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S ECTI OR 1. INTRODUCTION 

1.1 The Problem 
I 

Ungulate populations are seldom stab~le. Annual fluctuations 

in theq-rder of five to ten percent are, common and eruptive oscil

lations of gre~atttr magnitude o'c'easionallyoceur..Rilley (1964) 

developed the'thesis that nintrodueed populations of large herbi

vores, ·if undisturbed, normalTy follow a pattern of adjustment to 

the new environment wb;ich"consists of a single eruptive oscillation". 

He considered 'that· this sequence of events does not differ in kind 

from eruptions' occurring in well-e'stablished ungulate popula tions 

and that·itis triggered by the same circumstance: "a large dis

crepancy between the number of animals the environment can carry, 

and the number of animals actually present". 

Fluctuations in numbers and rate of increase are relatively 

easy to observe and measure, but they simply reflect changes in the 

population's composition and the life history of its members. In 

themselves they do not reveal the nature of these changes. Rate 

of increase is a function of age structure, sex ratiO, fecundity 

and survivorship, and the population's size reflects the history 

of these. But we are largely ignorant of the changes in these 

parameters resulting in the upswinging phase of a fluctuation, and 

the proximate cause, in terms of these parameters, of a decline in 

numbers. 

1.2 Statement. of Intent 

The purposes of this study are: 

(a) To examine the growth and spread of an ungulate popula

tion following liberation, in terms of dispersal rate, birth rate, 

death rate, fecundity, survivorship, rate of increase, age distri

bution and growth rates. This will require consideration of ways 

in which the demographic attributes of a population can best be 

measured. Age-specific mortality patterns and their interpreta

tion are probably the most neglected aspects of ungulate biology 



The first graph shows numbers on the vertical axis 

against time on the horizontal axis indicating an 

eruptive oscillation followed by post-decline stabilityo 

Graphs to the right represent the same process occurring 

in similar habitat, but at later dates, as the nucleus 

population spreads into areas progressively more remote 

from the point of liberation. Modified from Riney (1 jo 
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and this aspect will be explored in greater detail. 

(b) To test Rine~'s (1964) model depicting the sequence of 

even ts following liberation as an eruptive· oscillation. 

These aims ean best be served by studying an IHl,gulate whose 

pattern of spread is not confused by overlapping distributions 

originating fram two or mora point of liberation. The task is 

further simplified when births are single~ the season of births 

haa low variance and individua.ls can be agedo Chamois (RupieaEra 

!ul;>i:apra) and thar (Hemi tra~~ jemla~.£~:~) mos t closely approach 

this ideal in New Zealand~ and of the two, thaI" are easier to age. 

For these reasons the thaI' was chosen for stUdy. 

MOB tof the data reported here comes from this species 9 but 

this report should not be read as a monograph on thaI' or even as an 

attempt to monograph a circumscribed part of its biology. The thar 

is used simply as a study animal in an attempt to examine properties 

common to many ungulate populations. However, thar do not live in 

a vacuum and the demography of thar populations will make little 

sense without some knowledge of the animal and its habitato Seotion 

2 provides, therefore, a brief description of habitat, natural history 

and indigenous range. 

This study deals with the growth 9 stabilisation and decline of 

populations~ a subject impinging directly on the problem of the 

regulation of populations. The latter topic has van rise to 

numerous conflicting and overlapping theories and models 9 those of 

Nicholson (1933, 1955), Andrewartha and Birch (1954)~ Lack (1954, 
·1966) Milne (1957) and Wynne-Edwards (1962) being the best known. 

But I have purposely refrained from entering this ~ontroversy or 

from suggesting, on the basis of this study, that one model is more 

appropriate than anothero This restraint is Que not to lack of 

interest on my part but to the belief that the problem cannot be 

solved by argument from a single caseo 

Figc 1.1 shows the hypothetical change in numbers after a 

successful liberation of ungulateso It is a simplification of 
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Fig. 2 in Riney (1964). The sequence of events following 

liberation ~s p±cturadas a progressive increase in numbers 9 a 

levelling off t a deeline, and finally a. phase of relative stabi

lity reached through progressively dampened oscillations. By 

Riney's model the same sequence of events occurs in areas to which 

animals disperse. At the dispersal frontv density is increasing; 

further back into the range the population has reached a peak; 

nearer the point of liberation the population has attained rela

tive stability at a lower density. These zones move outward from 

the center like the expanding wave generated by a stone thrown in

to a pond. The sequence following liberation (or introduction by 

dispersal) can, by hypothesis, be observed both at one point over 

a range of time, and a~ one time over a range of distance. 

Both Riney (1964)and Howard (1965) divided the postulated 

oscillation into four arbitary stages. Their stages are defined 

partly by attributes of the popUlation and partly by changes in 

vegetation. The two classifieations are not congruent~ and al

though each has merits in itself, neither is entirely satisfactory 

for the purpose of this study. To this end I will erect four 

hypothetical stages defined only by attributes of the populatioDI 

1) "initial increase" stage 9 covers the period between the 

population's establishment and the attainment of the initial peak~ 

2) "initial stabilisation" stage continues until the popula-

tion commences a significant decline, 

3) "decline" stage covers the period of this decline, and 

4) "post-decline!! stage refers to the period thereaftel·. 

This classification is not advanced as an alternative to those 

of Riney and of Howard, but as a means of circumventing 9 for pur

poses of investigation, the causal connotations gf those systems. 

The main part of this study deals with population phenomena 

in different parts of the present range of thar in New Zealand. 

Thar have dispersed outward from the liberation at Mt Cook in 1904, 

but differences in habitat and topography have cancelled any 
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tendency to disperse equally in all directions" The effect has 

been to modify severely what would prohabTy have been an expanding 

circle of distribution" The "radius l ! along which dispersal rates 

have fluctuated least is the eastern flank of the Southern Alps 

(see Section 3). This quadrat was chosen for study" Areas were 

selected wi thin it that should contain the four defir!ed stages 9 if 

Riney's model is valid. The areas are mapped in Fig. 1.2 and 

numbered by the population stage predicted by the hypothesis to be 

present. 

A mark-recapture programme of the sophistication necessary to 

determine demographic statistics was judged totally impracticable. 

The alternative of working on shot samples of the population in 

each area was accepted instead. 

1041 __ ~ut£~~ateria~ 

The postulated "increasing population" (stage 1) was sampled 

a little inside the breeding range of the species. One sample was 

shot between November 1964 and February 1965 in the Rakaia Valley~ 

and the Clyde and Lawrence branches of the Rangitata Valley" A 

second sample was shot the following summer in the latter two 

branches during Novembert December and the first half of January. 

The pooled sample of 368 autopsies will be referred to as the 

"Rangitata sample"~ and the component samples of 253 and 115 animals 

will be termed the flRangitata 1" and ilRangitata 2" samples, 

Stage 4, the "post-decline population1!1 was assumed to occupy 

the area around the point of liberation because this the only 

area from Which there is clear independent evidence Df a previous 

decline in numbers (see Section 3). Thar were apparently liberated 

at the mouth of the Hooker Valley, and would y have first 

colonized this valley~ and the Tasman val Df which the Hooker 

is a branch~ before spreading further. 

1965 a sample was shot in the Hooker 

In and February 

~ and augmented by a 

[OPPOSITE] Fig. 1.2~ Showing areas from whieh 

some numbered according to the popUlation s 

hypothesis to be present. 

were taken, 

by 

. 
. ~, . 
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few shot in the Tasman Valley over the same The combined. 

sample of 72 animals will beterme~ the "Hooker Sample". 

The model predicts that 5 2 9th~ iiini tial stabilisa tion 91 

stag~ will be found about midway between the dispersal front and 

the area containing a stage 4 popula.tiono and Macaulay 

Valleys are in the appropriate BJ:'ea and 1090 thaI"' were shot in 

these valleys between November 1963 and February 19640 Most of 

the animals came from the Godley Valley and ccmsequen tly the total 

sample, which by hypothesis represents a stage 2 population, is 

termed the "Godley sample". 

It follows from the model that a stage 3 

should occupy an area between those containing 6 

popula ti on" 

2 and stage 4 
populationso For logistical reasons this area was inconvenient to 

hunt. A sample was therefore taken the same distance B.outh-west 

rather than north-east of the point of liberation o These two 

populations should be at about the same stage and they inhabit 

similar terrain. A sample of 162 animals from a postulated stage 

3 population was shot in November and December 1964 in the Dobson 

Valley. 

In addition to the four summer samplas for investi-

gating Rineyis mode1 9 a sample of 48 animals was shot in November 

1965 = February 1966 in the Copland Valley west of divideo 

Four samples were shot east .of the divide in .inter~ 62 in June 

and 107 in August 1965 from the Godley Valley, and 33 in Apri19 

and 200 in May 1966 from the Havelock Val These samples will 

be discussed when the data are examined in de 

A test of Rineyls model depends 

Godley sampleso The Rangitata 

pal~n the Dobson and 

comes fro~ B population 

obviously increasing. while the Hooker represents a popula-

tion that has decline These states are assumed to represent 

stages 1 and 4~ and the areas for s 2 and 3 were chosen only 

on their geographic relationship to the areas ting the 

other two stages. RineyVs model will be considered vindicated if 

the data gathered from the Godley and Dobson appear respec-

tively to come from stationary and declining 
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In theory these tests could best be carried out by studying 

change in numbers over a ~ew years~ but in practice this method 

poses large problems. ~Difficulties of topography, different 

degrees of private and government shooting, differential degrees 

of wariness, and a failure to establish an assessment technique 

based on counts of faecal pellets, all militated against measuring 

density to the required accuracy. The investigation was therefore 

limited to indices of the populations' general wellbeing. By 

hypothesis, rate of increase of the Rangitata population should be 

positive, rates for the Godley and Hooker populations should be 

zero and close to zero respectivelY9 and the Dobson rate should be 

negative. A corollary of these hypothesised rates is that such 

statistics as growth rate, fecundity, survival and fat reserves 

should be highest for the Rangitata population and lowest for the 

Dobson population', with those for the Hooker and Godley populati',?Ds 

falling somewhere between. Much of the study is based on popula

tion statistics of this kind. 

,I 
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SECTION 20 THE THAR 

~~tragus is a genus of goat bovids placed by Simpson 

(1945) in the tribeCaprini of the sub-family Caprinae. The 

natural range of the genus is disjunct~ one form occurring in the 

mountains of eastern Arabia~ another in the hills of southern 

India, and a third in the Himalayas. The forms traditionally have 

been assigned specific status but there is little justifi on for 

classing them other than as races (Charles 1957). Charlesos 

suggestion is followed here and the three forms will be treated as 

The disjunct distribution suggests that previously thar were 

more widely distributed, a postulation supported by a report of thar 

teeth in French strata of Pleistocene age (Koby 1956 9 Charles 1957). 
The discovery suggests that this alpine species had a wide Indo

European distribution during cold periods of the Pleistocene and 

that its range has since contracted as warmer conditions restricted 

the alpine habitat. No fossils are available to plot the distri-

bution of this genus before the Pleistocene: He~itr~~ _s,-=o __ ~ ___ , __ 

and H. E~ri~~~!~ reported from the Indian Pliocene by Lydekker 

(1878) are considered by Pilgrim (1939) as referable respectively 

to the genera ~!~~~EE~ and eras. 

2.11 The Arabian Thar 

Little is known of the Arabian race g~~~ak~o It was 

described by Thomas (1894) from two specimens said to have been 

shot by A.S.G.Jayakar on the Jebel Akhdar Rangs 9 although Thesiger 

(1949) claims that Jayakar bought them in a Muscat market. It 

seems likely that the species was first seen alh'e by a European in 

1948 when Thesiger secured two specimens on Jabal Hafit Mountain~ 

about 80 miles inland from Abu Dhabi on the Persian Gulf (Thesiger 

1949~ 1959). Thesiger (1949) reports that this form "appears to 

be confined to the mountains of Oman~ and on Jabal Hafit I found 

it was not uncommon. They lie up under shallow overhangs among 

the stark beetling cliffs 9 where they are difficult to locate or 
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approach They frequent the mountain top and at this 

season [April, equivalent to October in the Southern Hemisphere] 

the males appear to live apart while the females are in small 

parties of two or three. They usually descend to drink at dawn 

from deep rock pools in the gorges along the foot of the mountain 

It appears from their tracks that some of them came down 

from the high ground to graze ll • The mountain is practically 

devoid of vegetation and water (Thesiger 1959). 

This report represents all that is known of the race. 

~l§' The_!:iil~ri~har 

The Nilgiri Hills of southern India is the stronghold of 

~~~yl££rius. Recent surveys yielded counts of 338 in 1955 

(Pythian-Adams 1955) and 292 in 1963 (Davidar 1963) in this range. 

Thar also occur "in suitable places along the lower end of the 

Western Ghats [the chain of mountains along the west coast of 

India]. Unfortunately they are not well protected in these 

places and the popUlation cannot be large" (Davidar, pers.comm.). 

'§':"lL!~~ Hi!!!al~an Th~E. 

~~l!mla~!~~ inhabits the southern flank of the Himalayas 

from Kashmir. through the Punjab, Himachal Pradesh and Nepal to 

Sikkim (Wrenicke1943, Bailey 1944~ Ellerman and Morrison-Scott 

1951 ~ Frechkop 1955 and Das 1966). Prater (1931+) considered that 

it also occurs in Bhutan, but does not provide evidence for the 

assertion. 

On the basis of ten specimens collected by EoSchaefer in 

Sikkim, Pohle (1949) erected a further sub-species, H. haeferi, 

for the thar of that region. He differentiated this postulate 

form from that in Nepal mainly on alleged differences in pelage 

and horn spread. 

Pohle was apparently unaware of seasonal changes in pelage 

colour of thar, and has compared the winter pelage of the Sikkim 

specimens with descriptions of summer pelage of specimens collected 

furthe r wes t. 

The alleged difference in the curve of the horn is based on a 
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small sample. The horn curve of thar" in New Zealand (which 

originated from the main Himalayan population) is variable and the 

degree of curvature appears to depend p~rtly on the increment of 

growth in the second year of life. The horn form described by 

Pohle lies well within the range of variation found in New Zealand. 

Pohle (1949) does not make a good case for morphological dif

ferences between thar in Sikkim and Nepal. Nor does Schaefer (1950) 

argue convincingly for geographic and genetic isolation of the two 

populations. The sub-species is therefore not recognised here. 

The habita~ of the Himalayan thar has been described as dense 

forest interspersed with rocky bluffs (Ward 1922~ Prater 1934) but 

these writers appear to be paraphrasing Blanford (1888) without 

acknowledgement~ who, in turn, is quoting a personal communication. 

In contrast, Hodgson (1833) reports that the species is "confined 

to the regions in the vicinity of the snow". This need not imply 

a great altitude as he reports that a sheep (apparently avis 

~mmon) occurs above the zone utilized by thar. Schaefer (1950) 

describes the preferred habitat as sparsely vegetated hillsides 

covered with rock debris, and bare eroded gullys. W. Bengal (pers. 

comm.) of Darjeeling ufound them rather partial to large slips 

adjoining their habitat, the bamboo brakes. 1I 

Although the reported descri;l~t,;tons (rf habi ta t differ somewhat, 

the general impression is of a habitat fairly similar to that in 

New Zealand. The differences lie mainly in plant communities in 

the Himalayas having no ecological equivalent in this country. 

202 Thar in New Zealand 

2.21 The environment 

From the liberation at Mt Cook in 1904~ thar dispersed north 

and south on the east of the main divide, and crossed the divide 

to colonize parts of the Westland high country. Their present 

range is about 1 j4 00 miles
2

• 

The South Island of New Zealand is dominated by a mountain 

chain, the Southern Alps, and distribution of thar is greatly in

fluenced by the topography of this mountain chain. At its highest 





the main divide exceeds 10,000 feet in many places, but its 

average altitude lies between 7,000 and 9,000 feet. 

10 

Deep valleys cutting into the flanks of the alps separate 

interfluvial ranges extending out from the divide. On the eastern 

side the valleys are broad, and their glacier-fed rivers flow to 

the plains over wide beds of shingle. The rivers west of the 

divide, although large, are essentially mountain torrents. They 

plunge through narrow gorges, typically losing 7,000 feet of alti

tude in 15 miles before disgorging into the Tasman Sea. 

Vegetation west of the divide reflects the persistent rain 9 

exceeding 300 inches per year in the valley heads. Rain forest 

dominated by rata (~etrosidero~ ~bellata) and kamahi (~~~~nia 

racemosa is replaced at 3,000 feet by a dense band of alpine 

scrub which in turn gives way to alpine grassland. In the south

west the forest zone consists of silver beech (~£!hofag~ 

~~~~~ii). The alpine grassland is broken by bluffs of rock 

often too steep to hold soil and vegetation. Grasses and herbs 

decrease with altitude to a limit at 6 9 000 feet. Above is a zone 

of bare rock, ice, and perpetual snow. 

East of the divide the rainfall decreases sharply down valley; 

200 inches per year in the valley heads drops to 60 inches within 

20 miles. The vegetation is predominantly tussock grassland but 

a zone of beech forest occurs in the north and south, with pockets 

of podocarp-broadleaf forest between. The continuity of the 

tussock zone is disrupted by extensive bluff systems of bare rock, 

and by numerous shingle screes and avalanche gullys extending from 

permanent snow to valley floor. 

2022 The habitat 

Thar groups typically live in the sub-alpine zone near a 

bluff system to which they retreat when disturbed (Figs 2.1 and 

2.2). Most animals occur between 4 g ooo and 59500 feet but are 

seldom found on valley sides where the ridge crest is below 6,500 

----------------------------
[OPPOSITE] Fig. 201: Typical thar habitat east of the main divide~ 

Carneys Creek off the Havelock Valley. Photo: J.HoG.Johnso 





11 

feet. Ridges lower than this tend to have gentle side slopes 

(i.e. (40 0
) which are not favoured. Table 2.1 shows that north 

facing and east facing sunny slopes have the highest densities in 

both winter and summer. 

Table 2. '1 

Percentage of animals of all ages and both sexes shot on slopes of 

different aspect in the Godley Valley 

Season 

Jan 1964 
Aug 1965 

North South 

------------------------
35 

39 

9 
11 

East 

37 
48 

Like most ungUlates, thar are gregarious. 

five kinds: 
(a) mature-bull groups, 

(b) immature-bull groups, 

(0) nanny-kid groups9 

(d) yearling groups 9 and 

(e) rutting groups. 

West 

18 

1 

No. 

467 

99 

Groups are of 

The mature-bull groups consist principally of bulls older 

than three years of age. A typical group 

individuals. The largest I have seen was of 

ts of five to ten 

bulls in North= 

east Gorge 9 Macaulay Valley. Depending on local topography v a 

mature-bull group may have a summer range well separated from those 

of other groupings (as in the Godley, MacaulaY9 Landsborough and 

Tasman Valleys) or bull range may be interspersed between summer 

ground of the other groupings (as in the Dobson and Murchison 

Valleys) • 

[OPPOSI Fig. 2.2: Typical thar habitat west of the- main divideg 

south side of Copland Valley. 
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Immature-bull groups consist mainly of males aged three and 

four years. Between four and eight animals per group is typical. 

Groups larger than ten animals are rare. 

Nanny-kid groups consist of females of all ages and males up 

to an age of two years (Fig. 2.3). These groups inhabit the most 

broken country utilized by thar and are most common on the steep 

slopes of side valleys. Group size appears to vary with density 

and at medium density a group of this type typically contains 

between ten and thirty animals. The largest seen by me comprised 

87 animals in the head of the Landsborough Valley. 

Yearling groups form only between mid-November and mid-January 

when some yearlings of both sexes leave the nanny-kid groups during 

the season of births. These ephemeral groups disband thereafter 

and the individuals return to the nanny-kid groups. Although 

yearling groups are more mobile than the others, they seldom move 

far from the nanny-kid range. This group is fairly standard in 

size at between four and eight members. 

In winter the nanny-kid groups are joined by mature bulls to 

form the composite rutting groups (Fig. 2.4). Typically these 

consist predominantly of females and juveniles, but with three or 

four bulls within the group and another three or four on the 

periphery. 

The groupings defined above are real entities but their com

positions are often modified by one or two animals whose sex and 

age are not typical of the grouping. 

Fighting is extremely rare. I have only once seen an animal 

butt another, and this momentary altercation between two females 

did not result in a fight. Sexual fighting between males has 

never, to my knowledge, been observed. It could be argued that 

fighting may occur at night, but despite examination of several 

hundred pairs of horns from bulls I have yet to see abrasion of 

horns consistent with damage by fightingo The anterior keel of 

the horn is relatively delicate and should show sign of damage if 

fighting were commono 

[OPPOSITE] Fig. 2.3: A nanny-kid group in the Havelock Valley. 

Photo: J.H.G.Johns. 
. , 
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Thar are even less vocal than most ungulate An 

alarm call given by both sexes~ often accompanied by the 8 

of a foot is a shrill whistle that carries several hundred 

Only one other call has been heard by me = a low bleat 

occasionally by kids. 

2 24 Seasonal 

The season of births begins in November j and a female leaves 

its group before giving birtho She returns to the group with her 

kid two or three days after tion. By the end of 

the season of births is over. 

In the mature=bull groups to break up and the 

bulls move to the nanny-kid range. In some valleys this entails 

a movement of several miles while in others the average distance 

is considerably less. At this time most nanny-kid groups have 

no bulls in attendance but a small proportion are accompanied by 

a few bulls. 

By May most nanny-kid groups have been transformed into rut

ting groups by the presence of several bulls. This grouping forms 

about a month before the peak of rutting~ which is probably about 

the beginning of June (Section 6)0 

Henderson and Anderson (1961) suggested that copulation takes 

place at night because they had never observed it. My data sup

port this suggestion. I have only one record of copulation - at 

5.25 p.m. on 26th August 1965. 

By September the mature bulls have withdrawn from the nanny

kid groups and form mature-bull groups on the, same ground. These ,. 
eventually make the way back to their summer range, the move

ment being completed by mid-November. 

2.25 P~~age 

Sexual dimorphism is extreme in this 

pelage of mature males consists of black hair 

The winter 

15 em 

[OPPOSITE] Fig. 2.4: A rutting group showing mature bulls 9 

females and juveniles in the Havelock Valley. Photo: J.B.G.Johns. 
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long and a mane of hair of about 25 em. The belly is off-white. 

Females of all ages have a roan coat~ as do males during their first 

winter. In the second and third winters the male coat is grey 

and the mane is only partially developed. All animals have a 

layer of fine under-wool beneath the guard hairs. 

Both pelage layers are moulted once per year, but at diffe~ 

rent times. The animals come through the winter with dark pelage 

and the bulls at least probably act as black bodies that absorb 

solar radiation. As the weather becomes less in October 

the under-wool is moulted and the guard hairs of both sexes bleach 

to an off-white. Thus during the summer when temperatures in the 
. 0 

thar range can rise to 90 the pelage~ freed of underwool~ acts as 

a reflector. The guard hairs begin to moult in January! the 

moult starting at the hair focus on the withers. Wool fibres 

can be detected between the hairs by February. The result over 

the latter part of the summer is a short Pe that would not 

interfere too much with heat exchange. By Apri19 when tempera-

tures are again falling, the winter coat of guard hairs and under

wool has grown to full length. 

~g2 __ Clim£in~ab!!itl 
Thar are perhaps the most accomplished rock climbers of the 

animal kingdom. They can move with ease across a slab of rock 

that would stop a competent, fully equipped mountaineer. Usually 

they move methodically across a face by picking their way slowly 

along ledges. Should the ledge narrow to less than one cm they 

will move back a little and jump to a lower ledge. But when 

disturbed thar can run at top speed across l up or down sub-verti

cal faces, the direction depending on the source of danger. When 

smooth rock is encountered during a hasty traverse they use the~r 

momentum to hold them on the pitch while out slightly so 

that the weight is projected into the face rather than down the 

fall-line. A mountaineer uses the same technique of weight 

distribution when climbing on rock lacking foot-holds. 

When travelling at speed down a face, thar usually run head

first down a slab and jar to a momentary halt on the first 



15 

available ledge before continuing. As a means of creating friction~ 

large bulls often slide on their be11ies for short distances down 

smooth slabs. 

Kids follow their mothers across rock faces within about three 

days of birth. A kid travels closely behind its mother and dupli-

cates each of her actions. When a female is shot she often runs a 

few yards along a and then falls off. On several occasions 

I have seen a kid follow a shot female in her short run and then 

jump off after her~ apparently in the belief that she is only 

jumping to a lower ledge that the kid cannot see. 

A hazard of living in a bluff system is the frequency of rock-

falls and avalanches. Both usually give a noisy war~ing and ani-

mals in the vicinity move at speed out of couliors onto nearby ribs 

of rock. I have not seen an animal hit by either rock or avalanche. 

Although thar climb rock with consummate skil19 they are less 

at home on ice or hard snow. They usually move across it very 

slowly. In one instance thar have been seen to slip in these 

conditions. C.H. Challies (pers.comm.) described the incident as 

follows: 

"Several inches of snow and some drizzle on 10/6/65~ followed 

by a freeze that night, resulted in icy snow conditions that re

quired the use of crampons and ice axes for climbing. The thar 

were noticeably reluctant to move onto snow and could be approached 

to close quarters. A group of 10+ nannies and a bull positioned 

on a steep bluff were stalked to 300 feet from below. In quick 

succession three animals, including the bull~ fell from the bluff. 

This was probably at the time the group took fright, These three 

were badly injured and probably would not have re overed". 

This record deals with atypically treacherous conditions. But 

even when snow conditions are normal i thar do not appear confident 

on steep snow (i.e. )60°) even though much of their activity in 

winter is necessarily spent in these conditionso 

~o27 Daill movemen! 

In general there is a daily vertical movement of nanny-kid 

herds downwards in late afternoon from the bluffs to feeding areas 
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on grassed benches. The groups begin moving back to higher 

levels at dawn and rest during the day in the bluffs. This move

ment is very marked in some valleys and less so in others? the 

diffe~ences correlating with the grain of the country. Where the 

valley sides consist of steep ribs separating avalanche guts9 daily 

movement is predominantly vertical and the distance between feeding 

area and resting area may be up to 29000 feet in summer. Where 

the strike of the rock strata is close to horizonta1 9 so that bluffs 

and grassed benches are interspersed at the same level! daily move

ment often has a marked lateral component. 

Daily movement of the other groupings has the same trend but 

is more variable. The movement in winter follows the same pattern j 

but movement of all groups is more restricted. 

The herd home range of a nanny-kid group averages about 19500 

yards across! and groups recognisable by their composition can be 

located in the same general area week after week. Several efforts 

to drive nanny-kid groups off their home ranges produced the same 

result each time: the group allowed itself to be driven for a short 

distance and then broke back above or below the source of disturbance. 

2.28 Seasonal movement 

Seasonal movement of nanny-kid groups is very restricted. 

Contrary to what might be expected 9 the winter snows that blanket 

the thar range do not force the animals down-hill or down-valley. 

The mean altitude at which 657 females were shot in the Godley 

Valley during the 1963-4 summer was 49420 feet with a standard, 

error of 30 feet. But in June 19659 when the snow line was 29500 

feet, the mean altitude at which 38 females were shot was 59370 ~ 

60 feet. There is a tendency for groups to avoid gentle country 

that they use in summer because the snow cover is deeper in these 

places and the vegetation is buried. They also avoid to a greater 

extent in winter the slopes that, due to quirks of local topography 9 

are prone to plastering by nor-westerly snow storms and the conse

quent formation of a wind-slab surface. But these changes in 

utilization of ground are local effects and the group remains 

during winter in the same general area as in summer. 
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In contrast to the restricted movement of females, mature 

bulls move seasonally between their own summer grounds and the 

ground utilized throughout the year by the nanny-kid groups. 

Depending oti topography and the "traditional" pattern of utilized 

range within a valley, these movements may be between one and 

several miles. Some small valleys consist almost entirely of 

nanny-kid range (e.g. the Hooker Valley) while others are occupied 

almost exclusively by bulls (e.g. North-east Gorge, Macaulay Valley, 

in 1964). In such cases the bulls must move out of one valley 

into another before contacting nanny-kid groups. 

Movement of immature bulls appears to duplicate that of the 

older males, but their s~asonal movement and utilization of dis

tinct summer and winter ranges is less marked. 

Both mature and immature males are occasionally found many 

miles beyond the breeding range of the species. There seems little 

reason to consider these individuals as other than lost. They are 

probably animals living near the edge of the range whose pre-rut 

movement fortuitously took them outside the breeding distribution 

of the species. Movement of males up to 50 miles from the breeding 

range may be accomplished over two seasons rather than in a single 

move. 

2.3 ~~~i~ 

Caughiey (1965) correlated length frequency modes of thar horns 

with the number of growth rings typifying each mode frequency. On 

the basis of this analysis he postulated that a growth ring is laid 

down on each horn during every winter of life other than the first. 

Geist (1966) subsequently provided the first critical test of the 

commonly made assumption that horn rings of bovids are laid down 

annually. He showed from tagged animals that a ring is laid down 

each year on the horns of Ovis ~~~~~si~. These two studies 

taken together suggest that a count of horn rings is a reliable 

index of age for thar. 

Tooth eruption is a useful alternative criterion of age for 

immature animals when horns are unobtainable. The horn sheaths 
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of animals found dead often become detached and blow away; and 

among animals obtained by shooting the horns are sometimes knocked 

off as the animal fallso 

Table 202 shows mean age at which each permanent mandibular 

tooth erupts, and the variation around this ageo The figures are 

from Table 6 of Caughley (1965) except those for M,o In the cited 

paper only approximate values could be given for that tooth because 

data collected in winter were insufficient to determine mean age of 

eruption ~ith precisiono The insufficiency has since been recti-

fiedby data from 36 kids shot in May 19660 Of these, 34 had 

erupted M1 0 The data were combined with the appropriate summer 

data reported by Caughley (1965) and analysed by the methods given 

in that paper. This allowed a reasonably accurate estimate of age 

at eruption that showed the approximate age given previously was 

in error by one month. 

Tooth 

Table 202 

Mean age and variability of eruption of permanent 

mandibular teeth 

Mean age of Standard Age interval in which 
eruption de'Vtation 95% of eruptions 
(months) (months) occur (months) 

---------------------~---

M1 3~ 1 1~ = 5~ 

M2 11~ 2 7~ = 15~ 

11 17 2~ 12 = 22 

M3/1 2 26 1~ 23 = 29 

P3 29~ 3 L'3~ = 35~ 

P2/P4 30 3~ 23 = 37 

13 42 5~ 31 = 53 

C 64~ 10 44~ = 841-2 

----------------------------------~--------------------~----------I 
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SECTION 3. DISTRIBUTION AND DISPERSAL 

301 Liberations 

In 1904 a thar population was initiated in New Zealand. Three 

females and two males were released in the vicinity of the Mt.Cook 

Hermitage (Donne 1924~ p.200), probably on the slopes of Mt.Wakefield. 

These animals were presented to the New Zealand Tourist Department 

by the Duke of Bedford and were selected from his captive herd at 

Woburn Park. 

The Woburn population was started in 1894 (not 1897 as given by 

Donne) with two thar purchased from an animal supply firm based in 

London. Two more were bought the next year from the London 

Zoological gardens, and up to 1903 a further 19 animals obtained 

from unrecorded sources were introduced into the herd (Do Talbot, 

for the Duke of Bedford, pers.comm.). Thus the five thar intro

duced into New Zealand in 1904 came from a population whose gene 

pool was contributed by 23 animals, many of which were probably 

close relatives. 

In 1909 a further gift of thar from the Duke of Bedford resulted 

in a liberation of six males and two females in the same area (Donne 

1924, p.201). Between 1903 and 1909 six more thar had been intro

duced into the Woburn herd, and the 1909 liberation probably resulted 

in an expansion of the gene pool of the New Zealand population. 

In 1909 a liberation was made in the North Island when two 

females and a male were released near Rotorua (Donne 1924, p.201). 

This liberation failed. 

In 1913 three thar were released at Franz Joseph Glacier 

(Thomson 19229 p.60) and in 1919 fo~r were obtained from the 

Wellington Zoo and released on the Sealey Range (Anderson and 

Henderson 1961) close to the original point of liberation. Both 

liberations were probably of animals descended from the 1904 and 

1909 lib~rations and would not have introduced Dew genes. 

The New Zealand population has a gene pool contributed by 13 

animals, all of which came from a population whose gene pool was 

restricted to the contributions of 29 animals. 
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3.2 Distribution in 1 

In mapping the distribution of thar it is important to 

differentiate the breeding range from the extension of this range 

attributable to wandering males. A map made by linking extreme 

points at which thar of unspecified sex were recorded will give a 

completely erroneous indication of the dispersion of the population. 

Fig. 3.1 shows the distribution of thar in 1966. Where a 

distance less than two miles separates a given group of females and 

juveniles from its nearest neighbouring groups, the intervening area 

is mapped as within the breeding range. 

The 1966 boundary in Fig. 3.1 is drawn mainly from surveys on 

the ground in the period 1963-6. The areas investigated east of 

the main divide were: 

Waimakariri catchment: True head; 

Rakaia catchment: Wilberforce, Mathias, Rakaia, Cameron and Swin; 

Ashburton catchment: South Ashburtonj 

Rangitata catchment: Clyde, Lawrence and Havelock; 

Opuha catchment: South Opuha; 

Waitaki catchment: North-east Gorge, Macaulay, Godley, Cass, 

Jollies, Murchison, Tasman, Hooker, Dobson 

and Ahuririj 

Clutha catohment: Hunter and Dingle Burn. 

West of the divide the ground inspection was limited to~ 

Arahura catchment: 

Hokitika catchment: 

Cook catchment: 

Karangarua catchment: 

Hooker Range West: 

HaBst catchment: 

True head; 

Whitcombe and Wilkinson; 

True head and Fox Glacieri 

Architect, Ruera, StrauchaD, Copland, Douglas, 

and Karangarua; 

Mahitahi, Otoko and Moeraki; 

Landsborough, Zora, Clarke and Wills head. 

The following valleys were inspected oniy from the air at 

c.200 ft from the cliff face at an altitude of c.5,OOO ft: Tatare, 

Callery, and Victoria. Mr. M. OiReilly has reported on an aerial 

survey of the Wanganui catchment and has provided valuable 
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information on distribution in other areas west of the divide" 

Fig. 3.1 shows that the total breeding range in 1966 can be 

divided naturally into three main areas containing circumscribed 

populations. For ease of reference they will be called the 

eastern population (the population east of the divide) 9 the 

southwestern population (that in south Westland) and the north

western population (that extending north from the glacier region 

west of the divide) 0 

The liberation west of the divide in 1913 was in the present 

gap separating the two western populations, indicating that this 

liberation was not successful. 

3.3 Dis tion in the Past 
--------.--.-----~~~-~-;~.~ 

Wodzicki (1950) mapped the distribution of thar in 1947 but 

did not differentiate breeding range from areas occupied only by 

males.' This small-scale map does not show the main divide 9 rivers 

or ranges that would allow accurate location of the range boundary. 

Wodzicki (1961) gives a fUrther version of the range in 1947 but 

this map differs considerably from that of the 1947 range published 

in 1950. Wodzicki (1961) also maps thar range in 1960, but the 

small scale and smooth boundary suggests that it is largely dia

grammatic. 

Anderson and Henderson (1961) map the 1961 distribution against 

a background of rivers! main divide and subsidiary rangeso Their 

map allows accurate fixing of the mapped boundary but does not dif

ferentiate breeding range from gross range. 

The most accurate map published to date is by Christie and 

Andrews (1964) of gross range in that year. However, the survey 

reported here indicates that their map is inaccurate in the southern 

part pf the range. Several areas mapped as inhabited by mobs of 

6-15 and 15+ animals offer no evidence of have been occupied by 

other than wandering maleso 
---.--
[OPPOSITE] Fig. 3.1: Breeding ranges of thar in 1936, 1946 9 1956 
and 1966. 
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Fig. 3.2 

Diagram of dispersal from the point of liberation at Mt Cook 

(dot). Populations are labelled and the main is shown 

as a broken line. 
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These maps were produced at a time when knowledge of thar 

distribution was less detailed than now 1 and for purposes requiring 

less precision than the present attempt. They cannot usefully be 

compared with the mapped distribution in 1966 (Fig. 3.1)1 either in 

terms of breeding range or gross range. Changes in distribution 

over the period between the base dates of these mapsl and of the 

map presented here, are probably of about the same order as the 

mapping inaccuracies. 

~32 __ ~~~!~ry_£f-£~10niz~ti~ 

Little is known of the early history of the growth of the thar 

population. In 1915 a group of 13 was recorded on the Sealey 

Range and larger groups had been seen previously (Thomson 19229 

p.60). Donne (19241 p.201) recorded 18-20 seen in 1916, a group 

of 50 seen in 1918, and reported that his latest information was 

that the herd numbered over 100. 

miles of the point of liberation. 

These records are all within ten 

Appendix A gives all information I have been able to gather on 

distribution and dispersal between 1920 and 1966. Despite its 

fragmentary nature it gives a consistent picture of distribution 

after 1936. Fig. 3.1 also maps breeding ranges in 1936, 1946 and 

1956 as derived from these data. I am confident that the distri

butions mapped east of the divide are close approximations. Those 

for the southwestern population are presented with slightly less 

confidence l and those for the northwestern population owe more to 

imagination than to data. 

Fig. 3.2 shows the directions of dispersal away from the point 

of liberation. It is based on data given in Appendix A. I am 

satisfied that it produces the essential features of what actually 

happened. 

Dispersal from the nucleus population was initially north

east and south-west, parallel to the divide and on its eastern 

flank. The divide was then crossed both north and south of the 

point of liberation, resulting in the establishment of two discrete 

populations on its western flank. Quite recently at least one 

other population (the Mathias population) has been established by 



23 

trans-divide dispersal, this time from west to east. 

Caughley (1963) reported the rate of dispersal as 101 miles/ 

year, arid compared it with that of other ungulates in New Zealand. 

The rate for thar was second only to that of chamois. In all 

cases dispersal rate was measured as the maximum distance between 

point of liberation and the farthest breeding colonYI divided by 

the lapse of years. This is one measurement of dispersal rate~ and 

in most cases is the only one that can be calculated, but its weak

ness lies in the implied constant velocity of expansion. 

Table 3.1 gives rat~s over several periods of time for each of 

the three main populationsc Those for the eastern populations 

should be reasonably accurate while those for the two populations 

west of the divide are presented only as indications. These 

"maximum rates" are calculated as the distance between the edge of 

the breeding range at time one i and the farthest breeding colony at 

time two that has been founded by progeny from the chosen point on 

the time-one boundary, divided by the time lapse. Distances were 

measured from Fig. 3.1 and are no more accurate than the data on 

which it is based. 

Table 3.1 suggests that dispersal rates are not constant but 

take some time to build up to a constant value. This appears to 

hold whether the dispersal is north or south, but the mean rates 

differ in these two directions. For the eastern population at 

least, dispersal north appears to be about twice as fast as south. 

Rates for the two western populations~ although less accurate~ are 

also consistently higher for dispersal in the northerly direction. 

The reason for this is not known. 

3.5 Models of~isE!!:~ 

The pattern of dispersal should allow testing between models 

incorporating different assumptions on the mechanism of dispersal. 

Only two models will be tested j one in which dispersal is a conse

quence of density alone, while the other pictures dispersal as a 
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Table 3.1 

Tentative dispersal rates of fema~thar 

Population 

Eastern 

NorthWestern 

Southwestern 

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

Period 

1904-36 

1937-46 

1947-56 

1957-66 

1957=66 

1947-56 

1957-66 

Miles per year 
-------

North South 

0 0 3 005 

105 009 

2 0 0 1,,2 

200· 1,,2 

204* 0.9 

0.6 LO.2 

0.4 LOo2 

• These values do not take into account a recent 

unconfirmed report of female thar in the Waimakariri. 
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product of diffusion. Neither is likely to give a complete 

explanation of the mechanism of dispersal and the aim of testing 

them is simply to see which extreme is the closest approximation 

to the observed pattern of spread. 

Model 1: Dispersal is pictured as a forcing of individuals 

out of an area so that optimal density is maintained. If rate of 

increase is constant at a value of r~ then successive doublings of 

area will occur over constant intervals of time. If R is the 

radius of the distribution and a is constant~ the relationship 

between time (t}, area, and rate of increase is 

rt ::; ae 

If area increases exponentially then both radius and dispersal rate 

increase exponentially. 

Model 2: In contrast to the previous model, this one assumes 

that dispersal is not caused by a forcing out of individuals but is 

analogous to the diffusion of molecules. To make the model a 

little more realistic 9 the molecules are considered as reproducing. 

The appropriate mathematical model is the diffusion equation 

(borrowed from physics) modified by a term for rate of increase~ 

& + ry 
dt 

when t = time, x = distance, y = densitY9 r = rate of increase and 

a = constant. Kendall (1948) and Skellam (1951) have shown that 9 

starting from a compact initial source, the rate of dispersal in 

this system soon reaches a constant value and increase of radius 

then linear with time. 

Test of mod 

Table 3.2 shows areas of breeding range occupied at different 

times, for each population. The values are calculated by cutting 

out and weighing distributions mapped in Fig. 301. Each distri

bution is expressed in miles
2 

and radial equivalent, the radius of 
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Table 302 

Areas and their radial equivalents of breeding 

ranges at different times 

------- ------ --------
Population Year Area2 Radial 

(miles ) equivalent (miles) 
-------------------------

Eastern 1936 137 6.6 

1946 324 10 0 1 

1956 668 14.6 

1966 1~155 1902 

----
Mathias 1966 11 1.7 

------
Southwestern 1946 8 106 

1956 58 4.3 

1966 86 5.2 

Northwestern 1956 50 4.0 

1966 142 6.7 

---------
Combined 1936 137 6.6 

populations 1946 332 10.3 

1956 776 5.7 

1966 1 9 394 2101 

---- --= 

[OPPOSITE] Fig. 3.3~ Regression of radial equivalent of breeding 

range on time for the eastern thar population 9 showing a linear 

trend consistent with dispersal by diffusion. 
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a circle of this area. 

Tne two models will be tested only against radial equivalents 

of the eastern population both because data from the other popula

tions are questionable and because these populations have been 

established for a much shorter time. 

Fig. 3.3 shows the regression of radial equivalent on time. 

From 1936 to 1966 the points are closely tracked by a straight 

line and are inconsistent with the model requiring an exponential 

relationship between radius and time. The span of time should be 

sufficient to show what would be a marked exponential trend if one 

existed. 

The model picturing dispersal as a process of diffusion seems 

to be mOre applicable than one based on an effect of pressure o 

This conclusion suggests that the major influence on the rate of 

dispersal is innate and that "population pressure tl is less impor

tant. 

The result is similar to that obtained by Skellam (1955) from 

analysis of the spread of muskrats (Ondatra zibethic~) in central 

Europe. Both stUdies tend to support Howard's (1960) concept of 

Itinnate dis;persal". 

The age classes responsible for expansion of the breeding 

range have" riot been identified with certainty. Two modes of dis

persal are possibilities requiring verification: 

(1) dispersal of year-old males and females during the 

season of births when they are excluded from the nanny-kid groups 

and form small mobile parties, and 

(2) dispersal by parties of mature female6~ or females and 

their offspring, that break away from a nanny-kid herd and colo

nize new territory. 

The first hypothesis would appear the most likely by analogy 

with other species (see Howard 1960 for discussion on juvenile 

dispersal) but the age distribution at the edge of the breeding 

range argues against itb Of 11 females shot during the 1964-5 



summer on the north bank of the Rakaia, an area colonized by 

females about 1962, four females of ages five~ six, nine and 

ten years were included in the sample. Even more significant 

is the 18 year-old female shot in 1965 on the south side of the 
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Copland Valley, an area colonized about 19550 These data argue 

for colonization by mature females, at least in some instances. 

Thar apparently spread well north of the point of liberation 

before crossing the divide to the west. What data are available 

suggest that this crossing was made from the head of the Godley 

Valley. The lowest part of the divide in this area is Sealey 

Pass at 5,800 ft. Evidence from present distribution argues 

strongly that females have never crossed to the west over Copland 

Pass (6,800 ft) within a few miles of the point of liberation. 

This is no small point. These two ice passes are very similar~ 

altitudes differ by only 1,000 ft, the slopes are about the same 

angle, and approach crevasses form the same pattern. By moun

taineering standards both passes are easy and both are well below 

the maximum altitude at which female thar have been observed. 

But thar apparently crossed the Sealey Pass and did not cross the 

Copland Pass. Had they done so the present pattern of distri

bution would now be quite different. Dispersal of thar therefore 

contains a weighty component of indeterminacy and although past 

patterns can be extrapolated into the future, mathematically 

impeccable predictions can be mocked by chance events. But with

in the frame of this caution I will attempt a few general predic

tions. 

Since 1936 the radial equivalent of the eastern population 

has been linear with a slope of 0.423. Hence 9 over that period 

0.423 miles have been added each year. This value is the mean 

rate of dispersal in all directions. It unlikely to be a 

meaningful measure of dispersal rate in 9iological terms because 

movement west is impeded by the high portion of the Southern Alps. 

Thus dispersal in some directions must necessarily be zero, and 
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these zero values are included in the calculation. However, the 

increase in radial equivalent can probably be projected into the 

future to give a likely future area of breeding range for the 

eastern population. The radial equivalent in 1966 was 19.2 

miles. By 1970 it will be approximately 20.9 miles (19Q2 + 4 x 

0~423), and by 1976 it will be about 23.4 miles (19.2 + 10 x 00423). 

These values imply areas in miles
2 

of 1,1 in 1966, 1,370 in 1970 

and 1,720 in 1976. A similar prediction for the other populations 

is not justified by adequate data. 

If the previously outlined trends in utilization of habitat are 

maintained, and no reason is apparent for their imminent change~ the 

following predictions should be approximately accurate: expansion 

of breeding range north at the present rate can be expected until 

Harper Pass is reached. Thereafter the rate should decrease, the 

decrease being most marked east of the divide. This slowing down 

of dispersal is postulated because the country north of Harper Pass 

is neither as steep nor as high as that further south. It is 

poorer habitat. North of Lewis Pass the rate should again increase 

as the Spenser Mountains are colonized. This is good thar country. 

Eventually parts of the Northwest Nelson high country should be 

colonized but at a relatively slow rate. Several years after the 

Spenser Mountains are occupied the Inland Kaikoura Range and then 

the Seaward Kaikouras are likely to be colonized. 

The Westland gap in breeding range should eventually close by 

northward expansion of the southwestern population and dispersal 

south from the northwestern population. The southwestern popUla

tion will slowly colonize the heads of valleys draining the Hooker 

Range and then, together with elements of the eastern population 

expanding into the Hunter and Wills, will cross the Haast Valley. 

Thar will then probably disperse down the high country between 

Lakes Wanaka 9 Wakatipu~ Te Anau and the Tasman Sea, at the current 

slow rate of southward dispersal. 

Dispersal westwards, away from the divide 9 will be severely 

restricted by lack 'of suitable habitat, and coastal ranges such as 

the Paparoas are unlikely to be colonized. Colonization of the 
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subsidiary ranges extending east of the divide is well advanced at 

the present time and the process is likely to continue for some 

time at its present slow rate. 

The high country of Central otago is not good thar habitat 

and is unlikely ever to be included within the breeding range, 

although wandering males should appear there occasionally~ as, in 

fact, they have already done. 
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SECTION 4. GROWTH 

This section compares the growth rates of animals in popu= 

lations along the sampling transect. 

Total length was chosen as an index of size and was measured 

as distance between the tip of the nose and of the tail (excluding 

hair) along the curve of the back. Because analyses of this 

nature require considerable data to allow comparison between 

populations, measurements of animals killed between 15 November 

and 15 February were pooled. The Dobson sample and the Hooker 

sample were each collected over only part of this period and there

fore cannot be used individually~ but when pooled they form a joint 

sample that covers the same spread of collecting time as the Godley 

and Rangitata samples. This joint sample will therefore provide 

a "growth rate" that is a compromise between the rate for a 

declining (by hypothesis) population and the rate for a population 

recovering from a decline. These two conditions should not differ 

greatly in their physiological effect on growtho Pooling of the 

Dobson and Hooker samples is an unfortunate necessitY9 but the 

growth rate derived therefrom should give useful information if 

interpreted with caution. 

4,1 A Measure of Growth 

The growth curve of mammals is complex 9 and the formulatiop 

of a single parameter describing the rate of growth over the entire 

span of li.fe is an ideal that is seldom attainable in practice. 

, But an approximation to such a parameter is worth searching for 

because it allows comparison between populations by a single 

value that summarizes all measurements in a sample. The alterna

tive of dividing the curve into segments 9 and comparing each seg

ment between populations, requires an inordinate volume of data. 

The measure of slope 9 k9 in the von Bertalanffy (1934) growth 

equation was chosen for comparison between populations. Although 

this equation was designed to track the growth of poikilotherms9 

Chittleborough (1965) found it closely approximated growth curves 



32 

of the whale Me~~t~ E~~~li~!. 

is therefore worth investigating. 

Its applicability to thar 

Von Bertalanffy's curve takes the form 

[ -k(t-t)] 
L t == L 00 1 - e 0 

where L~ == asymptotic length, 

k = index of slope, and 

t = hypothetical age at which length is zero. 
o 

The parameter k yields the most useful statistic, being a 

generalised index of growth rate over the total span of life. 

L~ is a statistic obtained by extrapolation and is useful for 

comparison only when the pattern of growth closely follows the 

fitted curve. Little biological meaning can be ascribed to t o 
which tends to be an inverse correlative of k. For these reasons 

k alone is used for comparing pattern~ of growtho 

The growth constants were estimated by algebraic reduction of 

the geometric methods given by Beverton and Holt (1957). Appendix 

B gives details. 

4.2 Limitations of Growth Measurements 

A growth curve of a single animal accurately traces its growth 

between birth and death, but a mean growth curve giving the composite 

history of growth for a number of animals is little more than an 

abstraction. If all individuals live to the same age their mean 

growth curve would allow simple interpretation, but this does not 

happen. The mean growth curve tracks mean lengths of survivors 

at each age. Any change in mortality rate changes these means 

unless size and mortality have no interrelationship - a pious hope. 

Particularly in the younger age classes mortality is likely to act 

more heavily on the smaller animals. If actual growth rates were 

the same in two populations,survivors in the population subjected 

to the greater rate of mortality would, in these circumstances, 

have higher mean lengths at each age. This could easily be 
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TABLE 4.1 

Mean lengths and fitted values by 

population9 sex and age 

------- ---- =-------
Population Age MALES FEMALES - --~------------= 

Number Mean ted Number Mean Fitted 
Length Length Length Length -------------------------------

0 8 7604 58.3 11 78.6 68.0 
Rangitata 1 40 112.'7 100.4 23 111.4 105.7 

2 36 131.2 125.6 19 121.4 122.3 
(?stage1) 3 39 143.4 140.7 17 129.1 129.7 

4 31 149.0 149.8 19 '135.5 1 .9 
5 25 154.2 155.2 0 132.7 134.4 
6 22 161.8 58.5 13 136.8 1 .0 
7 18 161.8 160.4 8 139.0 135.3 
8 10 160.1 161.6 2 137.5 135.4 

--------- -----
0 39 78.7 73.1 41 75.5 8'1.2 

Godley 1 118 110.8 105.6 93 109.9 111.8 
2 94 126.5 12603 100 122.3 1 .4 

('(stage 2) 3 36 138.4 139.4 108 128.3 129.6 
4 18 148.8 147.8 67 130.9 131.7 
5 16 156.4 153.1 69 13403 132.6 
6 7 15609 15606 47 133.2 133.0 
7 4 160.5 158.6 37 135.0 133.1 
8 4 162.2 160.0 35 135.8 133.2 

- --------~-----

0 7 77.9 85.6 6 76.8 91.5 
Dobson/ 1 14 117.3 117.7 10 10803 '116.3 
Hooker 2 21 12900 136.1 16 '12607 127.3 

3 20 140.1 146.4 6 1330'7 132.1 
(,(stages) 4 17 14903 152.5 7 1300'7 134.2 
<3 & 4 ) 5 19 15305 155.9 9 134.8 135.1 

6 7 161.9 157.9 1 135.1 13505 

--
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misinterpreted as a greater rate of growth. 

For this reason, mean growth rates must be interpreted with 

restrainto They should not be used alone as an index of a 

population's wellbeing. 

403 Growth Thar 

Figo 401 shows von Bertalanffy curves fitted to growth data 

from the Godley population. the largest available sample. Despite 

some systematic deviation the fit is tolerable 9 and k should there

fore be a reasonably accurate estimator of growth rate. 

The use of k for comparing growth rates between populations 

assumes a common systematic deviation of observed from expected 

age-specific means. Table 401 shows the observed mean lengths 

for the three compared populations and the values to be expected 

by von Bertalanffyis formula. The greatest deviation of observed 

from expected is at birth and one year of age and there is some 

indication from these data that the deviation is heterogeneous for 

the three populations. These anomalies dictate a cautious inter~ 

pretation of the resultso 

Table 402 gives values of the growth constants. The value~ 

of k for females take the expected ranking of Rangitata (stage 1 

by hypothesis)g Godley (? stage 2) and Dobson/Hooker (? stages 3 
and 4)0 With males, the growth rate is again highest in the 

Rangitata, ~t rates for the Godley population and the Dobson/ 

Hooker joint population have reversed ranking. 

Because of the relatively small size of samples and the 

failure of the von Bertalanffy equation to genera more closely 

fitting curYes 9 it is not possible to decide whether the deviation 

from expected ranking for males is biologically real or aD 

artefact of sampling and ana1Y6iso 

------------------------
. [OPPOSITE] Figo 4.1: Mean lengths, 95% confidence limits of 

the means 9 and regressions fitted to the means for the Godley 

sample 0 
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s are generally in accord 

is model o But one rate is 

at variance, and for this reason the results cannot~ in themselves, 

be taken as unambiguously suppor the modelo 

Table 402 

von Bertalanffy growth constants 

---
Sample Hypothetical Sex k L@(I t 

population stage a 

------------~-~ 

Rangitata 1 F 00930 13505 =00853 
Godley 2 F 00839 13302 ~.10064 

Dobson/Hooker 3 & 4 F OQ776 13508 -10359 

Rangitata 1 M 00546 163.,4 =0.,863 
Godley 2 M 0.467 1 ,,4 ='1.,320 
Dab son/Hooker 3 & 4 M 0.,521 160.5 =1.361 

---



SECTION 5. FAT RESERVES 

Growth rates give a general indication of the mean plane of 

nutrition over several years but in most cases we wish to compare 

nutritional levels over much shorter periods. Total rat reserves 

provide a likely short-term index because they lag but slightly 

behind calorific intake. For instance Verges (in Hilditch and 

Pedelty 1941) showed that a change from a high to a low plane of 

nutrition resulted in a drop of 60%' in the perinephric fat of sheep 

over 100 days. 

This section reports the d~fference in fat reserves between 

populations of thar and describes the trend in levels by season, 

sex and age. 

Riney (1955) investigated several indices of fat reserves for 

red deer and concluded that the best was provided by the weight of 

kidney fat. The index was calculated as a hundred times the 

weight of fat surrounding the kidney, divided by the weight of the 

kidney. In this way the absolute weight of the kidney fat is 

corrected for the size of the animal v allowing comparison of fat 

reserves between animals of varying sizes. To avoid inclusion of 

mesenteric fat, fat extending beyond the ends of the kidney is not 

weighed. 

This technique appears to give a good index of total fat 

reserves for ungulates and, in my judgement, no field technique 

has been suggested that improves on Riney's index. However! the 

index has limitations. Because the mean index has a large 

coefficient of variation for any given Gombination of season, sex 

and age, a large sample is required to yield an accurate mean. 

Riney (1955) suggested that the regression of index on total fat 

reserves was essentially linear, but Ransom (1965) has shown that 

below an index of about 20 the regression deflects. This finding 

does not invalidate the index below that value but suggests that a 

difference of means in the zone 10 = 20 reflects a greater 

difference between mean total fat reserves than the same difference 

above that ~onec 

In this study Riney's index, calculated from the right kidney 
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and its surrounding-fat~ was used as an indication of total fat 

reserves, No mean is presented that is based on a sample smaller 

than four animals of the same sex and age, 

Before mean fat indices can be compared between areas v the 

trend of indices with season 9 sex and age must be established, 

This will show which classes can be pooled to build up sample 

sizes and thereby reduce their standard errorso Unless this is 

done, comparison between areas can be made only by separate 

comparisons between each sex-age group at the same season, When 

samples are stratified in this way very large total numbers are 

required, 

To give an indication of changes in fat reserves by season 

in one area 9 thar were autopsied in the Godley - Macaulay catch

ment in January, February, June, AUgust9 November and December, 

and in the adjacent Havelock branch of the Rangitata catchment in 

May, 

d~ll __ ~~~~~~ 
Fig 5,1 shows the seasonal trend in mean fat indices for 

females of ages 0, 19 2939 4 and 5-10 years of age, These ages 

are referable to age at the preceding 1 December (the median date 

of birth), so that a mean index for the class aged four years in 

August is calculated from animals whose mean age was four years 

and 9~ months, Appendix Ca gives the data on which Fig, 501 is 

based, 

The figure shows that mean fat indices for all age groups 

reach a peak in mid-winter followed by a decline that arrests and 

reverses over the summer months, Analysis of variance showed 

that the age classes were heterogeneous with respect to fat 

[OPPOSITE] Fig, 5,1: Mean fat indices at different seasons for 

females in the Godley and Havelock Valleys, Inset gives a 

generalised interpretation of seasonal trend by ageo 
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reserves in November (F4 , 79 = 2. ) and January ( 

The subscripts ofF give degrees of freedom in the numerator and 

denominator of the F ratio. Inspection suggested that the hetero

geneity was attributable to the influence of the yearling age 

class whose seasonal trend appeared to differ from that of all 

other age groups. It reached a lower level in summer and a higher 

peak in winter, the peak probably forming about a month after that 

of other age groups. When yearling indices were removed from the 

data no heterogeneity could be demonstrated for the remaining age 

classes in any month. 

The inset in Fig. 5. 1 shows an interpretation of these data 

in which age classes other than the yearlings are assumed to 

have the same seasonal trend. 

2.!.2.~_ Mal~ 
In contrast to females the seasonal trend of mean fat indices 

for males is highly variable between age classes (Fig. 502~ data in 

Appendix Cb). The impression was checked by analysis of variance 

on the largest monthly sample in summer and the largest in winter. 

Variation between classes in January (F5~ 145 = 068) and May 

(F
5

, 93 = 3.59) was too great to be an artefact of the considerable 

variation within classesQ Nor could the heterogeneity be traced 

to one or two aberrant classes obscuring an otherwise homogeneous 

array with a common seasonal trendo 

The inset in Figo 502 gives an interpretation of seasonal 

trend by age classes. It illustrates the sugges on that winter 

peaks occur progressively earlier in the season for each year of 

life up to an age of at least four years o This hypothesis requires 

fUrther testing. 

Discussion 

The overall seasonal trend for all ages and both sexes is a 

[OPPOSITE] Fig. 502 Mean fat indices at different seasons for 

males in the Godley and Havelock Valleys, Inset gives a genera

lised interpretation of seasonal trend by ageo 
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peak of fat reserves in winter and a trough in summer. rrhis 

pattern, incongruous at first sight, probably reflects the special 

conditions of plant growth in the mountains. The "spring" flush 

of growth does not occur until early December in thar habitat and 

at this time the decline of fat reserves is checked. After a 

period of maintainance the means begin to climb in February until 

checked by the declining availability of forage brought about by 

snow cover in winter, and the declining nutritive value of the 

vegetation at this season. 

Deviations by specific sex~age classes from this general 

pattern probably reflect the differing physiological requirements 

of these age classesoFor instanc8 9 it is possible that female 

yearlings enter their second summer of life with a depressed fat 

index because they have recently been weaned. But by the end of 

the summer their fat reserves have returned to average and in 

their second winter they appear to attain even higher mean values 

than the other age classes. The rise is in keeping with informa

tion on mortality (Section 7) which shows that the lowest mortality 

for any year of life is in the interval 19 2 yearso 

The complexity of differences between age classes of males 

can be explained by breeding physiology. The apparent movement 

backward of peaks in each successive winter of life may represent 

a stepped change from the Hfemale" pattern (represented by the 0~1 

age class) to a "breeding male" condition (represented by animals 

older than four years)o The earlier rise in reserves with age at 

the end of each successive summer suggests that the early peak 

anticipates a physiologically demanding period come. It does 

not appear to result from truncation of the mode brought about by 

the stress of reproductive activity itself. Hormonal rather than 

environmental influence appears to be responsible. 

Little is known of seasonal trends in fat reserves for other 

ungulates. The only data known to me that allows some comparison 

with the pattern in thar is from red deer in New Zealand. Riney 

(1955) presented data from a total of 270 deer from the eastern 

flank of the Southern Alps. Four seasons are represented and the 
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sample is split into fawns~ yearlings~ adult males and adult 

females. Fat reserves of mature females reached a peak in 

winter and the peak for mature males appeared in autumn. The 

trend in thar is consistent with this pattern. The seasonal 

trends for kid and yearling thar differ slightly from the curves 

given by Riney for the same age classes of red deer~ but as these 

curves owe much of their shape to interpolation between well spaced 

points, it would be unwise to accept the difference as real until 

more information is available on deer. However~ the general 

match of the two sets of data is reasonably good and it indicates 

that the seasonal trend reported for thar may be common to many 

ungUlates in the temperate zone. 

One of the main reasons for establishing the pattern of 

seasonal change in fat reserves was to find which age classes~ 

over which months~ could be pooled to give homogeneous samples 

that would allow testing between populations. 

Inspection of Fig. 5.1 suggested that females of all ages 

other than those aged one year (an array previously shown as 

probably homogeneous in any month) could be pooled for the months 

December to February to provide a mean fat index. Analysis of 

variance between months (F2~ 466 = 0.79) did not disprove the 

hypothesis. 

Fig. 5.2 shows that the most promising period for esta

blishing homogeneity of fat reserves between male age classes is 

in December and January, and at this time ages 0 - , years have 

similar mean indices. But analysis of variance revealed 8 

ficant heterogeneity between these classes in December 

(F'9 48 = 6.16) and January (F" 125 
~ 13.95) and the two months 

pooled (F" 177 = 18.94). The zero class appeared to con-

tribute most to the heterogeneity~ but when it was removed from 



the latter analysis a significant heterogeneity could still be 

demonstrated between the remaining classes (F 11'0' =8.82). 
2 ~ "t 

41 

These results indicate that seasonal trends in fat reserves are 

distinctly different between age classes of males. The difference 

does not allow pooling of data for several age classes and months. 

Where comparison is sought between areas~ samples must be large 

enough to allow comparison between individual age classes at the 

same season. Male fat reserves are therefore of limited value 

for comparing populations from different areas. 

For these reasons only female fat indices will be compared 

between. areas 0 Comparison will be matle by a mean index for 

females of ages 0 - 10 years 9 excluding those aged one year~ where 

indices are pooled for December g January and February. The mean 

index calculated for this class will hereafter be referred to as 

the "female fat index". 

Except when populations are sampled simultaneously, comparison 

between populations is based on the assumption that variation 

between years within one population is of a lower order than 

variation between populations in anyone year. The assumption 

was tested with the Rangitata 1 and Rangitata 2 samples by compa-

ring their female fat indices. The values of 28.03 

(n ::: 68, s = 18.98) and 21.00 (n = 12 ~ s 12. ) could not be 

demonst:rated as significantly different (t 1 0 9 
p 0.2). 

Neither was it necessary to look beyond sampling variation to 

explain the difference in variance between the 0 samples 

(F = 2 0 41, P = 0.1). Comparison between populations with samples 

obtained in different years was therefore assumed valid! and the 

two Rangitata samples were pooled for the purpose of this comparison. 

Table 501 gives female fat indices for the four study popu~ 

lations, together with the statistics required to examine the 

differences between them. Analysis of variance indicated that 



Table 5.1 

Female fat indices* 

------------------
Population 

----------~~---~----
Statistic Ran@:itata Godley Dobson Hooker 

(7 stage 1) (? stage 2) (? stage 3) (? stage 
------ 26.97 18.47 17.07 26.43 x 

s- 2.04 0.55 1.99 3039 x 

s' 18.24 11086 10.34 16.24 

n 80 469 

* The Ilfemale fat index" is calculated from females of ages 

o - 10 years 9 excluding age one 9 shot December to February 

inclusive. 
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4) 

the differences were larger than could be explained by sampling 

variation (F39 595 = 12.13 9 P = 0.001). The means are in accord 

with what would be expected by Rineyis model. They suggest9 if 

the model is valid 9 that the female fat index is highest at the 

stage of increasing numbers I lower when numbers stabilise for the 

first time, lower still when the population begins to decline 9 

followed by a rebound of fat reserves when the decline is checked. 



SECTION 6. FECUNDITY AND SEASON OF BIRTHS 

This section investigates differences in the season of births 

between populations in the same year9 between years for the same 

population and gives the median and spread of the season in 

general. Differences in age-specific fecundity between popu

lations are investigated in terms of RineyVs model. 

6.1 Season of ths 

The trend of the season of births can be investigated by 

sampling females on several occasions during the season. The 

declining ratios of pregriant to lactating females allow calcu-

lation of the median and standard deviation of the season. This 

method is open to a number of objections: it assumes that all 

kids are born alive, that all females neither pregnant nor 

lactating failed to product a kid for that season, and that the 

frequency of twinning is negligible. The first assumption, if 

false would give rise to a positive bias 9 and the second and third 

to a negative bias. 

The first assumption was tested on the largest population 

sample (Godley) by comparing the ratio of females older than two 

years that were either pregnant or lactating to those neither 

pregnant or lactating, between the two periods November-December 

and January-Februaryo These two periods span the season of 

births but no significant difference in ratios could be demon= 

strated between them (X2 = 0.79). This suggests either that 

still births and mortality immediately after birth were not common 

enough to bias the calculation i or that a femalels udder does not 

regress for at least a month after the death of her kid. In 

either event the number of lactating females provides a workable 

index of the number of births. The second assumption - that a 

female lactating November-February has ven birth that season -

was inves~igated by examining the lactating females shot in 

November at the beginning of the season of birthso The uteri of 

37 females in this category were examined. Only one had failed 



Table 6.1 

Frequency of pregnant and lactating females 

at different times during the season of 

births, by samples 
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--- ----------, ----------------.,----
Pre~n!:nt b~ctatin~ 100P 

Period 
G R1 R2 DH C Total G R1 R2 DH C Total P + L 

.-t-'------------- ------
Nov 

5-9 2 
10-14 3 5 
15-19 18 5 
20-24 9 2 3 4 
25-29 13 3 1 1 
30-4 3 1 1 8 

Dec 

5-9 
10-14 
15-19 
20-24 
25-29 
30-3 

Jan 

3 3 
6 3 
6 1 
1 

4-8 1 
9-13 

'14-18 
19-23 2 
24-28 1 
29-2 3 

Feb 

3-7 
8-12 

13-17 

1 1 
3 
3 

1 

2 
8 

23 
18 
18 
13 

1 

2 1 
2 3 1 

14 3 1 
22 1 5 

2 

3 
6 

'18 
28 

8 
12 
10 

1 

4 7 
9 10 

17 3 
12 

5 

1 

11 
2 26 
7 3 30 

13 

21 11 1 

2 13 1 1 
33 1 2 4 
29 1 

2 136 
1 37 10 2 
3 40 9 

29 
6 

32 

1 

33 

15 
40 
30 
36 
49 
49 

34 
6 

32 

50 
"100 
88 
75 
50 
32 

42 
32 
25 

7 

o 

12 
o 
o 
6 
2 
6 

o 
o 
o 

G = Godley, R1 and R2 = Rangitata 6amples~ DH = Dobson in Nov-Dec 

and Hooker in Jan-Feb 9 and C = Copland. 



to give birth that season and was suckling a kid born the season 

before. This frequency is low enough to be ignored for practical 

purposes. Errors resulting from the production of twins will be 

small. Although 158 embryos were examined 9 only one pair of twins 

was found. 

~1_1 __ y!riabili!l~~1!~~~_Eop~lation~ 

Table 6.1 shows by samples the number of lactating and preg

nant females shot in each period of five days between 5 November 

and 17 February. Variability in season of birth between popu~ 

lations in the same year was investigated by comparing the Dobson 

and Rangitata 1 samples that were both shot in the summer of 

1964-5. Each sample was divided into those females shot in the 

second fortnight of November and the two fortnights of December 9 

and each of these was subdivided into those females pregnant and 

those lactating. Although females were shot outside this period 

in both areas, their frequencies are too low to allow a meaningful 

test for differences. 

Table 6.2 shows the frequencies and the %2 values g calculated 

with Yates' correction g for a difference in the ratio of pregnant 

to lactating females between areas in each fortnight. No difference 

was significant at the 0.05 leve1 9 and nor was the ~2 total for the 

three periods. Because frequencies for the third period were lowg 

an exact probability was calculated as a check on the X2 test. It 

was not significant. 

The failUre to demonstrate differences in this respect between 

the Dobson and Rangitata 1 samples is consistent th the hypo-

thesis of no difference between populations in the median and 

spread of the season of births. 

Variability between years in one population was investigated 

by comparing the Rangitata 1 and Rangitata 2 samples. Only the 

second fortnight of November and the two fortnights of December 

provided frequencies amenable to analysis. These were still too 
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Table 6.2 

The numbers of pregnant and lactating females in the Dobson and 

Rangitata 1 sampl.s for three fortnightly periods during the 

1964=5 season of births 

Period Sample Pregnant Lac -x3 P 
(fortnights) 
---------...---""""---=--~-~~~-~-~~-~~~-

Dobson 13 2 
Nov i Rangitata 1 5 3 0.652 n.s. 

Dobson 10 7 
Dec i Rangitata 1 7 16 2.167 n.s. 

Dobson 2 7 
Dec Rangitata 1 1 10 00036 n.B. 

--------------- .... "-'---- ... = __ """"""<>-=o..-__ """"""",,,,,,,,,,,,,,,~ 

Table 6.3 

The numbers of pregnant and lactating females in the Rangitata 

samples shot in 1964-5 and 1965-6 for three fortnightly periods 

-----------, ----------------
Period 

(fortnights) 

Nov i 

Dec i 

Dec 

Sample Pregnant Lactating 

---------------------------------------
Rangitata 1 

Rangitata 2 

Rangitata 1 

Rangitata 2 

Rangitata 1 

Rangitata 2 

5 
4 

7 

2 

o 
1 

3 
4 

16 

6 

2 

10 

P 

-------------------- ----~----~~---. -------
[OPPOSITE] Fig. 6.1: Season of births for thar shown as a 

histogram of birth frequency by five day periods and as a curve 

showing the percentage of births produced up to each date. 

trends are results of probit analysis on data in T.b~ 6.1. 
These 
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low to allow testing by)C29 even when Yates 9 correction was used, 

and they were therefore subjected to calculation of exact proba

bility (see Bailey 1959, p.62). The data for each fortnight 

(Table 6.3) provided a contingency tables that showed no 81gn1£i-

cant heterogeneity by the exact probability test. There is no 

indication from these data that the season of births has a different 

timing between years. 

The failure to demonstrate differences between populations and 

years in.the distribution of the season of births is not reported 

as strong support of these null hypotheses. The data are too few 

to allow this conclusion. The results show only that differences I 

if they exist, are not great, and that the recorded samples can be 

pooled without excessive heterogeneity resulting. 

The samples in Table 6.1 were pooled by time periods to allow 

calculation of the season of births in general. Ratios of preg-

nant to lactating females are available for contiguous periods of 

five days between 5 November and 17 February, excluding the period 

25-29 December. These data will be investigated by probit analysis. 

As each ratio is independent I those based on low frequencies can be 

excluded without biasing the results. Ratios were excluded from 

the analysis if based on a frequency of pregnant females below five 

and a total frequency below ten, thereby eliminating the compli

cating influence of a high proportion of "maximum working probitslY. 

The y axis was graduated in pregnancy percentages on a probit 

scale. Time units on the x axis were expressed as logarithms to 

normalise the distribution. Two cycles of iteration were suffi-

cient to stabilise a regression line that adequately fitted the 

data (SS - (SS2; SS ) = X25 = 5.24; p ~ 0.4; where SS des 
y x x 

nates sum of squares). Finney (1947) gives details of the method. 

The median date of birth was calculated as 30 November with 

a standard error of ! 1.57 days. The true standard error is 

asymmetrical about the median of the untransformed data but its 

expression in symmetrical form as above sacrifices a maximum 
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accuracy of only 3%. The dates corresponding to one standard 

deviation either side of the median on the logarithmic scale were 

established from the reciprocal of the regression coefficient and 

an estimate of the standard deviation of the untransformed time 

periods was taken as half their difference! a value of 18.5 days. 

Fig. 6~1 shows the fitted cumulative distribution of the season 

of births and the underlying frequency distribution of birth dates. 

No detailed information on season of births is available for 

any race of thar within its indigenous range but Zuckerman (1953) 

and Brand (1963) provide data on the season of births in captive 

popUlations. Brand presented a histogram based on 105 birth dates 

at the National Zoological Gardens of South Africa. The pattern 

is similar to that reported from New Zealand except for two aberrant 

records, one in late March and the other in late April. These are 

completely at variance with his other records and probably result 

from breeding in the season after a shift from the northern to the 

southern hemisphere. The median date of birth is approximately 

27 November and the standard deviation approximately 23 days (or 

18 days if the two aberrant records are discarded). The similarity 

between these and the New Zealand statistics is remarkable. 

Zuckerman's data are of 115 birth dates from the Gardens of the 

Zoological Society of London. His histogram suggest a median date 

of birth around June (equivalent to 25 December in New Zealand) 

and a standard deviation of approximately 27 days. It appears 

from these that the median date of birth may be about three weeks 

later in the season at the latitude of London 9 and that the 

standard deviation of birth dates there may be a little broader than 

in New Zealand o 

A standard deviation of birth dates of 18. days is of para~ 

mount importance when considering the demography of the population. 

As it is only 5% of a year9 it allows estimation of population 

parameters by considering all births for the season as concentrated 

at the median date of birth. The resultant very small loss of 

precision is compensated by the vast simplification of the mathe

matics. 
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6.2 Mating Season 

The very restricted season of births suggests a similar 

restriction of the mating season. It can be demonstrated most 

easily by the annual reproductive cycle of males, when testis 

weight is used as an index of reproductive condition. Fig. 602 

(data in Appendix D) shows mean testis weight by age and season 

for the area containing the Godley~ Macaulay and Havelock Valleys. 

There is a marked increase in weight of testis in winter~ the peak 

appearing to be in May. If this peak marks maximum mating acti= 

vity it suggests a gestation period of 6~ months" This can be 

compared with the estimate of six months given by Brown (1936) and 

Asdell (1946). Anderson's and Henderson's (1961) estimate of 7t 
months is probably a little high. 

The winter rise in testis weight is not apparent for kids and 

only slightly developed for yearlings. Smith (1966) interpreted 

these data as indicating an abortive initiation of spermatogenisis 

in the second winter of life~ a conclusion supported by sperm 

testing in May. Thirty-one males oyer two years of age were each 

producing sperm~ while three of four yearlings showed no sperm on 

an epidydimal smear. The exception exhibited only a few 

spermatozoa. 

Age-specific fecundity rate is measured as the mean number of 

female births produced per female at each age. Where the popula-

tion breeds seasonally the ages can be limited to whole numbers of 

yearso In this study a female is considered to have produced a 

kid if she was pregnant or lactating during the season of births. 

6~31 Variability between ~~~ 

Table 6~4 shows for the Rangitata the frequency of 

females one year of age or older that were pregnant Dr lactating 

and those that did not produce a kid for the season. The sample 

is divided into Rangitata and Rangitata 2 sub=samples to give 

this information for each of the summers 964=5 and 1965-60 
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These figures were examined for evidence of a difference in 

fecundity between years. Because no female in either sample was 

breeding at an age of one year9 this class was discarded. The 

remainder were grouped into age classes years and greater than 

enough for testing. The 

females were tested between years 

three yeirs to provide frequencies 

ratios of breeding to non~bree 

for the two age classes in two 2 x 2 c tables. They 

provided values respectively of)3 = 0.951 and 0.096. Taken 

separately or in combination 9 neither value necessitates rejection 

of the null hypothesis. The result is consistent with the assump-

tion, necessary for comparing populations 9 that the age-specific 

fecundity of a population does not fluctuate greatly between yearso 

The two Rangitata samples can therefore be pooled. 

6 

The conversion of pregnancy and lactation rates to fecundity 

rates entails an assumption on the sex ratio at birth because the 

production of kids inferred from lactation of females cannot be 

presented as separate frequencies for each sex. The sex ratio 

of kids and foetuses collected November - February was 151dd: 

13499~ which does not differ significantly from an expected ratio 

of unity (~2 = 100149 P = 0.3). The frequency of female kids is 

therefore expressed as half the calculated total frequency. 

~22--y~ri~£!~!!x between populations 

Accurate measurement of age=specific fecundi requires large 

samples. Only the Godley and Rangitata samples are large enough 

for this purpose and they will first be examined t establish the 

general trend of fecundity rate with ageo The Dobson and Hooker 

samples will then be compared with this trend t see if 

appear to differ from ito 

Godley and Rangitata samples: 

Table 6.5 shows the age-specific fecundity rates (i.e. the 

m series) for these two samples and the frequencies of breeding x 
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The number of breeding and non-breeding femal~s9 by age, in 

samples shot during the 1964-5 and 1965~6 summers in the 

Rangitata area 

1964-5 1965-6 
Age N Breeding Non- BreE;ding Non-

51 

(yrs) breeding breeding 

1 21 0 21 4 0 4 

2 13 8 5 5 4 1 

3 13 11 2 5 3 2 

4 15 15 0 4 4 0 

5 9 9 0 2 2 0 

6 6 5 1 6 6 0 

7 6 5 1 2 2 0 

8 2 2 0 0 0 0 

9 2 2 0 1 1 0 

10 3 2 1 1 0 1 

>10 2 2 0 3 3 0 

[OPPOSITE] Fig. 6.2: Mean testis weights by age and season. 

Data are given in Appendix D. 
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and non-breeding females on which these rates are basedo These 

ratios were tested between populations by 2 x 2 ~2 incorporating 

Yates i correctiono To increase low frequencies beyond an age 

of three years they were pooled into two age classes: 4-7 years 

and >7 yearso The difference in fecundity rates at one year 

of age was tested by the exact probability methodo These tests 

indicated that the observed difference in fecundity rate at an 

age of two years was most unlikely to be an artefact of sampling 

():2 = 9019~ p = Oo005)~ but that no significant difference between 

populations could be demonstrated for any other age class. 

Fecundity rates for ages greater than two years show little 

variati6no This apparent homogeneity was tested by combining 
2 

the Godley and Rangitata samples and testing by 2 x 9 ~ for 

differences between ages in the ratio of breeding to non-breeding 

females. A non-significant result of 10.22 indicated that fecun-

dity rates can be considered constant from an age of three years. 

A weighted mean annual fecundity rates common to the two populations 

from three years of age forward~ was calCUlated as 

(461 0.5)/ 514 = 0.448. 

The only significant difference discovered between fecundity 

rates of the Godley and Rangitata popUlations was at an age of two 

years. In the Rangitata 9 67% of females produee their first kid 

at this age 9 in contrast to 27% in the Godley. Thereafter about 

90% of females in both populations produce a kid in anyone year. 

In only one case was a female aged one year found pregnant or 

lactating. It was shot in the Godley. No similar case was dis~ 

covered in any other area, but the low frequency and small samples 

do not allow any useful conclusion on whether the 

differs in this respect. 

Dobson and Hooker samples 

population 

Table 6.6 shows the age=specific fa rates, and the data 

from which they were derived, for the Dobson and Hooker samples. 

As these data are few, the rates cannot be assigned much 

lity in themselves~ but they can be tested against the Godley and 

Rangitata samples. 
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Table 605 

Estimated age-specific fecundity (m ) 
x 

for the Rangitata (R) 

and Godley (G) samples, and the frequency of breeding and non~ 

breeding females by age 

-----~-----~ 

Age Number Breeding Non~breeding m 
(yrs) R G R G R G R 

x G 
------------------~-

1 25 94 0 1 25 93 00000 00005 
2 18 97 12 26 6 71 0 0333 00'135 

3 18 107 14 94 4 13 00389 00440 
4 19 68 19 57 0 11 00500 00420 

5 11 70 1 ~ 65 0 5 00500 00465 
6 12 47 11 40 7 00458 00425 

7 8 37 7 34 1 3 00437 00460 
8 2 2 34 0 00500 00486 

9 3 24 3 24 0 0 00500 0.500 
10 4 16 2 16 2 0 00250 00500 

>10 5 28 5 23 0 5 0.500 00411 

- = = <==> = = ..:.::::0 '= <==> """'" = "-""'" """"" """""" 

>2 82 432 74 387 8 45 0.451 00448 

----- -~---~ 



Estimated age-specific fecundity (m ) for the Dobson (D) and x 

Hooker (H) samples 9 and the frequencies of breeding and non-

Age 
(yrs) 

Number 
D H 

breeding females by age 

Breeding 
D H 

Non-breeding 
D H 

m 
x 

D H 
-----------' -------------..... ------..-.--------~---~ 

1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

>10 

)2 

9 2 

11 7 

6 2 

6 1 

8 1 

8 3 

3 3 
1 1 

4 2 

4 1 

7 1 

48 18 

o 0 

,7 3 

4 2 

5 1 

8 1 

6 3 

2 3 
1 1 

2 2 

4 1 

5 1 

36 18 

9 2 

4 4 
2 0 

1 0 

o 0 

2 0 

1 0 

o 0 

2 0 

o 0 

2 0 

12 0 

0 0000 

00318 

00333 

0.417 

0,500 

0.375 

00333 

0 0 500 

0.250 

00500 

0.357 

0.000 

0.214 

0.500 

00500 

0.500 

00500 

0 0 500 

0.500 

0.500 

0.500 

0.500 

0.375 0.500 
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Although observed fecundity rates at an age of two yeara are 

higher in both cases than for the Godley sampls9 no s 

difference can be shown at this age between the Godley and Dobson 

(~ = 0.09) or the Godley and Hooker (~2 = 0.23). The samples 

are really too small to ahow a difference f one exists and con

sequently the question is left open. 

It has previously been shown that the ratios of breeding to 

non-breeding females could be pooled for the Rangitata and Godley 

samples from an age of three years~ and that the age classes from 

this age on could be pooled to give a single estimate of "adultU 

fecundity. This pooled ratio was tested against the analogous 

Hooker data to provide a non=significant result (Jt2 = 1.05). 

Adult fecundity ratios were then pooled for the GodleY9 Rangitata 

and Hooker samples and tested against that of the Dobson sample. 

A ~2 value of 10.00 (p < 0.005) indicated that adult fecundity in 

the Dobson is lower than in the other areas. The Dobson popula-

tion had an estimated mean m (x > two years) of 36 x 005)/ x 
0.375 compared with (479 x 0.5)/ 532 = 00450 for the other samples 

pooledo 

The only case of twinning found during this study was in the 

Lawrence Tributary of the Rangitata. A female carrying full~term 

twin male foetuses was examined in November 19650 Because she 

lost both horns as she fell her age cannot be established with 

precision~ but the amount of wear on three recovered teeth suggests 

an age between five and seven yearso 

The only other record of twinning in thar from New Zealand 

comes from the Havelock Tributary of the 

However, thar are potent capable of producing twins with much 

greater frequency~ the proportion of twin births in the Gardens 

of the Zoological Society of London is about 8% (Zuckerman 1953). 
The incidence of twinning in thar, as in sheep, is probably 

influenced by the plane of nutrition of the bearing femalesa 



Coop (1962) reported a close association between weights of sheep 

~nd the production of multiple births. Significantly, the one 

case of twinning recorded during this study was from near the front 

of dispersal~ as was the Havelock Valley at the time a case of 

twinning was recorded thereo These records suggest the hypothesis 

that the more abundant food near the front of dispersal 9 where thar 

have not been established long enough to modify the vegetation, can 

occasionally result in the production of twins~ but that the food 

supply is not great enough there to result in twinning at a gene~ 

tically controlled potential rateo 

The observed scarcity of twinning is unlikely to be a result 

of resorption or abortion~ as suggested by data from Ovis ~adensis. 

Spalding (1966) found that four from a sample of eleven pregnant 

females killed by cars were bearing twins, although very few twin 

births have been recorded for this specieso To check for such an 

effect, 37 pregnant females were shot and autopsied in the Godley 

Valley in August 1965! three months before the median date of birtho 

None bore twinso 

6,,4 Discussion 

The reported fecundity rates are consistent with Riney's 

modeL The postulated "increasing" and "initial stabilisation" 

populations had a difference in fecundity at an age of two years, 

and adult fecundity of the "declining!! population showed a drop" 

The level of adult fecundity for the "post~declineQi population 

had returned to that of the "pre-decline" populat:iLonso 

This study demonstrates the of comparing popUlations 

by the age of lIonset of sexual maturity ll9 where this is as 

an age at which breeding commences (sogo Daniel 1963)0 If it is 

to have any discriminant utility~ Honset of sexual maturitytl must 

be compared between populations in terms of m over each age up . x 
to the asymptote of fecundity~ rather than in terms of the earliest 

age at which breeding is recordedo If the latter criterion had 

been used in this study~ the Godley population would appear to have 

an onset of sexual maturity a year earlier than the Rangitata 
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population 9 even though the mean age at first breeding is lower in 

the Rangitatao 

Likewise, an age at which breeding ceases has no reality for 

an ungulate population. No support will be found in these data 

for a suggestion that menopause occurs in thar. Comfort (1954) 

emphasized that menopause is characteristic only of human repro

duction, but a constant for age of menopause crops up in most 

mathematical models of non-human populations. 

no empirical justification. 

This constant has 

Rather less predictably, there is no unambiguous indication 

in these data of a decline in fecundity after middle age. Hickey 

(1960) demonstrated a slight drop for sheep but the degree of 

decline was such that a very large sample was necessary to distin

guish it from sampling variation. If such a decline occurs in 

thar it must be minor because it cannot be demonstrated by these 

data. One record tells very little! but nonetheless it is 

interesting to observe that the oldest animal shot during this 

study, a female aged 18 years, was carrying a healthy foetuso 

1) No difference could be demonstrated between areas or 

years in the timing of the season of births. 

2) The season has a positive skew of birth dates with a 

median at 30 November and a standard deviation of 18.5 days. 

3) Gestation lasts between six and seven months. 

4) Twinning is rare and may be restricted t the edge of the 

breeding range. 

5) There is no evidence of menopause. 

6) Fecundity rates at an age of two years were higher in a 

postulated "stage 1" population than in a "stage 2" population. 

Samples from the "stage 3" and !1 s tage 4" populations were too small 

to allow comparison. 



7) Fecundity rate from three years of age onwards (the 

"adult fecundity rate ll ) does not vary greatly with age. The 

"stage 192 and 4" populations had adult fecundity rates that 

could not be shown to differ They gave a pooled estimate of 

0.450 female live births per female per yearo In contrast~ the 

llstage 3" population had a significantly lower adult fecundity 

rate of 0.375. 
8) The differences are consistent with Rineyls model~ and 

are evidence for the reality of the postulated population stages. 
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SECTION 7. MORTALITY 

The probab of an individual dying usually changes with 

ageo These probabilities must therefore be calculated separately 

for each interval of life. The pattern of mortality with age is 

express~d variously as 

I the probability at birth of surviving to age x x 
d = the probability at birth of dying in the age interval 

x 
x,x+1, 

qx ~ the probability at age x of dying before age x+1 ~ 

Px - the probability at age x of surviving to age x+1. 

From anyone of these series it is possible to construct the 

others. Their interrelationships are given in Appendix Eo 

Although the series are interdependen 9 each has its own justifi-

cation in analysi6~ the series appears in most population 

equations and often closely approximates the age distribqtion of 

a population; the d series can be considered the basic measure 
x 

of cohort mortality with age 9 and usually provides an approximation 

to the distribution of deaths with age for a population9 the q 
x 

series shows the rate of mortality by age directly, and is there

fore useful for comparing mortality patterns between populations; 

whereas the p series is seldom used in formal population analysis 
x 

but is very useful in building computer populations. 

There are other series that present age=specific mortality~ but 

they are less useful than the above and need not be mentioned here. 

Age~specific mortality rates can be estimated in several ways: 

Direct methods: 

(1) Recording the ages at death of ~ large number of animals 

born at the same time. The frequencies form a series, where 

k is the constant by which each probability is mul 

(2) Recording the number of animals in a cohort still alive 

at several times after the common date of birth. 

are kl values. x 

These numbers 
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Approximate methods~ 

(3) Recording the ages at death of animals marked at hirth 

where births are not coeval. The frequencies are a kd series. 
x 

(4) Recording ages at death of a representative sample by 

ageing carcasses from a population that has assumed a stationary 

age distribution. Small fluctuations in population size (and 

hence rate of increase) will not greatly bias the results providing 

these fluctuations have a mean wave length considerably shorter 

than the period over which the carcasses accumulated. The fre-

quencies form a kd series. x 
(5) Recording a Sample of ages at death from a population 

with either a stationary or stable age distribution 9 where speci

mens were killed by a catastrophic 9 atypical event (e.g. avalanche 9 

fire and flood) that removed and fixed an unbiased sample of ages 

in a living population. 

can be treated as~ 

In some circumstances the age frequencies 

(a) a kl series if the age distribution were stationarY9 
x 

or 

(b) a series of the form kl ;rx 
x 

but ion were stable. 

kS if the age distrix 

(6) The census of ages in a living population, or a sample 

of it, when the population has assumed a stationary or stable age 

distribution. Whether the specimens were obtained alive by trap-

ping or were killed by unselective shooting, the resultant frequen

cies are a sample of ages from a living population and must be 

treated as such. In certain circumstances these frequencies form~ 

(a) a kl series 
x 

when the age distribution from which 

they were derived was stationary, or 

(b) a kS series when the age distribution was stable. 
x 

Methods 1 to 3 are generally used in studies of birds, fish, 

small mammals and insects, while methods 49 5a and 6a are more 

commonly used on large mammals. Data the 5b and 6b category 

have not, to my knowledge, been used for estimating age-specific 

parameters, but Hughes (1962, 1963) used 6b data to provide popu

lation statistics for aphids. 
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Thar are not ideal animals for a capture~recapture study; nor 

do they lend themselves to a study utilis kd data; but it is 
x 

possible to sample the age structure of the population by shoot 

and to estimate age~specific mortality rates from data of type 6a 

and bo The use of this kind of data presupposes a close relation-

ship between age=specific survivorship and age frequencies 9 but an 

exact relationship would hardly be expected in a natural population 

subjected to a fluctuating environmento 

When age distribution~ rate of increase r9 and age~specific 

rates of fecundity and survivorship are all constant~ age frequency 

f and survivorship are exactly related by x 

f kl ;rx. 
x x 

But natural populations do not act in this way. The intensity of 

environmental factors fluctuates and in consequence the population 

statistics also fluctuate. Ideally, any study on mortality rates 

should take such fluctuations into account, but in practice we are 

usually forced by lack of data to treat such a stochastic system 

as deterministic 9 and to hope that this simpli will reflect 

the basic attributes of a system that iS 9 in realitY9 vas 

complex. 

more 

The extent to which the age distribution of a stochastic model 

reflects mean survivorship was investigated by onstructing modal 

populations existing in fluctuating condi ions. A schedule of 

plausible age-specific rates of fecundi and for thaI' 

were varied around their mean values each year by a random factor 

with standard deviation 2.5% of the means. The population was 

initiated with two females and run for "50 years" in an Elliot 

computer. Appendix F gives details of the method. 

The results are spectacular. Fig. 7.1 shows that the growth 

of ten replicate populations varied greatly even though they were 
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biologically identical and subject to environments with the same 

mean and variance. The only difference in the different sets 

of random numbers that oduced perturbations in the rates of 

fecundity and mortality. The exercise demonstrates that a birth

death stochastic system is highly unstable 9 and that predi~tion of 

population numbers from mean age-speci 

undertaking. 

statistics is a chancy 

The relationship between age distribution and mean survival 

rates of this stochastic system is less chaotic. Table 7.1 shows 

the age distribution of the four replicate populations that 

attained a size greater than 00 females. The age distribution of 

each ·is taken in the "year" that the number of females less than 

nine years of age was closest to 100, and is expressed relative to 

a zero age frequency of unity. Each example approximates a stable 

age distribution ofa deterministic system9 and ould be used as an 

estimate of ito 

The behaviour of these model populations suggests~ 

(a) that approximate survivorships can be estimated 

from the age distribution of an ungulate population if these 

statistics have no temporal trend 9 but 

(b) it would be unwise to 

changes in population sizeo 

from them the future 

[OPPOSITE] Figc 7.1 Growth of ten replicate omputer populations 

with the same schedules of age-specific and fecundity. 

They are subjected to a fluctuating environment with the same mean 

and variance whose effect is to perturbate the age-spe ifie values 

by a coefficient of variation 205% of their means. Individual 

populations fluctuate almost at random when below a otal Df ten, 

and therefore are not separated in the Dots show a 

biologically identical population whose environment does not 

fluctuate. 
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The establishment of differences between the age-spe fic 

mortality patterns of thar populations is a complex problem that 

will be approached oblique The line of attack will be to 

construct a first-approximation life table for the thar population 

presenting the fewest problems of analysis and to compare this 

with life tables of other mammals in an attempt to generalize their 

formo The simplest model consistent with this generalized pattern 

will be used for investigating the more intractable data from tharo 

21 First to a life table for thar 

By hypothesis9 the Godley popUlation is considered to have a 

stationary age distribution and zero rate of inerease at time of 

sampling. If this were so~ the age frequencies would approximate 

a kl series because the sample was taken over a period spanning 
x 

the season of birthso The hypothesis will be tested both to find 

whether the Godley population is at the stage predicted by Riney's 

model, and to establish whether the simplifying assumption of zero 

rate of increase can be used in constructing a life table. 

Table 701 

Female age distribution relative to age zero 9 of four 

replicate model populations~ when each ontains 

100 females younger than nine years. See text for detailso 

--------------~~------~~--=-~==-=--=~~~~~~~== .. ~~---~ 
Age in Years 

0 1 2 3 4 5 6 7 8 
~"""""' ........ ~ 

1.00 0 0 0.48 00 0038 0 0 0010 0 0 0 

1000 0054 0050 0038 0 0 0 0 00 -15 00 -1 9 0012 

1000 o. 0.46 0039 0032 00 0 0 0 0 7 00 'l , 

1000 0.57 0.46 0039 00 0 0 0.21 0017 0.14 
~=~"""""''''''"i.fJI .. _ 
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Several authors have suggested methods for determining whether 

a sample if from a stationary age distribution: 

(1) In discussing the construction of life tables for a fossil 

ostracod, Kurte'n (1953, p. 31) showed that if the age frequencies 

were treated as either kl or kd series, the calculated mean rate x x 
of mortality per age interval was the same as the percentage of the 

population sample represented by the first age class g and therefore 

!'losses are exactly replaced and both systems are in balance 0 II 

However, the reasoning is faulty because both the mean rate of 

mortality per age class and the proportion of the first class in 

the sample are calculated from the same age frequencies on the 

assumption that these frequencies form a kd or kl series. The 
x x 

argument is therefore tautological. 

(2) Quick (1963, p. 210) suggested that a population can be 

tested for ability to maintain itself (i.e. it is stationary) with 

knowledge of the population's age structure and fecundity rate. 

His method is to substitute values in the statement 

Fme :: f 
o 

where F is the number of females in a cohort at birth, e is their 
o 

mean life expectancy, m is the mean number of female births produced 

per female per annum and f is the total number of female births 

produced by this cohort throughout its life. The population is 

considered stationary if F = f. 

The equation can be simplified to 

= 
me :::: 1 

o 

for a stationary population 9 and can be expressed in terms of the 

survival series as 

This formula is not strictly applicable toa population with a 

restricted season of births and a varying rate of fecundity with 



age t although it is reasonable as an approximation. 

accurately expressed as 

L:lm ",1, x x 

It is more 

where m is the mean number of female births produced per female x 
at age x. 

Although Quickis formula is approximately correct, his use of 

it is not. He illustrates the method with data from white-tailed 

deer presented by Severinghaus and Cheatum (1956 t po 101), and 

estimates eo from the ag~ frequencies of the sample as if they 

were, in fact, from a population with a stationary age distributiono 

But the formula does not allow calculation of 1 probabilities 
x 

(and hence of eo) from age frequencies because such a calculation 

begs the question. The test is thereby infiltrated by the premise 

that the population is stationary; but this is the hypothesis to 

be tested. The end result will usually appear consistent with 

stationarity even when the population is increasing or decreasing. 

(3) Breakey (1963) postulated that a population could be judged 

as increasing t stationary or decreasing from an examination of its 

age distribution. When the percentage of the population in each 

class is drawn as a horizontal bar~ and these bars are placed in 

order one above the other , the resultant figure would be pyramidal 

if the population were increasing, bell shaped if stationary and 

urn shaped if decreasing. The diagnostic differences between 

these figures lie mainly at the base~ i.e. in the ratio of juveniles 

to those of the next age class. This ratio is a function of birth 

rate and juvenile mortality~ and in a stationary population is 

entirely dependent of juvenile mortality. The figure for a 

stationary population is characteristic of this state only when 

juvenile mortality is relatively low~ and use of this method pre

supposes the approximate rate of mortality. 

The method is actually a generalized interpretation of 

Bodenheimer's (1938~ p. 22-23) figures for the age distribution of 

urban populations of man. In Breakey's use of these for mouse 

populations is an implicit assumption that a constant relationship 
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exists between the mortality rates of the first few age classes~ 

and that the relationship is the same in populations of mice and 

men. This cannot be accepted as axiomatic. 

(4) Quick (1963, p. 204) conBiders that where 1 and d series x x 
are calculated from the same age frequencies and "when these two 

curves have similar form, there is some reason to believe that the 

data adequately represents the true structure of the population and 

is adequate for describing population functions." If the data are 

"adequate for describingpopulationfunctionsit the population must 

be stationary and so this method, in'effect~ tests both the accuracy 

of the dat~ and the stationary nature of the population from which 

they were drawn. Curves constructed from the 1 and d series will x x 
have a similar trend only when the rate of mortality is constant 

with age or is decrea§.ing throughout life. 

presupposes the form of the life table. 

The method therefore 

(5) Hughes (1965 and pers. comm.) presented a method for deter-

mining the rate of increase of a population by making use of the 

relationship 

r = b - d 

where r is the infinitesmal rate of increase~ b the infinitesmal 

birth rate and d the infinitesmal death rate. He used a sample of 

ages at death and another of the population's age distribution to 

estimate band d for a population of the wallaby Lagos:tr0E.!!~ 

fasciatus. The infinitesmal birth rate was calculated as the -----
natural logarithm of the average ratio between the frequencies of 

successive age classes up to four years, and the infinitesmal death 

rate was estimated from the sample of ages at death. The resul

tant estimate of r -0.04 was used as evidence that the population 

was almost stationary. 

An implicit assumption of this analysis is that the sample o~ 

a kd series whereas it would tend to approximate x ages at death is 

kd erx 
which would not allow an estimate of death rate. 

x 
The 

closeness to zero of the estimated if r " indicates that the popula-

tion's age distribution is approaching the stable form, but it can

not be used as evidence for a stationary age distribution. 
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These ways of judging ~hestationary nature of a population 

are invalid. But I intend something more general than the simple 

statement that these five methods do not test what they are supposed 

to test. Given n~ information other than a single age distribution 

it is theoretically impossible to prove that the distribution is 

from a stationary population unless one begins from the assumption 

that the population's survival curve is of particular form. If 

such an assumption is made 9 the life table constructed from the 

age frequencies provides no more information than was contained in 

the original premise. 

Although it is impossible to determine the stationary nature 

of a population by examining the age structure of a single sample, 

even when rates of fecundity are known, in some circumstances a 

series of age structures will give the required information. This 

fact is here utilized to investigate the stationarity of this 

population. 

Thar dispersed into the Godley Valley from the south=west and 

presumably colonized this side of the valley before crossing the 

two miles of river bed to the north-east side. This pattern of 

establishment is deduced from that in the Rakaia Valley, at the 

present edge of the breeding range, where thar bred for at least 

five years on the south side of the valley before colonizing the 

north side. Having colonized the north-east side of the Godley 

Valley, the thar would then cross the Sibald Range to enter the 

Macaulay Valley, which is a further six miles north-east. The 

sample can therefore be divided into three sub-samples correspon

ding to the different periods of time that the animals have been 

present in the three areas. A 10 x 3 contingency test for dif

ferences between the three age distributions of females one year 

old or older gave no indication that the three sub-populations· 

differed in age structure (X2 
= 22034; P = 0.2). 

This information can be interpreted in two ways: either the 

three sub-populations are neither increasing nOr decreasing and 
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hence are likely to have stationary age·distribution5~ or the sub

populations could be increasing at the same rate~ in which case they 

could have identical stable age distributions. The second alter-

native carries a corollary that the sub~populations would have 

different densities because they have been increasing for differing 

periods of time. But an analys~s of the three densities gives no 

indication that they differ (Table 7.2). This result necessitates 

the reJe~tion of the second alternative. 

The above evidence suggesting that the sample was drawn from a 

stationary age distribution is supported to some extent by obser

vation. When I first passed through the area in 1957 I saw about 

as many thar per day as in 1963-64. Mr. J.A. Anderson, who has 

taken an interest in the thar of this region 9 writes that the 

numbers of thar in 1956 were about the same as in 1964 (Anderson? 

pers. comm.). These are subjective evaluations and for that 

reason cannot by themselves be given much weight, but they support 

independent evidence that the population is stationary or nearly so. 

A sample of the age structure of a population can be biased in 

several ways. The most obvious source of bias is behavioural or 

range differences between males ~nd females. For instance, should 

males tend to occupy terrain which is more difficult to hunt over 

than that used by females 9 they would be under-represented in a 

sample obtained by hunting. The task of sampling the different 

social groupings (see Section 2) in the same proportions as they 

occur throughout the area is complicated by their preferences for 

terrain that differs in slope, altitude and exposure. Conse

quently the attempt to take an unbiased sample of both males and 

females was abandoned and hunting was directed towards sampling 

only the nanny-kid groups in an attempt to take a representative 

sample of females. The following analysis is restricted to 

females. 



Table 7.2 
Relative densi es of thar in three zones 

Zone 

Godley Valley 
South 

Godley Valley 
North 

Macaulay 
Valley 

Number females 
autopsied 

258 

240 

115 

Mean density 
index* 

2.19 

1.67 

2.66 

69 

Standard 
error 

0.56 

0.53 

0.69 

F2g56 for densities between valleys = 1.74. not significant. 

<4< 

Density indices were calculated as the number of females other 

than kids recorded as autopsied in a zone each day, divided by the 

number of shooters hunting in the zone in that day. 

and ease of hunting are about the same in each zone. 

Topography 

Although bias attributable to differences in behaviour between 

sexes can be eliminated by the simple contrivance of ignoring one 

sex, some age classes of females may be more susceptible than others 

to shooting. Table 7.3 represents an attempt to test for such 

difference. The females in Table 7.3 (A) are divided into two 

classes~ those from groups in which some members were aware of the 

presence of the shooter before he fired~ and those from groups 

which were undisturbed before shooting commenced. If any age 

group is particularly wary its members should occur more often in 

the tldisturbed lt class than is the case for other age groups. But 

a ~2 test (t2 = 8.28; df = 9; P 0.6) revealed no significant 

difference between the age structures of the two categories. 

Table 7.3 (B) shows the age frequencies of females (other 

than kids) that were shot at ranges less than 200 yards~ and of 

those shot beyond this range. If animals in a given age class 

are more easily stalked than the others~ they will tend to be shot 

as closer ranges. Alternatively, animals which present small 
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Table 703 

Age frequ~ncies of female thar g divided according to whether they 

were disturbed or und~sturbed before being shot (A)g and in 

respect to the range at which they were shot (B) 

------------------------------------------------------------------
Age A B 

eyrs) disturbed undisturbed <200 yd )200 yd 

------------------------------------------------------------------
1 39 55 59 32 
2 41 56 45 44 

3 39 67 56 43 
4 -29 37 42 22 

5 28 42 37 26 

6 14 33 25 17 

7 11 26 21 13 
8 16 19 18 15 

9 7 17 9 13 

9 16 28 23 19 
----------------- ----------------------------------

targets may be under-represented in the sample of those shot at 

ranges over 200 yards. This is certainly true of kids 9 which are 

difficult to see~ let alone to shoot, at ranges in excess of 200 
yards. The kids have therefore not been included in Table 703 
because their under-representation in the sample is an acknowledged 

fact, but for older females there is no differenc between the age 

structures of the two groups divided by range which is not 
2 explainable as sampling variation (Ie = 9.68~ df ~ 9; P = 0.4)0 

This is not to imply that no bias exists - the yearling class for 

instance could well be under-represented beyond 200 yards - but 

that no bias could be detected from a sample of this sizeQ 

The taking of a completely representative sample from a 

natural population of mammals is probably a practical impossibility, 

and I make no claim that this sample of thar is free of bias 9 but 

as bias cannot be detected from the data I assume it is slight. 

Appendix G discusses sources of bias and describes hunting methods. 
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The minor differences in age-class totals between A and B in 

Table 7.3 result from some animals in the sample not being recorded 

by range and behaviour. 

Z!.214 Construction oftha life table 

The shooting yielded 623 females one year old or older, aged 

by growth rings on the horns. As the sampling period spanned the 

season of births, a frequency for age zero cannot be calculated 

directly from the number of kids shot because early in the period 

the majority had not been born. Table 7.4, column 2 gives the 

number of sampled females at each age. Although the ages are 

given to whole numbers of years each age class contains animals 

between x years =~ month and x years + months. These fre-

quencies are from a stationary age distribution and consequently 

they are an estimate of the kl series. By definition each sur~ 
x 

vivorship must be greater than any below it in the series, but as 

a result of sampling variation this requirement is violated by the 

data. Consequently? the unmodified frequencies cannot be used as 

a kl series until they have been corrected by a curve that both x 
closely tracks the data and obeys the criterion of negative slope. 

A moving average trend line cannot be used for this purpose because 

it reduces slope and the,reby gives an exaggerated estimate of mean 

survivorship. 

A curve was required flexible enough to allow a strictly 

empirical fitting and whose constants had no biological connota-

tions. This course was adopted to avoid fitting a curve that 

would simple reflect a preconceived pattern of mortality. The 

log polynomial curve is admirably suited to this purpose. It 

takes the form 

log y = a + bx + cx
2 

+ dx3 + Q uO 

and can be fitted in successive stages, the success of fitting 

terms of higher and higher degree being observed and tested at 

each stage. The analysiS was applied to frequencies up to 12 

years, beyond which they dropped below five and were not treated. 

Reduction of variance at successive stages of fitting proceeded as 

follows: 
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.linear and quadratic terms significantly reduced variance around 

the regression, and although incorporation of the cubic term 

reduced it further the effect was not significant. Fitting was 

therefore halted after the quadrat term to give 

log y : 109673 + 0.0246x - 0.01036x2
9 

y being the estimated frequency and x the age. The curve closely 

fitted the data (Fig. 7.2) and provided the adjusted frequencies 

in the third column of Table 7.4. 

The frequency of births can now be estimated by multiplying 

the adjusted frequencies by the appropriate fecundity rates given 

in Section 6. The sum of these products is the estimated number 

of female kids produced in a season by the sampled females, if they 

had not been shot. This frequency of 205 is entered at the head 

of column 3. The adjusted frequencies in column 3 were each 

multiplied by 4.878 to give the 1,000 1 values in column 4. The 
x 

mortality distribution (column 5) and mortality-rate series (column 

6) were calculated from these. 

The difficulty of comparing the mortality patterns of animals 

that differ greatly in life span can be readily appreciated. To 

solve this problem, Deevey (1947) proposed the percentage deviation 

from mean length of life as an appropriate scale 9 thereby allowing 

direct comparison of the life tables of~ say, a mammal and an 

invertebrate. For such comparisons this scale is obviously use

ful, but for mammals where the greatest difference in mortality 

rates may be at the juvenile stage the scale often obscures 

similarities. 

By way of illustration, Fig. 7.3 shows the 9000 q curves for x 
two model populations which differ only in the mortality rate of 

the first age class. When the values are graphed on a scale of 

percentage deviation from mean length of life the close similarity 

of the two sets of data is no longer app'arent. Thus the use of 

Deevey's scale for comparing mortality patterns in mammals. might 

result in a loss rather than a gain of information. In this 



Table 7.4 

Provisional life table for thar in the Godley 

area (females only) 

--------------------------------
1 2 3 4 5 6 

Age in Frequency Adjusted 
years in sample Frequency 

x 1,000 1 19000 d 1,000 q 
x x x -----------. --------------------------

0 205* 1,000 533 533 
1 94 95~83 467 6 13 

2 97 94.43 461 28 61 

3 107 88.69 433 46 106 

4 68 79 c41 387 56 145 

5 70 67c81 331 62 187 

6 47 55.20 269 60 223 

7 37 42.85 209 54 258 

8 35 31.71 155 46 297 

9 24 22,,37 109 36 330 
10 16 15.04 73 26 356 
11 11 9.64 47 18 382 

12 6 5.90 29 

13 3 

14 4 

15 3 
16 0 

17 1 

---------------- -----
* Calculated from adjusted frequencies of females other than 

kids (column 3) and m values. 
x 

73 
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report, absolute ag~ has been retained as a scale in comparing 

life tables of different species, although this scale has its own 

limitations. 

Between 1954 and1959, Hickey (1960) recorded the ages at 

death of 83,113 females on selected farms in the North Island of 

New Zealand. He constructed a q table from age 1~ years by 
x 

"dividingthe number of deaths have occurred in each year of 

age by the number t exposed to risk' [of death] at the same age". 

An age interval of one year was chosen and the age series 1~, 2~, 

3i etc. was used in preference to integral ages* 

The q series conformed very closely to the regression: 
x 

log = 0.156x + 0.24, enabling him in a subsequent paper (Hickey 

1963) to present the interpolated q values at integral ages. He 
x 

also calculated q for the first year of life from a knowledge of 

the number of lambs dying before one year of age out of 85,309 

(sexes pooled) born alive. 

These data provide one of the most accurate life tables for 

any mammal. The 1,000 q curve in graphed in Fig. 7.4. 
x 

dalli 

During his study on the wolves of Mt McKinley National Park, 

Murie (1944) aged carcasses of dall sheep he found dead from the 

growth rings on the horns. This sample can be divided into those 

that died before 1937 and those that died between 1937 and 1941. 

The former sample was used by Deevey (1947) to construct the life 

table presented in his classic paper on mortality in natural 
/ 

populations. Kurten (1 constructed a life table from the 

•• me, , but corrected th. urider~rapr~sentation of first year 

animals, resulting from the relatively greater perishability of 

their skulls, by assuming that adult females produce one lamb per 

annum from about their second birthday. Taber and Dasmann (1957) 

constructed life tables for both males and females from the sample 

of animals dying between 1937 and 1941, and adjusted both the 0-1 

and 1-2 year age· frequencies on the assumption tha.t a female 



r 250~-----r------T------.-------r--. 

200 

I 
Y 

150 
)( 
0-

§ -
100 

50 -

\ 

\ 
\ 

O~~~~~@E~~--~----~~ 
o 20· 40 60 80 

AGE IN YEARS 

Fig. 7.6: Mortality rate per 1000 per year of age for 

man in the U.S. 

~oo 

.00 

200 

100 RAT 

VOL~LO~~~2~~~l4------6L-----~8----~IO· 
RAT~' ____ ~I ______ L! ______ L-____ ~! ____ ~! 

o .. 8 12 16 20 

AGE UNITS 

Fig. 7.7: Mortality rate per 1000 per 56 day interval 

for shortailed vole9 and per 50 day interval for 

laboratory rats. 



75 

produces her first lamb at about her third birthday and another 

lamb each year thereafter~ that the sex ratio at birth is unity 

and that the loss of yearlings is not more than 10%. 

Fig. 7.5 shows a version of this table constructed from the 

pre-1937 sample. The mortality of the first year class has been 

adjusted by assuming that the sex ratio at birth is unity, that 

50% of females produce their first kids at their second birthday 

and that thereafter 90% produce kids each year. The figure of 

50% fecundity at age two is borrowed from Woodgerdts (1964) study 

on the closely related Ovis ~~~~sis, and the subsequent 90% 

fecundity is based on Murie's (1944) statement that twins are 

extremely rare. To allow for temporarily or permanently barren 

animals, 10% is subtracted from the potential fecundity. 

This life table must be taken as an approximation. As 

Deevey (1947) has pointed out, the pre-1937 and 1937-41 samples 

differ significantly in age structure. The obvious conclusion 

is that the mortality rate by age was changing before and during 

the period of study. Consequently the age structure of the sample 

is likely to be only an approximation of the kd series. Further= 
x 

more, the q values for age one year are likely to have been biased 
x 

by differential perishability of skulls, but no arbitrary adjust-

ment has been made. 

Man 

Most of the life tables available for man show that males have 

a higher rate of mortality than females. However Macdonell's 

(1913) tables for ancient Rome, Hispania and Lusitania suggest that 

this might not always have been so and that in some circumstance 

the reverse can be true. 

A 1,000 q curve for Caucasian males and females in the United 
x 

States between 1939 and 1941 is shown in Fig. 7.6. The values 

are taken from Dublin et al. (1949)0 

~::!, Ratt~~ ~!esi~~ 
Wiesner and Sheard (1935) gave the ages at death of 1,456 

females of the albino rat (Wistar strain) in a laboratory popu= 

lation. Their table begins at an age of 31 days, but 
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Leslie et a1. (1952) calculate from Wiesner and Sheard's data 

that the probability of dying between birth and 31 days was 0.316. 

Fig. 7.7 gives a q curve constructed from these data. 
x 

§.!::g..:r:!:.!ai1e~ vole, Micr~~ !Eestis 

The ages at death of &5 males and 34 ~ema1es were reported 

by Leslie and Ranson (1940) from a laboratory population of voles 

kept at the Bureau of Animal Population, Oxford. Frequencies for 

both sexes were pooled 
-bx2 

f f e where f is 
x o. 

and the data were smoothed by the formula 

the frequency of animals alive age x, and b 

is a constaht. 

(p = 0.5 to 0.7). 

The computed curve closely fitted the data 

Fig. 7.7 shows the 1000q curve derived from 
x 

the authors' sixth table. 

The pooling of mortality data from both sexes is strictly 

valid only when the two q series are not significantly different. 
x 

Studies on differential mortality between sexes are few, but those 

available for man (Dublin ~! a1. 1949, and other authors), da11 

sheep (Taber and Dasmann 1957, and this paper), .the pocket gopher 

(Howard and Childs 1959) and Orkney vole (Leslie et !1. 1955) 

suggest that although mortality rates certainly differ between 

sexes, the trends of these age-specific rates tend to vary in 

parallel. Consequently, this life table for voles, although based 

on presumably heterogeneous data, is probably quite adequate for 

revealing the gross pattern of mortality with age. 

2!kney vole, ~£!otus £Ecadensis 
- ---

Leslie t !!. (1955) gave a life table for both males and 

females in captivity from a base age of nine weeks. In addition 

they gave the probability at birth of surviving to ages three, six 

and nine weeks, but did not differentiate sexes over this period. 

The 1000q curve given here (Fig. 7.8) was constructed by ca1cu-
x 

1ating survivorship series for both males and females from these 

data, drawing trend lines through the points, and interpolating 

values at intervals of eight weeks. 
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~~21 Proposed life !abl~£1-~££~Eted 

In a subsequent section the life tables discussed previously 

are examined in an attempt to generalize their form. Only a small 

proportion of published life tables are dealt with, and any 

generalization from these could be interpreted as an artefact 

resulting from selection of evidence. 

To provide the reader with the information necessary for 

reaching an independent conclusion, the published life tables not 

selected for comparison are listed below with reasons for their 

rejection. Only tables that include all juveniles age classes 

are discussed here. These tables are rejected only for present 

purposes because comparison of mortality patterns between species 

demands a fairly high degree of accuracy for individual tables. 

The inclusion of a table in this section does not necessarily imply 

that it is completely inaccurate and of no practical value. 

Cari~~, Rang!~ arcticus ----
This table (Banfield 1955) is based on 292 jaws from animals 

found dead. If these had all come from a representative sample of 

flnatural" deaths their age frequencies would form a kd series 
x 

provided the population had a stationary age distribution. If the 

animals had been unselectively shot the age frequencies would be a 

sample of ages in a living population. But some of these jaws 

were from animals dying "naturallyil while others were from animals 

that had been shot. Hence 1 and d are confounded in this sample. x x 
This discussion raises the issue that because shooting can be 

considered in many cases as merely a form of predation9 deaths 

caused by shooting can be included in any analysis of mortality. 

In principle this attitude is unimpeachable t but the practice of it 

presents difficulties. To secure a representative sample of ages 

at death by ageing dead animals, the ratio of specimens found dead 

from shooting to those which died from "natural causes" must be the 

same as the ratio of these two effects on the population as a whole. 

But in all situations known to me~ carcasses of animals killed by 

shooting are much easier to find than those resulting from ItnaturalU 

mortality. Carcasses of shot animals tend to be in more open 



areas, thereby resulting in an over·representation of shot animals 

in the sample. Of the 142 thar found dead in the Godley, more 

than 3/4 were suspected to have met their deaths by shooting, 

although mortality due to private hunters is probably very low in 

comparison with "natural" mortality. Because the two components 

of a mortality sample are liable to differ markedly in age struc

ture, quite small deviations from the true ratio of deaths by 

shooting to deaths by other causes will distort the q curve. 
x 

Severinghaus and Cheatum (1956) gave the ages of 2831 females 

shot by private hunters during the 1948 and 1950 antlerless deer 

seasons in the west of New York State, U.S. Quick (1963) pro

duced a life table for females from these data on the assumption 

that they formed a kdx series. For reasons previously outlined, 

an unbiased sample of a stationary age distribution does not form 

a kd· series; it approximates a kl series, but only if the sample x x 
is taken immediately after a restricted season of births. The 

interpretation of this sample as a kd series is invalid and to 
x 

analyse it as a kl series would be misleading because the animals 
x 

were shot about six months after the season of births. The only 

way to produce an approximation to the kl series from these data is x 
to calculate the mean of each successive pair of age frequencies to 

give an estimate of the age structure at integral ages. The 

frequency at birth could then be calculated by multiplying each age 

frequency by the mean number of female fawns produced per female 

at that age, and summing these products. This is a dubious pro

c~dure even when mean fecundity by age is accurately known, because 

it assumes that survivorship does not curve between age classes, 

that the population has maintained a stationary age distribution 

for some time, that private hunters wh~n choosing between two or 

more targets are not influenced in their choice by the relative 

sizes of the animals, and that age classes are equally vulnerable 

to hunting. 
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Taber and Dasmann (1957) presented life tables for both males 

and females in two habitats, based on ages at death of deer found 

dead. Their largest sample (females in chaparral) consisted of 

only 36 carcasses, giving an average of 3.6 age determinations per 

year class. The proportions of the first three year classes in 

this sample were 31%, 3%t and 3%9 but these percentages have 95% 
fiducial ranges of 17-48% for the first and 0.1-15% for each of the 

other two .. The smallness of the sample results in sampling 

variations of a magnitude that would tend to obscure any under

lying pattern of mortality with age. 

Most of the roe deer on a game research farm in Denmark were 

shot between May and December 1950g all females in the sample being 

shot during and after October. Andersen (1953) reported the ages 

of these animals, using tooth development and wear as criteria of 

age, and gave data on the incidence of corpora lutea of pregnancy. 

This information was analysed by Taber and Dasmann (1957) to give 

a life table for each sex 9 the frequency of births being estimated 

on the assumption that the number of fawns born equalled 90% of the 

corpora lutea of pregnancy. 

a kl series. 
x 

The age frequencies were treated as 

These life tables would be valid if their d series recorded 
x 

all deaths, but an apparent high mortality in the second and third 

years of life is explained by Andersen (1953, and pers. comm .. to 

Taber and Dasmann) in terms of dispersal. Andersen (1962) stated 

in a later paper that there is considerable emigration of roe deer 

from the area in summer. Thus losses due to mortality and those 

due to dispersal cannot be separated in this case. 

Life tables for both males and females have also been pre

pared by Quick (1963) from the age frequencies of this sample. He 

analysed them as if they were a kd series, a method previously 
x 

shown in this paper to be an inappropriate treatment of a popula-

tion's age structure. 
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canadensis ----
A life table based on the known ages at death of 17 males was 

presented by Woodgerd (1964). These data are considered too few 

to justify life table treatment. 

!!!~ebeest, ~!£~ taur;~ 

Talbot and Talbot (1963) gave the age structure of a popu

lati~n by year classes up to three years of age, and divide the 

rest of the sample into three classes based on progressive wear of 

the horns. They graph the temporal age distribution of a 1,000-

strong cohort (Le. 19000 I ) against "approximate age in yearsll~ x 
but the horn classes have not been objectively calibrated by 

absolute age. For this reason, and because horn wear is liable 

to have a substantial variance with age, thereby distorting the 1 

values, the life table is not accepted in its present form. 

~o!~, Rupi~Er~ rUEicaEra 

x 

Bourli~re (1951) gave a table of age frequencies of chamois 

older than two year of age recorded by Couturier (1938), and inter

preted them as if they were a representative sample of these ages 

in a living population. Kurten (1953) calculated from these 

freqUencies a life table in which the I curve was corrected for 
x 

under-representation of young animals. 

This sample appears to be largely a collection of hunting 

trophies (Kurt~n 1953) but Bourli~re (1955)~ in the English version 

of his book, writes: "The proportions of the various age classes 

in this sample should not be very different from what they are in 

the entire population. The fact is that from the third year on 

the horns are of a fairly good length and it is exceedingly diffi

cult, at more than 100 yards, to be sure of the ages of the animals 

one is firing at. The make-up of this sample should therefore be 

rather close to that of a true random sample • • • except perhaps 

for the animals in their second year, whose proportion in the total 

population is probably larger than their percentage in the sample.\! 
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My own experience of shooting chamois makes me wary of this 

assumption. Chamois are ~ften encountered in small groups? and 

a hunter comparing relative body sizes and horn lengths with the 

aid of binoculars can often judge accurately which member is most 

likely to yield a trophy head. Hence a collection of hunting 

trophies is usually bias with respect to age? and the life table 

produced from such a sample is near the edge of doubt. 

!:!:!bilov_~ur sea;!;,? Cal1.0rh!!!~ .!!rsin.!!~ 

Kenyon and Scheffer (1954) presented life tables for males up 

to six yea~a and for females to ten years of age. 

They state (p. 37): "The life table for males is based on 

four values that determine its shape and magnitude. Between these 

values, or check points9 it has been necessary to interpolate 

rather freely!!. Of these values, only one (frequency of pups) 

gives' a precise point on the survivorship curve. 

The life table for females is based on these assumptions: 

that the number of females born is the same as for males. mortality 

rates up to three years of age are similar to those of males, the 

mortality rate per year over the age interval 3-10 years is 0.05, 

and the total number of female seals over ten years of age is 

consistent with the previous premises. The authors warn (po 41) 

that "some of these assumptions may be seriously questioned" 

particularly the mortality rates ••• and the total of female 

seals over ten years of age • 

Life tables for both males and females were presented by 

Hewer (1963, 1964)~ but the data from which they were constructed 

are incomplete and have been subsidised by data from the elephant 

seal and the Pribilov fur seal. The mortality rate over most of 

the life span is assumed to be constant. although no evidence is 

available to support this assumption. These life tables, which 

are ~dmittedly provisional, cannot be accepted for comparison with 

those of other mammals until their validity is vindicated. 
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From a knowledge of reproductive rates and the age structure 

of the hunters' catch, McLaren (1962) constructed a model popu

lation to give the rate of "natural" mortality with age. While 

this model is likely to be useful in the management of seals, the 

method by which it was constructed allows a range of possible 

solutionS for the same set of data and consequently the table is 

not used here. 

Laws (1962) gave ~ge structures of fin whale samples obtained 

during normal whaling operations. ~e presented these as 

"survivorship curves" but noted that because of various diffi-

culties of sampling and ageing " ••• it is not advisable to regard 

the survival curves as precise life table materiaL" 

Fossil accumulations 
----.,----~-.-----
---~.....- -

Kurten (1953, 1958) gave age structures from fossil accumu

lations of five mammals (Urmiatherium int!E~~' Plesiadda~ 

~~E~!:!ti, Ictith!E~ :!,ongii, Gaz~g!:. dor~do~ and Ur~ 

sEela~~). The specimens were aged by an elegant dissection of 

multimodal distributions of tooth wear to give year classes. Age 

structuresof the first four species were treated as kl series 
x 

because the evidence suggested that they were killed by floods 

assumed to preserve a representative sample of agesin a living 

population. Data from Ursus ~ela~ were analysed as a kd
x 

series because the bones appeared to be of those animals that had 

died during hibernation. 

S±milar analyses were performed by Van Valen (1964) on fossil 

accumulations of the tertiary horses Mer¥chiEPus Er!~~ and 

GriEEiEEus gratu~. Although he does not present formal life 

tables, Van Valen interprets the age frequencies of the first 

species as a kl series, and those of the second as a kd series. x x 
Unfortunately, there is no way of discovering whether these 

popUlations were stationary over the period of accumulation, nor 



whether the remains were, in fact9 a representative sample of ages 

at death (where all seasons are sampled), or alternatively, a 

representative sample of the population's age structure. There 

are too many immeasurables inherent in the data to allow their 

unqualified acceptance. 

:c:o:t:t:o:n:t:a:i:l=======t 9 ~lvilagus !12rida~ 

Lord (1961b) gave a life table from birth to 39 months. The 

age interval was set at one month except for an initial interval 

of four months from birth. This table is reporduced by Davis and 

Golley (1963) and Smith (1966) as an example of the life table 

technique. 

The age structure of a population was sampled by shooting 

every month from July 1956 to December 1959. The four yearly 

samples were pooled, ages were inferred to one month from the 

weights of lenses, and the total age frequencies were treated as a 

kd series derived from a stationary age distribution. The x 
strength of ' the hypothetical cohort at birth was estimated from 

the frequency of pregnancies and a knowledge of mean litter size. 

This table fails on the following counts: 

(1) Pooling of age frequencies for all months is valid only when a 

species has a rate of breeding independent of season~ in which case 

unbiased age frequencies from a stationary population approximate 

a series of the form kl~. But cottontail rabbits can be found 
X+2 

pregnant from March to September (Lord 1961a)9 and as the period 

of gestation is only a month (see Lord 1961a for references), the 

season of births must span about six months. This species is 

neither a continuous breeder nor one with a season of births re

stricted to a small fraction of a year9 the only two situations 

which provide age frequencies from the population structure amen

able to meaningful life table treatment. 

(2) The age frequencies were interpreted as a kd series, implying 
x 

that the sample does not give the population's age structure but 

represents the relative susceptibilities of the age classes to 

mortality. However 9 in another paper (Lord 1961a) which utilized 
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much of the same material, the data appear to be treated as from 

an unbiased sample of the population. These interpretations 

exclude each other. 

(3) Although a stationary age distribution was assumed (Lord 

1961a, p. 38) no breakdown of the sample by years is given to 

allow a test for the constancy of the age distribution between 

years at the same month. But the previous paper (Lord 1961a) 

gives information which can be interpreted only as a denial of 

that assumption; the prevalence of pregnancy increased during 

the period of study and the total production of young in 1959 

was 21% greater than in 1958. 

Lord's ~nformation is of considerable interest9 but it is . 

not life table material. 

Snowshoe ha.::.:, americanus 

Mortality rates per year class were calculated by a capture -

recapture technique (Green and .Evans 1940). Deevey (1947) writes: 

"It is perh~ps unnecessary, and certainly uncharitable, to point 

out two sources of error in this excellent and ingenious work. In 

the first place, when individuals are released into a population 

and later recaptured, the calculation of the total population from 

the fraction 

siz!::_.£L~~E!~2!hen E.!£apturin~ 

number recaptured 
x number marked 

depends on two assumptions. neither of which is liable to be true 

in this case; that there is no mortality between marking and 

recapturing; and that the marked individuals dispersed at random 

through the whole population. Secondly, the flow of vital events 

in this population was so rapid, very few rabbits more than three 

years old ever having been found, that observations made annually 

can give only a very rough idea of the life table." 

Survival data for both spring and autumn broods were given by 

Howard (1949). Animals were marked soon after birth and the 

"probability of dying" in each period was calculated as the number 



of individuals missing during an ag~ period divided by the number 

present when it commenced. This value is the qstatistic of 
x 

this paper. Unfortunately there is no satisfactory method of 

separating the "missing!! marked animals into those that dispersed 

and those that died 9 and consequently the values may be misleading 

if interpreted strictly as a q series. x 

~~~t:!:n_g~~~.!.!:~!!e b::~t Pipis.!..£~.!1!:~ ~ubfl~!~ 

W.H. Davis (1966) gives life tables for both sexes. Adult 

survival was estimated by mark-recapture analysis and juvenile 

mortality was estimated from knowledge of fecundity rates. He 

computed a "recapture percentage lt at x years of adult life as 

number recaptured x years after banding divided by the relevant 

number banded. The survival rate over a given year of age was 

calculated as the ratio of recapture percentages at each end of 

the age interval. 

The validity of this analysis rests on two provisos: that the 

bats were all banded as juveniles and that the same effort in re-

capturing was expended each year. It is plain from Davis's 

account that neither assumption can be accepted as an approximation. 

Sluiter ~! ala (1956) recorded the results of a 13 year study 

of banded bats in the Netherlands. The mortality rate over the 

first year of life was estimated from the annual survival rate of 

adults (assuming that the rate was constant with respect to age) 

and their known fecundity. 

In estimating the rate of adult mortality~ they made use of 

the fact that of bats banded as adults, the fraction of recaptures 

in subsequent years had an approximately logarithmic relationship 

to the lapse of time since banding. They state (p. 76): "it is 

assumed that the probability of survival and rate of capture are 

independent of the animals' age and of the year of sampling. If 

this assumption is valid, the points [i.e. log recapture fractions 

plotted against time since banding] • • • should show no appre

ciable systematic deviation from the straight regression line. 
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If this is actually found to be the case, it may be said that the 

assumption at least is not disproved. There may be other conditions 

resulting in a regression line that, within the limits of experi

mental error, is not distinguishable from a straight line. But 

as long as no evidence of the contrary has been obtained, constancy 

of p and q [i.e. probability of survival and of being caught] may 

be accepted as the simplest hypothesis in agreement with the experi-

mental results." This is a balanced and entirely unassailable 

statement of the position. However, the linear regression of log 

recapture fractions on time since banding is a relatively insensi

tive test of their hypothesis, and a decreasing or increasing 

mortality rate with age, coupled with a variance around the regres

sion similar to theirs, could provide a regression that was 

difficult to distinguish from a straight line. Consequently, their 

hypothesis, while being accepted as the simplest explanation of 

their data, is not used here to construct a life table. While the 

data are adequate for establishing the mean rate of mortality for 

all age classes, they do not allow direct comparison of mortality 

rates between age classes. 

Other bats 

The authors of the publication discussed above have also 

presented survivorship series for Bhi~£E~ ~iEEosi~~9 

~£tis ~rg~~ and ~~ daubent (Bezem at 1960). 

The methods of analysis are essentially the same as those used for 

Myotis ~~~cin~. They yield mortality rates of doubtful relia

bility for individual age classes. 

The most striking feature of the q curves of species accepted x 
for comparison is their similarity. Each curve can be divided 

into two components~ a juvenile phase where the rate of mortality 

is initially high but rapidly decreases, followed by a post-juvenile 

phase characterized by an initially low but steadily increasing rate 

of mortality. The seven species compared in this paper all 



produced q curves of the tlU" or fish-hook shape g suggesting that 
x 

most mammals share a relationship of this form between mortality 

rate and age. This conclusion, if false! can be invalidated by 

a few more life tables from other species. It can be tested most 

critically by re-examining some of the species for which life 

tables, although published, were not accepted in this paper. 

Those most suitable are species that can be adequately sampled, 

and accurately aged by growth rings on the horns or growth layers 

in the teeth (chamois, Rocky Mountain sheep, and several species of 

deer), or those small mammals that can be marked at birth and 

subsequently recaptured. 

High juvenile mortality, characterizing the first phase of the 

qx curve , has been reported also for several mammals for which 

complete life tables have not yet been calculated (e.g. for 

2Elct£~~~ £~icul~ (Tyndale-Biscoe and Williams 1955, Stodart 

and Myers 1964)9 Q£!gon 1auri~ (Talbot and Talbot 1963), 
Ce~~ elaphus (Riney 1956) and 2!!amnos ~Eica~ (Brandborg 

1955). Kurt~n (1953, p. 88) generalized this phenomenon by stating 

that lithe initial dip [in the survivorship curve] is a constitu

tional character in sexually reproducing forms at least ••• it 

Taber and Dasmann (1957) and Bourli~re (1959) have emphasized the 

danger of considering a life table of a population in given circum~ 

stances as a typical of all populations of that species. Different 

conditions of life tend to affect life tables, and the greatest 

differences between populations of a species are like to be found 

at the juvenile stage. For example~ the rate of juvenile mortality 

in red deer (Riney 1956), and in man, differ greatly between popu

lations of the same species. 

The second phase the increase in the rate of mortality 

throughout life - is common also to the seven species compared in 

this paper. Although the increase itself is common to the seven~ 

the pattern of this increase is not. Mortali ty rates have a 

logarithmic relationship to age in domestic sheep and to a less 

marked extent in the rat~ the Orkney vole~ and the dall sheep9 

whereas the relationship for the thar and the short-tailed vole 

appears to be approximately arithmetic. However 9 this difference 
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may prove to be only an artefact resulting from the smoothing 

carried out on the data from these two species. 

Despite these differences, the characteristios common to the 

various q curves dominate any comparison made between them. The 
x 

similarities are all the more striking when measured against the 

ecological and taxonomic differences between species. Taxonomi

cally, the seven species represent three separate orders (Primates, 

Rodentia, and Artiodactyla), and ecologically they comprise 

laboratory populations (rats and voles) 9 natural populations (thar~ 

dall sheep and man) and an artificial population (domestic sheep). 

The agents of mortality that acted on these populations must have 

be quite diverse. Hurie (1944) reported that most of the dall 

sheep in the sample had been killed by wolves; most mortality in 

the thar population is considered to result from starvation and 

exposure in the winter; mortality of domestic sheep seems to be 

largely a result of disease, physiological degeneration, and 

possibly iodine deficiency in the lambs (Hickey 1963); whereas 

the deaths in the laboratory populations of voles and rats may be 

due to inadequate parental care and cannibalism of the juveniles, 

and perhaps disease and physiological degeneration in the adults. 

These differences suggest that the q curve of a population may x 
assume the same form under the influence of various mortality 

agents, even though the absolute rate of mortality of a given age 

class is not the same in all circumstances. This hypothesis is 

worth testing because it implies that the susceptibility to 

mortality of an age class~ relative to that of other age classes9 

is not strongly specific to any particular agent of mortal1tyo A 

critical test would be to compare the life tables of two stationary 

populations of the same species, where only one population is sub

jected to predation. 

It is customary to classify life tables according to the three 

hypothetical patterns of mortality given by Pearl and Miner (1935). 
These patterns can be characterized as: (1) a constant rate of 

mortality throughout life,' (2) low mortality throughout most of the 

life span, the rate rising abruptly at old age, and (3) initial 



high mortality followed by a low rate of mortality. Pearl (1940) 

emphasizes that the three patterns are conceptual models having no 

necessary empirical reality, but a few subsequent writers have 

treated them as laws which all popUlations must obey. None of 

these models fits the mortality patterns of the seven species 

discussed in this paper althoughPearl~s (1940) later modification 

of the system provides two additional models (high=low-high 

mortality rate and low-high-low mortality rate), the first of which 

is an adequate approximation to these data. The simple three-fold 

classification of mortality patterns is both confusing and mis

leading for mammals. The five-fold classification allows greater 

scope but this writer considers that at our present level of 

knowledge the construction of a classification is premature. 

7~3 A Generalized Curve for 

!:,!~~alia!!-Ag~.J2~ribu.!~ 

The previous investigation of mortality patterns indicates 

that a cohort experiences two phases of mortality. Bimodality of 

deaths with age was as plain in populations kept in optimal labora

tory conditions as it was for populations subjected to the rigors 

of their natural environments. No evidence appeared in support of 

Bodenheimer's (1958) postulation of two distinctly different morta

lity patterns, one being characteristic of a population in natural 

conditions ("ecological longevity") and the other characterizing 

the population when conditions are optimal <"physiol 

longevity"). 

The fact that mortality patterns do not r greatly between 

species suggests that age distributions also will be similar. If 

this is true it will eliminate much of the une inherent in 

interpreting differences in mortality patterns deduced from age 

distributions. Curve fitting required to smooth irregularities 

in the age distribution, preparatory to calculating survivorships, 

can be carried out in the same way for all mammalian species. 

Mortality patterns can then be compared free of the suspicion that 

detailed differences are artefacts of different methods of analysis. 
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A model of mortality in mammals interpreting the distribution 

of cohort mortality with age Cd ) as bimodal j one mode occurring x 
at the juvenile stage CA) and the other spanning adult life (E). 

The two distributions intersect at pubertu. 
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Rather than considering the observed bimodal mortality as 

reflecting a single process 9 it seems biologically more sensible 

to consider the two modes as produced by two regimes of mortality 

that may have slight overlap. Fig. 7.9 illustrates this model. 

It pictures the juvenile phase of mortality as a J-shaped distri

bution and the adult phase as some modification of a normal 

distribution of mortality. 

treated separately. 

These two distributions will be 

The juvenile phase of mortality occurs over a small part of 

the mean life span~ and for this reason it is difficult to study 

quantitatively. The best that can be hoped for in most studies 

is a measure of the propo~tion of a cohort dying during the phase. 

The adult distribution of mortality is more amenable to 

analysis. The mammalian life tables presented previously give 

no indication that the distribution of adult mortality is complex 

and it can probably be described adequately by such simple distri

butional statistics as mean or median 9 standard deviation and skew. 

~31 __ Mat~~at!£al model 

The equation to be presented should generate a curve closely 

tracking the stable age distribution of a mammalian population 

from the onset of adult mortality. This point in the life span 

is taken as the age at which d is lowest between the two modes 
x 

of mortality. It will be designated "base age". For most 

ungulates this point is at an age of one year and for man it falls 

about the 10th year of age. 

A curve that should fit any stable age distribution generated 

by a unimodal distribution of adult deaths is symbolised by 

where 

i 
of x ~ 

f 

k 

r 

a 

b 

'" x 
--

= 
=: 

:::: 

frequency of 

f / f 
x base i 

exponential 

age 

rate 

i :::: a + bx 

x in sample 9 

of increase 9 

regression intercept on probit 

slope g and also reciprocal. of 

scale 9 

standard deviation 
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x == age 3 and 

i = a function of skew. 

The rationale is as follows 

(1) Stable distributions of seasonally breeding popula-

tions can be onverted to series by mUltiplying each value by 
rx e The probabilities are converted from a base age of birth to 

any given base age by multiplying each by a constant k such as that 

lb = 1. Hence the LHS of the equation is a survivorship from ase 
base age, preceded by the operator IIprobit". 

(2) An series is a cumulative distribution of the d x 
series~ where d is accumulated backwards from infinity. If a x 
normal distribution of ages at death is accumulated in this way, 

the cumUlative curve is a symmetrical reversed sigmoid that can be 

straightened by probit transformation. Thus probit 1 = a + bx 
x 

would exactly track the I series if deaths were normally x 
distributed. 

(3) A normal distribution of adult deaths is rather unlikely 

so a fUrther constant was added to allow for skew. Tl:)e constant 

chosen was an exponent i of age x. When the distribution of 

cohort deaths is normal the exponent will be unity. When the 

distribution of mortality is negatively skewed 1>1 and when the 

skew is in the opposite direction i..( 1 • An exponent is .not a 

highly efficient normalising constant but the accuracy of most 

demographic data hardly justifies more refined treatment. 

The advantages of this curve equation are two=fold~ it should 

track most adult age distributions with high fidelity, and the 

constants of the fitted curve should adequately dese e the under-

lying mortality distribution. It follows from'the of 

probit transformation that the median age of adult death M is 

given by 1 
I 

M -' (~~ 

and the standard deviation s of ages of adult death is approxi

mated by 
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'1 
i 

] . 
The direction of skew and some idea of its magnitude is given 
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by - log i, which will be termed z. These three statistics allow 
e 

comparison between populations terms of the distribution of 

adult deaths as measured from the adult age distribution. 

is of Thar 

A probit curve of the form described in section 7.3 was fitted 

to age frequencies between one and twelve years. The first three 

frequencies ascend to proportions of unity or greater relative 

to the first frequency. They cannot therefore be converted to 

probits as they stand, but any correction is arbitary. For the 

purpose of curve fit ,but not for testing the curve~S goodness 

of fitg they were replaced by the equivalent values of the log~ 

polynomial regression applied to the same data in section 7.214. 

All frequencies were then multiplied by 0.0104 such that 

f x =1 :: 1 to give an series from a base age of one year. Those 

in the age interval 2~ 12 years were converted to empirical probits 

(Finney 1947). Linear regressions of probit on age were then 

calculated for varying values of i and each regression was tested 

for deviation of the observed I values from the regression, for 
x 

ages in the interval 19 12 years. The aim was find the value 

of i result in the smallest mean squared deviation. This 

iterative process gave a value of i = 003 to an accuracy of one 

decimal place and a regression formula of 

Probit (0.0104 f ) : 11.72 x 

The unmodified frequencies had a variance of 54.36 around 

this re on. a fractionally bet er fit than the log polynomial 

with a variance of 54.40. Both curves were tested for ability to 

extrapolate tically beyond the range for which they were 



93 

calculated. Again the probit curve described the data better. 

The log polynomial predicted 7.3 females in the age interval 

13,~ years whereas the probit equation predicted 13.1. The 

sample contained 11 females in this age inte~val. Apparently 

the probit curve is at least as capable as the log polynomial of 

tracking data of this form~ quite apart from its immense 

advantages when attempting to extract some biological sense from 

the constants. 

Juvenile mortality rate was calculated as 1-(f1/fo
) where 

f1 is estimated from the probit curve. 

Females 

The Rangitata female sample was assumed to come from an 

increasing population with a stable age distribution. The first 

assumption rests on observational evidence that the popUlation 

has been increasing (Appendix A) and that growth rates~ fecundity 

and fat reserves are higher than the Godley population. The 

latter has previously been shown (Section 7.212) as consistent 

with stationarity. The second assumption rests on evidence of 

models (Section 7.1) that showed a fluctuating environment is 

unlikely to dislocate a stable age distribution when the expo

nential rate of increase has no systematic time trend. Th~ first 

assumption is safe. The second is more doubtful but should be 

valid as an approximation" 

Before a probit curve can be fitted, the age frequencies must 

each be multiplied by e rx where r is the populationQs exponential 

rate of increaseo Although r cannot be calculated exactly, it is 

possible to calculate its range of probable values. The lower 

limit was fixed by assuming that the mean age o~ adult death is 

higher in this increasing population than in the stationary Godley 

populationo This seems an assumption that makes biological sense. 

The minimum value of r that satisfied this requirement was 0.08. 

An upper limit of r was estimated by calculating the series f e rx 
x 

for ascending values of r until the series no longer held to a 

declining trend. r - 0.15 the values of came close to 
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violating the minimum criteria for a kl series and with r = 0.16 x 
they made biological nonsense. The value of r was therefore 

assumed to lie in the interval 0.08~ 0.16~ and in the absence of 

more refined criteria it was taken as the mid~point~ 0.12. 

Age frequencies in the range 1910 years were multiplied by 

eO. 12x to form a series, and then by 0.0355 to give the series 

a base age of one year. The values were then converted to empiri

cal probits with the exception of that for age one (it has an 

infinite probii by definition). The estimated survivorship of 

1.089 for age four was assigned a maximum working prebit by taking 

its expected as the average of 

Curve fitting proceeded as for the 

sion equation of 

Probit (0.0355f eO. 12x ) _ 6.94 
x 

for ages three and five. 

sample to give a regres-

The extrapolat power of the equation was tested by calcu-

lating the number of females aged 11~ ~ to be expected in a sample 

of this size. The equation predicted 4. as compared with the 

observed number of five. 

Juvenile mortality rate was calculated as 1=(f1eo.12/fo). 

Dobson 

This sample has been shown to have a lower adult fecundity 

than the Godley sample~ and a lower mean level of fat reserves. 

These strongly suggest that the popUlation had commenced a decline. 

Because the population is unlikely to have been ecreasing for 

several years, its age distribution will not hav~ reached a stable 

form. For this reason the age distribution cannot be treated in 

the same way as for the tata sample. 

Although adult mortality rates cannot eatimated~ the 

minimum rate of juvenile mortality is It 

gives an unbiased estimate if the age distribution is stationary 

and an underestimate when the population is decreas 
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Hooker Females 
~---~< -< -< _._.-

This sample provides the same problems as does the Dobson 

sample" The population is unlikely to have a stable age distri-

but ion because of recent changes in rate of increase, and even the 

actual age distribution is difficult to es imate because of the 

small sample. It contains only 24 females aged one year or greater 

and an estimated nine females of zero age. An attempt to investi-

gate the adult mortality pattern would be irresponsible in these 

circumstances. 

In theory a juvenile mortality rate could be calculated, but 

it would have a bias of unknown size and direction. Equally dis-

turbing, th~ first three age frequencies are low and erratic. An 

estimated could not be guaranteed as even a tenuous approxi-

mation to fact and no calculation was made. 

Table 7.5 
Mortality statistics for female 

thar and sheep 

-------------------
Population 

Dobson 

Godley 

Rangitata 

Sheep* 

First year 
mortality 

rate 

)0.59 

0.53 
0.37 
0.16 

Median age 
of adult 
deaths 
eyrs) 

6.20 
8002 

'7085 

* Data from Hickey (1960, 1963) 

Standard 
deviation 

of adult 
deaths 

3.10 
4.13 
2. 

Skew function z 
of adult deaths 

Cz -log i) e 

1.2 

0.0 

-006 

[OPPOSITE] Figo 7.10: Age dis ons of the Godley and 

Rangitata samples 9 with probit curves fitted from an age of one 

year. 



.42 Results 

Table 6.5 the age distributions of females in the Godley 

and Rangitata sample and Fig. 7.10 shows their fitted probit curves. 

The age distributions of the Hooker and Dobson female samples are 

available in Table 6.6, should someone more courageous than myself 

wish to analyse them for mortality statistics. 

Table 7.5 gives mortality statistics for both juvenile and 

adult females in the Godley and Rangitata populations~ and a mini

mum estimate of juvenile mortality in the Dobson. This table also 

includes mortality istics for sheep calculated from data 

presented by (1960~ 1963). Statistics for farm sheep are 

given as an indication of' what mortality statistics might be like 

for a thar population in a particularly favourable environment. 

The comparison is probably valid in a general way although thar in 

these circumstances would have a longer mean life than sheep. 

Table 7.6 gives life tables for Rangitata and Godley females 

as estimated from the probit regressions. 

Discussion 

The presentation of mortality statistics in the form given in 

Table 7.5 is probably more illuminating than presentation as life 

tables. The latter have the advantage of showing a mortality 

pattern in detail~ but the detail itself makes for difficulties of 

comparison. It is easy to show that two life tables differ 9 but 

deciding what the difference implies in terms of the total morta

lity patterns! and what the difference means, is no facile problem. 

The weakness of life tables is that their age~specific statistics 

have mutual biological dependence, even though their calculated 

values may be independent statistically. Any in mortality 

rate of a given age will affect a large numbe of entries in the 

table. Life tables fragment by age a process that. in the writer's 

opinion, is best treated as an entityo The summary of life tables 

in terms of juvenile mortality rate, and of median~ standard 

deviation and skew of adult mortality~ allows pinpointing of 

meaningful differences between mortality patterns. This is not 

possible by simple inspection of life tables. 



Table 7.6 

Life tables for females of the Rangitata population 

and a second approximation for females of the 

Godley population 
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---------------------------------~-------~ 

Age Rangitata 
-------------~ 

(yrs) 1 d qx 1 d qx x x x x 
-------"""""------.",..".-.-..... --------------=-------~--

0 1 .000 0.374 0.374 1 .000 00533 00533 

1 0.626 0.018 0.029 0.467 0.011 0.024 

2 0.608 0.027 0.044 0.456 0.031 0.068 

3 0.581 0.035 0.060 0.425 0.055 0.129 

4 0.546 0.043 0.079 0.370 0.059 0.159 

5 0.503 0.052 0.103 o. 1 0.065 0.209 

6 0.451 0.059 00131 0.246 0.058 0.236 

7 0.392 0.0.65 0.166 0.188 0.049 0.260 

8 0.327 0.062 0.190 0.139 0.039 0.281 

9 0.265 0.058 0.2'19 0.100 00030 0.300 

10 0.207 0.050 0.242 0.070 0.022 0.314 

11 0.157 0.045 0.287 0.048 0.016 00333 

12 0.112 0.032 
--------.,.",------............. --------------------~-------

Juvenile mortality was highest for the hypothesised decreas 

population, lower for the stationary Godley 

lower for the increasing Rangitata population. 

ion~ and still 

Juvenile mortality 

for farm sheep was much lower than for any thar population. It 

gives an indication of how low the rate might fall for thar in 

nearly optimal conditions. Juvenile mortality rates are consis-

tent with expectation when the samples are considered to come from 

different points on an eruptive oscillation. 

No comparison is valid between median ages of adult death in 

the Godley and Rangitata populations because analysis was based 



on the assumption that this age is lower in the Godley. Nor can 

this age be compared between sheep and thar because the effects of 

species and environment are confounded. 

These restraints are not imperatives when comparing the 

standard deviation of adult ages at death or the skew of adult 

mortality. Standard deviation and skew probably vary with the 

medians, but as the medians are of about the same order I will 

accept the calculated risk of interpreting differences as real. 

If the populations represented in Table 7.5 are ranked by putative 

rate of increase from lowest (Godley thar) to highest (sheep)~ the 

standard deviation is first low, then increases and subsequently 

contracts again. The skew of adult mortality has a concomitant 

trend from positive through zero to negative. Standard deviation 

and skew taken together, or skew by itself, may well be an index 

of rate of increase and hence of environmental favourability. 

7.5 Section Su~marl 

1) The different kinds of data amenable to life table treat

ment are listed together with the analysis appropriate to each. 

2) Although several of these depend on stationarity of the 

age distribution, published tests of stationarity are invalid. 

A valid assumption-free test on a single age distribution is a 

theoretical impossibility. 

3) Age-specific mortality patterns of mammals appear to 

hold to a common form irrespective of taxon and environment. 

4) In each investigated case distribution of mortality with 

age was bimodal~ the trough between modes occurring at puberty. 

5) Juvenile mortality rates of thar had a ranking by popula

tion of Dobson, Godley and Rangitata, a pattern consistent with 

the putative popUlation stages of "declining!! j "initial 

stabilisation" and "i,ni tial increase" respectively. 

6) A method of analysis is presented whereby the properties 

of the adult mortality distribution are deduced from the 

population's age structure. 
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7) Adult mortality is expressed as th~ median, standard 

deviation and skew of the cohort mortality distribution. These 

statistics are considered more relevant to mortality studies than 

are life table statistics. 

8) Evidence presented suggests that populations of a given 

species, ranked by rate of increase from highest to lowest, have 

a skew of adult mortality progressing in the positive direction. 

9) Adult mortality of the Godley population had a higher 

negative skew and lower standard deviation than did the Rangitata 

population. The data were consistent with a lower median age of 

adult death in the· Godley 'population, but the logic of the analysis 

does not allow testing. 

10) Age distribution of the Godley population was shown by 

sub-sampling to be consistent with stability, and analysis of 

density for the sub-populations suggested that the stable age 

distribution was of the stationary form. 

11) The Rangitata population had an age distribution and 

fecundity rate consistent with a rate of increase between r = 0.08 

and r = 0.16. 

THE LIBRARY 
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SECTION 8. POPULATION STATISTICS 

Sections 6 and 7 summarized age-specific fecundity and 

mortality. These results are combined in this section to 

provide estimates, where possible, of birth rate, death rate, and 

cohort generation length. Statistics of each sampled population 

are summarized and examined for consistency with Riney's model. 

The extent to which these statistics discriminate between popula

tion stages is tested on thar sampled west of the main divide. 

Several population statistics share the same name. I know 

of six definitions of "birth rate" and four of "generation length lt
, 

and this tally is unlikely to be exhaustive. The choice of a 

statistic depends on its utility for the problem in hand, and its 

biological meaning often depends as much on context as on mathe

matical definition. Caughley (1967) gave definitions and mathe

matical justification for statistics used in this section. These 

are specifically designed for seasonally breeding populations and 

are more relevant to thar populations than the commonly used 

statistics that imply no seasonal trend in fecundity. 

8.11 Rates of birth and death _._----------------------------
Exponential birth rate is defined as the rate at which a 

population with a stable age distribution would start to increase 

if deaths ceased. The exponential death rate is the initial 

rate of decline when births cease. Birth rate b minus death 

rate d gives the population's exponential rate of increase r. It 

can be positive or negative. 

Because the younger age classes contribute most to rates of 

birth and death, the tail of the 1 series can be ignored in their 
x 

calculation without much loss of accuracy. Table 8.1 gives band 

d for the Rangitata and Godley populations, calculated from 

survivorships between birth and 12 years (Table 707) by equations 

8 and 13 of Caughley (1967). 



Table 8.1 

Rates of birth, death, and exponential increase 

Population 

Rangitata 

(increasing) 

Godley 

(stationary) 

b 

0.306 

0.300 

d r 

0.178 0.128 

0.290 0.010 
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----------~------ ---_. -----------------------------------
Apparently the change from "initial increase!! to !!initial 

stabilisation" is not affected by a shift in birth rate. Birth 

rates are about the same in the two populations. Almost all the 

difference in rate of increase is traceable to a difference in 

death rate. 

Values of r in Table 8.1 were calculated as b - d. They are 

not independent estimates of this statistic but simply echo the 

values of r presented in section 7 and fed into the analysis. 

The tabulated values are within 0.01 of the input values and there-

by provide a check on the calculation of band d. The small 

anomaly is produced by rounding errors and the discarding of 1 x 
values beyond 12 years. 

Dobson and Hooker samples, coming from age distributions that 

are not stable, allow no estimate of birth rate and death rate. 

However, the effect on the Dobson population of reduced adult 

fecundity can be investigated in a general way be substituting 

this rate in age-specific statistics of the Godley population. 

In solving the composite statistics for rate of increase we can 

find how much this rate would be depressed if adult fecundity of 

the Godley population dropped to the Dobson level. The resul-

tant r = -0.04 is a relatively minor drop from r = 0.00. A sharp 

decline in population numbers (as observed around the point of 

liberation in the mid 1950s) is therefore more likely to reflect 
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a marked rise in death rate than a large decrease in fecundity. 

The calculated r = -0.04 can safely be taken as a maximum 

rate of increase for the Dobson population. 

Cohort generation length T is the mean interval between the c 
birth of a female and the mean date of birth of her offspring. 

Its calculation (Caughley 1967, equation 20) is limited by lack of 

data to the Godley and Rangitata populations. Estimates based on 

fecundity rates (Table 6.5) and survivorships (Table 7.7) gave 

T ; 5.75 years for the Rangitata population and T = 5.37 years 
c c 

for the Godley population. Consequently there is no evidence 

from these data that the shift from increase to stationarity is 

brought about by a lengthening of the interval between cohort 

generations. 

Table 8.2 summarizes by populations all statistics given 

previously. The reader is referred to the appropriate section 

for discussion on the confidence, or lack of it, with which each 

statistic is presented. 

As explained in Section 1.41, vindication of Riney's model 

rests with the Godley and Dobson samples. The Godley population 

must be shown as stationary and the Dobson population as decrea

sing. A test of stationarity for the Godley population was 

reported in Sectipn 7.212. It showed that the data were consis

tent with a stationary age distribution. A rough check is 

provided by comparison of the Godley statistics with those of the 

Rangitata sample. The latter are from a population shown from 

independent evidence to be increasing. Each pair of statistics 

compared between the two populations suggests that the Godley 

population has a lower rate of increase than the Rangitata popu

lation. Two apparent anomalies, adult fecundity rate and cohort 

generation length, are misleading. Although sampled adult 



Table 8.2 

Summary of population statistics for the 

four putative population stages 

Statistic 

Growth rate 9(k) 

Growth rate d(k) 

Hypothetical Population Stage 

1 2 3 4 

0.776 
~ 

0.521 
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Fat index 9 

0.930 

0.546 

26.97 

0.839 

0.467 

18.47 

0.135 

0.451 

26.43 

Fecundity rate, age 2 

Fecundity rate, age)2 

Mortality rate, 0-19 

Mortality median, adult 9(yr) 

Mort. st. dev., adult 9(yr) 

Mort. skew index z, adult 9 

Birth rate 9 

Death rate 9 

Generation length 9(yr) 

Exponential increase rate 

0.333 

0.448 

0.37 

8.02* 

4.13 

1.2 

0.306 

0.178 

5.75 

0.12 

0.53 

6.20 

3.10 

0.0 

0.300 

0.290 

5.37 

0.00 

0.375 

)0.59 

<-0.04 

0.500 

Stages: 1 = Rangitata, 2 = Godley, 3 = Dobson~ 4 = Hooker 

* See Section 7.43 for qualification 
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fecundity is slightly higher in the Godley, the difference does 

not survive statistical testing. One might expect the interval 

between cohort generations to be shorter when a population is 

increasing, but it is estimated as slightly higher for the 

Rangitata population. The expectation does not reflect a logical 

necessity: longer generation length of the Rangitata population 

is simply a by-product of adult survivorship higher than that of 

the Godley population. 

All available evidence suggests that the Godley population 

has a rate of increase close to zero and is in the stage of 

"initial stabilisation". 

Accepting the Godley population as consistent with stage 2 of 

an eruptive oscillation, Godley statistics can be used as a control 

for investigating the applicability of stage 3 to the Dobson popu-

lation. Of those statistics estimated for both population, the 

values for fat reserves, adult fecundity and juvenile survival 

were all lower for the Dobson population, indicating a strong 

likelihood that rate of increase was also lower. The one excep

tion to the ranking expected by hypothesis is male growth rate. 

However, because it was necessary to pool growth measurements of 

the Dobson and Hooker samples, and because size of survivors 

provides a far from satisfactory measure of true growth rate (see 

Section 4 for discussion), this statistic is less reliable than 

the others. The anomaly does not outweigh all other indications 

that the Dobson population had a lower rate of increase than the 

Godley population. As the latter's rate of increase was shown 

as close to zero, the Dobson rate must be negative - i.e. the 

population must have been declining at time of sampling and hence 

is consistent with stage 3. 
Riney's model is vindicated by these findings and consequently 

the population stages proposed in this report can be accepted as 

real. 
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The population stages will have little practical importance 

unless they can be identified from field data. A sample of 15 

females and 35 males was collected Nov 1965 - Feb 1966 in the 

Copland Valley west of the divide (s~e Fig. 1.2) to determine 

whether the population stage could be identified. Prior to 

sampling little was known of the Copland population. A hurried 

inspection in March 1965 confirmed that thar were present but 

distribution, density and age structure were not investigated. 

At this time I had no reason to question Christie and Andrews' map 

which showed continuous distribution of thar on the western flank 

of the Southern Alps. 

Data from the Copland Valley were too few to estimate the 

full range of population statistics. Calculation only of male 

growth rate, female fat index and fecundity were justified by the 

sample size. These are presented in Table 8.3 and can be compared 

with those from the type stages in Table 8.2. 

Table 8.3 

Statistics of the Copland thar population 

Statistic Mean 

---------------------------------------
Growth rate d(k) 0.715 
Fat index » 33.67 
Fecundity rate, age 2 0.5 
Fecundity rate, age )2 0.5 

Standard 
deviation 

18.99 

n 

35 
9 

2 

6 

The results were disturbing. Each statistic was as high or 

higher than any from the type populations. They implied a rate 

of increase consistent with a population at the dispersal front, 

a conclusion conflicting with the distribution mapped by Christie 

and Andrews (1964). The problem was resolved by re-examining 

the distribution of thar in this part of Westland. The survey 
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(see map in Fig. 3.1) confirmed that the Copland Valley was the 

northern limit of breeding for a population whose geometric center 

lay ten miles to the south. Christie and Andrews' map was 

inaccurate in this region. 

The Copland population was a straight-forward case and a 

small sample sufficed to indicate its stage. More subtle cases 

would require a larger volume of data. The most difficult 

problem is differentiation of an increasing, post-decline popula

tion from one that, although not newly established, is still in the 

stage of initial increase. But the ambiguity can be resolved by 

checking whether the population lies near the dispersal fro'nt or 

well inside the breeding range. 
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SECTION 9. AVAILABILITY OF FOOD 

It is one thing to describe differences in demography, fat 

reserves and growth rates between populatiens but quite another 

to find 6tit why the differences existo There is little varia

bility in climate, topography and rock-type between the areas 

containing the four study populations and this suggests that 

population differences are related to induced changes in habitat, 

or changes of behaviour with increasing density. 

No overt behavioural differences were noted between 

populations at high and low density, but considerable differences 

in the vegetation of their respective areas was apparent. The 

most conspicuous difference was in the density of snow tussocks 

(~ionocloa spp) which often formed an almost continuous cover 

where thar were absent (e.g. Fox Valley) but were invariably 

scattered or uncommon where thar were numerous (e.g. Douglas 

Valley). The presence of dead stumps of snow tussock in these 

depleted areas argued that tussock had previously been more 

abundant there. Depleted areas were usually dominated by a turf 

of Poa cole~!, a short grass often found as scattered plants 

within alpine snow-tussock swards (Connor 1964). The marked 

differences in snow-tussock cover probably reflect a similar 

difference in the composition of the short grass and herb commu

nities, because reduction of the tussock canopy alters the climate 

near th~ ground. 

I would expect the reduction of tussock cover to affect the 

thar's plane of nutrition in late winter. The blanket of snow 

over the thar range at this season buries many of the smaller 

grasses and herbs. Snow tussocks probably become an important 

source of food at this time because many of the species utilized 

in summer are no longer accessible. That the second half of 

winter is critical for the animals is suggested by the steep 

decline of fat reserves over this period. 

From these observations and reasoning I reached the tentative 

conclusion that availability of tussocks was likely to be an 
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important influence on thar, and that differences in tussock 

cover might explain much of the demographic difference between 

populations. I would not expect availability of tussocks to 

account for all variation between thar populations but it is my 

nomination as the probable source of the largest component of this 

variability, particularly between stage~1 and the other stages. 

Differences in behaviour (e.g. emigration and sociality), summer 

food supply, disease, and stochastic effects are fUrther possible 

sources, but I think they are less likely to be important. This 

is the background to the hypothesis that will be discussed sub-

sequently. It should not be considered the only possible 

hypothesis, but as the one which I think should be examined first. 

The species to be considered are ~~£~££1~ fl~~£~, 

~~ll~~ and Q. r~g!~~, three snow tussocks that normally grow 

to a height of 3 ft or more. Wraight (1964), in describing the 

alpine grassland west of the divide, considered that the first two 

are dominant on slopes greater than 30 0 where the snow-free growing 

season is approximately five months. C. r!~ida has a greater 

altitudinal range than the other two, but most snowgrass swards 

around 4,500 ft east of the divide are a mixture of two or three 

of these species. While each species has a different range of 

habitat requirements, these requirements overlap considerably. 

~~ida is the only one of these species that has been 

studied in any detail but some of the findings from it probably 

can be extrapolated with caution to the others. 

Mark (1965 b) studied growth rates of C. !i~ida and 

fortuitously provided an insight into the reaction of this plant 

to grazing. He measured regrowth of leaves after clipping and 

found this method unsatisfactory for his purpose because it 

altered the normal pattern of growth. He reported (p.99) that 

"an increasing number of tillers failed to recover each year and 

by the end of the third season a large proportion of tillers were 
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dead. Repetition of this treatment for only a few more seasons 

would probably have been sufficient to kill what were initially 

vigorous tussocks". He concluded (p.102.): "the severe deterior-

ation of tussock vigour which follows annual re-clipping indicates 

that the narrow-leaved snow tussock-is ill-adapted to tolerate 

severe grazing for any length of time". 

Q!:~!!.2£loa is a perennial genus that has green leaves through

out the year. 2..:.2:igida flowers approximately every three years 

(Connor 1966) and produces around 2.5 tillers per ten normal 

tillers each year (Mark 1965a) by vegetative reproduction. Seeds 

may remain dormant in the soil for several years (Mark 1965b). 

If the casual observations relating to the effect of grazing 

on snow tussock are accurate, they suggest a relationship between 

percentage cover and length of time thar have been present in an 

area. The following hypothesis was erected: on a transect from 

the edge of breeding range to the point of liberation the density 

of snow tussocks should decrease, the decline being steepest 

between the area where thar have recently established and the area 

holding a population in the stage of initial stabilisation. 

Corollaries of this hypothesis are that Poa coleosoi should show 

the reverse trend and that there should be no systematic trend in 

species of low palatability. The unpalatables are being used as 

a control to distinguish between a trend induced by thar and one 

that is intrinsic to the region. 

Percentage cover of grasses and herbs normally growing above 

12 ins was measured over April and May 1967 in each area contain

ing one of the four study populations east of the divide. FiVe 

sites per area each contained three parallel lines oriented in 

the direction of fall, measuring 132 ft and separated by 25 ft. 

On each line the extreme intercepts of each plant was measured 
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as a distance from one end and these were converted to percentages 

of the total line sub tended by each species or pooled group of 

species. Variances were homogenized by transforming the percen-

tages to arc-sines. Each species or group was sampled in four 

areas, on five sites within each area, and on three lines within 

each site. A hierarchical analysis of variance was performed on 

measurements of each sampled species or group to test variance of 

lines within sites against variance of sites within areas, and the 

variance of sites within areas against variance between areas. 

The primary aim was to determine whether the difference between 

areas was of a greater order than the variability of sites within 

them. 

Because random sampling across a region of this scale poses 

practical difficulties, sampling was restricted to one stratum of 

the habitat. It was arbitrarily circumscribed as follows: 

Altitude: 4,000 - 4,800 ft 
04 0 

Aspect: 300 Mag. - 0 Mag. 

Slope: 30
0 

- 40
0 

Special conditions: 

(a) the site is used by thar ~n winter, 

(b) it has no recent history of burning, 

(c) each line contains less than 10% bare rock, 

and 

(d) the vegetation is predominantly grassland. 

Poa colensoi was measured as present or absent on 50 ------. --
circular plots of 6 ins diameter per line, circle centres being 

four links apart. These observations were expressed as percent 

frequency per line, converted to arc-sines, and analysed in the 

same way as the other data. 

2~1_-Eie~~_met~£~~ 

When sampling points are not chosen at random, there is a 

danger that the choice will be influenced by the operator's 

preconception of what the results should be. The danger is 
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heightened when the operator knows the country well. He is then 

in a position to choose a set of sampling points that would 

support any hypothesis he cares to erect, while being firmly 

convinced that his selection is unbiased. Because there is no 

reason to suspect that I am uniquely free of this common human 

aberration, the criteria for choice of sites was made as rigid as 

possible. 

On a map of each sampling area I roughly marked a number 

(generally eight) of possible sampling locations that I knew from 

experience would probably contain sites conforming to the pre

scribed criteria. These were handed to J.B. Holloway (N.Z. Forest 

Bervice) who had the double qualification, necessary for this job, 

of being a much more competent botanist than myself and having a 

much less detailed knowledge of the country. He made the final 

selection of sites in each area. His choice of five of my mapped 

locations in each area was dictated largely by closeness to his 

line of march and by flooded rivers restricting the number of 

locations that could be reached by his party. On reaching a 

location marked by me on his map he selected withing the specified 

altitudinal zone the first encountered site that conformed to the 

other criteria. 

choice of sites. 

By this system we hoped to minimize bias in the 

Table 9.1 gives a summary of analyses of variance on five 

species or groups normally growing above 12 ins in height. Only 

species giving mean percentages above 0.1% for at least three of 

the four areas are included. Mean percentage cover is shown for 

each area but the analyses were performed on percentages trans-

formed to arc-sines. Analysis-of-variance F ratios and their 

probabilities are given for site and area. 
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Table 9.1 

Percentage cover of grasses and herbs normally growing 

above 12 ins in the absence of grazing. Only those species 

returning means of greater than 0.1% in at least three areas are 

included. Poa ~1~~oi, a short grass postulated to increase in 

the presence of grazing, is measured as percentage frequency. 

F ratios are for area per sites within areas, and sites within 

areas per lines within sites. 

Species 
Rangitata Dobson 

Godley Hooker 

Area Site 

F P F P 
----------------------~-------------------------------------------
SNOW TUSSOCK 

Chionochloa. 
-"flavescens 

UNPALATABLES 

Celmisia 
!r~lii 

Ce1!!!is~! spp 

INCREASER SP. 

Poa colensoi 

30.0 

26.0 

0.8 

1.1 12.6 0.0 15.55 00001 13.11 0.001 

0.0 16.85 0.001 6.85 0.001 

8.1 n~s 21.07 0.001 

0.1 0.0 0.99 n.s 22.02 0.001 

0.0 2.3 4.4 2.99 n.s 6.39 0.001 

0.01 22.46 0.001 

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

The first species in the table has an F ratio of 13.11 for 

"site", indicating that, on the average, sites within an area were 

about 13 times more variable than the lines within a single site. 

The next question is whether, even with this considerable varia

bility within areas, we are justified in postUlating a difference 

between areas. The question is answered by the F ratio for 

"area" that shows a variability between areas 15 times greater 
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than the acknowledged massive variability between sites within one 

area. The probability of this F ratio indicates that the sampled 

variability between areas has less than one chance in a thousand 

of being due to sampling variation. Thus, irrespective of the 

magnitude of variability within areas, we are justified in postu

lating a difference between areas if this difference is of a 

significantly greater magnitude than the average difference between 

sites within areas. 

Table 9.1 shows that all species or groups had signigicant 

variation between sites within areas, but that only the snow 

tussocks and Poa colensoi could be shown as differing signigicantly 

between areas. The snow tussocks conformed to hypothesis by 

exhibiting a trend of decreasing percent cover from the edge of 

the range to its center. Poa colens also conformed to hypothe

sis with a trend in the opposite direction. The species of low 

palatability could not be shown as differing between areas and 

none showed a marked regression. These species therefore act as 

a control on the conclusion that the trends of Poa and Chionocloa 

are associated with grazing history and do not simply represent 

an intrinsic floristic pattern. 

Results of the vegetation survey were in accord with the 

hypothesis. The marked decrease in percentage cover of snow 

tussocks between areas containing population stages 1 and 2 is 

probably a reflection of thar grazing, and the shift from the 

first population stage to the second is likely to be causally 

related to this change in vegetation. The statistics presented 

in Section 8 show that the decrease in tussock density is 

associated with a rise in death rate whose major component is 

an increase of first-year mortality. The decreasing availability 

of winter food per head brought about by the increasing density 

of thar and the related decreasing density of snow tussocks, is 

probably the major influence on rate of increase as it moves from 

positive to zero. 
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Table 9.1 provides little evidence that initiation of stages 

3 and 4 are related to a further change in tussock densitY4 More 

detailed studied will probably show that the marked decrease of 

tussocks reflects a more subtle decrease in density of other food 

species, the decrease continuing beyond the point when tussocks 

become relatively uncommon. Shrub species in particular are 

utilized as winter forage during stage 2, and patches of scrub 

that appear to have been killed by browsing are common in areas 

of high thar density (e.g. Landsborough, Douglas and Carneys 

Valleys). Decline of a thar population after stage 2 is likely 

to reflect decreased availability of plants other than snow 

tussocks. 

2.51 __ Limi!~!~£~~_£!~~ data 

As a survey of availability of food, this study can be 

considered little more than a pilot trial. To establish close 

relationships between food supply and population dynamics the 

study should be extended to several other habitat strata and 

combined with a study of stomach contents. 

Neither J.S. Holloway who made the final selection of sites, 

nor I who mapped possible site localities, is completely satisfied 

that his selection was free of bias. I would like to see qur 

observations checked, preferably by someone skeptical of the 

hypothesis. 
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SECTION 10. CONCLUSIONS AND DISCUSSION 

No ungulate population yet studied has remained constant in 

numbers over a period of years. A.S. Leopold et ~!. (1951), for 

instance, showed that a mule deer population tends to fluctuate in 

numbers between years by 5-10%. Minor fluctuations of this kind 

are difficult to study because the standard error of most census 

estimates is usually greater than 10% of the mean. 

Yearly fluctuation of numbers would be expected in the 

fluctuating environments to which ungulate populations are sub

jected. Yearly variability of weather influences food supply and 

the condition of the animals, thereby affecting rates of fecundity 

and mortality. This is a primary effect. Any change in these 

rates has a secondary effect of changing the age distribution. 

In automatic consequence there is a change in rates of birth and 

death. A favourable season resulting in atypically high survival 

over the first year of life will produce a decreased birth rate 

the following year even when age-specific rates of mortality and 

fecundity return to their mean values. In this instance the drop 

in birth rate reflects no more than the temporary increase in 

proportion of non-breeding animals. 

To summarize: a slight deviation from average weather 

initiates a chain reaction. The sequence progresses: change in 

availability, quality or amount of food, and a change in suitabi

lity of environment - change in age-specific rates of fecundity 

and mortality - change in age distribution - change in the popula

tion's birth rate and death rate. This sequence is probably the 

major source of small annual variations in the densities of 

ungulate populations. 

I have used Riney's term "eruptive oscillation" in this 

report to emphasize that this study investigates the reality of 

his model of that name. The term is not a happy choice because 



it implies cyclicity, a connotation that Riney did not intend. 

"Eruptive fluctuation lt is probably a better description of 

phenomenon under discussion. 
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The eruptive oscillation can be defined operationally as a 

steady rise in number over at least two generations, followed by 

a marked decline. Although this definition is arbitrary, it 

seeks to circumscribe something that is real. Ungulate popula-

tions are prone to this type of massive fluctuation that appears 

inexplicable in terms of essentially random annual variation in 

conditions of life. 

10.21 ~~Etion of_~~tabli~h.ed-.l2£E.ulations 

A. Leopold et al. (1947) estimated that about 100 Odocoileid 

deer herds in ,the U.S. entered an eruptive oscillation between 

1900 and 1945. Banfield (1949) recorded an eruption of wapiti 

(CeE~ can~~~~), and Martin and Krefting (1953) did the same 

for a population of white-tailed deer. Each of these eruptions 

was suspected or shown to be checked by depletion of food supply. 

In most cases a change in the vegetative habitat was postu

lated as the cause of initial increase. An exception is the 

eruption of mule deer (Od.£.£oi!~~ hemi.£!!~e.) on the Kaibab North 

Plateau. As this case is often treated as the type example of 

an eruptive oscillation, it will be examined in detail. 

Most of the evidence of this eruption comes from A. Leopold 

(1943, in Allee • 1949) and from this has arisen the inter-

pretation to be found in most text books (e.g. Allee 1949, 

Lack 1954, Andrewartha and Birch 1954, Odum 1959). The sequence 

of events, as usually reported, is as follows: as a consequence 

of the removal of predators the deer population rose from 4,000 

in 1906 to 100,000 in 1925. Having depleted its food supply the 

population was in no condition to withstand the following two 

harsh winters and 60% died during these years. The decline 

continued for about 14 years to a population level of about 6,000. 
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This account is sometimes accompanied by a graph showing a 

sigmoidal increase, a decline before the asymptote was established, 

and a progressive reduction in rate of decrease thereafter. This 

figure is a schematic representation of what Leopold though 

happened, not a presentation of data. It is based on guesses of 

popula tion size, not on censuses. Andersen (1953) showed how 

erroneous guesses of population size can be. The number of roe 

deer (CaEreol~s £aEreol~~) on two adjacent woods totalling 340 ha 

was estimated by trained game and forestry rangers "who had known 

the woods for years and who had spent part of every day there" 

(Andersen 1962). Their estimate was in error by a factor of 

three. The Kaibab estimates made after less background investi-

gation could therefore be in error to a greater degree. However, 

the Kaibab graph has often implicitly been accepted as accurate. 

Davis and Golley (1963), for instance, cited the trend in numbers 

between 1905 and 1925 as evidence of a sigmoidal curve of increase, 

apparently innocent of the fact that this part of the curve is an 

interpolation between guessed population totals at the two end 

points. 

The cause of the eruption is more doubtful than the literature 

suggests. Increase in deer numbers was certainly concomitant 

with a reduction of pumas and coyotes (Mann and Locke 1931 in Russo 

1964) but it also coincided with a reduction of sheep. A 

reported total of 200,000 sheep grazed on the plateau in 1889 had 

by 1908 decreased to a total of 5,000 (Russo 1964). Howard 

(1965b, p.483) considered that the increase of deer was a conse

quence of habitat being altered by fire and grazing, and that the 

reduction of predators was a minor influence. 

All that can be said of the Kaibab eruption is that the 

population increased for some reason and then declined, the decline 

coinciding with an apparent depletion of forage. Any further 

conclusion is speculative. 
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"10.22 

Scheffer (1951) outlined the events 

reindeer on two of the Pribilof Islands. 

liberation of 

Both populations 

reached a and then dec was reached 11 

on on St. George Island and 27 years after 

liberation on St. Paul Island The declines were associated by 

Scheffer letion of a lichen that was an important food 

during 

Woodgerd (1964) described the growth of a population of 

bighorn sheep rated on a small island in 1939. The population 

rose to a of 137 animals in 1959 and thereafter the density 

remained almost constant~ a condition probably corresponding to 

the al stabilisation stage" of this report. 

Although no precise census data are available, indirect 

evidence indicates that many deer popUlations in New Zealand have 

gone through an eruptive oscillation (Holloway 1950, Elder 1956, 

McKelvey 1959, Riney et al. 1959, Wardle 1961, Riney 1964, 

Howard 1965). 

In each case, both in New Zealand and elsewhere, where a 

decline followed high numbers it was shown or suspected to result 

from a food supply depleted by overgrazing. 

1 

Two recorded eruptions do not fit easily into the previous 

categories. Mohler • (1951) described the rise of a mule 

deer population after a forestry planting programme began on 

36,000 ha in 1903. Deer were previously absent from the area 

or very uncommon. By 1941 tion of forage was evident, and 

to alleviate the damage 361 deer were shot in 1945 from a 

population estimated at that time to number about 850. Up to 

this point the population had apparently passed through the 

stage of "initial increase" to that of "initial stabilisation" 

and would probably have dec d without assistance had the 

shooting campaign not disrupted the normal trend. 
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Andersen (1953, 1962) described the almost complete 

eradication of roe deer from a Danish game estate in 1950 and the 

growth of a new population initiated by 24 roe deer of a different 

strain released in 1951. Mark-recapture estimates suggested that 

by 1956 the numbers had risen to the former level. Andersen 

considered that immigration was probably a component of this 

increase. By 1959 (the final year reported by Andersen) numbers 

were 25% higher than the total preceding eradication. This case 

differs from the others in that the animals were liberated into an 

area utilized by the same species a short time previously • 

.:!.2.!.24_....Q~~~~.-£!..~!:~!:.iv~~ci!.!ati~ 

Riney (1964) contended that eruptive oscillation of established 

populations does not differ in kind from eruptive oscillation of 

populations initiated by liberation. His conclusion is supported 

by the meagre evidence cited here. In both cases a population 

increases in response to favourable conditions until its food supply 

is depleted. It then usually declines before levelling out at a 

lower density. 

interpretation. 

The pattern deduced from thar accords with this 

No information is published on demographic characteristics of 

different stages of an ungulate eruptive oscillation. The study 

on thar does a little to fill this gap but these results are of 

uneven accuracy and doubtful generality. The next section 

summarizes the attributes afan ungulate eruptive oscillation, so 

far as they can be deduced from the example of thar liberated in 

New Zealand. 

Fig. 10.1 gives a schematic interpretation of changes in a thar 

popUlation as it grows from a nucleus of liberated animals. 

Tables 8.2, 8.3 and 9.1 give the statistics cn which it is based. 

The figured trend of density with time is not accurate. It 

was deduced partly from the trend of the other population statis

tics but mostly from subjective impressions of density differences 
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between valleys along the sampling transect. These subjective 

j~dgements are based on several inspections of each valley. 

While being unwilling to mount a defense of this kind of 

estimate (it represents an approach to ecology that I deplore), 

I am reasonably satisfied that the sketched trend in density is 

not grossly in error. The trend in density from the edge of 

breeding range to its center should be checked. The northwestern 

population provides the best opportunity because it is least 

modified by shooting. An aerial survey recording thar seen per 

minute on a transect from the Hokitika to the Perth valleys wi 

test my evaluations. 

The t half of the eruptive oscillation reported here 

provides the most reliable data. These indicate that the change 

from positive to zero rate of increase is brought about chiefly by 

a rise in death rate. Analysis tempered by a couple of mild 

assumptions suggested that a further rise in death rate was 

responsible for the onset of the stage declineo Changes in 

birth rate appear, in comparison, to be a minor associate of 

shifts from one population stage to another. 

This study suggests that the population's rate of increase is 

markedly influenced by food supply and that progression along the 

sequence of an eruptive oscillation reflects progressive depletion 

of forage by the animals themselves. Fat reserves and adult 

[OPPOSITE] Fig. 10.1: Schematic representation of changes in athar 

population and its food supply during an eruptive oscillation 

following liberation. Vertical axis is a scale of magnitude but 

the scale and origin for each variable is separate. Dots indicate 

estimates that should be reasonably accurate? c1 les indicate 

estimates presented with lesser confidence~ and broken lines are 

extrapolations inferred from the trend of the other statistics. 

Vertical lines show the estimated positions on the oscillation of 

five sampled populations: C Copland? R = Rangitata~ G = Godley~ 
D = Dobson and H = Hooker. 
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fecundity of the Hooker sample (Stage 4) imply that at time of 

sampling this population had a positive rate of increase, 

suggesting that its previous decline halted at a density where the 

amount of available food was greater than before. This population 

is probably in the upswing of a second oscillation which will level 

off at a density below that characterizing stage 2. 

The eruptive oscillation reported here spans a period of about 

50 years between liberation and the end of a stage-3 decline. 

This period can be compared with the span of an eruptive oscillation 

of red deer in New Zealand, estimated as approximately 40 years in 

western Southland (Holloway 1950) and 30 years in southern 

Fiordland (Riney~!. a1. 1959). It is unlikely that the estimate 

of 50 years will hold for all thar populations. The period can be 

expected to differ between areas according to differences in 

climate, topography and vegetation. For instance, thar of the 

southwestern population in the Landsborough and Douglas valleys 

appear to be well into stage 2. They have reached in 20 years a 

stage characteristic of a population 30 years old east of the 

divide. 

The evidence from thar does not allow extrapolation beyond 60 

years from liberation, but by analogy with red deer populations in 

New Zealand (see references in Section 10.22) density can be 

expected to stabilise below that of stage 2. If this occurs, the 

rate of increase will approximate zero and population statistics 

should be very similar to those of the "initial stabilisation 

stage". 

The reported eruptive oscillation is a composite of population 

stages at varying distances from the point of liberation. Only 

the "population" immediately around the point of liberation has 

passed through the four stages. Populations further away from 

this point are at stages further back in the sequence. Any 

population away from this area is at a s further back in the 

sequence and the time it will take to reach stage 4 is loosely 

correlated with distance from the point of liberation. Thus 

the state termed stage 2 will migrate radiallyv preceded by 
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stage 1 and leaving a stage-4 state behind it. The process can 

be pictured as a wave forming the circumference of an expanding 

circlet the wave representing high density of stage 2 with lower 

densities of stage 1 and 4 on either side. In reality the circle 

is highly distorted by heterogeneity of habitat, but information 

on rates of dispersal (Section 3) suggests that the velocity of 

the wave is relatively COllstant on any Olle radius while the radius 

extends through thar habitat. 

These ideas can be formalised: the density (N) of a popula

tion up to the st~ge-3 decline depends mainly on time since 

liberation (t)i distance from point of liberation (x), maximum 

rate of increase in the unmodified environment (r , in the sense . m 
of Andrewartha and Birch 1954), degree to which this rate is 

reduced by addition of one animal per unit area (0), and the 

composite effect of favourability of the environment for dispersal 

along the given radius, and the innate dispersing ability of the 

species (k). The logical relationship of these influences on 

density can be summarized symbolically. If a population is not 

affected by dispersal, its rate of growth in terms of absolute 

numbers per unit area is probably close to 

dN = N(r - eN), 
m 

the differential form of logistic growth. When birth and death 

are ignored, and only dispersal into and out of the population is 

considered, the rate at which absolute density changes is 

approximately 

But as the processes of birth and death and of dispersal act at 

the same time, the density varies a.s an addition of the two 

component rates~ 
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This equation obviously simplifies the relationship. We do 

not know whether the sigmoidal trend of density with time is 

logistic as I have implied or whether the diffusion model exactly 

describes dispersal of thar along a given radius. But both 

simplifications are probably ClOS8 enough to reality to illustrate 

the inter-relationship of influences on density outward from the 

crest of a stage-2 wave. 

The ~escription of an eruptive oscillation is a composite 

picture derived from several lines of investigation producing 

results of uneven accuracy. It should not be accepted without 

qualification. Several sources of error should be kept in mind 

while evaluat the conclusions. The most obvious are: 

A. Effect of shooting and poisioning: 

Government controlled campaigns to kill thar by shooting and 

poisoning, and shooting by private hunters, could have resulted in 

artefacts in the estimated popUlation statistics. I am reasonably 

confident that shooting in the Godley, Rangitata and Copland areas 

has not been heavy enough to perturb population trends i but shooting 

and poisoning in the Hooker and Dobson areas has been heavy and 

sustained. This could have introduced deviations from the trend 

that population statistics would have taken in the absence of 

disturbance. In particular~ I am not fully convinced that the 

low adult fecundity in the Dobson is independent of poisoning 

campaigns in that area. This suspicion can be checked by sampling 

a postulated stage-3 population in an area where poison has not 

been used. 

B. Vegetation survey: 

The vegetation survey was of limited scope, and until a wider 

range of environmental stratahave been samples 9 and compared with 
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analyses of stomach contents, Gonclusions on availability of food 

must remain highly tentative. 

lusion 

Eruptive oscillations of ungulate populations occur when 

environmental conditions, especially with regard to food supply, 

are favourable enough to allow a positive rate of increase for at 

least two generations. The rise is usually checked by depletion 

of the food su~ply. In most cases the population then declines 

and may thereafter maintain a relatively constant density in a 

state where the food supply regenerates at the same rate at which 

it is utilized by the animals. This appears to be the modal 

pattern of an eruptive oscillation from which individual cases 

may deviate. With thar at least9 changes in rate of increase 

during the oscillation appear to be mainly a reflection of changes 

in death rate. 

Rather than considering an eruptive oscillation in terms of 

changes in density or numbers 9 it may be more profitable to 

consider it as a fluctuation in rate of increase. This rate 

varies with environmental favourability, which itself is influenced 

more by the previous history than the present density of the 

animal population. 
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SUMMARY 

Riney considered that the sequence of events that usually 

follows the successful liberation of an ungulate provides a 

special case of the eruptive oscillation that occasionally occurs 

in established populations. This contention was studied in 

respect to thar in New Zealand by examining level of fat reserves~ 

growth rates, fecundity rates, mortality rates and availability 

of food at varying distances from the point of liberation. 

Observed differences were consistent with the model of a 

wave of high density migrating radially from the point of 

liberation. Outward from its crest, the wave had attributes in 

common with a simple model depicting simultaneously diffusing and 

reproducing particles. 

Change in rate of increase over the eruptive oscillation is 

more a reflection of changing death rate than of changing birth 

rate. The main environmental influence on death rate is 

probably the supply of food, a resource that is progressively 

depleted by the animals, particularly over the first half of the 

oscillation. 
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APPENDIX A 

Little is known of the early history of the growth of the 

thar population. In 1915 a group of 13 was recorded on the 

Sealey Range and larger groups had been seen previously (Thomson 

1922, p.60). Donne (1924, p.201) recorded 18-20 seen in 1916, a 

group of 50 seen in 1918, and reported that his latest information 

was that the herd numbered over 100. These records are all within 

ten miles of the point of liberation. 

In dispersing north the thar must have colonized the Murchison 

Valley and then the Cassand Godley Valleys. The Godley was hunted 

by government shooters in 1939, but no thar were reported (Internal 

Affairs Dept. file). In April 1940 J.A. Anderson (pers.comm.) 

sighted a male in the Macaulay branch of the GodleY9 and in 1946 he 

shot a female from a group of eight in the main ~alley of the 

Godley. This record is from the north-east side of the valley, 

suggesting that a breeding colony had established on the south 

bank some time before. Thar were certainly on the south side of 

the valley in 1946 because N. Hardy (pers.comm.) sighted a young 

animal in the Classen branch in that year. By '1948 thar were well 

established in the Godley but were in low numbers (R. Forrester, 

pers.comm.). In the 1952=3 summer 9 government shooters shot about 

800 thar in the valley. The exact total is not available because 

the records were destroyed by fire. 

The next divide valley north is the Rangitata with its three 

main heads, the Havelock~ Clyde and Lawrence, listed from south to 

north. In 1941 government shooters shot 11 males in the Forbes 

tributary of the Havelock (L.T. PracY9 pers.comm.) and previously 

10 of unstated sex were shot in the Carneys Creek tributary 

(Davidson 1965, p.36). These animals are also likely to be males. 

In 1951 government shooters killed about 30 thar in the St. Winifred 

tributary (C. Burrows, pers.comm.) and the size of this tally 

suggests that it includes more than wandering males. Breeding 

probably commenced in the Havelock a few years previous to 1951. 



ii 

The Clyde branch of the Rangitata was probably colonized from 

the Havelock via the Cloudy Range about 19540 Inspections of this 

area in 1950 (L.T. Pracy, pers. comm.) and 1953 (C. Burrows, pers. 

comm.) revealed no thar then. The present distribution of thar in 

the Rangitata suggests that the Lawrence branch was colonized by 

back-dispersal from the Rakaia Valley. 

North of the Rangitata is the Rakaia catchment which also has 

three main heads: the Rakaia, Mathaias and Wilberforce. In May 

1941 J.A. Anderson saw a male in the Cronin tributary of the 

Wilberforce, and in the same year E. Porter picked up a thar horn 

in the Rakaia head. Females were not recorded in the Rakaia until 

1958 when government shooters shot approximately 80 animals (of 

both sexes) on the south bank of the Rakaia head (L. Boyd, pers. 

comm.). The most likely access from the Rangitata to the Rakaia 

is via the McCoy tributary of the Clyde. An alternate route via 

the Lawrence seems unlikely from the present pattern of distribution. 

If the former route is correct it implies that the Rakaia colony 

was established soon after that in the Clyde, probably about 1955. 

By 1964 thar were breeding on the north bank of the Rakaia but had 

not entered the Cattle Creek tributary. The north-bank colony is 

of mixed origin, being established by animals dispersing from the 

south bank of the Rakaia and by animals from west of the divide 

that gained access through Whitcombe Pass and down Louper Stream. 

A group of females and kids was reported in the South 

Ashburton head in February 1965, but has not been relocated despite 

three subsequent inspections. 

Female thar first appeared in the Mathias in 1964 when several 

were shot by government hunters in the Blind Stream tributary 

(J. Davis, pers. comm.). In 1966 females were shot for the first 

time in the North Mathias. The most likely route from the Rakaia 

to the Mathias is by way of Cattle Creek, but this stream has not 

yet been colonized and the distribution of females in the Mathias 

is inconsistent with dispersal from this direction. The evidence 

suggests that the colony in the Mathias originated from dispersal 

from the Hokitika catchment at one or two points across the main 

divide. 



The Mathias colonies are the farthest from the point of 

liberation, but males are commonly reported farther north in 
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the Wilberforce and Waimakariri Valleys. Two recent reports of 

female thar in the Waimakariri catchment have yet to be confirmed 

by specimens. 

The colony in the head of the Orari Valley was located in 

1963 when it then consisted of about 70 animals (L. Boyd, pers. 

comm.). The area was probably colonized about 1957 by dispersal 

from Forest Creek in the Rangitata. 

South of the point of liberation are the Dobson, Hopkins, 

Huxley, Ahuriri and Hunter Valleys on the east of the divide. 

The Dobson was shot by government shooters in 1938 (I.A.D. File) 

and although precise tallys are not recorded, it is apparent that 

the animals were then present at medium density. Colonization of 

the Dobson from the Tasman must have occurred many years previously. 

By 1947 thar had reached high density in this area (M. Kershaw, 

pers. comm.). 

Both males and females were present in the Hopkins in 1947 
but were in low density (M. Kershaw, pers. comm.). The Ahuriri 

was probably colonized from the Huxley branch of the Hopkins about 

1958 (H. Maunder, pers. comm.) but the present density is still 

low. A nanny-kid group has been reported in the head of the 

Dingle which saddles with the Ahuriri, but an inspection in 1965 
failed to locate it. 

catchments. 

This group probably moves between two 

Although the first male was seen in the Hunter Valley in 1946 
by K. Miers, there is as yet no positive evidence of breeding in 

this valley. In 1964 females were reported in the Hunter but the 

record required confirmation. 

West of the divide the pattern of dispersal is more complex. 

Between 1942 and 1945 a few males were shot each year by government 

hunters in the Landsborough (F. Stratford 1 pers. comm.) but by 1947 
a breeding colony was present (N. HardY9 pers. comm.). This 

colony probably established in 1944-5 by dispersal from the Hopkins 

or Huxley via Elcho or Broderick Passes. the first pass being the 
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most likely on available evidence" Subsequently the Douglas was 

colonized about 1950 and the Karangarua soon after, probably by 

dispersal south from the Douglas. The Makawhio Valley~ commonly 

called the Jacobs, is south of the Karangarua and was probably 

entered from that valley via the Troyt tributary. Female thar 

were reported there in 1967 (Ko Mawhinney~ M. O'Reilly and 

R. Hogland, pers. comm.) in large enough numbers to date their 

establishment as a few years previously. The next divide valley 

colonized northwards was the Copland, probably by way of the 

Regina from the Douglas. In 1950, officers of the Internal Affairs 

Department found no thar in the Copland (L.T~ Pracy~ pers. comm.) 

but in 1952 six males we~e seen on a saddle between the Cook and 

the Copland (F. Stratford 9 pers. comm.). The colonization of the 

south side of the Copland by females probably occurred about 1955. 
At present there is a breeding popUlation on this side of the 

valley that reaches local high densities. An inspection of the 

north side of the Copland in the summer of 1965-66 (c.130 man/days) 

provided no evidence of breeding on that side of the valley. 

Expansion of the southwestern population has been mainly 

northwards. Thar do not appear to be breeding on the Resolution 

Range between the Clarke and Landsborough (B. Jenkinson, pers. 

comm.) although males had been reported there as early as 1949 
(D. Wesley, pers. comm.). Likewise, valleys draining the western 

flank of the Hooker Range have not yet been colonized, the 

Makawhio being an exception. However~ males are commonly reported 

some distance north, south and west of the breeding range. 

The northwestern population is the least known of the three. 

Its distribution at the present time suggests that it originated 

in the Perth branch Qf the Whataroa. This limi the dispersal 

route from the east to either Sealey Pass and Scone Creek from the 

Godley or via Dennistoun Pass from the Havelock. Of the two, 

Sealey Pass seems the most likely because dispersal from the 

Havelock would leave little time for subsequent spread to the 

current southern limit of this population. 

is left open. 

However the question 
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The establishment of the northwestern population occurred 

comparatively recently. L.T. Pracy saw no thar in the Perth 

Valley and Bamford Range in 1950, and T. King (Internal Affairs 

Dept. file) saw none there during a government shooting campaign 

in 1951. The Perth Valley was probably colonized in the period 

1951-5 and thence dispersed south through the Whataroa head and 

north through the Wanganui catchment to the Whitcombe Valley. 

Females first appeared in the Whitcombe and Hokitika Valleys 

about 1961 (M. O'Reilly and J. Field, pers. comm.). In 1964 

K. Mawhinney shot, but did not recover, two thar in the Arahura 

Valley. He considers that these animals were females, and 

although the record is anomalous and has not been subsequently 

confirmad, it cannot be lightly dismissed as a misidentification. 

Mawhinney is a competent observer. 

The only area where a significant decline has been noted 

over a short, period is around the point of liberation (Anderson 

and Henderson 1961). In the Hooker Valley this decline occurred 

about 1956-8 and was so marked as to be commented on by most thar 

shooters who regularly hunted this area. 

That concludes information known by me up to June 1966. 

Subsequent to this date a few more records have come in but have 

not been adequately checked: 

10 L. Collins reported a group of eight females and 

juveniles on Harman Pass in the Waimakariri, but a brief inspec

tion in March 1967 failed to locate it. 

2. There are current rumours of female thar in the Bealey 

tributary of the Waimakariri, on the ridge between the Franz 

Joseph Glacier and the Callery Valley~ and in the Thomas branch 

of the Haast. These should not be accepted without confirmation. 



APPENDIX B 

von Bertalanffy growth statistics are estimated from the 

equation 

-ek(t to) ] Lt :::; Loo [ 1 -

vi 

where ~= asymptotic length, i.e. mean length at physical maturity, 

k :::; slope of curve, being an index of growth rate, 

t :; age, and 

t :::; hypothetical age at which length is zero. 
o 

To allow analysis by computer~ Beverton and HoltQs (1957) 

methods of estimating growth statistics from eye-fitted regressions 

were reduced to algebraic form as follows: 

k :::; log 
e 

where a is a regression constant, was solved by least squares 

regression in the form 

(a) 

The constants of equation (a) also allow estimation of L~ by 

-k) L 00 :: a/ (1 = e 0 

The constant k can also be 

linear regression of log e (LGiI> 

solution of 

log (Loo = It) :::: 
e 

(b) 

estimated by calculating the 

It) on age, t, by least squares 

A + kto (0) 



From this equation t is calculated from the ordinate o 
intercept A which estimates log L~ + kt ~ e 0 

t = (A - log Loo ) / k. o e 
(d) 
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Values of k in Table 402 are each means of estimates of k 

by equations (a) and (0). An estimate of was obtained by 

substituting this value of k in equation (d). was solved 

from equation (b) by use of constants estimated by equation (a). 

Values of It greater than L~ cannot be used to calculate 

the regression symbolised by equation (e). When such means 

occurred in the data~ these and all values of It beyond them 

were eliminated from that analysis. The growth curves of Godley 

females (two points omitted) and of Rangitata females and Dobson/ 

Hooker males (one point of each omitted) were reduced in this way. 
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APPENDIX Ca 

Kidney-fat indices by age and season for females in the Godley~ 

Macaulay and Havelock Valleys 

------ - c=o= ...... ~=-__ --- --
Month Age Number Mean Standard Standard 

yrs mths deviation error 
----- ------- -------- -

Dec 0 ~ 11 25036 11053 3.47 
1 ~ 14 10021 3~49 0.93 
2 ~ 22 15.45 11010 2036 
3 ~ 20 19.15 7.51 1.68 
4 ~ 18 1'7.22 7.10 1.67 

5-10 ~ 38 21.76 19.71 3.20 

Jan 0 1~ 30 19.67 8.25 1.,51 
1 1~ 44 10.07 5.24 0.79 
2 1.1. 40 15.65 8.45 1034 2 

3 1~ 36 15.25 9.63 1.61 
4 1~ 26 20.39 13.33 2.61 

5-10 1~ 99 18.56 14.52 1.46 

Feb 0 2~ 24 19.29 9.38 1.91 
1 2~ 24 14.42 7.12 1.45 
2 2~ 17 18.59 10.38 2.52 
3 2~ 34 20.59 9.72 1.67 
4 2~ 10 19.40 11.57 3.66 

5-10 2~ 44 16.32 6.92 1.04 

May 0 5~ 14 35.79 19.76 5.28 
1 5~ 9 42.22 18.01 6.00 
2 5~ 9 33.89 18.18 6.06 
3 5~ 6 39.67 22.13 9.04 
4 5~ 8 44.13 19.84 7.02 

5-10 5~ 26 36.88 22.36 4.39 

Jun 0 6t 7 61.00 25.09 9.48 
1 62 7 77.71 12.43 4.70 
2 6.1. 4 71.25 18.96 9.48 
3 61 4 64.75 16.15 8.08 
4 6~ 4 77.00 9.20 4060 

5-10 6~ 11 61.27 14.73 4.44 

Aug 0 8~ 9 39.11 20.36 6.79 
1 8~ '7 63000 24.74 9.35 
2 8~ 16 49.63 18.52 4.63 
3 8~ 5 36.80 16.48 7.37 
4 8~ 

5-10 8~ 14 44.71 22.40 6.00 
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APPENDIX Ca CONTINUED 

--------------------------------
Month Age Number Mean Standard Standard 

yrs mths deviation error 
=---------- -------

Nov 0 

"1 
10 13.80 6034· 2.00 

1 11 16 18.63 13056 3.39 
2 11 13 26.92 24.56 6.81 
3 11i 9 35078 21.68 7.23 
4 11i 13 32.76 17.73 4.91 

5-10 112 24 22.79 14043 2.94 
------
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APPENDIX Cb 

Kidney-fat indices by age and season for males in the Godley, 

Macaula y and Havelock Valleys 

~-- --- ---
Month Age Number Mean Standard Standard 

yrs mths deviation error 
------_ ............ -= .. ...... " -- -
Dec 0 ~ 7 17071 6.60 2.49 

1 .1. 21 9.09 3039 0.74 2 
2 .1. 18 10.56 5.33 1.26 
3 ! 6 10067 11.87 1.41 
4 

5-10 ~ 6 44.67 14.02 5,,73 

Jan 0 1~ 31 "16.26 7.20 1029 
1 .1. 52 8.23 3098 0055 2 
2 1i 33 10.91 6.26 1.09 
3 1.1. 

2 13 14.92 7.10 1.97 
4 1~ 7 13.14 5037 2.03 

5-10 1~ 15 31.67 16.99 4.39 

Feb 0 2~ 17 19.82 7.66 1.86 
1 2~ 22 13.00 6.58 1.40 
2 2~ 10 13.90 8085 2.80 
3 2.1. 6 33.83 22.35 9.13 
4 2~ 

5-10 2~ 7 33.57 16.39 6019 

May 0 5~ 27 35.04 36.51 7.03 
1 5~ 15 56.67 35 .. 51 9.17 
2 5~ 11 59.18 36.73 11.08 
3 ~~ 13 59.85 31.18 8.65 
4 13 84.46 42.54 11.80 

5-10 5~ 19 67.42 41.11 9.43 

Jun 0 6.1. 6 65.83 24.68 10.08 
1 6~ 5 63.00 28.62 12.80 
2 6~ 5 23.40 13.92 6.23 
3 6~ 
4 6~ 

5-10 6i 6 48.50 21.12 8.62 

Aug 0 8'; 10 31.40 14.72 4.65 
1 8i 11 34.'73 6.72 5.04 
2 8-a- 9 20.11 9.45 3.15 
3 8i 5 14.00 6.04 2.70 
4 8i 5 19.40 7.47 3.34 

5-10 8i 8 20.63 12.07 4.27 
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APPENDIX Cb CONTINUED. 

------------------------_ ....... _--- -----
Month Age Number Mean Standard Standard 

yrs mths deviation error 
--------------

Nov 0 11~ 24 11.04 3.81 0.77 
1 11~ 23 12.04 5.50 1.15 
2 11~ 10 12.40 4.83 1053 
3 11 6 18.83 4.45 1081 
4 11~ 4 19.00 14.42 7,,21 

5-10 11~ 
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APPENDIX D 

Mean weights of right testis in gram~ by season for ages 0~5 years 

in the GodleY9 Macaulay and Havelock Valleys (only samples where 

n~ 4 are included) 

;,..-~ ............... """ 

Month Age Number Mean Standard Standard 

yr5 mths deviation error ---
Dec 0 1 2 

1 ~ 21 3~24 0, 0 
,} 

2 i 17 10 018 3068 0.89 
3 2 6 16.17 3.87 10.58 
It t 

'2 

Jan 0 1i 2 
1 'Ii 45 3 .. 89 1,,07 0.16 
2 ~t 38 11.82 5.04, 0 .. 82 
3 14 19.50 4085 1 .. 30 '2 
4 ~l 7 24.86 3013 1G18 
5 6 32.33 5.47 2~ 

Feb 0 21 2 
1 21 21 4052 1094 0.42 
2 2i 11 12.36 4.27 1 .. 29 
3 ~l 6 ,,33 7.55 3.08 
4 
5 2i 5 34.80 7.23 3023 

May 0 51 2 
1 H 16 14.93 6.84 1" 71 
2 11 37.18 6060 1 098 
3 5i 13 59.07 8.50 2035 
4 ~~ 13 58.61 10.08 2079 
5 7 72.85 10.69 4.03 

Jun 0 6i 5 2.00 0.71 0.32 
1 6~ 5 17040 7.86 3052 
2 6i 5 34.80 7.40 3031 
3 

it 
4 
5 4 50068 9024 5033 

Aug 0 il 8 3037 0 .. 74 0026 
1 11 8 .. 45 4.48 1035 
2 10 17040 2.63 0.83 
3 8i 6 22.50 5024 20 14 
4 ~~ .5 26040 5.77 2.58 
5 
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APPENDIX D CONTINUED 

----- _ ........ _- --- ... 

Month Age Number Mean Standard Standard 

yrs mths deviation error 

Nov 0 11l 23 3096 1" '12 0.23 1 11 25 9048 3'0 0.72 
2 11i 9 19000 4. 1.41 
3 11i 7 25014 2.03 0.77 
4 11i 4 31050 4.66 2033 
5 11i 

- , 
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APPENDIX E 

Interrelationship of age-specific 

mortality statistics 
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I :=: summation of a series 

n = product of a series 

x and y ;:::; age 
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APPENDIX F 

Simulation of on Growth 

~!!!put~ 

The computer was fed data on age-specific survival and 

fecundity rates as given below~ 

Age (x) 0 1 2 3 4 5 6 7 

Px 0.626 0.978 0.966 0.944 0.916 00883 0.836 0.775 

m 0.000 x 0.000 0.335 0.450 0,,450 0.450 0.450 0.450 

Age (x) 8 9 10 11 12 13 14 

Px 0.709 0.628 0.510 0.410 0.270 0.120 0.005 

m 0.450 0.450 0.450 0.450 0.450 0.450 0.450 x 

This schedule is a slight simplification of the Rangitata 

statistics and is meant to duplicate the essential features of a 

thar population increasing at about r = 0.1 per year. 

female segment of the population is considered. 

Only the 

The "population" was started with two females of ages one and 

three years. The age distribution in the next year was obtained 

by multiplying each age frequency by its appropriate Px to give 

the frequencies for ages x + 1. The age frequency for age x = 0 

(i.e. newborn females) at time t + 1 is 

f (at t) p m 
x x x + 1 

The process is then 

repeated to give the age distribution at time t + 2. 

Because each frequency must be a whole number~ frequencies 

were rounded off by a lottery where the probability of rounding 

upward was proportional to the frequencyVs decimal part. 
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A perturbation was introduced in an attempt to simulate the 

effect of a fluctuating environment. Each year the p and m x x 
values were randomly perturbated around their tabled values by a 

random deviation common to all for a given year. This deviation 

had a coefficient of variation 2.5% of each age-specific statistic. 

The replicate populations presented in o 7.1 have the same 

mean age-specific statistics and are subjected to an environment 

with the same mean and variance. The different trends of growth 

result from the minor random fluctuations of the environment. 
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APPENDIX G 

Thar autopsied during this study were obtained exclusively 

by hunting. The usual method was for a shooting party of two men 

to traverse valley sides on the contour between 4,500 and 5,000 ft~ 

When thar were sighted the men would stalk to within 300 yards and 

take up a firing position commanding the group and its probable 

line of retreat. In most cases the two men would start shooting 

at animals on opposite sides of the group and shoot through an arc 

ending at the middle of the group. In this way the tendency to 

pick large targets~ ther~by biasing the sample, was largely avoided. 

After the first few shots the animals would usually retreat upwards 

in a line without any tendency to form an order by sex or age. 

They would be fired on until out of range. If a group consisted 

of about five or six animals most or all would usually be shot. 

Larger groups had proportionally more survivors but these did not 

appear to form a biased sample of the group. As would be expected, 

the larger the group the greater the number shot from it on the 

average. The highest number taken by two men from one group 

during this study was 32 animals from a group of about 35. 
Autopsying commenced as soon as possible after shooting. A 

large number of animals fell several hundred feet after being shot, 

and these sometimes had to be reached by rope, either by abseilling 

or by climbing with a belay from above. 

Approximately 70% of animals killed were recovered east of 

the divide whereas only about 40% were recovered in the more diffi

cult country west of the divide. Those not recovered were lost 

down schrunds or crevasses 9 hung up on ledges that could not be 

reached, or came to rest where danger from avalanche and rock-fall 

was unacceptably high. The unrecovered animals were probably 

close to a random sample of those shot. 

Equipment is important and the most important item of equip

ment is boots. Unless these are a good fit and have a sole 

adapted to climbing, a hunter cannot move through thar habitat. 
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We found that heavy rubber soles with deep cleats were best 

because they allowed utilization of pressure holds on smooth rock. 

A pair of sales lasts about two months before excessive wear 

renders them dangerous. The cause of several of the accidents 

during this study could be traced directly to the retent~on of 

worn Boles for a week longer than was prudent. 

Next in importance is the rifle. Any high-powered calibre 

is adequate and there was little difference between effectiveness 

of .222, c243, .270~ .303, or .308. Each had advantages and 

disadvantages but none had a clear overall superiority. Tele

scopic sights are a necessity. A four-power scope with top 

mountings and thin post or crossed-hair reticle was used by all 

shooters. With this equipment a shooter could usually score a 

ins group at 300 yards under field Dondi ons. 

Specialised climbing equipment was usually res ted to a 

7/8 ins nylon rope and a light axe in summer. The axe was 

often discarded in favour of using a rifle barrel for the 

infrequent occasions when a fallon steep snow had to be checked. 

In winter ice axe6~ crampons and snow glasses were in continuous 

use. 

That thar hunting is necessarily a hazardous pursuit is a 

popular misconception that needs correcting. The hunting requires 

a knowledge of climbing technique but, as with most techniqueB~ 

competence is learned~ not inherited. A pair of shooters~ 

adequately trained and equipped! can traverse a that appears 

unclimbable at first glance. They caD do so in comparative 

safety because they have a realis c judgement of their competence 

and do not climb beyond ita 
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