon, Philippines 
Central Phili ppines 
Mindoro Island, Philippines 
Minda nao Island, Philippines 
West Mindanao ls iJnd, Phi lipp ines 
South-cast MindJnao Isla nd, l'hilippincs 
B~s ilJn Island , Philippines 
Basilan l siJnd, Philippines 
Bonin lsl~nd (probably extinct) 

Samror have ;11'0 been introduced to Australia. and New Zealand. 
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EstateP Rangitikei River. The resultj_ng_ herd established 

itself along the Manawatu coast. In 1876, a pair were . 

presented to the Auckland Acclimatizatior. Society. ( These 

must have c;o:11e from Sri Lanka, althm.~.gh Donne 0 s account is 

ambiguous i n this r egard ). The hind died, but a replace­

ment was obtained from Sri LarJca and sent to Auckland.. The 

pair wore subsequently released near Morrinsville, Waikato
9 

where th e y mu.ltipl:ied. In November , 1907, eight "sambar11 

were impo:r-tcd from New C a.~<;:donia , t wo by the 'fouris t 

Department and the other s:i.x by a Rotorua settler.. These 

were all liberated in the Galatea dist.rict. and bred 

successfully. I t was Riney (1955) who r ecogniser;. these to 

be Javan rusa deer rather than s ambar. It appears that 

those who kept the r e cords did not differentiate betwee n 

the two spec ies, and it is this population wh:i..ch may by 

interbreeding have had a genet ic influence on the Rotor.ua 

sambar, ,.mich could render th&!n different from those of 

the Manawatu. In 1915, seven samba r fawns, one male and 

six femal esf were captured in Foxt on for the Government 

~L'ourist Department and liberated near Lake Rerewhakaitu, 

Hot Lakes district. In J.919 eight fawns were taken by the 

Tourist Department from Himitangi (near Carnarvon ), reared 

until they could fend for themselves, then in 1920 r e leased 

near Rotorua. 

Thomson (1922) argued that if these documented 

account s were in fact the only sambar lib erations to have 

t aken place in New Zeal and, then the species would be 

closely interbred, having had only four animals contribute 

to the gene pool. He suggested therefore, that several 

·other undocumented liberations must have occurred. 

The Manawatu herd extends along a narrow coastal 

strip for approximately 170 km from the Waitotara River 

in the north to Paraparaumu in the south (Fig . 2)o 

However, individuals have been seen or shot considerable 

distances fron1 their normal range e.g. "Coal Creek ( Western 

Ruahines), Waitatapia Stream (Western Tararuas ), Reik.orangi 

and Lismore State Forest" (Harris, 1966). 

In the Bay of Pl0n~yP sarnbar have spread 

considerably from their original liberation points (Fig• 3): 
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( frorn Harris, 1966} 
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Figure 3: Distrcbution of sambar tn the Bay of Plenty 

( from Ha rris ~ 1966) 

Boy of Plenty 
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'~North to the Rotoru .. a-Whakatane Rd o, eastwards to the 

Rang:Lt aiki Ri vor and southward and west. ward t o Murupara 

11 

and Atif.lmu:r L. Fur ther small b reeding colonies, st emming 

from the nuatoki liberat:tons , extend sot;.thward u p the 

Whakat ane a nd W<:d .mana R.iver s 9 with isol at ed pockets 

e.ppe a:cirig in the h e ad ' '.rat e rs of the Wh akatane Ri V8r as f ar 

south as the Rotorua-Waika r cmoa na Rd., Anothe r smal l co l ony 

exists along t he southe rn shor es of Lake Taupo" (Harr:i.s )., 

Again anim<?.ls h avG b een shot or sight ed out sid e their 

normal range.. Harris mentioned sambar being observed "at 

Wa i oeka Gor ge, Ruat ahuna Stream~ Ok ahu 9 nea r Te Whaiti, 

a nd Patunc:,rnu St ate Forest , near Wairoa.," 

?-~outo a --
This project was conducted mainly in a flax re s erve 

(N . Z.M.S. 1 , Nl 52, Ref ... Ar ea 825145) on the l•1outoa La nd s 

and Sur vey development blo ck (Fig o 4) e Mout oa ( 1982 .. 1.340 ha) 

l i es 8 km west of Shannon . It is bounded in the south and 

east by the Ma.n awatu r.iver and in the west by a £.1ana1-;atu 

Catchme nt Boar d floodwayo The block was originally pu.rt of 

a large area of raupo* and flax "knovm to the Maori people 

as Hotuiti swamp" (Environmental I mpact Report). This area 

contaj.ned nume rous lagoons and although periodically 

flood ed by the ?·~anawatu River, was nevertheless used for 

sheep and cattle gr azing as early as the 1890 ' s. Following 

th e gazett a l of t h e land in the late 1930' s for the flax 

milling industry, the Department of Agriculture, as it was 

then c alled, used Moutoa as a major source of supply of 

flax for the New Zealand Woolpack and Textiles Ltd's mill 

at Foxton.. The Department of Lands and Survey joined in 

the undertaking by grazing the area with sheep and cattle 

from 1949 until present. With the phasing out of flax 

product i on by the gover nment, the property was handed 

over to the Department of Lands and Survey for development 

and land s ettlement in September 1973 (Environmental Impact 
Re port) " The area is flat. low lying land ranging from 0 . 3 
to 2~5 metres above m.s.l., the higher land being adj a cent 

*\•{here possible common names will be used in the te:> .. 't 

through out this thesis. For scientific names refer to 

Appendix 1. 
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Figure 4: Location of Moutoa 
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to the river and the lower near the floodway . 

Management as a conimer·cial proposition in recent 

years has resulted in the overall character of the land 

being changed.. A subst antial area of the block has been 

cultivated and replanted in improved st rains of flax, 

mainly Siefferts Supreme~ 1·mich has a highe r fibre content 

but shorter life and 10ss yj_gour than the wild type e 

Little evidence of the original vegetat i on now remain s . 

Most of the soils are well supplied with major plant 

nutrients and only poor drainage has l:Lmited the int. ensi ve 

use of the area .. 110riginal stands of good flax have been 

converted by cattle stocking to rough volunteer grazing on 

crushed fl a.x.11 (Environmental Impact Repo r t) c Some reserve 

areas however, have been retained (Fig. 5). 

The study programme was focused in and around the 

largest (74.643 ha) reserve and adjacent River Loop Poplar 

Nursery ( l e6 ha) as this combined area appeared to contain 

the greatest population of deer. 

Approximate ly 60% (45 ha) of the reserve is in 

flax, 33% in rough uni~proved pasture and the remaining 
7% in improved pasture. (Estimated from Lands and Survey 

aerial photograph.. Scale approxj;mately 1: 12300). 

Plates 2, 3 and 4 show types of cover present in the 

rese rve. 

The fl ax does not form a continuous block, but is 

dissected by about nine parallel tracks lying in a North­

South direction and space~ between 43 to 55 m apart. 

These tracks, referred to as "fly lines" (A. Harnett, 

pers .. conini.; A. Hunter, pers. comma) were formed in the 

days of the flax milling industry so that harvesting 

machinery could gain access to the mature stands of flax. 

Several are now overgr own with flax, but others vary in 

width from 1.5 to 12 m (the 'main flyline'). A large 

drain 3 m across, parallel to the flylines, bisects the 

reserve (Figo 6). The north and west. boundaries of the 

reserve back onto impr oved pasture land grazed by stock, 

while the farm road and stopbank bounds the south and east. 



Figure 5: Map of reserve areas at Moutoa · 
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Plate 2: Area of medium density flax and 
unimproved pasture. 

The photo was taken from Massey hide looldng east. In the 

foreground tall fescue, reed canarygrass and floating sweet 

gras s are interspersed with flaxo The cabbage trees in the 

centre follow the large drain that bisects the reserve. 

Behind these is an area of rank pasture, predominantly tall 

fescue and floating sweet grass., Further back a tongue of flax 

screens the pasture from the farm road. The trees at the rear 

are growing in the poplar nursery. ( t: ~·:err:ber 19eo) 

Plate 3: Area of high density flax. 

The photograph was taken in August from the Massey hide looking 

north-west. The flax averages about 3 m high. Inthe foreground. 

is an irregular patch of browned off tall fescue interspersed 

with green reed canarygrass and floating sweet grass. In the 

background is open pasture with trees. 
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Flat.e 4~ FuJly gr own hind in dense: flax cover . 

(Fhotocraph hy L., Bo.rmrd ) 

Not.c the prom:i.nant ears and uniform colourat i on., This hind 

is a1)out 1 m high at the shoulder and is standing in tall 

fescue *" Compa r e the height of tall fe:.=:cue shown i n Plate 5 
with this l ate sprinG groi·rth., 



16 



Figure 6: The main study area 
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The rcccrv c: is Durr o1Jndf;d by a com'cnt ional Se Yen wire 

fenc.e wh ich k eeps mo~t stc.ck out wh:i_le the~ poplar nur:::cry 

is fenced alon~ its north~ east and \.,:e s·i:. s ides , the south 

b e i ng opon :-.o the r.1.:-.rL 3.i:.'~\t1; Ri ·rcr o 

Although the .s~udy nrca contain8d a nrn:foe:c :>f plant 

zpec:tes., as des cr-iucd by Esler (19?8), only a f 01·1 of ·i;.hcse 

\\!e r e dor.i:i.nant vi~~ .. P flnx:~ t all fe0cuc , r ecd C'. anr:..:'.""/ g:c;~.~ ::;\ 

float:i. ng s \·Ject gl'aLls , Dnd to a lesser extent Yo:i.:·kr;'h i rc for.; 

and ryegrass . A list". of plants colle e;ted in the nrc:a is 

given in Appendix. 1~ 

1.,6 ~ 

The prevni1ing no1·t, h to nor~h~1 . .,.e0t 1·.ri~L(ls TI'ay b e 

very strong at t :i.mcs c:.nd s2lt spray h a.s bcon noted ( .4. . 

Hunter , pe):·s . conni1 . ). Ti1 0 annuc-.1 :.·.:dnf&ll v n.::·iu:.; bet~;een 

1000 to 1100 mrr. with the hcav:i..est f a ll occurrine; ov0r- July 

through September .. An average of 20 to 25 frost c pe:r y ec..:r· 

may be exp0r ie:nced but th f!s e are gcnera.l ].y light.., Ground 

t emperatures range up to 19°C during summero ( Envirom11e nt.al 

I rnpact Report, 1976) • 'I'emperat ure and bur:iidit y w-8re 

recorded in the reserve over a 12 month pe riod ( Appendix 

2) using a weekly therm::>hygrograp:-i.. '!'his ;\las done because 

it """:-a s thought the m·icroclimate beneath the flax c anopy 

would differ to th[lt exp8 i'.'ienced in opr:m pasture $:i.tua'cicJJs 

and so possibly affect ani mal activityo 



P J\HT _1L=._ DI~: T 

CHAPTEH 2 : OBS:GHVA1'ION 

Draisma. ( 1979) four. ct that samba:c "were al1i~Ost 

impossible to obser ve b ecause of their extr·ernely c aut.5_01.lS 

h ab its m1d difficult habitat"" 

19 

Sambar prefer heavy cover to ope n arce.s and arc 

predominantly nocturnal feeders (Lydekker, 1$98 ; Donnc.P 

192l+t Cahal ane t 19.39; Farmer , 1965; Logan, 1965; Har :i:is 1 

1966; Schallorf 1967; Whitehead, 1972; ·r.:orrir;on and Ha~ris» 

1974; Harnett~ 1979), p a r t icularly in d:i.stur.b ed art:8 s 

( Drai sma , 1979).. This pr·esentcd a nnmbcr. of prob.lcr!iS a s 

to what obt-:crvu.t.ion methods should be er.~~loycd o 

As would be expected of a. ccrvid (I·.;u2..l er-Schw<:i.1'ze 
9 

1971; Chaplin, 1977) , senses of smell and h earing are 

?..cute and their ability to detect rnov0ment, even at, lone; 
dist ances iu also striking. However, a stationary observer 

may oftcrn remain undet e ct ed 9 espcc:i_ci.lly if against a 

diffuse background . I found c amouflaged cloth:i.nG useful 

i n this respect a s it blended well with vegetation in th e 
study area . 

In winter the browning off of t all fescue and reed 
canarygrass in effect created clearings in the flax and 

opened up flylines. Over the summer months however, these 

species formed a dense two metre high COVL=!r' (Plate 5) .. 

Thus winter wa s the most suitabl e time of yea r for obscrvin[. 

animals . 

The ma jority of my observations we!0 e made from 

hides set \'tell above the vegetation. Hides were used for 

t wo reasons : 

( a ) A l arge area could be scanned without vegetation 

re~tricting t he view. 

(b) Human .. scent was carr i ed above any animals in ·t.hc 

vicinity. 

In February lS'SO~ vgassey hide' v.ras erected at tho 

edge of a l arge g r ass clearing ( f..:ee Fig o 6). Th:ls \v.::i.s a 



Plate 5: Maximum height of tall fescue. 

This photo shm·1s Dr Jc Skipworth standing in mid sununer growth 

of tall fescueo 
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free standing structure with an observation hut 4. 5 rn 

above its base (Plate 6). A second enclosed hide, 'the . 

co.f fine, was built at a similar height .in the fork of a 
large cabbage tree ove rlooking an ar~a ·Of low density flax 

and rough pasture (Plate 7) o Materials for this hide were 

supplied by L., Barnard . In other trees which grew in 

suitable locations, f ence battens were nailed as seat s and 

these were used on occasions when the wind direction 1·ms 

t:mfavourable for approaching either of the enclosed hides 

(Plate 8)., 

Da~ime Observations 

Few animals were seen from the .hides during the 

day. Most observations were of animals encountered a s I 

walked along flyl ines or through the flax collecting 

fa.ecal and/or vegetation s amples.. Sightings tended to be 

brief and many animals fled before they were seen. Others 
sensed my presence after sighting and moved off, ~1ile some~ 

although undisturbed , were soon lost from view in the dense 
flax. On a few occasions I accidently walked to within 5 m 
of anir1als concealed in vegetation~ before they ra.n off in 

a.1.armo Their ability to remain inconspicuous and not to 

break from cover at the approach of a hurna.n, until the last 

possible moment has been noted by mc.ny people (Logan~ 1965; 
Harris, 1966; Schaller, 1967; Evans, 1976; and L. Barnard, 
A. Harnett~ Ao Hunter, L. Shailer; M. Shailer 9 P~ Smith, 

J. Rudd and w. Wallace, all pers. cornm.). 

It was usually possible to identify the plants 

being fed upon once the animals had gone. 

Fight ·observation_2 

Observations using an Infrared Scope (Edmund 

Science Company) were unsuccessful because of its small 

field of view and short range. I found that a pair of 

7 x 50 rmn Nikon binoculars worked well on moonlit nights 

and animals could be watched up to 150 m away. On cloudy 

nights a 6V spotlight was used fn conjunction \~th the 

binocularso Logan (1965) and Harris (1966) noted that 

sambar were· often hunted using a spotlight because they 

"held" well in the beam. 



Plate 6: 'Massey Hide' 

The v:eatherproof :r.ut was built 4 .. 5 m above the ground a.rid 

offered a 360° vie1-1 of su.t-r01.mcling vegetati.on., Massey hide 

was used for both night and day observationso 

Plate 7: 'Coffin Hide' 

The ba::>e of tbis hide is appro)d.mately 3 m above the vegetation 

and 5 m above the ground. 'Ihis hide was effective for both day 

and night observations0 
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Plvte 8: Tree 'Hide ' 

(Photogrciph l.J3r I. McKclvcy ) 

This cabbage tree shows the autho!' in his usual observation 

posit-Lon., Despite the lack of obscuring vegetat ion t his was 

an effective ' hide ' at night provided no noi se was made ., 

Note t.be swn:11er g ... ·o~·rth of t all fescue. 
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Over the first few months of the study, spot­

lighting was a useful technique 3.s animals viou1.d often 

recommence .:f ceding once t.hc b eam was off them... However, 

in Jate April 1980,. after a. spate o.f poa~hing in the s tudy 

area, animals would no J.onger hold in the spotlight y FroL1 

then onj the spot light VJ"as only used to quickly SC S'.n an 

aroa for animals and. then turned off o 

Samb ar eyes shine b:cightly in a spotlight beam nnd 

j.f birioculars ara also usedr t hey can b e detected norc 

t han 200 m away o Counts of deer were me.de us :i ng this 

method. 

In c;.:ceas where cattle we :,: e a lso p:r.8sent 
9 

b chavioura.l differences distinguiEJhed the two. While 

watching th e light catt le tend to s·t.e.re directly H:lthout 

moving, but sambar continualiy raise and lower their heads; 

eventu~lly moving off if the be am is kept on them for too 

lonr;e 

It was often possible to determine vtl1ere an:Lrna1s 

were in relation to various l andmark s such as trees, gates , 
f ences , water troughs and drainso Positions were notG:d and 

tl1 e areas visited in dayl ight to record t hose species t.rw .. t 

h ad evidently been eat en o 

I normally spent from du sk until 0100 hrs watching 

animals but at each full moon the whole night was spent in 

the flax, either up one of the E!ain hides or in an area th .:~t 

appeared to be heavily utilized by deer. Using the 

b inoculars an hourly s·wcep of surrounding flax anj_ pc..sture 

was made. If no animal s \'/ere s een, the spot lj_ght uas used 

to locat e any that may have been overlooked. The number 

of deer out and their type of activity were recorded. 

2 ., 2 

Flax wa s a. major :Ltem in the diet~ Ind:tvidna1 

l eaves were grasped with the inc:i.sors and pt:.lled until 

they snapped of f at· ground level. The su\::culent 15-20 cm 

b asal po:r·t:lo? was then eat e n·,., This had been n0ticed by 

Ao Harnett ( p0rso comm" ) and I have observed it on seva:ral 



occasions On a still night the sound of an anbnal 
fonding on flax carries a considerab l e distancco A dozen 
ox~ more l E; aver; may ba removed 

Discarded leaves, minus basal 
t he animal stands (Plate 9)o 

ob served y L ., Barnar d (perso 

Por~tnr and Willow 

from a single fl ax. plant., 
port ··.(ms ar-0 d1:-opped where 

Sambar h ave also b een 

commo) to eat fl ax flowers{, 

Deer sometin1es entered the Manawatu Cat chment 

Board's nursery (Plate 10), \-there both poplar and willow 

trees were brovrned " Deer activity was minima l in t his 

area whenever cat t le were p:ce sent o 

Bark biting occurred in !·~arch ? June, July ~ Augu .s t~ 

September s.nd Octob er . In April there was co nsiderable 

human act ivity in th e ~rea as shooters prepared their 
maimais fo r the coming duck shooting seasono This is 
b elieved to be the explanat ion for the lack of deer activity 
in the nursery over April and May. 

Sarnbar damage to .Pinus radi a te.. by bark stripping 
has been described by Farner ( 1965) s I. Logan (per s~ commQ ) 
and J. Sutton (pers. comm.)o I. Logan (pers. CO~Ji1. ) not ed 

that only young, smooth bark is attacked 9 before · it becomes 

guttered and that trees about six years old arc preferred. 

Damage occurs in spring and autumn according to Io Logan, 

and J 0 Sutton Ctn lite) suggested that at this tirne of 
yearr a single deer might attack up to 15 trees in one 

night ., 

Cattle as well as deer were found to strip and eat, 

bark from trees in the study area. Sambar use thair inc i.sors 

to strip bark from ground level to head height, tearing it 

from there up until it comes free. Distinctive parallel 

groves made by the incisorsP were often seen on trunks 

(Plate 11) o If i.t was not apparent as to what spe cies of 

animal had damaged a particular tree P hoof marks could 

u su.ally be located beneath the undergrowth.. Sambar have 

distinct ive narrow foot prin.tsP quite unlike those made 

by other deer species of a similar size (Plate 12). 



Plate 9: Evidence of feeding on flax 

i~otc that onl;>' the fleshy basal portions of t he l eaves have been 

eat en and t hat the discarded l eaves ar e not scatter ed. but dr opped 

where t he a.nirr.aJ. stood -· ch~ra.ctcristic of sar.1bJ.r f eedi.ng on f lax., 

Plat e 10: St ag in popl ar nur sery 

This stag was phot ogr aphed lying dmm in the l ate after noon . 
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Plate 11: Samb.J..r damJge to young poplar bark. 

Note nari·ow ribbon stripped by incisor ~;. This photograph was 

t aken in t!'lc popl nr nurser y, and in t.he background is t he 

Manawatu river stop bank bchin1 which lies the main study flax 

r eserve (refer to fi gure 6). 

Plate 12: Sarnbar hoof print 

Note the typicall y narrow hoof print. From its size it i s 

probably a mature hind . 
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Gr Cls se s -- .. -~ .... -
I n rough u ni niprovecl past tire; i t a.11 f escue: c lumps 

were of t en h e avily c:ro ppGd (Plate ~IJ) " Gra zed re>cions 
we r e apparGnt in fJ. ~' c o.s of fl c,CJ.t. :i.ng sweet e;rass , York sh i. r;:; 

fog and r yeerass . Faecal pe l lets or hoof pr i nt s could 

usual l y b e f ound i n these c a::;c s. 

Feeding- Hab its 
--~----....,..~...4-----

Donne ( 1921+) wrote tln tt sarnhar :ire grass eat ers 

a s we ll c:i. s browser E:~ fe eding mo stly at night f e:1.lth,1u gh 

like red df~ C :i:', the i r appetite s t aper off after d 2,y J.i.ght., 

Th ey lie do1·m du r ing most of tl1e daytir,\e , the n rise t o 

f e ed c:i.gai r1 bef or e sundo ~..,.n . 

r-~y observa tion s suppor t this view ,, From late 

afternoon onwards, deer would b e seen in a reas of l o w 

density fl ax 1 but it was not until da.rl-:: U·1at tllGy moved 

into surrounding unirnpro\Ted pe.sture. 

An:i .mal ~s would f sed continuously for se v eral hours, 

th e n lie dovm, pre sumab ly to ruminat e. Feeding woul d be 

recommenced. aft e r an hour or ~ore and continued ti.11 d a.•·n:1P 

when the a nimals moved back into cover ~ J\n unusual :feature~ 

of their behav iour is th at they feed in one place for some 
t:Lmo b(; fo1~ e l110ving on. Thus, at night, t<. ndisturb8d 

anima ls could be wat c~1 ed for 15 mi nut es or r.iore, :i.n which 

time they would h a ve only moved f0u1~ or five met ::·es f rom 

their origin .:i. l positiono This ha.bit has also bee n notic e-ct 

in captive animals. L. Rowe and R. Rowe (pe rs<a co1:Eno) 

have found th at sarrb a r on improved pasture , crop aruas 

much more he a vilv than do red deer. 
" 

Cover is apparently essent i al f or sambar c:~ n:.. evsn 

at night t hey were ?1evcr seen far from it. 'l'his will be 

discussed further ( see 8.l)e 

Clover was not abundant in or ar ound the flax 
reserve and no clover cuticle appeared in any of the 
faecal s a.mpl e s e x ami ned (Ch a.pt er .3). Hr.;wever, t.he h.015 n a 

stand of flax behind. the mar!ag er~s house 11 is bounded on one 

side by a. J"7 .,,057 ha ryegrass/clover paddock t'1at :Ls shut · 

up for hay each ye<:..r.. This piece of f.la.x i.s inhahited by 



Plate 13: Cropped clump of tall fcscue 

Note t he.t i.~he ends of the leaves have been eaten over the entire 

clump E:.howing typical damage caused by sarnb3.ro 
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four or five san~ar (inc l uding one resident s tag ), as well 

as sever al horses and one or two other dome stic animulse 

During DccernbBr and Janu,ary, before i t wa s mown , the 

manager ( A .. IIunt e:c) and his vdfe (perso comrn.,) often 

watched deer of an evening out f eeding in the h ay paddock. 

In J anu.o.ry 19Ulr I spent a number of nights observing 

animals in t hi s area. The r esident stag wa s u s u.a lly the 

first to appear at the edge of the hay paddock ( Plate 14)~ 
On mo s t evenings he was out of the f l ax by dus k, but 

remained on the edge until dark when he mov e d i nto the 

paddock to fe edo Later ,up to four other ani mals would a l so 

enter the paddock and feed, returning to t h e fl ax between 

0 400 hours and 0700 hours~ Ao Hunt er (pers. comm .) h a s 

hov.:evc r ob s erved the stu.g r eturning l a t e r :i.n the morning 

on several occasions. 

Fror Febru&ry to ~ay deer frequent l y travelled at 

night to rnaize crops on neighbouring properties where they 

would r em&in unle ss disturbed. Not only do they consume 

consider E<'ole amounts of maize, but a l so sizeable areas are 

c1~ushed as th ey wander through or bed down in the crop~ 

( I . Easton pers. comm .) 

Beet, turnip and swede crops as well as cereals are 

sought c.fter by saJ"r'bar (Far ir.E:r, 1965 ; Logan , 1965 ; J ~ Rudd, 

pe rs. COmM .; and P. Smith, pers. commw) o P. Smith ( pcrs . 

comni .) h as noted th at v1hen in a veget ab l e crop ~.uch as 

beet 1 sambar often take jus t one bite fr0::1 a sj.n8 le plant 

and t he n move onto the next . This habit appa rently m2de 

so.rnbar a pest in SOP1e market gardening areas during the 

1920 ' s as a n er~tire crop could b e destroye d overni ght by 

t wo or three an i mals. 

A total of J02 observations wer e made, deer being 

sighted on $3 out of 1 28 days spent in the field . ( Appen­

di.x 3) o Although many hours were spent in the field f or 

rela'cively shcrt periods of actual obser vation, it was a 

valuable t echnique for t wo reasons: 

( a ) It offered a subje ctive method of checki ng faecal 

analys is. 

(b ) Worth1~hile information on feeding habit s and othe r 

b ehaviour was g ained. -



Plal:.c 14: l loutoa stat; in the edi:;e of clover/:ryegrass 
paddock .. 

To the rear i s a field of :i mprovcd p.s.stnre with sheep grazing .. 

This photoeraph was t aken in r ain nt dusko Note that not all 

t ines of th:i.s six point stag are visibl e but the typically dark 

colour is evi.dcnto 
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CHAPTER 3 : FAECAL ANALYSIS 

3.1 Int~oduction 

Early studies of herbivore diet were largely 
qualitative but recently greater emphasis has been placed 
on quantative assessment. This has been achieved by 

32 

direct observations on tame and/or wild animals, examination 
of i nge;;>;,,a from fistulated animals, vegetation analysis 
before and after utilization, the feeding of plant material 
on a free choice basis and measuring relative consumption, 
and microscopic stomach content or faecal analysis of the 
undigested or partly digested plant matter. These methods 
were evaluated by Skipworth (1972) and more recently by 
Scotcher (1979). 

When studying a secretive or endangered species where 
observations and/or collections cannot be made, faecal analysis 
is the only feasible procedure to use for determing the 

diet (Anthony and Smith, 1974). 
Three basic principles were stated by Hercus (196o): 

'
1 (a) Plant cuticle is a morphological entity, being a 

continuous layer on the outer surface of the shoots 
of green plants, formed by the polymerization cf 
unsaturated fatty substances. When cell growth has 
ceased the cuticle has hardened to a solid film 
moulded to the contours of the underlying epidermal 
cells. The cell walls may also be i mpregnated, so 
that when the cuticle is separated from the leaf, 
either mechanically or chemically, it bears an 
imprint of, and sometimes part of the cells of the 
epidermis. 

(b) The arrangement of the epidermal cells is 
characteristic of the plant group and family and 
often the species. Cell dimensions may differ 
considerably between individuals but the pattern 
of arrangement is characteristic. This special­
ization of the epidermis is well marked in the 

· Gramine.ae. 

(c) The cuticle is impermeable to water, and 

resistant to most chemicals and the action of 



microbial organisms. During digestion the 
cuticle is separated from ·the underlying leaf 
tissue and passes through the animal unchanged, 
apart from reduction in particle size due to 
mechanical action. The cuticle fragments in 

the f aeces bear an outline of the epidermal 
cell pattern of the plants fr.om which they 
deriveo" 

Baurngartner and Martin (19.3 9) analysed squirrel 
stomach contents by co~paring mat erial in the stomachs 
with perJ1"1anent reference slides of stained leaf and stem 

epidermis from plants in the study area. Rumen samples 
from sheep were analysed in a similar way by Norris (1943) ~ 

'l'hese techniques were later adapted by Dusi ( 1949, 1952) 
for faecal analysis of cottontail rabbits. 

Adams (1957) examined snow shoe hare pellets and 
identified plant species eaten on the basis of leaf and 

stem fragrnents, which he termed "recognition ite!'l1s", but 
I 

he did not atte~pt to identify any particles r equiring 

microt echniques. Hegg, 1961 (in Ward, 1970) used the 
microtechnique of f ae cal analysis to examine f aecal 
speci~ens from red deer, chamois, and roe deer frorn the 

Swiss National Park. 

Since then the technique has been widely used in 

dietary studies of herbivorous ani!l1als and sev8ral reviews 

have been presented, viz. Zyznar and Urness, 1969; Ward, 
1970; Scotcher, 1979. Table II lists some of the authors 
who have published papers on faecal or rumenal analysis 
techniques. 

One major disadvantage of faecal analysis is that 

it is time consuming and its usefulness depends to some 
extent upon the species of herbivore in question: the 
nature of the diet, and the diversity of plant s available 

for food (Anthony and Smith, 1974). Analysis of a highly 
diverse diet would be an excessively lengthy process 
because of the time required for j.denti.fication of a large 
number of items. Another disadvantage. is that the thickne ss 

of cuticle v"aries from species to species and some thin 
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cuticles may not survive digestion or may be destroyed by 

the chemical maceration process. Slater and Jones (1971) 
warned that clover, having a thin cuticle was de stroyed 

in this manner; however, clover cuticle ·was seen by 
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Hercus (1960). Anthony and Smith (197h ) noted that 
different maceration techniques gave different percent ages 
of recognisable epidermal fragments and that niaceration 
time was critical, if disintegration of the thinner 
cuticles were to be avoided. 

Although not as precise as sorrie other methods 

e .g. fistulation, faecal analysis is ideal for such a 
study as this because: 

( a ) There is litt le , if any disturbance to the ani~also 

(b ) It allows sampling under natural condit i ons of a 
number of different ani~als . 

(c) The faeces themselves ar e more representative of 
foo d eaten at different times and over different 
parts of the hni~als' range . 

(d) The presence of other species of ani~als feeding 

in th e same environs will not affect analysis of 

the diet (Scotcher, 1979). 

Where possible the faecal ana l ysi s work v1c·s 

supported by direct observat ion of sa!"'lbar feeding . Obser­
vations provided a sub jective check as to ~lich spec ies 

could be expected to &ppear in the faec es. 

3.2 Methods 

Collect ion of Fae ces 

Freshly dropped pellets were collected at the 
beginning of each month from the study area. The presence 
of a shiny mucous coating on fresh pellets distingui shes 

them from old ones (Dusi, 1952). 

Ward (1970) has explained how sample data collected 

from different faecal groups are niore valuable than detailed 
examination of all material in one drqpping. By buJJcing 
the faecal material and picking sub samples , a represent a.tive 

s ample can be obt ained. Dus}. (1949) found that in general, 



the contents of each of the several faecal pellets of 

rabbits in a dropping pile, were like others in the pile 

unless the pellets varied greatly in colour 9 shape and 
size. 

' •.J6 

In this study an att empt was made to sample J.O 

faecal deposits (Stewart and Stewart, 1970s 1971; Scotcher, 
19?9) each month, talcing fi.ve pellets from each and 

bulking these subsarnplt~ s, the object being to sample 10 

individual animals. By s ampling a number of faecal piles 

it was hoped to reduce bias caused by food preferences of 
individual animals. Faecal material was temporarily stored 
in plastic b ags (for a maximum of 48 hours)o 

Initial Treatment ·---------
The faec al sample was oven dried at So0 c for 1:.8 

, hours . It was then ground in a Wiley mill fitted with a 
1 mm screen and shaken in a 200 !!'lesh sieve to remove dust 

. and very small fr agments. This was done in order to 
standardize the cuticle fr agment si ze (Malechck, 1966) and 
to reduce the variance ( seen as a problem by Stewar tj 1967) 
when assessing cover values for cuticle fr agmentso Stewart 
found that estimation of proportions of grasses ingested , 
by counting all fragments was invalid , because some species 
broke into smaller fragments and the total number o.f fr ag­

ments were therefore more numerous.. Analysis by measu:cing 
the area of 100 fragments in each of three faecal samples 
showed considerab le improvement in accuracy compared with 

counts. The variance was high however, and possible causes 
seemed to be the p1~esence of occasional very large fragments, 
or differential separation of frag~ents before or after 
these wer e placed on the slide. 

Nitric Acid Method of Cuticle Prep~rat iorr 

Cuticles in faecal and vegetation reference s ar11ples 
were cleared using a chem:i.cal maceration method. Several 
Nitric acid/Chromic acid methods were tried and finally a 
procedure adapted from Stewart's (1967) method was chosen. 

A 1 g sample of ground material was taken and 5 ml 

.of macerating fluid* added o After heating in a water ba.th 

*Macerat ing fluid : 50 : 50 2 N Nit.i~ic acid and Saturated 
Chromic acid. t zyznar and Urness, 1969). ' . 
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at 100°c for 10 minutes 1 100 ml of water was added and the 

solution boiled for up to 15 minutes. Boiling time depended 

on the time required to just clear the heavily cutinizcd 

fragments, for as mentioned (J .. l)r prolonged boiling may 
destroy some of the thin cuticles, such as that of clover e 
Coarse grade filter paper was used when rinsing the residue 
with . water-·e The residue when thoroughly rinsed, wo.s r.·1adc 

up to 50 ml .with 70% alcohol and ~tared in an airtight 
container until required for analysiso 

Reference Cuticle Collection 

At the peginning of the study, a collection of 
possible food species was made. Aft.er identification a 

port ion of each sample was stored in a freezer, i.n case 
anything should happen to the reference cuticles.. The 
remainder of the s ample was halvedo One half was driedy 
ground. and a 1 g sample chemically 111acerated :i.n the same 
manner as for faecal material: Subsamples of a given 
species cuticle could be pipetted from this wet reference 
collection as requiredo The second half of the sample was 

cut into s~all (2 x 2 mrn) pieces and placed in the 

macerating fluid until the cuticle separated from the 
epidermis. This varied in time (10 minutes to several 
hours) depending on the species concerned. Cuticle frag­
ments were carefully removed, washed in water ci.nd mounted 
in glycerine on microscope slides. A semipermanent 
reference collection was made by sealing the coverslips 
with lacquer. 

Photomicrographs were taken of all cuticles. Scale 

drawings were also made of cuticles from the more common 
species. These had an advantage over photomicrographs in 

that various structures e.g. trichomesr found at different 
focal planes could be depicted on t.he one illustration. 

Glumes, stems and leaf margins were also mounted 
as semipermanent slides. Gross structures could be seen 

in these slides without any specific treatments being 

applied. 

Recognition !terns -
Adams (1957) introduced the idea of "recognition 



items" as an aid to the j_dentification of plant species in 

the faeces of the snowshoe hare which he regarded as a 

representative herbivore. A recognition item was defined 

as 11 some small anatomical structure of the forage plant 
that occurs well distributed over the anatomy of the plant 

and that resists digestion and is readily recognised in the 

feces" (Adams, 1957; Ad e.ms et el·, 1962). 

Trichornes from several grass species found in the 

study area; tall fescueP floating sweet grass~ Yorkshire 
fog and barley grass, were recognisable in the faecal 

preparations. In addition to trichomes, floating sweet 
grc..ss yielded a distinctive fibrous substancee Flax 

contained large amounts of resin which appeared as light 

amber, irregularly shHped plates amongst the cuticl(~ 

fragments. 

3.2.6 . iill.alysis Procedure 

In order to become familiar with the variety of 

cuticles present in sa.rr.ba.r faeces, a large number of sJ.ides 

of rrepared faecal material were examined under the 

compound microscope of xlOO magnificationc Unknown cuticles . 

were given a number and scale drawings madeo Identification 
was determined later, when greater familiarity with 

variations of cuticle within species had been attained and 

as different species were discovered. 

When competence in cuticle identification had been 

achieved, an estimation of the contents in each months 

pellets was begun. 
, . 

Prepared faecal material was agitated, a sample 

pipetted and five drops placed on a microscope slide. A 
22 x 40 rnm coverslip was then placed on top, allowing an 

even distribution of material beneath. Five slides were 

prepared in this manner and 20 fields systematically 

examined. Stewart (1967) confirmed the validity of 

recording fragments along systematic traverses of the 

preparation~ rather than at random positions, by comparing 

the. numbers of fragments falling within 50 random quadrats 

on a slide with a Poisson distributiono A chi-square test 

indicated that there was no significant difference between 
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the observed a.nd expected frequencies (P>OoJ). As 

mentioned (Section 3$2.2) Stewart found that analysis by 
measuring the area of 100 fragments in faecal samples 
showed considerable improvenient in a.ccuracy 9 when compared 
with countso It was decided to base the approach of this 
study on his method. 

A squared micrometer eyepiece was used to measure 
the areas of cuticle and non cuticle fractions in the 

faecal mixture. In order to reduce so!'l'le of the variance 
Stewart encountered, two changes were made to his method o 

One has already been described (Section 3~2.2) i.e. To 
standardise the size of particles present in the faecal 
preparations by grinding in a Wiley mill fitted with a 
1 mm screen followed by sieving in a 200 mesh sieve~ 

Secondly the areas of all cuticles present in 100 micro-
scope fields were deter~ined, 
first 100 cuticle fragments. 
(8 - 10 hours per 100 fields) 

not just the areas of the 

Although very time consuming 
I consider that this would be 

compensated for by a reduction in the variance, due to the 
increase in sample size. Areas of cuticle fragments were 
measured in arbitrary units using the eyepiece grid. The 

standard error of the mean (Walker and Lev, 1969) was 
calculated for each species found in the five slides (each 
slide representing 20 fields) using these unitso The 
percentage area of each species over the total area of 
material present in the 100 fields examined, was also 
calculated. 

Faecal samples were collected each month over a 

15 month period. 

Rumen Samples 

Although several deer died in the study area 

during the period spent at Moutoa (Appendix 4), only one 
animal was found in time to recover the rumen before 
decomposition rendered it useless for examination. In 
early May 1980, a mature ft:male was shot by poachers in 
the reserve and the hind quarters taken. When foundv 

3 - 4 days 1ater, the rumen was still intact and able to 
be removed. 'I'he rumen contents were divided; one half 
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being frozen and the other preserved by placing in a jar 
and covering with Formalin Acetic Alcohol (FAA) *. A sample 

was exai~ined under a dissecting microscope and the species 

present compared with those present in the faecal material 

collected that month e 

B.esults 

liUm_2_n A93J,_y.@i s 
. . 

Th e single rumen available for analysis fai1ed to 

reveal any species not present in the faeces collected that 

month (May)o fuoreover, several species appearing in faeces 

in Nay were not present in th0 rumen, which in f act validate s 
one of the criticisms of rumen analys is i.e ~ that it c an only 
be expect ed to reveal food ingested a few hours prior to 
collection (Anthony and Smitht 197Li-; Kessler ct al ., 1981) .. 
Floating sweet grass and flax me.de up the bulk of rumen 

rnater:i.al along with some tall fescue.. Apparently no other 
species were pre se~t o 

\i.,'he n ~nalysing faecal preparations a rn:i.mber of plant 

components other than cuticles o.re present in the mixture. 

Areas of non cuticle components were measured a.nd listed 

under one of three cate8ories: 

(a) 'Re sin' - Translucent, amber coloured, platelike 
fragments . Large amounts were noted in preparations made 
from flax bases and .occassionly were found in preparations 
of tall fescue, reed canarygrass and floating s weet grass. 

(b) 'Unidentified b.' - shiny black, irregularly shaped 
} 

fragment. s. 
Despite persistent investigation the identity of 

this material remains unknown. It seems almost 

certainly to be organic . (it is neither natural 

grit nor a component of the macerating fluid), 

but is non cellular and can only be assumed to be 
the product of a chemical reaction, perhaps 
involving the resin with which it _often occurs. 

*FAA composition (Stewart,- 1967): 85 parts 70'/o alcohol, 
10 parts 40% formaldehyde and 5 parts glacial acetic 
acid11 



(c) 'Fibre' - Lignified plant tissue such as xylem or 
sclerenchyma which resists cheP.1ical rnacerat ion, 
Fibre comprised approxi mately half .the area of 
material in each microscope field •. 

Thirteen types of plant cuticle were detected in 
faecal samples collected over the 15 month period.. One 
of these, a monocotyledon. which appeared occasionally was 
never identified and was listed as 'unidentified a.' 

Unit areas C± S.E.) of plant components found each 
month are listed in Appendix 5e Large standard errors 
were encountered with some species because their cuticles 
were absent in a number of fields of view. 

A graph of the four !!!Ost prorr,inent species occurring 
in faeces (Fig. 7) shows that the relative a.Mounts of those 
cuticles chcnges over the study period. There appear to be 
t\·10 opposing cycles. When percent.age cuticle areas of flax 
and tall fescue are at their greatest, reed c2.na:rygras:...:; 

and floating sweet grass are at their rnini~u~ and vice versao 

These results indicate that the deer utilise flax 
and tall fescue over the wetter ~onths (~arch to October) 

more than other species, while float ing sweet grass and 
reed canarygrass a re consumed in greater quantities during 

the dry months (November to February). Similar trends are 
seen in species which occur in smaller. quantities than the 
above four species (Fig. S). Greatest amounts of chickweed 

appear in faeces during wet months (l":arch to August). Poa 
follows this trend, but to a lesser degree in terms of 
area of cuticle present. Ryegrass is not present in faeces 
froiii ~~arch to August, but occurs in small amounts from 
September to February, suggesting that deer tend to utilise 
it more over these months. It would appear that Yorkshire 
fog utilisation follows that of ryegrass with peak use over 

summer. Poplar may also follow this pattern, however the 
data is not as conclusive as for the above species. 

The question of why diet should apparently change 

in this way will be discussed in detail in the final 
chapter (8.2). At this stage it can .be suggested that the 
most obvious· options are that sambar, like some other deer 



Figure 7: Monthly variation in ~he four major cuticle components of faeces 
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Figure 8 : Monthly varia tion in five minor cuticle compone nts of fae ces 
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species, seek out the most nutritious feed (Swift, 1948)$ 
or that they simply make use of those species present in 
the greatest amounts (Dzieciolowski 1 1970). 

As a final comment, a faecal sample was obtained 
and analysed in the manner described above for cattle, 
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which gained access to the reserve in August 1980 via a 

broken fen ceo Flax (l0o3%), floating sweet grass (7~1%)f 

t all fescue (6.J%), chickweed (2 .7%), reed canarygrass (2.4%), 
ryograss (0 .. 8%) and unidentified 'a' (0.2%) were present. · 
This indicates that co~petition between deer and stock for 
forage may occur in nol1 pasture situations. 



CHAPTER 4 : NUTRIENT ANALYSIS 

4.1 Introduction 

Known forage species were collected for nutrient 
analysis in April, August and November 1980, and in 
Febru~ry 1981. 
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Although some studies have established that deer 
select .food high in nutritive value (Sr,,rift, 1948; Leopold, 

1950; Alkon, 1961; Burton and Kale, 1964; Burns, 1978; 
Drozdz, 1979; Blair and Brunett, 1980), there is at least 
one report of correlations ranging fro?n zero to "high" 
(Hurd and Blaser, 1962). A number of authors have 
suggested that it is availability rather than quality 
that determines utilization of forage species (Drawe and 
Thadis, 1968; Segelquist and Pennington, 1968; McCaf.fery 
~ al., 1974). Results of chemical analyses of "portions 
of plants normally eaten by deer'' led Gastler fil al. (1951) 

to the conclusion that differences in chemical conposition 
did not adequately explain the d.:i vision of species into 
palatable and non p2latable groups. An adequate diet 

must obviously supply the nutrients required for maintaining 
metabolism. "Single species never constitute the entire 
diet of ·wild deer, and the nutritive value of any diet 
component depends on its relationship with all other 

foodstuffs in the diet" (Cowan ·fil al~, 1970). 

Fora,?:e Quality 

Defining Forage Quality 

Forage quality has been defined in ~any ways, but 
usually in relation to some animal response such as feed 
intake, weight gain, or production of milk or wool. Dietz 
(1970) summarized the characteristics of high quality 
ruminant forage. It will possess: 

(a) high palatability to the animal with resultant 
high feed intake. 

(b) optimum levels of various nutrient components in 
proper ratios during the period of animal use. 

(c) high apparent digestibility of the nutrient 
components.with an optimum ratio of nitrogenous 

to non nitrogenous components. 



(d) volatile f atty acids in optimum proportions for 
efficient energy production. 

( e) adequate levels of minerals, vitamins and trace 
elements. 

(f) efficient co.nver tibility into components nece s sary 
for the animal body over sustained periods. 

4c2e2 Protein 

Protein is considered the most important nutrient 

to the animal (Dietzs 1970). Since crude protein content 
is significantly correlated to digestible protein content, 
determination of the crude protein level of a plant can 

give a reasonably reliable indication of its food value 

(Sullivanr 1962). Cowan~ al. (1970) wrote that a high 

crude protein content is considered a desirable attribute 
in a forage,only partly because of the need of protein for 

growth and other metabolic fun ct ions. It is also desirable 
because high protein forages are usually succulent and 

palatable, and because their non protein (carbohydrate) 
constituents are highly digestible. Also, the high content 
of nitrogen and minerals in such forages, permits the 
maintenance of a healthy, vigorous population of ru!'len 
microbes. Consequently, the ani~al h~s the capacity to 
digest more fibrous foods, which 1'110.Y at times constitute a 
rela.t i ve ly large pro port ion of deer diet. Cowan ~ tl. 
also found that the availability of for age and browse 
energy and the amounts consurr.ed, were closely related to 
such factors as stage of maturity and succulence. Such 
factors were in turn associated with nitrogen (crude 
protein) content in such a way as to give relatively high 
positive correlations between nitrogen content and 
digestibility of energy. 

Seven percent crude protein is usually considered 

a minimum dietary level for deer (Halls, 1970) and 16 - 17% 
would serve thej_r maximum needs including growing fa-vms 

and lactating does (Verrne ·and Ullrey, 1972) • 

Energy 

With the possible exception of protein and phosphoil~s 
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dnficiencies, the most common nutritional deficiency affecting 
range animals is la~k of either. available energy p digestible 

energyp or both (Diet z, 1970). Gross energy is the heat given 
off by a substance during complete oxidation or burning. A 

measure of gross energy provides a common basis for express­
ing nutritive value~ 

4.2.4 Fibre 

Generally a high fibre content in forage indicates 
low digestibility. Van Soest ( 1966) four~d that acid detergent 

fibre (ligno-cellulose ) was inversely r elated to, and in his 
opinion, p~ehaps the best prediction of digestibility. 

Moisture C~ntent, 

Forage succulence is often directly related to 

palatability and digestibility (Short .il .tl·• 1966) . A 
number of deer species can subsist on succulence alone, 

unless drought or frost reduces succulence and causes them 
to seek water (Halls, 1970). It has been claimed that sambar 
can go without water for several days if the diet contains a 
high proportion of succulent feed s uch as fruit (Donne, 1924; 
Cahal ane , 1939). 

4.3 Samplig£ Technique 

Nutrient concentrations vary within a single plant 
as well as between plants (Burton~ al., 1964; Bailey 9 1967 , 
Raymond, 1969; Rogers and Davies, 1973; Mills and Mark, 1977), 
so care must be taken to obtain a representative sample. 
Therefore, samples were t aken from a number of plants in the 
study area, taking those portions that would normally be 
removed by deer. Eight known forage species were sampled viz. 
chiclcweed, t all f es cue, floating sweet grass, reed canary­
grass, flax, Yorkshire fog, ryegrass (H1), and poplar. Where 

sambar exhibited distinct preferences for certain parts of 
the plant as in flax, these portions were collected separ­
ately. With grass species, an overall sample of pa!"ts 
available to deer was taken. Vegetation samples were collect­

ed quarterly, corresponding to autumn, winter , spring and 

summer. Ideally, sampl0s should have been taken each mont h 
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and a seasonal nutrient average . calculated, but the time 
required for analysis of samples collected over 15 months 
would have prevented other aspects of the study from being 
carried out. 

Where practicable, 0.5kg samples were collected. 
These were sealed in plastic bags and taken to Massey within 

6 hours of collection. Samples were weighed wet, placed in a 
drying oven at 8o 0 c for 4S hours and reweighed before 

grin~ing in a Wiley mill fitted with a 1 mm mesh sc:i. ... een. 
Ground samples were stored in airtight containers . 

4. 4 Analytical Methods 

Samples were anal ysed using rec ommended procedures 

of the Association of Official Agricultural Chc~mists 
(Horwitz £!:_ ~·, 1970). Ana lyses were repeat ed until dupli­
cates varied less than one percent. 

Crude P11 otein Determination 

This represents both protein and non protein 
nitrogen and is calculated by multiplying the nitrogen 
percentage of the f eed by a factor, usually 6.25 (Diet zf 

1970; Hobbs ~ al., 19$1). The Macro-Kjeldahl Method was 
u sed to determine nitrogen content • 

.91:0!5s Ener:gy Determination 

Calorific values were det ermined us:.ng bomb 
calorimetry a nd expressed in Joules per gram. This method 
determines available energy per unit of feed. 

Acid D~~ent Fibre (A.D.F.) Determination 

Acid det~rgent fibre was determined using the 
method devised by Van Soest (1963, 1966). This procedure 
provides a r apid method for ligno-cellulose determination. 

Moisture Content Determination 

Moisture content was calculated by subtracting the 
dry weight of the sample f rom the wet weight and expressing 

the difference as percentage .water. 
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4.5 Res ults 

The nutritional quality of the grasses, flax base 

and popla r browse~ showed different patterns of change with 
advancing season. Differences in chemical content between 

collection dates were analysed using t -tests (H obbs.£! alef 
1981). Nutritive values (± S.E.) of forages analysed are 

given in Appendices 69 7 t $ and 9. 

Protein content of the grasses appears to be highest 

in autumn (April) and wint er (August), declining through 
spring (November ) and swnmer (February). This corresponds 

to an increase in A.DoF. over summer. Euergy and moistur e 

content peak in springo These trends are revers ed over 

autumn and winter (F igs. 9 - 13) . In flax the protein · 

content (% N x 6.25) does not change appreciably throughout 

the year, whereas it s A.D.F. peaks i n autumn, is l owest in 

wi nter , and increases over spring and summer. Water content 

a l so shows little change, but. energy content peaks :ln winter. 

Popl ar i s unusual in that A.D.F. apparently peaks in both 

winter and summer. Also, water content increases over spring/ 
summer , but i s lowest in winter. Protein shows a spring peak 

and is lowest during summer/autumn (Figs. 14 and 15). 

These data suggest that the qua lity of the grasses 

is highest during aut umn a nd winter, but declines as the 

season advances . The decline of energy, water and protein 
content over summer probably corresponds to the browning off 

of grass species at this time. Spring growth may a cc ount fo r 

the general increase in energy seen in November samples. 

Flax would be most nutritious in winter when A.D.F. is lowest 

and ener gy highest. It appears that poplar browse is of 

highest quality in spring and lowest in summer. Although 
A.D.F. is low in autumn, so are energy and nitrogen values, 

suggesting a relatively good digestibility but poor nutrit ive 

value . Chickweed was not a bundant in November or Febr uary and 

sufficient samples were not obtained for full nutrient 
analysis. However, the analyses that were preformed~ indicate 

that chickweed is a high quality feed, being high in crude 

protein and low in A.D.F. (Appendices 6 - 9). Poplar bark 
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Figure 14: Seasonal vari ntion in the content of Acid Detergent Fibre , 

Energy , N_itroge:n ,and Water In fi.:ix 
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Figure 15: Se;:isonal variation in the content of Acid Detergent Fib r e , 

Ene rgy ,Nitrogen , and W<it<! r in poplar 
/;. 
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was sampl ed in August, November . and February and appears to 
be of lower- nutritive va lue than popl ar browse . 

These results indicate that the forage available to 
sambar in the reserve is of sufficient quality to rnaint.ain 
animals throughout the year, despite the decline in quality 
evident over summer. Discussion of . any relations hips that 
there might be between seasonal quality of available forage 
and utilisat ion, as suggested by faecal analys i.s, w:i.11 be 
left until the final chapter (8~2) . 



PAR'r IIJ - GENEHAL BIOLOGY . . 

fBAPTER 5 : POPULATION DYNfil·~ICS 

5ol Popul~~ioD Size 

One of the most difficult proble~s in studying these 
particular deer was devising a rneans of censusing the animals. 
It had been agreed at the start of the proje.ct that every 
effort should be made to disturb the animals as litt le as 
possible, especially as the manager (A. Hunter) had 
endeavo~red to protect the deer for a nuTT1b er of years by 
prohibiting shoot:\ng on the property. Also, thc;re were 
several people interested in deer photography who had 
permission to visit the area, and their interests had to 
be considered . 

Conventiona l census techniqµes were not possible. 
Capture - mark - recapture (Eberhardt , 1969) would have been 
beyond the resources of the project and besides 1 stress may 
have been induc ed in captured animals. This has been known 
to cause de&.th in sambar (D. r.~cNe ile, pers .. comt'!'l.; r..:. Shailer, 
pers. comm.). Pellet group counts and other transect 
methods (Neff, 196$ ; Eberhardt , 1978) were not applicable as 
much of the area is under \.,rater during the winter months. 
Over the summer period, the dense vegetation would have made 
finding of sufficient pellet groups excessively time consuming . 
Also, it would not have been possible to establish transect 
lines through areas of dense flax. An aerial survey would 
not have detected animals in areas of heavy cover and if 
flushed into open areas, advice was that they might have 
panicked and injured themselves or else left the study area 
altogether. Serious consideration was given to the use of 
self attaching collars (Taylor, 1969). Coloured reflective 
collars would have been useful for both day and night 
observation. These however, would have spoilt animals for 
wildlife photography and more importantly, would have made 
it easier for poachers to locate deer at night. 

Leopold et el.• ( 1951) fou.nd that useful information 
on local density could be obtained by observing feeding 
areas. A. Hunter and farm staff reported any deer sightings, 
the majority of which were in fact in winter. Deer were 



someti~es seen while mustering stock or encountered on 

the fa.rm road :i.n the early morning and lo.te afternoon. 

'!'his information along with that from my own observations , 
including ~onthly all nie;ht watches, enabled an estirnatc 

of animal numbers to be mad.e. A well used deer track 
existed along the river edge from the study area to 

Waitarere State Forest and it was evident that the 

populat ion was subject to change as anirr.als left or r.1oved 
into the area. 

?-~ore a nimals were seen per day in the !l10nt.h s 
?·~arch through October than in Noverr.ber, Dece~ber, LTanuary 

and February (r.:ann-Whitney : U == o, P<0.05). However, 
this was likely to have been a consequence rather of the 

character of the vegetation at this time of year, th~n the 
actual number of animals present. As mentioned (2ol.1), 
vegetation cover is greatest from Noverr:ber through February 
and this made observations difficult over thic period. 

An all night \<latch was conducted on ~:ay 17, 1980. 

The area under observation was that of rour;h pe:.sture betv1een 

the hassey co.r<.i.van and nain flax (Fie. 6). Th irty-four 

sightings were ~&de between 1700 hrs (27.5.$0) and 0400 hrs 

(28.5 .. 80 ) and 15 different individuals were i cl fn:t:ified. On 
a.11.80

1 
11 ani~als were seen in rough pasture at the south­

east end of the reserve over a twenty minute period (2020 
hrs to 2040 hrs). It is anlikely that all the animals 
inhabitin8 the rn<::.in flc::.x v:oulcl ~ave ventured fro:i1 it at the 

sa~e time or fro~ the sa~e boundary. K. Do~glas (pers. com~.) 

and r.;¢ Rudge (pers. corn~.) have suggested that a reasonab le 

guess would involve doubling the number seen, and on this 
presumption the flax reserve held perhaps JO deer. About 

,five animals were usually present in the stand of flax 
behind the manager's house (see Section 2.3) and a few in 
the I·~aori flax (Fig. 5) • The highest total deer population 
at Moutoa appears then to be in the vicinity of 35 animals. 

5.2 Sex and Ag_e Composition 

Schaller (1967) found that in a sample of 363 
animals "classified" by him in Kanha ParkP Central India, 

hinds outnumbered stags by about J : i. Ratios were in 
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fact 29.7 males : 100 females : 3J~7 youne. The proportions 
of the various age and sex cla~ses in the population were 

14.9% adult males, 3·5% yearling males, 51~4% adult females, 
9.8% yearling ferr.ales and 20~4% "young 11

0 t;challer sugeested 
that selective predation on the rriales both as favms and as 
adults, and perhaps also an unequal sex r atio at bi r th might 

account for 11 di sproportion" of th~ sexes. 

For Draisma's (1979) survey of Australian s~~barP 
data was obtained from data cards submitt ed by hunt ers in 
the years 1970 to 1977. The sample comprised 263 animals. 
Converting these data to percentages gives the following : 

38.4% adult males, 20.5% yearling males, 27% adult females, 
$ .8% yearling feMales and 5 .3% favms (seven males and seven 
females) . These da ta yield a sex ratio of 1.6: 1 stags 

to hinds~ However, this sa~ple is unlikely to have been a 
random one because as Draisma mentioned, hunters tend to 
be biased, selecting cert a in ani~als, especi ally l arge 

stags in h ard ant ler. 

In my study only 135 out of 302 sightings were 
able to be classified as to age and sex (Appendix 3). The 

sex r at io favoured hinds (1.3 : 1), with an age composition 

of 36oJ% adult males, 45.9'-/o adult females, 7.4% yearlings 
(unsexed), and 10.4% fawns. Because of the difficulty in 
deciding whether immature animals were yearlings or fawns 
it is more appropriate to corrbine these two groups i.e., as 

'cf!_ 17. 8~ juveniles. 

5.3 Breeding Biologv 

There has been- considerable debate among writers on 
the breeding habits of sambar, both where they are endemic 

and in countries to which they have been introduced. 

India and Sri Lanka 

The majority of published accounts on the 
breeding season of sambar in India and Sri Lanka suggest 

that it runs from October to December with Forsyth (1889), 
Blanford ( 1888-1891), Lydekker (1898), Russell ( 1900), 
Comber (1904) and Stockley (1913) lim~ting it to October 

and November and Prater (1934) and Brander (1923) to 

November and December . 



Schaller (1967) sueeested that the rut was not as 
discrete as some of these early. authors had supposed, but 
was in fact spread over a period of at l east seven months 
with a peak of activity in Noverrber ar:id Dec_embero V[hitehead 
(1972 ) supported this idea , stating that in Central India 
most of the rut took place during December, a lthough the 

dates were variable. In the hills of Sri Lanka rutt i ng 

occurred in October, whereas on the plains it was apparently 
l ess fixed. 

Australia 

Reports suggest that breeding occurs all year 

round with a peak rutting period from Septerriber to November 
(Harrison, 1979; Bentley , 1978) . Draisma (1979) only partly 
agrees with this, suggest ing that continuous mat ing activity 

occurs but that there are two peaks , one in l ate spring and 
another in l o.te auturnn. He baces this on data from two 

sources 

( a ) A sample of 21 pregno.nt hinds in which the d at e of 
conception could be d.8-t.•:: rir. i.ned from U1e age of the 

foetus. 

(b) A sample of 60 animals aged up to JO months. 

Drc:tiSTr. c:t states that over t.h c.t age per:i.od sarrib2r 

can be accurately ~ied b y tooth eruption . Based on work 
by Asdell (1946) and Bentley (1978) , he considers the 
gestation per i od to be S~ ~onths . (Tables III and IV 

sunimo.rize Draisrna ' s data). 

Donr.e (1924.) wrote that in New Zealand the rut 

occurs in March and April and that fawns are dropped in 
November and December. However, this statement is 

contestable, it being widely believed that rutting occupies 

a larEe part of the year as in Australia (Farmer, 1965; 
Logan, 1965; ~. Shailer, pers. com~.). Riney (1957a) 
suggested the possibility of two breeding seasons in New 

Zealand. 

Rutting sign ;.>uch as wallows, ·antler rubbing_ and 

thrashing (Graf, 1956; Harr~son, 1979; C. Fergusson, pers. 



Data 

Conception 

Birth 

TABLE III* 

Australian breedinR data (a). Based on conception dates of 21 

pre.~n<J.nt hinds (frof"! Drc..isma .. 19'Z..2l 

I<onth 

1 2 3 4 5 6 7 8 9 10 11 

5 4 0 1 0 3 0 1 2 1 0 I 

0 3 0 l " ,~ 1 0 4 5 

I 
1:.. 

I 
0 

* Note: This table i s presented incorrectly in Draisma, 1979 
(Dr. M. Draisma, in lit.). 

·.. --

12 

I 

4 I 

1 

Total 

21 

l 

. 
O' 
N 



Data 

Conception 

Birth 

TABLE I V* 

Australia n breed i ng data (b ) a Based on .:i.rres of 60 sarnbar not 

mor e thc.~r: JO ~ont.hs o f age ( D:::-a i s.::_a_, 19791 

- -
r.:onth 

1 2 3 4 5 6 7 e 9 10 11 

3 1 5 5 9 15 4 3 2 2 4 

9 15 4 3 2 2 4 7 3 1 5 

. ' I 

* Note: This table is presented incor rectly in Draisma ~ 1979 
(Dr M. Dra i sma , l!! ~. ) e 

12 I 
7 

5 

Total 

· 60 

c-.· 
\.....> 



comm.; A. Harnett, pars. comm .. ; J . Rudd, pers. commo) was 
evident in the study area April through July ( see next 
chapter ). 

In early June two small fawns were seen. Based 
on the description given to L. and R. Rowe (Rongotea deer 

farmers who have successfully reared sambar), estimated 
age was four months. Taking the gestation period to be 
eight months (Sc l ater, 1863; Donne, 1924; Finn, 1929; 
Asdellt 1946), these would have been born in February and 
conceived in June. 

61+ 

In late August the partially decomposed carca ss 
of a hind, believed to have been seriously wounded by 
poachers on 23. 7 .80 was discovered in thick flax->~ . ~ihen 

examined it was found to have been carrying a foetus about 
two rronths old. This sugeests conception occurred in ~ay~ 

These observations alone with published data and 

reliable info:nr.at i on f rorri hunting diaries are combined in 

Tab l e V~ Riney (1957a) believed the gestation period to be 
six months . However, this i s not s o and his data have been 

r e interpr eted using the more widely accepted eight month 

fi i;ure . 

The se datei, a l though few, do support the notion 
of a doub le pe ak in ruttine act ivity viz., a ~ain rut from 

April to August, peak ing in June and a second, s:i1aller 
period in November. 

Antler Grovrth 

Introduction 

Antler and pedicle growth is related to testosterone 

secretion, which in turn is linked with the sexual cycle 

(Lincoln, 1971; Bubenik fil §1., 1975). Growth of ant ler is 
initiated when testosterone levels are at t he ir l owest o 

Velvet is shed as levels are rising to their peak at the 
rut and rn.ost are cast wh en 1·~·1eJ:::: are f alling (Lincoln, 
1971). This infor1nation on antler co?1dition i.e. v·:hether 

in velvet or hard ant l er , can be expected to give an 

* Th e skele~on of thi s h i nd was r ecovered and ~ounted at 
~assey (Plate 15). 



TABLE V 

Breeding data of New Zealand samba r 

• Jan Feb Ma r Apr May Jun Jul Aug Sep Oct Nov Dec 

---
Farmer (1965) 
Farmer (1965) 

Riney (1957) 
Riney (1957) 

"
1
UiE? i~YfC>· 1AiM ·m, ~~: ;.~ 

·.:~ brOP~.'~ } R~t.-t~~ .:.:=~~it~?;~~. j:~~i:r. 
Riney ( 19C'7' 

Hiney ( 19!>"{) \ • 

7 ~I J ~f ~~~~:~Vi;'~;t~·;~jtT~'.l]':i!;';:·~;~i:~;~;·~;I::f~t1~:ill1i:~~;:~9~~:i:j~~MY,,~hr'T-7.Wn,.,,, (R ~·t~J J~~]J~~f~~:~:~; 

Fergusson (per £> , cormn, ) )~-~t·_~_}:~1mr~i~i~~~~~1:~w~{~~~%l{{~~:~t~t}:§~lB¥.4:~~~£f~ *2~3~:rr;~;~w'.· 
Fergusson (pers. comm.) l)Sl:iroP.\ K+:::.'fn.f0B:~ :1~~~t~~ Iif~e~t%§~1~""~~1,,·:r-z:~,;;~o:;i~'~~~-~~~'4· .OZ::t.£Q!::i'4~~~~§;-~~~~~'*" 
Harnett (pers. comm.) ffi/F::'.:<if:.~},%fi\: 
Rowe & Rowe (pers. comm.) [V:}//) f Dr;p W;R~~t-~~t?~~{~~;1:~1~~~Tu~~1@:~~~~~0~=0~!.~~~~t:~ifi~k.?~~}.~ 
Ro\·te & Rowe ( pers. comm.) ::~: ft~'(;p ~·\ ~R'('~l,~ .. ~~~ .~~i~f~l~~~~:J~~ ~~~~i~: ~~~~~\~~ .. ·:~1~·=~~~: ~~@~7j %~~].F~© 

I ;~:: ~~o:T"' ,o ... i !~~~, ,~;:: ~C':'t&LQC~~' raw·n~~~¥i~iiEi5!! 

Kelton (pers. obs,) :/ Drop:: :; Rut;., /; ~ }':~<{~~/ r· ~''/~}:/j:: . ~/:~~.:\ ,~\. : ,d:t~. ~:<? i : :':)<'.I; .);'.;):)~ 

I ~~~~~~ ~~r ;f~f ;~;;;£: {P~orJ' '"''";':,,&~:~li~i,'i~~;~{i
1

!~~~! 
J 6 TOTAL 5 Drop .:; 4 1 4 l 1 

Z9 Rut 1 '3 J 6 ) 4 1 1 4 1 

* Indicates actual observation. 
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Plate 15: Skeleton of adult sambar hind. 

(Skeleton prepared by I . l1cKelvcy) 

Note the metre rule near the shoulder. 
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indication of the probable state of sexual activity in t.hc~ 
animal (Schaller, 1967). There is however, disagreement 
as to the antler growth period and time of casting in 
sambarr. Van Bcmmel (1949) deter.mine.ct the pattern of sarnb-3.r 
antler growth but not the timing : "The first antle:r 
con~ists of a single branch, without rarni.ftcations, and is 
nearly always irregular and asynimetric. 1'he second pail'· 
of antlers sometimes cons ists of single branches too~ As 
a rule four (2 ·t- 2), exceptionally even six (3 + 3) are 
present. The third pair of antlers normally carries six 
points (3 + 3) ••••• At the age of seven years the antlers 
have attained their full development ." 

India and Sri Lanka 

The majority of authors quoted by Schaller (1967) 

and Whitehead ( 1972) have noted that in India , s amb ar shed 
their antlers between l ate ~arch an<l mid May and are in 
velvet from May to Octob er or November. It is further 
suggested that stags sometimes r etain the s ame set of 
antlers for up to four years and this adds to the confus ion 
surrounding ant ler shedding. Shedding appears to be 
irregular in Sri Lanka (B aker , 1890) and the Malayan 
peninsula ( V.Jh itehead, 1972). 

Australia 

Extensive work on antler growt'h in Australian 
sambar has been done by Draisma (1977, 1979) on data 
collected over a seven year period. "Spikes seem to be 
carried for up to 19 months and the first full he ad for 

: .... 

15 to 17 months. (The 27 month old spikers and 42 month 
old four or six point stags in the survey had very worn 
ant l ers). Other sources clai~ an annual stag cast and this 
cannot be discounted at this time" (Draisma , 1977) e (See 
Table VI). 

Draisma (1977) believes that mature stags do not 
cast annually but that they erow and cast successive sets 
of antlers "at varying intervals, increasing in size with 
each subsequent set unt il seven to eight years of age, 
after which furt her rieads decrease in size." 
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TABL~-.Yl 

Early a.ntler_,gr_owth in samba.r stags (DraismCh_ .. V/.79.2. 

,-..----~---...------~~,--·-------·------~ 

Afi.e ran~e 
(.months; 

0 7 
7 - 9 
9 - 27 

27 - 30 

30 - 48 
45 - 4G 

D~t ails 

· Knobs 

Growing spikes in 

Hard spikes, very 
this period. 

Casting, followed 
or 6 point head. 

velvet. 

worn towards end of 

bv t"rowth of s·:nall h " ..... 

Hard antlers with small tines 

Second co.st~ new grovrth commences, 
third he ad ~ 



Data frorn sample s of stags collected by Bentley 

(1978) and Dra isrr.a (1979) are ·co~bined in Table VII , 

yieldine a s ample of 264 animalso 

Although huntine; bie:ts may h a ve aff ected this 

sample, some inferences ma y be drawn frorn these dat a and 

th ese will be discussed in chapter 8.Jc 

New Zealand 

Observations of ant l er growth in New Zealand sambar 

are few and h a ve not been v1ell docuriented . Althcut;h there 

is evidence of [>Or.ie stags retaining their antlers for rnore 

th an a year (Farmer, 1965; Logan, 1965; Ao Harnett~ pers. 
comm. ) it would appear that the majority of stags cycle 

a nnua.lly . 

A stag fawn hand reared by L. and l·:. Shailer 

(pers . comm . ) and another by Oo Kaher (pers. corr.ll1.) both 

showed annual antler growth. They grew spikes at the end 

of their first year, cast them a year l ater and grew a 

small six. point set. Shailers v anima l exhibited rutting 

behaviour in its third year, became d angerously e.ggressi ve 

and was shot. ?-:aher' s st ag h as shed its antlers annually 

for a number of yearsc 

Riney (1957a ) suggested that the ~ain period of 

antler growth \.,ras J anu c..ry through r.:c.;.rch o He exan:i.ned 4h 

adult stags taken in a J.l r:!Onths of the year and found that 

the 10 in velvet were collected in January, February and 

I:·~arch. From this he concluded that antler shedding 

conformed to a regular rattern. 

Ob servations ~ade on Bay of Ple nty stags by 

J. Rudd (pers . comm.) appear to support Riney's findings . 

When possible, antler condition of stags seen in 

the study area was noted. Information on stags seen at 
Moutoa was also supplied by L. Barnard, A. Harnett., A. 

Hunter and farm staff. A total of 34 observations were 

made. J. Rudd supplied further data on 42 observations 

made in the Bay of Plenty. Combined Manawatu and Bay of 

Plenty d at a are presented in Table VII;I. These data will 

be dis cussed fully in the final chapter {8.J ) along with 

those available on Austral1an animals. 



TABLE VII 

Monthly variation of antler condition in Australian sambar. 

(Combined data from Bentley, 197$; and Draisma, 1979) 

Month Jan Feb har Apr 1·1ay Jun Jul Aug Sep Oct 

. 
Hard antler 6 1 2 n 19 31 37 h2 18 27 

In velvet 3 2 9 
I 16 9 $ 

3 I 0 2 

I I 

Nov Dec 

10 6 

0 4 

Total 

207 

57 

-..J~ 

0 



TABLE VIII 

Monthly variation of antler condition in New Zealand sambar 

Month Jan Feb har Apr hay Jun Jul Aug Sep I~ Oct I Nov bee . Total 

Hard ant ler 0 2 0 1 1 6 10 $ $ >-~ u 5 1 .... 50 

I n velvet 2 $ I 5 2 3 0 0 1 1 2 1 1 26 
r 

I : , I . 

-..J 
;-.> 
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jlate of Re production 

Hind Renroductive Data 

Sch a ller ( 1967) thought it like ly that hinds in 

India, gave birth to their first f awn when about three 

years old. However, in a sample of 2$ pregnant hinds from 
Australia, Bentley (1978 ) found that five would have 

conceived at 15s 16t 17i , 20 and 23 months of ageo On the 
other hand 9 he r eported an 11 ye ar old hind that was about 

six rnonths pregnant. Although his oldest hind ( 13 years) 
was not pregnant, Draisma (1979) recorded a lactating hind 
11 12 - lY' years of age. 

Dra i sma obt ained ovaries and in so~e cases ut eri 
frorn e i ght non g r avid hinds taken between the months £.~arch 

and October~ Histological examinat ion reveal ed evidence 

of cyclic activity in all of these. Bentley (1978) 
r eport ed a 17 day oestrus cycle for a saP."bar hind and 

DraisMa (1979) found th at the s~allest interval b etwe en 

parturition and subsequent conception was " u.bout one 

month". Thus , it would appear that hinds may conce ive 

annually and not once every th r ee years as stated by 

Brande r (1923). 

The re ar e r ecords of sambar h aving twins 

(Crandall, 1961+; Bentley , 197$) and a lthough none were 
ob se rved in the study area, t v10 f avms of equal size 

follo wi ng one hind were netted on t he Manawatu coast on 

15.7.81 (L. Rowe, pers. comm.). 

St ae Breed ing_ Age 

Bentley (197$ ) recorded a case of a 19 month old 

st ag successf ully breeding. Draisma (1979) suggests that 

the minimum breeding age may be as low as 15 months. He 
bases this on antler data as well as dat a obt afned from 

histological examination of t estes from 21 animalso 

5.6 Mortality 

Shooting was the major cause of mortality in the 

study area. No animals in poor condit ion were seen and 
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only one, a J?t year old hind was knovm to have died of 

unexpla ined cause s during the study periodG However, at 
least six animals were known to h ave been taken by poachers 

over this period. (see Appendix Lt-). . Sku lls fror.i three of 

these were recovered and aged~ One was a four yea r old 

stag and the other two were hinds, aged eight and nine 

years. The eight year old was found to be carrying a 
foetus (Section 5.3.3). The loss of breeding hinds from 

such a small population can be expected to have a marked 
effect on populat ion structure. 

In captive anirr!als stre ss appears to be one of the 

major causes of ~ortality (A. Hunt er, perso co~n.; D. 

McNeile 9 pers. comni o; ?1:. Shai l er, pers. corm-,,~). Capt ive 

animals h ave also been known to panic at the approach of 

an unfamiliar person and sustain fatal injuries in their 

attenipts to break through deer fences ( A. Hunter, perso 

corr.m.; O. ?·~aher, pers. corr.,,..; D. !-:cNeile, pers. corr.~o; 

L. Rowet perso comm .; M. Shailer, pers. comrn .). 
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CH APTER 6 BEHAVIOUR 

6.1 Introduct:i.OQ 

In chapter 2 methods of observation as well as 

s ome of the difficulties involved with the study of a 
predo~inantly nocturna l animal were di scussed . Feeding 
and resting behavi our co~priscd the majority of ob ser­
vations , but occei.sionally , other behavi (n~:· c; l ci.~:;pect s were 
noted and the se are the bas i s of this ch~pter. It is 

emphasised however• that detail of group social b chsivi our 

was not a specific ai~ i n this study. 

6.2 An imal Activitv 
~~--~--~---

Although bright cl e~r :-iichts w<=.:re ideal for !'1H?..kinc 

ob servGt ions in that a pair of 7 x 50 ~m binoculars \\·ere 
adequate fer watching a n area without havin~ to use a 

spotlight, they were f ound to be night s of little animal 
activity. The r eason for this rnay be linked to 'vhe 

requireTllent saMbar have for cover ( d i scussed in 8 .1 ) . On 
such night s , any ani~als that ventured into open areas were 
well illuwinated and therefore more exposed than is the 

case on moonless or cloudy nights . To a lesser degree , 
windy conditions seemed o.l so to adversely affect deer 
activit y . In these circurr.stances , scent would b e quickly 

diffused and lose it s directiona l gradient ( Kre~s and Davies , 

1978) . Furthermore, rust ling ver;etat i on ·t1ould JT" &ke it 

difficult for animals to detect other sounds in the area . 
Their intrinsically cautious nature may cause th er11 to 
restrict their n'ovement at times when perception of stir.iuli 
is impaired by the effects of windy conditions. Rain, 
temperature and humidity appeared to have little effect on 
animal movements. 

6.3 Herd Size and Compos ition 

The largest group se en in the study area numbered 

eight animals, of which at l east three were mature ·stagso 

However, the group structure most com~only encountered was 
an adult hind, a yearling an~ a f awno Scha.ller (196'1) 

regarded thero as "family groups" and there is no reason to 



doubt this interpretationo Oc~asionally -two such groups 

would be seen together (Plate 16). hat':1re st ags, which 
apart from the ruttine seD.son, evidently lead solitary 

lives and remain in a particular area· for several years 
(A. Harnett, pers. comm o; A. Hunter 1 perso cornrne), were 

r arely seen accompanying family groups. Younger stagsf 
presumably non breeding, were generally in groups of two$> 
three or four. Similar herd structure has been r eported 
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in India and Australia where groups typically number fewer 
than six individuals (Schaller, 1967; Drais~a , 1979; 
Harrison, 1979). In India, Schaller (1967) found the 
characteristic social unit to be one hind and one fawn or 
one hind, one yearling and one fa~~. He noted that 
yearling st?.gs usually remained with the hinds and that 

adult stags, when not with hinds, were either solitary or 
in groups of two. Schaller suggested that the sma.11 family 
groups probably retained their composition for \\'eeks and 
even months. It appears likely that groups in the study 
area remained together for several months , although the 
verificat ion of this would require techniques beyond the 

scope of the study. 

6.4 ].racking Behavi£££_ 

Schaller (1967 ) noted that, when moving through 

an area, groups walked in single file with an adult hind 
in the lead . This behaviour was ch aracteristic of animals 

in the r.:outoa study area. Even when stags were present in 

a groupP a hind generally took the lead. 

There are numerous deer tracks and tunnels 
throughout the study area. Deer used these and overgrown 
flylines in preference to open flylines. Their tunnels 
were often found parallel to existing flylines but three 

or four metres further into the flax. 

A. Harnett (pers~ comm.) and A. Hunter (pers. 

comm.) have noted that sambar often form tracks to the 
lowest part of a fence or to a portion with a broken wlre. 

These tracks are u sed by a number of different animals~ 
which could. mean that they are marked in some way, possibly 

with secretions from the tarsal glands (Muller··Schwarze , 

197l has found t arsal gland scent to be important in black-



Plate 16: Small herd composed of t\-io family groupa 

(Photograph by La Barnard) 

Six deer arc retreating along a flax boundary. An adult hind is 

leading while a fawn and yearling almost in line with one another 

are holding their tails erect. This is a characteristic posture 

when alarmed. 'i'o the right are a yearling stag and immature hind 

and another adult hind is in the rear , next to the flax on the 

lefto The l eading hind and the two immature animals \-rlth r aised 

tails probabJy constitute one of the family units while the 

remaining three in the r ear comprise the secondc Note the surface 

, ·water which is typical of this swamp du.ring winter. Improved 

~· pasture lies to the right of the fence. 
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~· .... 7 { . 

tailed doer for sex, age und indiv idual recognition at 

sho:rt ro.np~e ) o 

Int ro.specific agg:ress:i.on J.n sarnbar has b een 

reported by a nu..,,ber of vr.d.ters in India, but no~ e was 

observed during this study,. Schall8r ( J.967) saw one h:ind 

bite another and Brander (1923) reported seeing hinds 

f ight in,::; "by rea.r·ing up and. slashirig with their hooves .. " 

Stags in v e lvet have been observed fighting in this manner 

( Singe , 1959) c.nd si;nilarly in hard antler (Thor!; r J.937) . 
Reports indicate that st8ES fr equently fight during the rut 

in defence of territories (Brander Y 1923; WhiteheRd , 1972) 

and sor••Gt in1e s inflict serious wounds vd.th thGir b1~oh'tines 

( Lydekkcr , 189$ ; ¥letcher, 1911). 

Several authors h ave P"E.:.de mention of 11 stampinc: 

grou nds" (Flet cher , 1911; Thom , 1937; I1:o:rris, 1938; 
Sch2.ll er t 1967). Thor.i ( 1937) described the~ as " circular 

b are patches , devoid of al] vegetation • •e•" stamped b are 

by the hooves of sarnbar ••••• anything f rof") 10 to 40 feet 

in diameter o" Se·.,reral sta!nping areas were found in the 

flax r eserve . They varied in size , the l a re;est being about 

f our and a half metres i n di~rneter. Thorn (1937) had 

observed stags fighting on one of these a.rcas , but Schaller 

(1967) considered sta!:lping grounds to function as " sign posts 

com~unic~ting the stag ' s presence to other stags and to 

h inds. " 

Riney ( 1957a) indicated that co.ttle do not tolerate 

samb<J.r and. descr1bed an inc i dent where cattle chased a stag 

from a paddock . Although there appeared to be little deer 

activity in the poplar nursery when c attle wero present, a 

number of people h;;.ve observed both in close proximity '·1ith 

no sign of interspecific aggressiono For exa~plep A. Harnett 

(pers. comm . ) and W. Walla ce ( pers o com;r: . ) h ave observed 

deer lying in paddocks contai ning catt le, and on a neigh­

bouring farm a stag was described as being "in with the 

bull s 11 ( A. Hunter, pers. CO!m11o ) . Sambar have follo,_1ed a 

t ractor feeding out hay to cattle ( A;, Hu.nte1' r pers .. corrimo ) 

and in the flax b ehind t he manag~r t s house, c uttle P sheep, 



h orses and deer are all presente Althour;h no i nterspecific 
aggre!;sion was observed between deer and stockt catt l e and 

sheep were seen t o st op feeding and wa t ch a samb a.r moving 

acro ss t heir paddock, and Ao Hunter (pers. comm o) h as 

r epeatedly noti ced that horses become excit ed wh en they 

s ense dee r e 

Scha l ler (1967) not,ed t ha t dur i ng t h e rut 11 staes 

al so direct their aggression at bushe s and s aplings wh ich 
t hey t hr·ash with the ir ant :ters until at times only 

t att ered stalks r emair1 ." Thi s activity was a l s o found to 
be associat;ed with r uttinr; st ags in the Moutoa study are a . 

Small cabbage t r c cs r fl ax bushes and fescu e clumps \'\'ere 

corm11only antler thrash ed or "b e laboured" ( Sch aller 9 1967) 
and apparen t ly served to mark a stags territory~ 

6(' 6 Sexual Behaviour 

Ne sexual behaviour was actually ob s erved, 

~lthough as mentioned in the previous chapter (Section 
5o3c3), r ut t ing sign was s een in the mont hs April through 
July. 

6 .. 6.1 

Most wa llows were circular, shallow muddy pool s, 
bet •11een one and two metres in diameter (Plot e 17). Th ey 

were often situated at the base s of 'rubbing trees' ( see 
6e6. 2) i n small g r assy clearings. Adjacent veget at ion was 

usually flat t e ned a nd c a.~ed with mud as was vegetat ion 

either side of tracks r adiating from the are a . A. Harnet t 
(pers. cor.irn .,) found rr.ud rubbed on vegetation to a he i g:-it of 

1.5 m around one wallow . 

A number of wallows had a strong smell of urine 
associat ed with them, suggesting that their functio n as a 

territor ial mar k wa s both olfactory and visual in nature~ 

6('6.2 .fi_ubbinf~ Trees 

Durine the rut, stag s frequently rubbed their 
antlers and also their bodie s on trees. Cabbage trees 
appeared to.be f avoured for .both activities . All c abb age 

trees examined in the study area 8howed sign of having at 
some previous st age, had the outer layers of trunk 



Plate 17: Typical samba r wallow. 

Note small size of wal1ow 9 fresh mud splatteJ:•1 flattened gra.ss 

arou..'1d edge, anc.1 bark biting dellnage to will ow at r e?.r . 

Stagi:; use such wallows during the rut and urinate in and arotmd 

them. This imparts a characteristic strong odour .. 
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dan1aged in t his way (Pl ates 18 & 19 ). 

Alt hough it could be that both sexe s rub themselves 

Rgainst t rees seemingl y to scratch~ it appear s to be mor e 
parti cul arly a component of stag rut ting b ehaviour. No 
h i nds wer e actually obocr ved r ubbing t rees and on the t wo 
occasions when s t ags were undoubtedly engaged :i.n t h :i.s 

activity , it was accomp?nied by a ntler rubb i ng o Bo·:.:.h 

ob s ervations were made at times of the ye ar when stags were 

rut ting. On the n ieht of 27 . 5. 80 a st ag was wat ched through 
binocula r s a s i t r ubb ed a \·Jillow tree . It \·tas diff i cu l t to 

be cert a i n nh ether or not it wa s r ubbing only antle :i·s , or 

ne ck as well. Thi s s t ag al so rubb ed i ts hindquarte r s oa a 

f a l l en wil low bough in a manner r eminis cent of a hor s e ,..,•h e n 

scratching on a post . On another occas i on (J Oo?. 80) a 

mature st ag was seen in the l ate afternoon , r ubbing ant l ersy 

ne ck and f acial are<:t on a cabbage tree e Th e act i vit y l aot'3d 
seven minute s before t he anima l stepped b ack fro~ t h e tree , 

pawed the gr ound and moved f r o!'1 sight i nt o the flax . 
Alt hough r ubbing t ree s wer e f ound t h roughout the ur ea , t hey 
s eemed to occur ~o st frequently nea r wal l ows . 

6. 6. J Ro arirn:; 

In Ind i a r utting st ags ar e knovm t o ca l l ( Lyd~kker t 

1898 ; Cahal a ne , 1939 ; i/hiteh ead , 1972 ) . The so~nd described 

by Lydckker ( 189$ ) 2.s a " l oud and SO!:!ewhat ~et all:i. c- sound ing 

b e l l ow" is be l i e ved t o attra ct hinds to a st ags t errito!'y 
as we l l as t o com~unicat e a t erritory holder ' s presence to 
othe r star;s ( rlh it eh ead, 1972) . Fe\'/ peopl e i n ~~cw Zeal and 

h :r-.· t~ hee::rd saribar st ags roa r and it i s a wi dely hel d b e li~f 

th at th ey have no voc al call during th e rut ( Logan, 1965). 
Neither P. Smith (pe r s . comm . ) nor J. Har gr aves (per s . comm . ) 

who hunted s ar.:b ar in t h e 1920' s and 19JO ' s , wh e n the 
animals were plentiful in t h e ?l.a nawatu t r epoi'.'t st ags 
roaring duri ng the r ut and A. Hunter (per s . com!"! .) who has 
lived at Moutoa for more t han 10 years , has never h ear d 
stags roaring . However, Farme r ( 1965 ) recorded actu ally 
s e e ing a s t ag roaring at Kaingaroa (Bay of Pl ent y ) in July 

196o a nd on anot h er oc casion i n April hear d a roars 
although t he animal was not actually ob served. 



Plate 18: 1Rubbing tree' 

This damage is on & cabbage tree~ Note the cabbage t ree shoots 

at t bc base uith fresh shavings on some of the leaves and the 

chc>·red tips of other J.eaveso 

Plate 19: Detail of damage caused by antler rubbing. 

Note the lighter areas of fresh damage w:Ltl: old dam3.ge evident as 

smoother dark brown to grey areas between. 
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It c ou ld be t h at t h e nature of the New Ze ala nd 

h abitat 1 part icularly t hat f ound in th e Manawat u, obviates 

the r equir ement fo r vo ca l communic atio n during t h e rut., 

Th e Manawat u h abit at is not ext ensiveP animals b e :L ng 

limit e d to pock et s of scrub , sw~r!:p and e x oti c f o rs::;t; 

occurring along a strip of sandh ill country ( sect ion l vJ). 
In such local ised a r eas o f r e l at iv.e l y . flat t e r rai n, a n :L1!!.?.. l s 

might find each other without th e nee d for voc a l isation. 

There fo re , visual a nd olfa ctory cues coul d b e adequ ate fo r 

alerting an animal of the pre sence of another in the a r e ac 

In India, where the habitat is hilly forested. count r y 

(Schalle r, 1967), group s may be more diffu se ly dist r ibu t e d 

and vocalisation as a me a ns of communicat i on is perhap s 

more necessarye 

6.7 Communic ation 

To a human observe r, auditory and visual signals 

are the mo s t apparent forms of corr.!""lunication, although the 

import a nce of olfactory sig nals among T'1ammals i s wid ely 
acknowledged e.g. Krebs and Davies (1978). 

Auditory 

The communicating nature of a rutting st ag ts c a ll 

was discussed above (section 6.6.3). 

Both hinds and stags have been observed to bark 

when disturbed. The warning bark of sarnb a r i s an u nu s u a l 

"overwhelming sound" (Ho.rrison, 1979), described as "th e 

'Hee" of a donkey 'Hee Haw'" by Logan (1965) and .. not 
unlike a blast froni a railcar horn" by Harnett (1979) .. 

Schaller (1967) found that sambar respond to potential 

danger more readily than other deer species, often reacting 

to something that other species nearby either 11 failed to 

detect or simply ignored". 

When alarmed sambar often stamp the ground with a 

foreleg (Schaller, 1967; Harnett, 1979). No st ags were 

seen doing this, although it was a common warning signci.l 

used by hinds, particularly if fat-ms were present .. 

Logan (1965) noted that s a.mbar ·also have a. 

"communicatory nicker". On 11 .. 8$80 at night, an anir,1al 



seen on the edge of the f lax about 20 111 from the Massey 

hide made a short 'cow-like' low before entering the f l.ax 

cover . A siTl'lilar sound was l ater heard coming fro;n the 

sa.1~e area. 

Visual --..-...--

Stamping grounds , wallows, bel aboured vegetation 

and antler rubbed tree s~ all appear to be visua l signa l s 

defining a stags territory during the rut. 

Lydekk er (189$ ) noted that rutting st ae;s often 

everted their "eye-pits" (pre!".mmably preorbital £;1o.nds ) 

exposing the pink ri1ucous rrern.brane which line::: thep-:41 M. and 

L. Shailer (pers. c orr.ni., ) have <:i.lso observed this b ehaviour 

in sambar harassed by dogs . It has bee n suggested b y 

Drais~a (1979) ttat this is a threat display . 

Postural sizn8ls are also jmportant in social 
interc-ictions (Schaller, 1967). When scimbar sense danger~ 

the hai r 2.round the neck 2.nd down the back becorr.c s erect 

and the long tail is r aised verticallyo They r!E>.Y stand 

motionless &nd stare at the so~rce of possible danger or 

else proceed cautiously. This behaviour was frequently 

seen in hinds and f 2wns . On 1S.6Q80 1 two hinds a ccompanied 

by two f awns were observed crossine an O }- · n area of rough 

pa sture h1h ich I had v1<il.ked across severa l hours before. 

They proceeded slowly, all vrith their t a ils held. vertica lly 

and hair erect. 

Schaller (1967) noted that the r ump patch is "rus t 

b::.~ovm 11 and not c.s obvious as in other deer species, but the 

"lone; tail held vertically is a conspicuous signal". 

Schaller' s co~ri1cnt s are quite applicab le_ to the ~!outoa deer. 

"The preorbital glands , which are everted for 

aggressive display purposes , are well developed and secrete 

a yellow waxy subst ance " (Draisraa , 1979) o Draisma believes 

this substance to be "involved \'rith body scent identity". 

This certainly appears most like l y because, in a type of 

b ehaviour t?rmed 0 prea.ching0 by hunt.ors in India ( Schaller, 

J.967), sambar stags stand up on thei1" hindlegs at the bases 
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of trees ang ·wipe their facial regions in the foliage 

(Fletcher, 1911; Branderf 1923; SchAller, 1967). Brander 

(1923) believed th e secretion to attract hindso Although 

preaching v1a.s not observed in the Mou~oa study area, .stags 

seen ant l er rubbing also rubbed their fo.cia.l r egions 

( section 6 06.2 ) on trunksP possibly scent marking with 

preorbital gland s ecretj.ons. Muller-Schwar.ze (1971) and 

Vo lkman et al .. (1978 ) have found sirniia r b ehaviour in 

black-tailed deer to be relat ed to scent marking. The 

possibility that sambar track s are marked with glandule.r 

secretions and wallows with urine has already been 

suggested ( sections 6.4 and 6~601). 

In India, stags 

establishing territories 

stags ( Whit€.:head , 1972). 

become aggress ive during the rut, 
which they defend a5ainst other 

Schaller (1967 ) found no evidence 

of "territorial exclusiveness" but sugg ested that the 

accun:ulation of visual and olfactory sigr.al~; in a limited 

area of a stags ra.nge, plus its aggressive nature at this 

time, prob ably tended to space males out in a fol'est ~ His 

observations caused him to suggest that "hinds move widely, 

probably entering the ranges of and being joined by a 

nuirber of different stags, before remaining v.'ith one of 

them for several days and perhaps longer 11
c A similar 

situation appears to exist in my study areao Stag s almost 

cert ainly have territories, but unlike in Indi a, fighti ng 

was riot · observed. However, it was difficult to det ermine 

the size of territories or the degree of overlap , without 

having marked animals to observe. 

It appears that rutting stags have one or rr:ore 

wallows at the centre of their territories. In one area, 

three wallows were found, spaced no more thari 50 m apartP 
each one in sight of the next. Because these were in such 

close proximity, it was likely that they were used by only 

one · stag. A relatively small area (approximately 0 .. 1 ha) 

aroun~ a wallow is intensely marked by a stag with urine, 

belaboured vegetation and rubbed trees» The greater the 

distance from the wallow, the less. the amount of territori al 



markinc;. This ob serv<::.t ion seems to suggest that a stag ' s 

t errito1"y consist s of a centra l wallow area , where .:i.t 

spends a cons iderable amount of time , possibly lying there 

during the day , surrounded by a 'buffer zone ' i,,e. a n area 

marked by the stag, but one which ma y overl <:tp with t he 

r ange of another. Hinds a nd young appear t o move fr·eely 

throughout t he areao 

Sa:i1bar have b een cla i m3d to b e a "very adapt able 

an:i.mal" (Harri son , 1979) and it is the r e fore r perhaps not 

surpris i ng that their behavioural responses have undergone 

some degre e of modification as they h e.ve become established 

in Ne\·f Zealand habit at. 



11 Th e ve r tebrat e skull provides part icular:ly 

favou r able materi a l on wh i ch to s tudy the r elat. i ons of 

ontogeny to phylogeny" (De Beer P 1937) and Dhali.wal (1962) 
co ns ide r ed that skull ~")easurerr.e nt s in part icul 2.r 

"import a nt t axonorn i c char a cters" in mammals. 

Cra nial variat ion within different groups of 

mammals ha s b ee n stud i ed by a number of vrorkers egg. Pe arson 

and Davin (1924) on hu·!11an s , Deol (1955) on rnu skrat s, Ch u r cher 

( 1960 ) on the North Ar>i eric a n r ed fo x , Dhaliwa l ( 1962 ) on t he 

black rat, Freedman ( 1963) o n b aboons, 1.:ystko\·1s k a ( 1966) on 

red deer$ and Yab}okov (1971+) on mammals in gen eral., 

In an e arly study of de e r crania, Phillips (1920) 

examined 96 skulls of virg i nia deer. He select ed only adult 

. males, t aJ< ing 10 me asurements: "Pa l at a l length, Audit o- b asa1 

length, Lower tooth r ow (length), Zygornatic width , Upper 

tooth row (length), Orbit widt h, ~astoid width, Na s a ls 

(length) and Ant1er length." Phillips was interested in the 

var iability of th e se measurements and he hoped they "might 

form a basis for cop;parison with other races." Van Be rr~r:-1 e l 

(1949) used cra ni a l measurements as a t axono~ ic aid in his 

revision of the ru s ine g r oup vlhilc z.:y s t kowsk a ( 1966 ) 

anatomic a lly descr i b ed the red deer skull us ing 34 cran i a l 

characters and look e d at vari ability in specimens from 

Pola nd, West e rn and Ea stern Europe. 

Cau ghley (1971) examined skulls from mature fe~ale 

deer taken from a n are a in Fiordla nd where wapiti and red 

deer were syrnpatric. Using 22 cranial ch a racters, he compar e d 

t h is sample with control samples of red de e r and wapiti f r om 

other areas, to investigate hybridization between populations 

in the 11 zone of over·lapn o 

Batcheler and McLe nnan (1977) supplimented 

Caughleyf s 189 skulls with a f urthe r 383 and re~examined the 

sample using 15 skull measurements., Multivariate analysis 

was use d to determine the d. c:gre 0 of hyb ridi zation') 



In the present study skulls were measured fo r the 

follov1ring reasons~ 

( a) There are no published reports on the craniometry of 

New Zealand sci.mbar. 

(b) The use of standard measurements such a.c; those 

d escr ibed by Batcheler and McLennan ( see section 

7 .3 el ) would enab le data to be r eadily u sed in 

future s t udie s. 

( c) It is likely that hybridization betwee n sarr.bar and 

rusa occurs in the Bay of Plenty where the popul&.tions 

are syrnpatri c ( M~ Dani e l, perso corr.p1., ; J~ Rudd, pers~ 

comm 3) and comparison o f skulls fro!:! that area v;:i.th 

~anawatu samples rn ight detennine whether this is soo 

At present r the idea of samb ar and rusa hybridiz.ing 

• · is hypothet ica l, b ased on the knowledge that s ambar can cross 

with rusa in captivi ty (there is such a hybridP a fernEi-le, at 

Rainbow and Fairy Springs 9 Rotorua ) and on the appearance of 

& number of unusual trophies shot in the Bay of Plenty erea. 
' 

Sambar st ags can weigh up to 225 kg, whereas rus a stags vmigh 

up to 1.35 kg (Korrison and Harris, 197L1-) and several stags 

h ave been t aken, which al.though of sarnbar size, exhibit 

ant lers ch a r a cteristic of rusa in shape i oe. "The inner tine 

of the te rminal fork is much longer than the front or outer 

t :i.ne 11 
( Lydekker , 1898 ) • (S ee Plates 20, 21 & 22) • 

However, l a r e;e samples are required for such a 

compariso n and despite enthus iastic cooperation fro111 et numbe r 

of correspondents, adequate s amples unfortunate ly did not 

become avai l ab le. 

S1~ull I1'.aterial 

A sample of 22 skulls from the Manawatu comprising 

11 female and 11 male specimens was obtained. A twe nty third 

skull (male ) was badly damaged and discarded. Five specimens 

were from the study area, five from sambar that had been 

captured a nd died in captivity, and the remainder were 

borrovTed from local people who once hunted s amba:c ~ 

A number of deerst.alk.ers in the Bay of Ple nty were 

visited and asked for skull mater:l. a1 to measure. Unfortunat~ly 



Plate 20: Head of t.ypica1 sambar phenotype from 
Bay of Plenty" 

(Shot by Po Carter) 

Note large brow tines and even forks at extremity of beams .. 

Plate 21 : Possible sambar/rusa hybrid. 

(Shot by G. Winchcombe ) 

Note unusual depth of terminal forks and length of . inner branch 

sugge stive of rusa,. The general configuration and robustness 

are closer to sarnbai·e Compare with Plates 20 and 22. 
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plate 22: Typica.1 ru sa phcriotype . 

(Shot by J., Rudd ) 

Note the t all inner tine and overall smaller size compared 

fflth Plates 20 and 21., 
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onf.y three so.:-nbar skulls out of the 10 located wore complete 

and able to be !1;easured . !-~ost hunters had had their good 

trophies mounted, or had only kept the antlerse For similar 

reasons only two whole ruso. skuJ.1s were avoilable 4 

Antlers on skulls or mounted animals we.re 

measuied in addition to any cast ones obt ainedo 

l·~ea. surerr.ent s 

Crania ---
The 15 crani a l rn0asurern ent s de scribed by B a.t cheler 

and I·:cLennan (1977) combined charv.cters used by previous 

workers vizo Mystk owska (1966) and Caughley (197l)o Several 
of the characters chosen also correspond to characters 

· measured by Phillip~ (1920), Van Bern~el (1949) and Daniel 
(1965). Because the methods of Batcheler and ~cLennan (1977) 

were clearly explained and appeared t.o be standard cranial 

measurements, they were used in this study (see Table IX). 

Linear measurements were made with vernier calipers 
(0$1 ~m) or a tape (1 mrn) unifor~ly to three significant 
figures. It did not prove possible to Tl'lake all 15 measure­
ments on every speci~en, as so~e of the skulls were partially 

da:maged. 

Antlers 

Drais:ma (1979) found that antler bias followed a 
"norJ'T'lal biological distribution" and that "averages of right 
and l eft antlers ter.d to be even". For this reason only the 
left antler was used unless it was damaged or de.foI'T:'ed in 

which case the right one was measured. 

Nine out of 12 cast antlers from the ganawatu 
and all five cast antlers from the Bay of Plenty were from 

the animals left side~ 

Nine antler characters were meo.sured: 

(a) Number of points. 

(b) Length along outer curve (Lydekker $' 1$98) .. 

(c) Circumference above bror·itine (Lydekker, 1898)" 

(d) Width from tip to tip (iydekker, 1898). 



TABLE IX 

Cranial _nieasurements (B atche ler and r-:c_~man., 1977J 

1. Cranial Cavity - The volume of the cranial cavity 
·was measured to the nearest 5 ril by plugging the 
foraniina with modelling clay .and pouring wheG..t 
(Batcheler and !'~cLennan used 0 .,lt· cm water rounded 
gravel or soya bean seeds) through the foraT"r'en 
,,.,agnmn, shaking dovm and measuring in a e;raduated 
measuring cylinder. 

2. Basal length - Ventral ridge of the occipit al 
condyles to the posterior edge of the canine 
alveolus. 

J. Ventra l neurocraniu~ - ~edian ventral lip of the 
foramen maP."num to the posterior !nedial edge of 
the palate~: 

4. 2-~axillary tooth row l en,e;th - Anterior rim of P2 
alveolus to posterior rim of ~J alveolus. 

5. ~argo-adent alis - Posterior riP of canine alveolus 
to anterior ri~ of P2 alveolus. 

6. Lateral viscerocranium - Tip of pre-orbital 
process to posterior ri,,., of canine alveolus. 

7. Lateral neurocranium - Hedian point of lambdoidal 
ridge to tip of pre-orbital process. 

8. Facial tubers - Width of facial part of skull, 
across facial tubers. 

9. ~axillary tooth row width - Width from left to 
right buccal alveolus rim at second cusp of t-:2. 

lOo Occipital condylc width - Maxi~um breadth across 
the condyles. 

11. Canine width - Left to right buccal rims of canine 
alveoli. 

12. Nasal cavity circumference - Around the midpoint of 
the adental region between C and P2. 

13. Nasal cavity depth - Mid-dorsal fronto-nasal 
junction to mid-ventral palate-maxillary junction. 

ll... Anterior orbital width - Between fronto-lo.crymal 
notches (caliper knife edge held perpendicular to 
long axis of skull). . 

15 o Posterior orbital width 
the zygomat,ic arch. 

' 

Maximum·breadth acros~ 



(e) Widest inside width (Lydekker, 1898) .. 

(f) Weight of antler (cast antlers only)., 

(g) Pedicle length ~ shortest distance from burr to 

fronto-parietal suture. 

(h) Pedicle circumference - Around midpoint of pedicle. 

(i) Browtine length - Distance from burr to tip. 

7. 4 ~ Det er'P'! inat ior~ 

Introduction 

An accurate age determination technique using 

samples of dead animals allows information on age/birth 

schedules and other measures of age specific performance to 

be readily obtained fror11 field samples, without having to 

study known-age animals in capt.ivity. 

Age determination methods have been studied for 

· a variety of cervids. A number of workers have described 

ageing techniques using tooth eruption and wear e .. g .. Banfield 

(191+9), Murie (1951), Hancock and Low (1956), Quimby and 

Gaab (1957) 1 and Smith (1974) for wapiti; Riney (1957b), 
1'~itchell (1963, 1967), Lowe (1967) for red deer; Van Bemmel 

(191+9), Humphries and Rowler (1976), and Draisma (1979) for 

sal:'.bar. 

Tooth eruption is particularly useful for age 

determination of animals less than 30 months of age (Smith, 

1974; Draisma, 1979). 

A number of age determination methods which make 

use of periodic layering in the teeth, have been described 

for various Cervidae, Bovidae and Antilocapridae (Smith, 

1974). Mitchell (1963, 1967) described a technique for 

ageing red deer by counting annuli in the cementum pad of 

the lower first molar tooth. This method has also been 

used by Ranson (1966) for white-tailed deer; Lowe (1967) 
for red deer; Wolfe (1969) for Moose; Douglas (1970) fo1· 

red deer and other deer introduced to New Zealand., inc-1.uding 

sambar;. Smith (1974) for wapiti; .Batcheler and McLennaJ (1977) 
·for \tapiti and red deer; Humphries and Rowler (19'76) and 

Draisma (1979) for samba.r deer. 
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r.:ethod 

Terminolo8y of teeth follows that described by 

Riney (1951). 
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The perP1anent teeth of cervids continue to erupt 
throughout life due to the growth of dentc:tl cenent which 
occurs as a sheath around each root and as a pad betvre en the 
roots of the r11olar:Lform teeth (Mite.hell~ 1963). The 

cementurn pad is rnade up of alternate layers of opaque and 

translucent ceme ntum, the former involving aggregations of 
cementoblast cells or the air filled spaces once occupied 
by such cells and the latter containing fewer cells and more 
fibrous material (r.:itchell).. "The opaque layers consist of 

relatively wide sumrrer bands, periods of rapid grovrth~ and 

the translucent layers consist. of narrow winter bands, 
periods of restricted grmvth. The two types of layer for'!'.! 
an annual deposit" (Hu!11phries and Rowler, 1976). 

~itchell (1963, 1967) found the lower first molar 
tooth to be the most convenient for collection cmd examination. 
The sane tooth was used in this study because in sa~bar, 
"the calf at birth has, in the lower jaw, one per:nanent toothP 

the first molar which erupts at one month of age and is fully 
erupted at five months of ageo All other lower teeth present 
at birth are deciduous" (DraisTl'1a, 1979). The first molar is 
therefore as old as the animal itself and is carried through­
out life.. HuP1phries and Howler (1976) found that the time 
of tooth eruption of pernianent teeth in sarnbar is identical 
to that in red deer with the exception that the breeding 
seasons differ (Fig. 16). 

After careful removal from the jaw the molar is 

cut with a diamond saw in the vertical plane, slightly 
posterior to the midline between the cusps. The cut 
surface of the front cusp is then ground with 220 grade 

carborundum paper on a flat surface until the widest area 
of cementum is locatedo It is then pre-polished with 600 

grade wet and dry paper and polished with a silicon base 
car wax for viewing.under a low power dissecting microscope. 
Correct orientation of the specimen and of the light source 

is essential for maximum clarity. A mfc:r.oscope lamp fitted, 

with a blue filter and direct-ed obliquely across the surface 
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F_!gure 16: Chart of tooth eruption in sambar (from Draisma, 1979) 
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was found to give the best results. Most teeth were easily 

read at this stage (Plate 23) and further etching vdth 

formic acid and staining with thionin dye (Pekelharing, 
1969) were unnecessaryo 

Aee was calculated by adding one to the number of 

opaque layers counted. The first opaque layer is deposited 
in the second summer of life (in red deer, when the animal 

is between 9 and 17 months of age) and one is added to 
account for this (Douglas, 1969). 

7. 5 Resu1ts 

Raw cranial and antler d&ta are presented in 
Appendices 10 and 11. 

~iaJ. Data 

Because of the s:nall sample size and missing 

measurements, discriminant multivariate analysis as used by 
Batcheler and r.:cLennan (1977) was not practicable (L. 

Batcheler, in lit.), 

Grovrth rate and size vary with age in mar.imals (De 

Beer, 1937; Van Benirr!el, 1949; ?·~ystkov1Ska, 1966; Yablokov, 
1974) and specimens ~ust be placed into age classes. Also, 
unaged speci~ens have to be neglected and this further 
reduces the effective sample size. Two age classes were 

chosen, vizo 'Five years and over' and ' Three to five 
years' (All but one specimen under five years of age, a 

yearling stag which was neglected, fell into this category). 

These particular age categories were chosen beco.use it was 

considered that young animals would grow more rapidly than 

mature animals, perhaps even at sexually di~orphic rates 
(Mystkowska, 1966), and that the cranial measurements would 
exhibit a greater variance in this age group CO!!lpared with 

that for !'!lature animals. In this study animals were classed 

as mature when five years of age or more. This category was 
not based on sexual maturity.but on factors related to growth. 

Draisma (1979) in fact, suggests that stags may breed at 15 
months of age and hinds at 19 months of age (see Section 5.5) 
so that anirna~s may reach sexual maturity well before they 

are fully grown. Van Bemmel (1949), Draisrna (1979) and 



Plate 23: Cementum layers in sectioned molar tooth 

This H2 molar shows seven annual larnellae in the cementum pad. Its 

age is therefore nine yearso Roots are visible to lower left and 

mid right while the u.pper portion of the photograph is occupied 

by the body of the tooth. 
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others have claimed that stags are in their prime as 

trophies E~t about ~even years of CJ.8e, and r.:ystkowska ( 1966) 
found that in red deer, the most rap:i.d p.eriod of grovJth 

occurs between the a8es of two and three. Therefore 
1 

it 

wac assu~ed, for the purpose of classification according 

to age, that sarnbc-1r can be con1sidered to be ~ature at five 

years of ag e o 

Usint these age cate£ories the effective sample 

sizes, were as follows: 

~anawatu Fe~ales 

notorua Vi.s.les 

- ·--·--- ·-------

) years + 

6 
e 
J 

J - . 5 years 

..., 
.) 

3 

The Rotoru.:, sample and r.:.:J.nflv.mtu '3 - 5 ye ars' sample 

·were. too S!"'t'.!.ll for any meaningful analysis to be perfom.ed, 

but it was possible to corripare individual charact ers fron1 the 

~anawatu ~ales with those of ~anawatu fema les (5 years +) 

in order to detect anv rncrnholoqical differences • 
., 4 b 

Analysis of varia nce (A~.;QVA), F-tests (to 

statistically test for thea1uality of the variances) and 
1,:ann-Ylhitney U-tests (Non pr...rD.metric test for measuring trie 

d:i.fferenc:e in locatioY-~ cf tvm sariple~) were perforriied on the 

available date;. (Tab le X). 

Analysis of variance indicated that l ateral 

neurocraniwn, occipital condyle width, anterior orbital 

width and posterior orbital width, differed significantly 

(P< 0.01) between the sexes. 

'fhe Mann-Wriitney test confirmed this wit,h 

significant differences (P< 0 .01) between the sexes for 

the same characters and in addition two other characters 

a·t P < 0 .o 5 viz., nasal cavity circumference and nasal 

. cavity depth., However, these latter charact,ers had U 

values equal to or very close to the critical value. 
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1. Cr ?.r i '11 C ' oVlt :· . ... 

~ . B ri~ ro l L!l'ng t.h 1 

3 . Ve nt.r;. l /J~ uroc ran iu::: l 

1, • M«.x i 11 ?.r }' tooth ro:• 
lenf. t,h ::. 
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Antler Data 

Individual ch aracterc were compared using t - tests 

and Mann~Whitney U-tests.. F-t.ests wei.~e performe d to test 

fo r equality of variances . 

Antler spre~d was calculat ed according to Draisma 
(1979): 

Length along outer curve - widest inside width 100 x ____________ ___________ ..... ___ 
Length along outer curve + widest inside width 1 

= % Antler spread 

Results of analysis are pre s ented in Table XI . 
Although pedicle length appeared t o b e significant ly 

different ( P< 0 .05) b etwe en the two populations (using a 

d- test ) this difference did not show up with the !J;ann­

Whitney t est , indicating that the locations of the s wnpJ.e 

means \'/ere the same and that the large variance of the 

means (F = 9t P<0.05) probably caused the d-te st to show 

significanc e. The Mann-Whitney test indicated a signifi c ant 

difference (U = 119, P< 0.05) in antler spread between the 

hanawatu and Rotorua populations, but this was not supported 

by t-test ( t = 0.7, n.s.) and in this case it could be 

assumed that the variances do not differ significantly 

(F == 1 • .3, n . s.) This suggests that it would be wiser to 

treat antler spread as not being significantly different 

between the two sar.iples, especially as acceptability at 

P < 0 .05 is borderline. 

Drai s~a (1979) st ated that racial differences 

can be detected using various antler measurements and this 

will be discussed along with craniometric data in the next 

chapter ( 8 .4). 
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lo Antler spread· 13 12 
(index) -· 

2. Antler length 19 12 
(along outer curve) 

3. Browtine length 20 12 

4o Tip ·co tip 13 12 

5 o Widest inside width 14 12 

60 Pedicle length $ 12 

7., Pedicle circumference 8 12 

TABLE XI 

Data Analysis - New Zealand fuitlers. 

Manawatu antlers = sample 1 
Rotorua antlers = sample 2 

Statistics F-test 

xi .x2 sl s2 F f 1 

11.1 18.0 6.9 7.,9 1.3 11 
n.s 

64.6 69.3 14 .. 7 11~5 1 .. 6 18 
n.s 

30.2 30.3 7.5 5.7 1.7 19 
n.s 

65 .. 7 53 .9 21.9 10 . 6 4o3 12 
P< 0.05 

51.1 49.3 13.4 8.6 2.4 13 
n.s 

3 .. 5 4.,1 0.3 0 .. 9 1 9 11 

P< 0 . 01 I 
12.9 . 14.5 2.5 2.0 1.56 7 

n.s 

t-test 

f2 I t d&f .. 

12 0 .. 70 21 
n.s 

11 0.73 29 
n.s 

11 0.03 30 
n .>s 

11 dQl.73 17.5 
n.s ! 

11 0 .. 4 124 
n.s 

7 d=2 .. 1 13 . 6 
p Oo05 

11 1.6 18 
n,.s 

J Mann Whitney 

u 

119 
P<0 .. 05 
. 11s.5 

n.s 
116 
n.s 

46 .. 5 
n .s 

60 
n.s 

26 .. 5 
n .. s 

32.5 
nos 

l­o 
0 



fOl 

PART IV - DI SCUSSION AND CONCLUSIONS 
~ w- ...... 

CHAPTER 8 

In a wide ranging thesis of this type several 

of the facets are not closely related and these do not 

necessarily all lend themselves to coordinated discussion 

at this stage . Accordingly some topics havG in effe ct 

been discussed in the context of their chapters .. 

It does remain however to consider particularly 

sambar requirement for cover, diet selection~ breeding 

and antler cycles, and craniometry before the final 

conclusions are made. 

$ .1 ~ui_rernent f~r Cover 

In Chapter 2 (section 2 ,3) it was emphasised that 

sc.mb u.r require plenty of cover in their habit at i.e., thick 

undergrowth, not simply a tree canopy. Early writers had 
noted that s aP!bar characteristically remained in "dense 

woodlands" (Donne, 1921+; Cahalane, 1939) throughout the dc.y,. 

only venturing into more open areas to feed at night 

(Forsyth, H~89; Brander, 1923). Lord Powerscourt (1884) 

considered that this habit caused the death of a. herd he 

tried to establish in an Irish park: "It was a curious 

thing with the sambar and it was no doubt the cause of their 

deaths that they would never co~e out of the thickets in 

the daytime o•e•• Of Course, by this unnecessary precaution 

on their part against the meridian rays, they got chilled 

through and eventually died." 

Lawrence and Richard Rowe of Rongotea have 

successfully kept adult sa!nbar in captivity for a number 

of years. They realized that unlike red deer which soon 

adapt to captivity in open pasture, sarnbar require dense 

cover, and they have prepared a sambar enclosure (Rowe and 

Rowe, pers .. comm .. ). An area has been fenced and planted in 

pampas grass and this offers appropriately dense cover to 
a height of .3 m.- A small stream running through the centre 

has been dammed to pr ovide a· pond. Distur bance to the deer 

:J.n the enclosure is kept to a minimum and they are rarely 



s een d~ring the d ay, preferring to feed around the edges 

at night~ 

1.02 

The Howe ts h ave al s o hand reared a s ambar favm 

and it would appear th&t if s arnbar a:ce caught as fmms, 

they can be brought up in a more open situati6n. It has 

been mentioned (Sections 5ol and 5.6) that captive anir1als 

are susceptible to stress related ailments, tho.t they are 

easily fright ened a nd frequently bring about their own 

death. These pr<Dblems seem to be particularly associated 

with aniMci.ls caught as adults and then kept under 

unsuitable conditions. One such case has been reported 

b y Do McNeile (pers. cornrn .. ) who lost four out of five 

deer becaus e of injury and stress. The fifth animal broke 

through the fence and escaped . These animals had been 
kept in a paddock cont a ining a stand of Mahoe trees as 

cover and while this forms a canopy it is open underneatho 

Such cover is very suitable for red deer (McNeile, pers e 

· comm.) but inadequate for adult sanibar. 

An area such as the reserve at !·~outoa is well 

suited to s arnbar as the flax provides not only essential 

cover and shelter, but also food and water. SaT'1bar exist 

in a number of habitats in New Zealand, such as coastal 

dune country, exotic forest and ~anuka scrubo The over 

riding factor in all these situations is low understory 

cover, be 'it lupin, flax or raupo on the coast, blackberry, 

grass, or rr1ast in forests, or native broad leafs, fern~ 

raupo and young mamL1<a in the scrub of the Bay of Plenty. 

8. 2 P._iscussion of Forag e Quality and Diet Select ion 

Faecal analysis revealed that the diet of · anir11als 

in the reserve changed seasonally over the 15 month sampling 

period, in what appeared to be a cyclical manner in response 

to some seasonal factor(s) i.e. different species 

predominated the winter and summer diets (Table XII). 

Nutrient analysis of forage species showed that 
the quality of the grasse s, flax and poplar browse changed 

seasonally. Ther e appeared to b~ a general decline in 
overall qual~ty of forage species over the summe r monthsF 

but the nutritional value never fell below the minimum 



TABLE XII 

f P.!~J~~-r;.12e.cie,~_predol£i.!1a!:_i~.~}~~.J!;iE..!:2.£ 

diet of Moutoa deer 

Summer Winter 

Float in:; sv.-eet t,ras;; Tall f escue 
Ree cl cc.:n<:<.rygrass Flci.z 

YorksrJire fog ChickHeeO. 

RyeGr·ass Poa -
Po1)1~~~ 

-
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requirement for animal maintenance. 

Cuticle and nutrient data were analysed together 
using: 

( a) Two way ana lysis of variance without replicationo 

(b ) $tepdown multiple r egression. 

(c) St epup multiple regressi6n. 

Analysis of variance shov;ed that a lthough the 

mean total amounts of cuticle pres8nt in the faecal samples 

collected in April, August, November and February did not 

vary significantly, the proportions of the contributing 

. species did ( see Table XIII). The source of this variation 

was due mainly to the species themselves (SS%= 74 .15%). 

Residual error accounted fo r 2.3 .. 95% of the variance wh i le 

the effect of the different collection dates was mini mal 

(ss% = 1. 9%) ., 

Apparent relationships between cuticle area , 

fibre, energy, nitrogen , and water content are shown in 

Table XIV. As \vas to be expected ( see section 4.2.2), 

water content \"lf,s found to be positively correlated with 

nitrogen content and both were negatively correlated with 

fibre content . Also , energy was positivel y correlated with 

nitrogen , and water content . Fibre showed some degree of 

ncgc;.ti ve correlation with cuticl e area , indicative of the 

inverse rel~tionsh ip between fibre and digestibility 

suggested by Van Soest (1966). However , nitrogen also 

showed a nct;ative correlation · .. dth cutic l e , a result that 

would not be expected if aniMal s were selecting forage on 

the basis of quality. 

Accordingly, a step dovm ~ultiple regression was 

run to deterrriine which chara.cters (fi.bre, aner gy , nitrogen 

or water content) h ad the greatest effect on the variance 

and '"hat percentage of the vari ance could in fact, b e 

accounted for by the combined effect of these characters~ 

Water content was found to have the l east effect 

(T " 0, 29) and was dropped. Both fibre and nitrogen had 

negative regression coefficients ( T = ~2.13 and - 2.25 

respectively) wh ile energy was positive (T = 1.75). 



VARIATE : CUTICLE 

GRAND i•'£AN 

I DATE 

SPECIES 

s.54 

AUTUMN 
(April) 

8.,36 

FESCUE 

13.13 

TABLE XIII ~-

~!eans of cuticle area in faec0.s collected :i.n April, August~ 
November e,nrJ. February, o.nd of i ri diviC:uci.l species over the 

four combir:ed collect.ion cL.:it':!s 

TABLE OF i!.Eii.l-;S 

TOTAL !·;UMBER OF OBSEHV A.TIONS 28 

VJINTER SPHING SUMMER 
(Aur;ust) (November) (Febru.:try) 

7.87 7.97 9 q7 .. ; 

FLOATING REED FLAX 
SHEET Gl1ASS Cii.NARYGRASS 

16.11 6.47 14.,03 

YORKSHIRE 
FOG 

l+.,13 

***·** STANDARD ERRORS OF DIFFEREi,~CES OF I·IBANS ***-~* 

T/4.BLE DATE SPECIES 
-----------··----------------------------------
REP 
SED 

7 
2.000 

Lr 
2.61+5 

* Table taken from Genstat Printout 

RYEGRASS POPLAR 

2.,45 3 .47 . 

b• 
Vt 



CUTICLE 
FIBRE 
ENERGY 
NITROGEN 
WATER 

TABLE XIV * 

Corre lat ion :nr:ttrix - Degree of correlation between 

cuticle 2.rea. fibre. energy, nit.rogen :.:md wat':?.r content. 

1 1.000 
2 -0.lLi.96 1.000 

3 0 .101;.J 0 .. 1855 1.0000 

4 -0 .1713 -0.5155 O.JlSS 1 .. 0000 

5 0.2192 -0. 6331 0.0796 0 e3050 
., 2 .., 

Li-.J. ,J 

¥.· Table taken fro!"'l Genstat Printout. 

1.000 

. 5 

~:" 
0 

°' 
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Only l0e9% of the variance in cuticle area was 
accounted for by the effects of . fibre, energy, and nitrogeno 

A step up multiple regression analysis~ adding 
species, indicated that 66. S% of the var.iance in cuticle 

area was accounted for by a species effect. 

These results suggest therefore, that sambar do 

not select forage species on the basis of nutritional 
quality as determined by fibrep energy, nitrogen and water 
content .. Also, the fact that the 'Nutriex' and magnesiwn 
salt.blocks were hardly used by deer and no season.al 
differences in utilization were apparent, suggests that 
animals obtained sufficient minerals and nutrients from 
the available f orageo 

It seems then that palatibility and/or availability 
of forage species govern diet selection of sambar in the 

Moutoa area. 

8.J 

. 8.J.1 

.P.isc~sion of Breeding and ,Antler Cl.£les 

Australian Br~edi!lE; Data 
For breeding data Draisma (1979) had to rely on 

a sample of shot animals rather than field observations and 
such a sample must be treated with caution due to hunti.ng 
bias. 

Because of the relationship between antler condition 
and state of sexual activity (section 5.4.1) one would expect 
to find rutting stags in hard antler. Draisma found that the 
majority of stags taken from June to October were in hard 
antler with a peak number being shot in June, July and 
August. A similar trend is evident in a sample of 110 stags 
obtained by Bentley (1978). Combined data from Bentley, and 
Draisma (1979) were presented in tabular form (Table VII) 
and are graphed in Fig. 17 which shows antler condition 

superimposed on rutting data. 
A peak of animals in hard antler occur in August 

with a smaller peak in October. This partly agrees with the 
.breeding data as the peak of hard antlered animals, shot 

over June, July and August, is in accord with the peak of 

rutting activity apparent in August, although the smaller 



Figure 17: Rc !ationship between antler condi t ion and rutting act!vity 

in Australia 
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peak of hard antlered animals taken in October does not 
correspond to the second peak of rutting activ:i.ty seen over 
December and January. 

Stags in velvet were shot in·most months although a 

greater number were taken over March, April~ and May, 
corresponding to a period of lower rutting activity prier to 
the peak of rutting occurring in Juneo The number of stags 
taken in velvet were fewer than the number in hard antler. 
Behavioural differences between aniuals in velvet and those 
in hard antler, or hunting bias towards stags in hard antler 
may have contributed to this. 

Many Aust ralian hunters claim a peak of wallow use 
-and tree rubbing (indication of rutting activity) from May to 
June (Draisma, 1979) which is in accord with the antler and 
breeding data. 

Consideration of the available breeding and antler 
condition data (Fig. 17) and of the field observations made 
by hunters does seem to support Draisma's theory of two 
rutting peaks each year for Australian sambar. 

8.3.2 !ew Zealand Breeding Data 
Breeding data on New Zealand animals was presented 

in Section 5.3.3 (Table V). As in Australia rutting activity 
appears to occur over a large part of the year with t wo main 
periods viz., April through August peaking in June (early 
winter) and in November (late spring). These figures indicate 
that the major rutting period is over winter and this is 
further supported by data on antler condition. Figure 1$ 

presents antler condition superimposed on rutting data. 
The greatest nu.~ber of stags in hard antler were 

seen over the months June through November with a peak in 
July. In June and July no stags in velvet were seen and 
this is in accord with the breeding data which seems to 

indicate peak rutting activity over these two monthso 
Although the majority of stags seen from August through 
November were in hard antler, some were seen in velvet and 
this seems to suggest that over these months not all stags 
in the population are capable of breeding. This correlates 

with the smaller peak in rutting activf:ty indicated by the 
November bre~ding figureso 
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Figure 18: Relationship between antler condition and rutting activity 

in New Zea:and 
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'fhe great.est numb er of. stags in velvet were sighted 
during the months January t.hr ough May with peak numbers in 
Febr u.e.ry a nd March. This in fact co!'resp.cnds to t.he two months 

in whi. ch no rutting sign was observed. · Also, if it is assumed 

that sambar, like oth0r deer species, are in velvet for four 

to six months (Whitehead, 1972) then stags seen in velvet in 
January through M:ay could be expected to be in hard antler 
sometime between May and November, which would be in accor d 
with the actual dnt a on antler condition. 

Although those con~lusions are based on a small 
number of observations,. the fact that data was obtained from 
more than one source, principally field observations, 
minimises possible bias caused by selective sampling tech-· 
niques, and of course the evidence aligns with the almost 
identical breeding cycle in Australian sambaro It is also 
noteworthy that in Australia 1 Hog deer, a species possess­
ing many behavioura.1 similarities tci sambar (Dra:5_sma, 1979) 

rut at anytime of the year with a large peak of activity 
from May to JunE\ and a smaller pea.k betwe8n October and 

December (Taylor, 1971). 

8.3.3 

Stags in hard antler can be seen together with those 

in full velvet (Lydekker, 1898; Van Bemmcl, 1949; Farmer, 
1965; Whitehead, 1972). On this basis Lydekker~ Farmer and 
Whitehead have entertained the supposition that sambar do not 
shed annually. But this does not necessarily follow if one 
considers a populatfon that may exhibit continuous mating 
act ivity throughout the year with peak activity over winter 
and late spring to summer. 

If antlers were cast once a year and stags were in 
velvet for four to six months, as suggested by Schaller (1967) 
and Whit.ehead (1972), one would expect to see stags in velvet. 

together with those in hard antler, especially around the 
peak rutting periods (six months apart)o If stags rutting in 
early winter had been in velvet from early December the 
previous year and those rutting in November in velvet from 
July 0 some overlap would occur. 



Even though the Australian data on antler 

condition rnust be treated with some caution because of 

sampling bias, and the New· Zealand sample is sriall, the 

pattern of antler condition is nevex·theless suggestive 

of a 12 month cycle in sambar., This is subst ant iated by 

the siMilarity of the breeding cycles in Australian and 

New Zealand animals. 

r12 

Another argurr.ent supporting the theory of 

irregular 2ntler cycling is the fact that stags possessing 

excessively vmrn antlers have been t ·al<en on a nu!!:ber of . 

occasions (Logan, 1965; Draisma, 1979). But unless these 

an:i.r:aJ.s can be ac c:t:rately ased there is r:o way of 

deter!Tlining ho"' long a po.r7..icular set of antlers has been 

carried and various environme~tal or behavioura l f actors 

f"'ay have contributed to the wear. Drais1'r'la was confident of 

the accure..cy of the ei.geing technique used in his study of 

early antler development (section 5.4.3) and his results 

sugGest that staes could carry a set of antlers for more 

thHn 12 r."Onthsc A.Ha.rnett (pers. co~:~.), who has proved a 

very reliable observer f is also of this opinion so the 

possibility ceinnot ce discounted. Even so, it is to be 
rerer0.b ered that docurnented accounts of antler cycle in 
captive stags in a number of zoological gardens, parks 

and private estates throughout the world (e.g. 'i/oburn 

Abbey, Lydekker 1898; New York Zoological Garden, Crandall 

1964; Colcutta Zoological Garden, Sch2ller 1967; Pendeside, 

Australia., Drai srna 1979; 1-:elbourne Zoological Garden, 

Drc.isma, 1979; I·lanc.watu, Pew Zealand, Maher, pers. com11"1.; 
and l·:a.nm·;atu, Hew Ze aland, Shailer, pers. corr.rio) all. support 

antler shedding to be an annual occurrence, although not 

necessarily at the same time of year for individual stags. 

This widespre2.d regularity occurs in spite of the report 

by Brander (1944) that captivity may "disarrange" the 

sexual cycle. 

Brander (1923) had ea.rlier exphasised that 

antlers were shed yearly and Van Bemmel (19~-9) thought 

that the retention of antlers for over a year was ·"not the 

normal rule.'~ 

I consider theref.ore, that whilst exceptional 
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G~i~~ls or those in unusual circu~stances may carry antlers 

for rrc:::-i; t.han a year, such an event would be rare. 

Discussion of Craniometry 

$ .~.: . ~ Cranial Data 

Although small sample sizes prevented the 

t axono...,:. c so"'parison of !-~anawatu. s a;.i.bar with Rotorua 

ani~als as originally planned, an analysis of adult male 

and female skulls from the Manawatu population success­

fully demonstrated the existence of some sexually 
dinorphic characters. Besides the presence of antlers 

or pedicles (the most conspicuous secondary sexual 

characteristics) the most reli ab le measurements of 

sexual dimorphis~ in the crania were found to be the 

lateral neurocranium, occipital condyle width, anterior 
orbital width and posterior orbital width (see -7.5.1). 

Van Bem.iriel (1949) vrrote th at "the sexu2..l 

characters of the skull are t he result of sp8eial de!".2.nds 

made upon the structure of the skull by the heavy antlers 

•••• , The occipit a l part of the skull i n Males is entirely 

adc..pted to this purpose • 11 These ob s ervations are in accord 
with the cranial characters that were found to exhibit the 

greatest degree of dimorphism. 

In addition to the occipit al condyle width and 

posterior orbital width ( zygomatic breadth) t X·~ystkowska 

(1966) found that breadth of f acial tubers, maximum length 

of skull, length of mandibula, height of pars rostralis, 

height of neurocranium, and volume of cranial cavity were 

sexually dimorphic charact ers in red deer. He had a 

sample of 483 skulls and it seems likely therefore, that 

several other sexually dimorphic characters would be 

evident in a similarly sized sample of sambar crania. 

Antler Data 

Draisma (1979) recounted a persistent suspicion 

"that Victorian sambar stags tend to be overspread i.e. the 

length of the longest antler is less than the greatest 

width between the antlers." Antler spread was not recorded 
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in his project but he was able to obtain .antler T1'1easurements 
for 90 individuals from the Australian Deerstalkers' 
Association Trophy Register and for 53 t r ophy stags from 
the New Zealand Deerstalkers' Associa~ion. 

Calculations of antler spread from these sai:iples 
reveal ed that the ci.verage New Zealand sambar trophy was 
underspread (length of longest antler is greater than the 

greatest width between the antlers) by 3 .8% whilst the 
Victorian stags tended to be overspread by 6.6% and this 
Draisria concluded "showed definite racial differences 
between the two groups .. " 

In the present study antler spread was calculated 
for 13 Kan&watu and 12 Rotorua staes and in all specimens 
antlers were found to be underspread ( x = 14.4-%, s == S~l) 

thus supporting Draisma 's findings. 

The possibility of differences in the average 
antler spread of Roto:cua and 1-:2nawatu stags was suggested 
(see sGction 7.5.2) but discounted because this Has only 
indicated ei.t the 5% probability level by the i .. 2.nn-'.Vhitney 

test alone. If however a Type II error (Walker a.nd Lev, 
1969) has been co:-::mitted and the null hypothesis vi~ .• , that 
there js no dj.fference in antler spread betwee~ stags from 
the Rotor~a and Manawatu popuJations, should ha~e in fact 
been rejected, it could be that seinpling bias &nd not raciaJ 
difference i-Yc>.s the explo.nat ion. The Rotoruc. skulls, were 
Mainly fro~ ~n imals shot as trophies and therefore biased 
towards larger heads, where~s the Kanawatu sample co~prised 

a mixture of e.verage and trophy anirr.2.ls. 

None of the other antler characters ~easured 
indicated differences in antler fom between the two 
populations. 

Antler Deformities 

Draisma (1977) found that antler deformities 
were "not as rare as generally thought." Almost 13% (15 
out of 116) of all stags taken showed deformities. 

Several antler deforrriities were noted in this 

study. A nu;,ber of skulls from Rotorua and Manawatu had 
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antler·s that showed sign of having been damaged while in 

velvet o Club antlers were seen· in or.e stag at Moutoa and 

another stag in the area was known to have grown only one 

antler (i. ..• Hunter, pers . comrn o). An unaged Rotorua 

specimen h ad a palJT1ated right antler and a norn1al left 

antler. These abnormalities appear to have been caused 

by injury to the pedicle or growing antlers rather than 

by hormon al or hereditary factors, althol~gh one or other 

of these reasons was most likely the explanation for a 10 

point stag taken in the Bay of Plentyo This head, ov·med 

by J. Nicholson of Murapara has two " ac cessorial"(Van 

Bernniel, 1949) points on each beam. Van · Bemrnel found that 

such heads do occur in old anirrals, but unfortunately no 

teeth were available to age N:i.cholsor.' s specimen by. 

. . 
i15 

Apart from these abno!'T"e:tlities, antler forr1 of 

New Zec:.land sa1"'1b ar was found to conform to th at generally 

described for the rusine group (Lydekker, 1898; Van Bemmel, 

1949; Draism~, 1979). 

8.5- Comments on the Future of Sarnbar in New ZeaJand 

Sarr:bar have been established in the r.:anawatu since 

1S75. Although much of their original habitat has been 

destroyed because coastal swamps have been drained and -

scrub land brought into product ion as farmland or fore st, 

small breeding groups still exist in remaining pockets of 

suitable habitat. Once exotic forest beco,.,,es established 

sa~bar are able to recolonise the area, which shows their 

ability to adapt to new situations. 

According to Wodzicki (1961) sambar have dispersed 

little COT11pared with several of the ot~er introduced ungulate 

species and he suggested that this was "perhaps because of 

heavy shooting and their habitat requirements'! This see!!1S 

to be a reasonable supposition if one considers the decrease 

in coastal habitat that has occurred, and the increase in 

hunting pressure following the establishment of the game 

meat industryo Also, sambar are sought after as trophy 

animals and have been subject to this particular pressure 

for niany years~ However, not all shooters are "sportsmen" 

(Murphy, 1978) and shooting by spotlight, ofter1 illegally 
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on Crown Land or in State Forest has been a common practise .. 

Recent years have seen increasing intcr8st in 

sambar as people have come to realise that overexploitation 

has severely depleted numbers. In the 1940s there were 

est :lniated to be between ltOO and 500 sambar in the lt.anawatu 

(Wodzicki, 1950) but now they are relatively scarce (.L;.i.. 

Shailer s pers. cornrn.; A. Harnett, pers. comm~ ). A 1979 
census conducted by loca l branches of the New Zealand 

Deerstalkers' Association estimated the coastal population 
I 

to be as low as 60 animals (A. Harnett, pers. comm.). 

Survival in a number of areas has been due to 

active protection by pro:r;erty ovmers or managers such as 

the Hunters of r.~outoa, who have for a number of years 

endeavoured to preserve SO)'Tle areas of suitable saTbar 

habitat. 

In July 1980 a ban on shooting sambar in local 

State Forests was imposed by the ~inister of Lands and 

since that time sal"1bar have been accorded full protection 

for a limited period ( 5 years) in the 1-:anawatu o Without 

the combined efforts of various branches of The New Zealand 

Deerstalkers' Association it see~s unlikely that the 

situation regarding sal'T!bar in the 1.:anawatu would have 

otherwise received ministerial attention. 

The sambar population at l·1outoa is alrr.ost 

certainly a viable one, as is indicated by age structure, 

sex ratio and the occurrence of rutting activity. However, 

the population is subject to fluctuation as animals enter 

or le av e the area. If the reserve were to be left as it is 

now, it seems likely that the population vmuld survive .. 

But the study area is only a rerr:nant of the once large 

Moutoa flax estate, and with the draining of surrounding 

land for dairy production, the future of the reserve and 

animals within it is uncertain. 

There is a paucity of published information on 
sambar, particularly in New Zealand, and for this reason 

the aim of the project was to present a general account of 

their biology. However, som.e aspects studied i.nevitably 

apply rather po.rt icularly t~ the Moutoa flax swamp e .g e 

diet analysis and perhaps population structure. Nevertheless, 
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the techniques described are intended to b e appl icable to 

sambar study in a nu'fl'lber of different habitat types. 

J.'J,.., • . I 

Although I was frequently only a f ew metres from 

animals in the study a r ea, they n ever ca!'l"e to accept r:iy 

presence as did the red deer studied by Darling ( 1937 )~ 

Therefore observation had to b e m.ade fro~ places of 

concealment such as hides or suitable vegetation. 

In thi s study binoculars and a spotlight were 
u sed for night observation but for future studies the use 

of light int ensifying equip!"'ent would be a subst antial 

improvement. 

TI1e f aecal pellet method of diet anal ysis is 

p arti cularly suited to so.mbar study . Fo c;.ni'.'!"'-!. l s need to 

be sampl ed ; it is not necessary for an im als to even b e 
ob served, although subjective ob servat ior: is a u seful 

c.ddition; pellet collection can be ~o.cle during th e d2.y , when 

anima l s are l eo.st s..ct i ve a nd th ere for e di st, urbance is 

rn:i.nir.10.l . Further1Ylore the technique may be u sed in e:.reas 

where other herbivores a re also present, inc l uding other 

deer species . J. Knoi:ilton (pers . comm.) has fo und th2.t red 

deer pellets and sarnbar pellets c an b e r ead ily distinguished 

by th eir sh ape. Fo.ecal a n c:i. lysis would therefore be a 

va l uab le t echnj.que for future dietary re seetr ch in differing 

h abit o.ts . 

V/hether or not sal"'\bar and rusa do a ctua lly 

hybridise in the wild wQs not deter!""'ined. It seems like ly 

that so,..,e hybridisation occurs wh er e the t wo species a r e 

syr1pctric, but un l ess suffi c ient skulls b ecome avail able 

for a cra niornet ric s tudy or so~e other compar ative method 

such as tissue typing is used, it is l ikely to re~ain 

conjecture. 

Under the 1977 Wild Anil'l'lal Control Act the 

Forest Service has t he power to gazette areas to be set 

aside solely for recreational hunting purposes. Following 

submissions from hunting clubs it is Forest Service policy 

to investigate the potential of such areas and "set thing s 

in motion if suggested area s· meet the establishe d criteria" 

(H. Vipond , in lit.)o 



Since January 1979 when the Forest Service 

received a ::;ubniission from the Rotorua and Eastern Bay of 

Plenty branches of the New Zealand Deerstalkers' Association 

proposing the designat ion of certain areas in the Bay of 

Plenty as sarnbar deer recreational hunting areas, there has 

been increasing interest in the idea of sarribar !'.'anagement. 

A management policy would prevent future overexploit&tion 

of sarribar as has occurred in the past. 

However, before a management policy c~n be 

formulated for a particular area, a research programrne must 

be undertaken to determine the viability of the proposal. 

For saTTJbar this would ti"lean an investigation of a si111iJ.ar 

nature to this project and the followin£; questions would 

need to be answered: 

(a) How many animals inhabit the proposed recreational 

hunting area? i/ould the population be able to 

sustain continuous hunting pressure? 

(b) What is the breeding st2.tus of the population? 

Would replacement match loss due to hunting? 

(c) What forage species are eaten? Is there sufficient 

forage to maintain the population at the desired 

stocking level? 

(d) How laree are individual ho~e ranges and territories? 

Is the proposed area large enough? 

(e) Are the animals likely to beco~e a pro~lem and 

adversely affect the area? 

Because of the relatively short research period 
' (15 months), limited equiprrient and only a small herd among 

which disturbance had to be kept to an .absolute minin:um, 

the study had limitations. It was not for exar!'!ple possible 

to mark animals, night viewing equipment was not available 

and o.n average one animal was seen (often obscured or at 

considerable distance), for every 4 hours in the fieldo 

But it is hoped that this study will form the basis of 

future research into sambar deer in New Zealand. 

8.6 Conclusions 
-

The diet of sarnbar in the ~outoa study area 
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varied seasonally, but this did not appear to be related 

to seasonal changes in the nut~itional quality of forageq 

It seems therefore, that palatibility and/or availability 

of plant species determines the diet of ani~als in this 

area. Rank grasses and flax present in the reserve 

comp~ised the major dietary components. 

The fact that the seven· wire fence surrounding 

the flax reserve wo. s no barrier to sal'T'bar, and yet improved 

pasture species occurred infrequently in faecal sar1ples, 

indicates that competition between deer and stock for good 

pasture is minimal. However stock allowed access to the 

reserve do take deer forage. 

The l'·:outoa population is a breed:ine one and if 

left undisturbed should be capable of sustaining itself. 

Breeding appears to occur throughout the year with two 

peaks in rutting activity over winter 2nd 12,te spring/early 

stllT..,.,er. This is in a.ccord -V'ri th the breeding biology of 

.Australian sambar. 

Hinds usually give birth to one fa:\:rn each year 

althou ~h twins have been recorded • .._, 

StG.gs see~ ~o have a 12 month 2ntler ~ycle as 

do other Cervidae, but the ti~ing depends on the individual. 

Rutting st&gs mark a territory arourd a central 

wallow arna ~nd these territorjes ~re ~voided by other 

adult st G.8;S. -~8gre ssi ve t ehaviour is ra.re, possibly due 

to visual and olfactory cues demarcating the territory. 

Although both sexes use vocalisation as a ~eans 

of communicating danger, it is rare for rutting stags to 

roar in New Zealand. 

Herd structure appears to be fairly loose, being 

composed of s~all family groups, usually of a hind, yearling 

and fa.wn. Young stags tend to be seen in small groups of up 

to four animals, while mature stags are generally solitary. 

It wo~1ld seem that during the rut hinds are attracted to a 

particular territory and are not actively herded as in 

red deer. 

A study of their craniometry indicated several 

sexually dimorphic characters besides the presence of 
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pedicles and antlers. New Zealand staes were found to have 

underspread antlers and are therefore likel y to be racially 

different to Australian animals which tend to be ove1'spread. 

The phenotypes of a. number of anirl"als frorp the 

Bay of Plenty suggested possible sambar/rusa hybridisation, 

but this was not able to be verified using craniometric 

techniques o 

Sambar are predo1ninantly nocturnal. They require 

heavy understory cover and tend to avoid open areas. Their 

cautious nature ~nd c.b ility to rcadi.ly adapt to changes in 
their environment have been major factors deter~ining their 

survival for so ~any years despite persistent destruction 

of habitat, and severe hunting pressure • 

\. 



Common name 

. * Annual mouse ear chickweed 

Barley grass -'K# 

Beet 
·X# 

Bellis daisy 

* Ditter s1·1eet 

Black berry·:<;# 

Bracken fern (member of) *# 

*fJ. 
Broad leaved dock .; 

Broad leaved plantain*# 

Brown top ·X.,f: 

Cabbage tree *# 

Californian thistle 
· .· *# 
:Carcx 

-(­

Cat sear 

·'*fl Chickweed 
~­

Clustered dock 

Creeping bent 

* 

Creeping buttercup *fl 
. *1/ Crested dogstail ' 

·X:!f 
Dandelion ' 

* Eleocharis acuta 

Field bindweed *!/ 

* · Field madder 
"K,Jf 

Flax / 

Floating sweet grass *# 

GOats rue *If 
* Hawkbit 

Hemlock *# 

Italian ryegrass *If 

Lotus major 'C// 

APPE~IDIX 1 
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Sci.ent.ific name 

.Cerastiurn glorn8ratum Thui.11 -------·-----
Hordcum rmu~inum L .. 

Beta spp. -- . 
Bellis perennis L. 

Solanum dulcamara L. 

Rubus fruticosus agg. 

Hypolepis tenuif olia 
"(Forsf~BernE:·-· --

Rumex obtusifolius L .. 

Plnntago major L. 

Agrostis tenuis Sibth .. 

Cor-dyline austral:Ls (Forst"f.,) Endl 

~ir~ium arvens~ (L) Scop. 

Car~ spp. 

Leont.odon taraxacoides (Vill.,) 
~rat 

Stellaria media (L) VLU. 

Rwnex conglomeratus MuITo 

Agrostis stoloniferc: L 

Ranunculus repens Lo 

Cynosurus cr:istatus L .. 

Taraxacwn of fieiDJ~le 
Weber ~ Wiggers 

Eleocharis acuta R.Br. 
Convolvulus arvensis L., 

Sherardia arvensis L. 

Phormium tenax J.Ro et G. F'orst. 

Glyceria declinata Breb, 
G. fluitans (L) R; Br. 
Galega officianalus L. 

Leontodon taraxacoides (Vill .. ) 
M6rat 
Conium maculatum L. 

Lolium multiflorum Lam. 

Lotus pedunculatus Car. 



Appendix 1 continued 

Lupin ( sec Tree lupin) 

Mahoe 

Maize II 

Manul-::a 

*# Narrow leaved plantain 

Pampas grass 

Penny royal 
*# Perrenial ryegrass 

*"'f: Poa annua " 

Poa pratensis *# 

Poa tri vialis *# 

Polygoneum decipiens ----*. 
Poplar t · 

Potamogeton crispus 

Praire grass *# 

* Prickly sow thistle 

Radiata pine 

Ragwort 

Raupo *# 

-1(-

Reed canarygrass 

Ripgut brome *fl 

*# 

* Ru_p.E_ia Y.oly_carpa 
Rush *# 

Ryegrass (see Italian and Perennial ryegrass: Hl 
denotes hybrid of these two species) 

Sand spurrey * 
* Scirpu~ lacustris 

Scotch thistle * 
Slender wineed thistle * 

* Sow thistle 

Stinking mayweed *# 
*# Suckling clover 

Swede 

Sweet vernal *# 

Tall f escue *II 

Timothy *# 
*If Tree lupin 

" 
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Melicytus r.'.uniflorus 
J:R:"-et G. Forsta 

Zea ma;ys 

Plantago J.anceolata L. 

Ccrtaderia selloana (Schult.,) 
Asch et Graeb __ _ 

Mentha pulegj.::im I,.. 

Lolium perenne L .. 

Poa annua J,. 

Poa_pratensis Lu 

Poa trivialis Lo 

Polygoneum deeip2-en~ R~ Br .. 

Populu.s spp. 

Potrunogeton ~!_2-sp~ L. 

Bromus catharticus Vahl 
l~o unioloides auct). 

Sonchus aspere L. Hill. 
-

pi.nus r adiata Do Don~ 

Senecio jacobaea L. 

Typha orientalis. 

Phalaris arundinacea L. 

Bromus diandrus Roth. 

Ruppia polycarpa R.. Mason., 

Juncus spp. 

Spergularia rubra (L) 

Scirpus lacustris L. 

Cirisium vulgar~ (Savi.) Ten. 

Carduus pycnocephalus L. 

Sonchus oleraceus (L). 
Anthemis cotula L. 

Trif olium dubium Sibth. 

Brassica rutabaga 

Anthoxanthum odoratum L. 

Festuca arundinacea Schreb. 

Poa pratense L. 

Lupi.nus arboreus Sims .. 



Appendix 1 co:1tinucd 

'1urni p 

* Veronica serpyl]j_f olia 

Water celery ·:E-

Water pepper 

* Water plar.tain 

White clover *# 

Willow 

Willow weed *fl 
·X­

Winged thistle 
~­

Wireweed. 

Yarrow * 
:,:.// Yorkshire fog 

* Species found at Moutoa 

# Cuticle reference 

.. 
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Brassica rapa 

Veronica serpyD_ifolia L. 

Apiwn__229diflo~!!]. (L.) Lag .. 

Polygonum hydropiper L"' 

Ali~_r~. p1aEtago - ciquatica L. 

Trif olium repe~. L~ 

Salix spp. 

Polygor.um persicaria L .. 

Card.uus tenuif lorus Curt. 

Polygonum avicula r e agg. 

Achillea millefoli um L. 

Holcus lanatus L., 
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APPENDIX 2 

!:!onthl:r_~:_r:in erature an~_humidity recordings 

Mean maximum Mean minimum Mean maximum Mean minimum 
temperature temnerature humidity humidity 

---------- ----------
Feb 20.0 8.8 77.5 48.0 
Mar 20.2 10.5 76 .. 2 51.8 
Anr 19.6 9.6 77. 2 52.9 
May 18.7 8.4 77.9 53.1 
Jun 17.7 7.2 78.3 53. 7 
Jul 16.8 6.4 78.4 54.0 
Au g, 1A.5 6.1 78.4 53.6 
Sep 16.1.+ 6. 5 78.5 5L~.1 . ' 

·. ·. Oct 16.6 6.8 78. 5 53 .2 
Nov 16.8 7.2 78.6 53.7 
Dec 17.3 7.6 78.6 53. 7 
Jan 18.1 8.0 78. 6 52.2 
Feb 18:6 8.5 78.1 50.2 

. -

------------
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APPENDIX 3 

Hecord of deer sightings and weather conditions at Moutoa. 
(Clou.dy == Cloud cover> 50'/o; F'ine = cloud cover< 50%; Overcast ,, cloud 
cover > 50% plus periodic showers; Rain == continuous precipitation; 
Windy == blu.stery conditions ) 

Date Stags Hinds Juveniles Unidentified Weather 

3/1/00 0 1 0 l Overcast 
11/ 2/00 0 1 1 0 Cloudy/ windy 
12/2/80 1 2 0 0 Firn)windy 
4/3/00 0 4 1 2 Cloudy 

10/3/80 2 2 0 1 Fine/vr.indy 
11/380 2 3 0 1 Overcast 
12/3/ 80 1 3 1 0 Rain 
1?/3/ 00 2 0 0 0 Overcast/windy 
28/3/00 1 0 0 0 Rain 
10/4/00 1 1 0 0 Rain/windy 
23/4/80 0 1 1 4 Fine 
29/4/80 0 0 0 1 Overcast/ windy 
30/h/ 80 2 2 0 3 Overcast 
1/5/80 1 2 0 2 Fine 
3/5/80 0 0 0 2 Overcast 

. . 4/5/00 0 0 0 4 Cloudy 
. . . ··8/5/80 0 3 0 0 Fine 

19/5/00 0 0 1 2 Fine/windy 
20/5/80 0 3 2 l~ Cloudy 
26/5/00 0 1 0 5 Cloudy 
27/5/80 2 0 2 11 Cloudy 

5/6/00 0 0 0 1 Overcast / -wi.ndy 
6/6/80 0 1 0 2 Cloudy 

11/6/00 0 . - 1 0 0 Cloudy 
12/6/80 1 0 0 3 Cloudy 
18/6/80 0 0 2 3 Fine 
19/6/ 00 0 0 0 2 Fine 
24/6/80 1 1 0 2 Overcast/windy 
25/6/80 0 0 0 3 Overcast 
1/7/80 1 0 1 3 Fine 
2/7/80 0 0 0 2 Overcast 

15/7/00 0 1 0 5 Fine/windy 
16/7/00 0 1 0 2 Fine 
21/7/80 0 0 0 2 Overcast 
27/7/00 0 0 0 2 Cloudy 
28/7/00 0 0 0 2 Cloudy 
29/7/80 0 0 0 1 !.; Fine 
30/7/80 1 0 0 3 Cloudy 
4/8/00 1 0 0 1 Fine 
5/8/00 0 0 0 1 Overcast/windy 
6/8/00 0 0 0 2 Cloudy/windy 

11/8/00 0 0 0 3 Overcast/windy 
12/8/80 0 0 0 2 Overcast/windy 
13/8/80 0 0 0 2 Overcast/windy 
18/8/80 0 0 0 3 Cloudy/windy 
21/8/80 2 0 0 6 Rain 
25/8/80 0 0 0 4 Overcast/windy 
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Appendix 3 continued 

Stag Hind Juvenile Uhidentif ied Weather 

1/ 9/80 0 0 0 5 Rain/windy 
2/ 9 80 0 0 0 3 Overcast/ vr1nd.y 
3/ 9/00 1 1 0 2 Cloudy 
8/ 9/80 3 1 2 0 Overcast/windy 
9/ 9/00 0 0 0 8 Overcast / windv 

10/ 9/00 l 0 0 2 Overcast/windy 
17/ 9/00 0 0 0 -1 Overcast/windy 
23/ 9/80 0 1 0 1 Overcast/windy 
30/ 9/00 0 0 0 1 Overcast 

1/10/00 0 0 1 2 Overcast 
. '7/10/00 0 1 0 4 Fine 
8/10/00 3 1 2 5 Fine 

11/10/80 1 1 1 4 Cloudy 
14/10/80 2 1 0 1 Fine 
15/10/80 3 5 2 l+ Overcast 
16/10/00 1 2 1 1 Rain 
21/10/so 1 2 0 0 Fine 
22/10/00 1 2 0 5 Overcast 
29/10/80 0 0 0 1 Ovcrcast/ vd_nd.y 
30/10/80 0 1 0 1 Overcast 
4/11/00 1 0 0 1 Cloudy 

, 5/11/00 1 1 0 0 Overcast 
11/11/80 0 2 0 0 Rain 
12/11/00 0 0 0 1 Cloudy 
19/11/00 0 1 1 1 Overcast 
20/11/80 1 0 0 0 Overcast 
26/11/80 1 0 0 1 Overcast 
2/12/00 1 0 0 0 Cloudy 

10/12/80 0 2 0 1 Cloudy 
21/12/00 1 0 0 0 Cloudy 
4/ 1/81 1 1 1 0 Fine/windy 

19/ 1/81 1 1 0 3 Cloudy 
20/ 1/81 1 0 0 1 Cloudy 
26/ 1/81 1 0 0 0 Fine 
23/ 7/81 0 1 0 1 Cloufw 
18/ 8/81 0 0 1 1 Fine windy 

Totals 49 62 24 167 
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Animals that died at Moutoa dur'ine study period 

Date 

February 1980 

18/3/80 

circa 7/5/80 

16/6/80 

16/6/80 

22/7/80 

_22/7/80 

22/7/80 

July 1981 

Sex 

Hind 

Unkn mm 

Hind 

Hind 

Hind 

Stag 

Hind 

Hind 

Stag 

* Unconfirmed 

3-} years 

Unknovm 

9 years 

Unlmown 

Unknown 

Mature 

Mnture 

8~- years 

4 years 

Cause 

Unexplained (skull recovered) 

Shot by poachers 

Shot by poachers (skull and rumen 
contents recovered) 

* Shot by poachers 

* Shot by poachers 

Shot by poachers 

Shot by poachers 

Shot by poachers (entire skeleton 
recovered: Plate 15) 

Shot by poachers (skull recovered) 



Date. 

Barl~y gr a:s :s' 

Ccibbage tree 

Chickweed 

Fibre 

Flax 

Fl oating 
:sweet grass 

Poa sp 

Poplar 

Reed canary 
gras :i 

Re:i i n 

n:,·egrus 

Tall re s cue 

Unident ified 

Dec 
7/12/79 

N. D. 

N.D. 

Jan 
3/1/00 

N.D. 

N. D. 

F'eb 
12/ 2/00 

N. D. 

N. D. 

Ma r 
5/J/00 

N . fl . 

N. D. 

* .. 

·#, "'-'• 

APP::~mrx 5 

Unit a ::-eas of forage compone!'lt !I occur::-ing i n f11 cces collect ed ea ch mont h 

(Fo r plant spc c ies : a r ea : cuti cle area) 

A~!" 

17/4/00 

N.D. 

t lay 
1/5/00 

~l . D. 

1.iun 
6/6/00 

N. D. 

Jul 
2/7/00 

N.D. 

* * 

Auf, Sep Oct 
6/8/00 3/9/00 1/10/00 

* * 0 . 02,;:0 , 02 0 , 11,0, 09 N. D. 

Nov Dec 
6/11 3 12 80 

N. D. N. D. 

N. D. 0 .09! 0.09 0 . 51! 0 . 22 0 . 98!0 . 59 0 . 71 !0 . 15 0.85!0 , 2) 0 . 37!0. 15 0 . 30!0.12 N.D . 

J2n 
5/1/81 

N.D . 

Feb 
2/2/81 

':i .. D. 

0 . 35'.o . 22 0.05=0.05 

N.D. 0.03! 0.0J 0 . 21!0 .03 0 ,02!0 . 02 0 . 42:0 . 17 0 . 73:0 . 24 1. 1 :O. J 0 . /.9:0 . 10 N. D. 0 .17!0 . 07 0 .09:0 .0b N. D. 0 . 12'.0.0b 0.15:0.07 0 . 10:0 . 10 
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ArPE:i'.Jl X t· - ----
Crudr i ·rotci n co:1t cnt. (-~ ) o f fo1·at'.<' si·c·c it>: ; }~i l r0,r:rn v;ilucs S . E. in br.:icket::. 

17/ 1. /c'JJ 6/Bi<."J 6/11 /t'-..' 1,/2/81 

Cili ckwecd 1 <; .1. 2 ).3 J<;' . 6 

(3.!l !\J,01) (1..o~,1.08) (3.l'!O. Oi) 

Fla>: b:i~.( ' ~ Jo O c'1 .4 6.? 6. 5 

(0 ,92:0 , 05 )• ( 1,0)!~l.00). ( 1. J7!u , oo) • ( 1,04:'.0.0l )• 

Floating 
23.1 2).2 17.9 13.l sweet gra s~ 

(3.6 9! 0.00) « (3. 71!0.0l) 2. 86!0.0i) (2.09!0 ,00) 

Poplar bark 4.1 9.6 3,7 

(0. 66! 0.07 ) (1. )J!G. 00 ) (0.59:.0 .00) 

Poplar twii;~ 7,3 s.3 13.1 7.4 

(l.17!0.0J)* (l. 33! 0.00) (2.09!0.0l) (1.19:.0.03)* 

Reed 6.6 ~1. a 22.3 12.l 
canar.rgra s~. 

(1.06!0 . 00 ) (3.49!0.00) « (3. 57!0.00) 1.94!0.01) 

Rye grass 20.6 21.2 15.3 13.1 

(3.30!0.0>)• (3,39!0.o:?) (2.l. 5!0.01) (2.09! 0.01) 

Tall fcscu e 13.9 17.l 15.2 12.6 

(2.2:::!0. o::) (2 . 73!0.0l) (2.43!0 .00) (2.0210 . 01) 

Yorksr.irc: for; 22.3 2::.4 18. 7 10.1 

(.3. 56!0. '.)'.)) . (3. S'?! o.oo; (2.99:.0.01) (1.62! 0,01 ) 

« !~ J ~it;ni.!"ica:lt. ~i !'fcrenc c ~t 1) . ~5 r r cba:;.:.1::..t.;: len:l betwer::-i t ::i:; 
val:.i e and t ~e : al lowi ng value, 
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APPENDIX 7 

Energy content (Joules) of forage species 

17/4/00 6/8/00 6/11/00 4/2/81 

Chickweed 15892±241 17541±314 
Flax· base 17982±196 * 18812±157 17769±7* 17832±33* 
Floating sweet grass 18819±81 * 19437±200 * 19756±177 18945±40* 
Poplar bark - 18)02±11* 18536±135* 18929±35 
Poplar twigs 15835±935 19727±87 20303±95 19117±73 
Reed canarygrass 17932±161 19060±298* 19588±109 18200±15* 

Rye grass 16581±88 18758±35* 18?76±16* 18653±152 

Tall rescue 18719±2 * 18646±48 -'If 18958±124 18442±20 

'Yorkshire fog 17855±158 19210±95* 19284±37 17638±2 * 

* No significant different at 0~05 probability level between this value 
and the following value 
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t-~ 
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Al'Pi::NDIX 8 

17/4/L'D 6/8/l!O 6/ll/80 4/2/31 

ChickweerJ 21.9!0.6 • 20.1~0.6 

Flax l>ase 3: •• 7!1.3 ;:l.9!1.1, • 2).9:!0.9 * 26.2!0.6 

f)o:itinc~ r,wecl fr"s~ 21.S!0.1 • 22.l!0.2 J2.l!0.5 .. J}.8!0.1 

Poplar bark 47.5!0.7 55.2!1.1 .. 49 , 3~ l.J 

Popl:Jr lwigs 42.4!0.5 57.9!0.5 52.2!0,2 61.1:'.0.6 

Reed canarygrass J3.3!0,6 a>. 7!0.1 27.J!0.2 32.8!0.J 

Rye grass 20. l!O.J 2J.8!0.4 26.J!0.1 30.9!0.2 

Tall fescue 28.9!1.2 * 29.0!0.1 J6.6!1.4 * 35.4!0.1 

Yorkshire fog 20.6!0.1 24.7!0.9 * 24.2!0,6 J8.2:!:0.2 

* No significant difference at 0.05 probability level between t~s value and 
the followin~ value 

APPEIIDIX 9 

Water content (;{) of foraee species 

17/4/00 6/8/00 6/11/00 4/2/81 

Chickweed 92.9 92.6 90.9 

Flax base 85.5 84.9 86.5 84.9 

Floating sweet gr as~ 81.8 81.1 81.1 65.1 . 
Poplar hark 58.9 57.6 50.J 

Poplar twigf. 57.6 5J.1 62.2 72.9 

Reed canarygrass 61.1 79.2 00.5 66.J 

R,yegra~s 78.1 81.1 77.9 50.1 

Tall fescu~ 74.5 76.? 79.1 65. 5 

Yorb;:iirc for, 8'< c J . , BJ.9 8 2.9 60.o 

" 
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Appendix 10: New Zealand antler data (raw) 
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Appendix 11: New Zealand cranial data (raw) 
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